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PREFACE

This Rate Training Manual and Nonresident Career Course' (RTM/
NRCC) form 'a self -study package' that will enable ambitious -Radiomen
to help themselves fulfill-the requirements.of theii. rating. Among these
requirements are to understand basic electricity and transmitter,
receiver, and antenna theory; ensure quality assurance utilizink test
equipment; and possess a basic knowledge of communications organization,
security, message formats, and procedures of fleet communications.

Desi for individual study and not formal classroom instruction,
the R,TM rot/des subject matter that relates directly to the occu-
pational standards of the Radioman rating as listed in the Manual of
Manpower and Personnel Classifications and Occupational Standards,_
NAVPERS 18068D. The NRCC provides the usual way .of satisfying
the requirements for completing the 43TM. The set of assignments
in the NRCC includes learning objectives and supporting items designed
to lead students through the RTM:

Those who, work 'in communications know how fast procedures and
equipment change. Between revisions of this trainfrig manual, some
obsolescence may be unavoidable. For this `reason, it is suggested
that the 'student with 'access to "official. communication publications
use them as much as possible while studying for advancement.

This training manual and nonresident career course were prepared
by the Naval Education and Training Program DEivelopment genter,.
Pensacola, Florida, for the Chief of NavalEducation and Tr fining.

"Technical assistance was, provided 1:13, the Commander, Naval Tele-
communications Com-nand, -Washington, -D.C., and the Radioman "C"
School, Service School Command, Naval -Training Center,_ San Diego,,
California.

Revised .1978
Stock Ordering No.
0502-LP-051-1410

Published by
NAVAL EDUCATION AND TRAINING SUPPORT CONIMAND

UNITED STATES ,

- GOVERNMENT PRINTING OFFICE
- WASHINGTON, D.C.: 1978
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THE UNITED STATES NAVY

GUARDIAN OF OUR COUNTRY
--The United States Navy is responsible for maintaining control,of the sea

and is a ready force on watch at home and overseas, capable of strong
action to preserve the peace or of instant offensive'action to win in war.

It is upon the maintenance of this control That our cpuntry's glorious
future depends; the United States Navy exists to make it so.

WE SERVE WITH HONOR

`Traition, valor, and victory are the. Navy's heritage from the past. To
these may be added dedication, discipline, and vigilance as the watchwords
of the present and the future.

. ,

At home or on di§tant stations we serve with pride, confident in tfie respect
of our country, our shipmates, and our families. .

Our responsibilities sober us; our adversities strengthen us.

Service to God and Country is our special privilege. We serve with honor.-

THEFUTURE OF THE NAVY

The Navy will always employ new weaponS, new techniques; and
greater power to protect'and defend the United States on the sea, under
the sea, and in the air.

Now and in the future, control of the sea gives the United StateS her
greatest advantage for the maintenance of peace ,and for victory in war.

Mobility, surprise, dispersal, and offensive power are the keynotes of
the new Navy. The roots of the Navy he in a strong belief in the
future. in continued dedication to our tasks, and in reflection on our
heritage from the past

Never have our opportunities andiour responsibilities been greater.

ii
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CHAPTER 1

TRAINING AND ADVANCEMEIT
I

. in the performance of his duties, the Radioman
acts as the direct representative of his
commanding officer to provide the command with
theCapability of exchanging accurate, rapid, and
cure information with other commands. To
become and remain effective, the Radioman must
be familiar with the tasks at hand and the..
communications capabilities available.

It is the purpose of this rate training manual
to provide the necessary training to develop your
knowledge of the professional or occupational
standards of the Radioman rating. There afre 17
chapters in this manual. The first chapter is
nontechnical in nature. The remaining chapters
deal with the technical aspects of the Racii0man
rating. The introductory chapter provides in-
formation concerning the Radioman rating, the
advancement system in the Navy, and helpful
tips about preparing for Navywide examinations.
Study this chapter prior to beginning intensive
study of the remaining chapters.

THE RADIOMAN RATING

Yo ..r responsibilities as a petty officer in
the Radioman rating include two types of duties:
Professional duties and military duties.

1

PROFESSIONAL DUTIES.

Your profes-sional duties as a Radioman third
or second claSs 41.11 pry depending on the type
and mission of yo fir command. If you are stationed
ashore, you wW, normally be assigned to the
communicaOoKs center or a communications
station. Here, your job will be concerned primarily
with sending, receiving, and processing message
traffic. The handling of this message traffic may
be in support of your command only or of an
entire naval base complex with numerous com-
mands. If you are stationed Afloat, your duties
may include a wide variety of responsibilities.
The scope of these assignments may run from

setting up and operating radioteletype circuits,,
including cryptographic equipment; to publication
corrections and, message dielribution.

As a Radioman, you are primarily an operator.
As. such, you will 1)03 required to fulfill ceitain
qualifications that require you to know what
makes your equipment work as well as how to
operate it. °\

Yours is an ever-chingi and challenging
rating. The Navy is ,constan y developing new
and more sophipticated com unicaions equip-
meat promoting a Snore e ctive "voice of
command."

MILITARY DUTIES

Often, the difference between a "good" petty
officer and a "bad" petty officer is leadership.
Each command should have a training program
that provides instruction in leadership principles
and practices. The individual who wants to move
ahead takes advantage of this instruction. He
applies its principles and practices in ige, every
dealing wkli the personnel around himespecially
those who look to him for an example of leader-
ship.

Many books have been written on the subject
of leadership, and many traits have been listed
as a necessary part of the makeup of a leader.
Whether or not you are a successful leader is
indicated by the success with which you stimulate
others to work willingly under your supervision.

Self-confidence is one of the keys of leader-
shit), but it must be backed up by enthusiasm,
understanding of others, and evecially by know-
ledge. For example, you not only must be able to
supervise and teach lower rated personnel in their
communication duties, but you must be ready to
pitch in and help complete the job.Your personnel
will respect you as an individual who has demon-
strated'his knowledge and skill.

A cooperative 'attitude is another requirement
of leadership, Do not pat your experience in the
Radioman rating make you unreasonable and
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°veil:Oaring with the lower rated personnel.You
attitudes will have a definite influence upon their
atti4ides and actions.

When you become a petty officer, you become
a -the chain of command between your
officer s and your personnel. Your responsibilities
are more than 'merely giving orders and seeing
tlxet work is done. You also have a responsibility
for sharing your knowledge with others. When the
Navy promotes you, it expects you to train other
personnel. Always stand ready to pass on your
knowledge of new equipment and probedures to
others. '4
, A petty :officer's working 'relationship with
others is of greatoipportance to the success of
his work and the "mission of his command. Your
day-to-day working 'relationships will be most
successful as you cooperate, with others, both
within and outside your own division or' depart-
ment. The ability to get along is, at tirnes,)ust
as necessary as proficiency in performing your
technical skills. The ability to work with others
is a definite skill. This skill can be developed
in much the same manner that you develop a'
technical skill. The many diffetent skills you need
may each be studied and developed. Some of these
skills are understanding another individual's job,
his problems, and his abilities. Others are
instructing, leading, .and Ardspiring the men and
wont with whom you woi--0

f
THE NAVY
ADVANCEMENT SYSTEM

Many of the rewards of Navy life are earned
through the adiancement system. Some of the-se
rewards are easy to see You get more pay.
Your job assignments 60c me nQox_.e interesting
and challenging. You are regarded +kith-greater-
respect by officers and ,enlisted personnel. You\
enjoy the satisfaction of getting ahead in your
chosen Navy career. I

Hilt the_ advantages are' not yours alone. The
Navy also profits. Highly trainetVpersonnel are
essential to the functioning of the Navy. By each
advanCement, 1'6 u increase your value to the Navy
in two ways. First, you bedbme more valuable
as a specialist in your rating, and cond, you
becbme more val 1e as a person who an, train
others and, thus; e far-reaching contr butions
to the entire Navy.' l

', The basic ideas behind the advance eritsys-
tem have remained-stable for many ears, but

pacific portions mfay change rapidly., it( is
71mpbrtant that yoti know the system and follow

_5o,nEuiges carefully. BUPERS NOTICE 1418 will
il

*- i
4

keep you up-to-date. ,,Ask your educational
services officer to let you read the latest copy
of the 1418. This notice is usually published
four times a year. The June notice covers the
petty officers third, second, and first class for
the 'September examination, The August notice
covers the senior and master chief petty officer
examination information forsthe November exami-
nation. Two 1418 notices are published in
November for the E-7 examination in January_
and the E -6,, E754 and. -4extuninations in March.

The nornial system of advancement may be
easier to understand if it is divided into two
parts:

1. Those requirements that must be met
before you are qualified, that is, considered for
advancement.

2. Those factors that actually determine
whether or not you will be advanced.

Navy training and advancements are based on
the naval and occupationa$tandards found In the
Manual of Navy Enlisted Empower and Personnel
Classificatihns and Occupational Standards, -
NAVPERS 18068. This publication, which will be
described in detail later in this chapter, es-
tablishes the minimum occupational standards
for enlisted personnel and identifies those
additional skills required in specifiabillets which
are supplemental to rating skill requirements.

HOW TO QUALIFY
FOR' ADVAkIC EM ENT

In general, to qualify ( considered) dr
advancement, you must first:

9

1. Havek7a
pervice. e

i2. Havea
present paygrad

3: Demons
your to

.
ertain amo of time in the

rtain amount Of time id,your.
-._ H

to knowle ge of Material in
rate training Manuars by

achieving s. table score on your command's
locally prepared and locally adminiStered te'st,
or by successfully cornpletin thp appropriate
nonresident career courses ( CCs), or in tome
Cages, by successfully`Compl ting an approppate
Navy schodl.

4. Demonstrate the ability to perform the
req retnents under the Personnel AdvEuicehnent
Requirement (PAR). NAVPERS 1414/4, program.

5. Pass' the Radioman PerforinEuice Test.
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\
6. Be recommended liy your commanding

1:officer. - ,
. .

, , .
7. For petty officer 'third and second clads

candidates only, demonstrate knowledge of .
military subjects by passing a locally adminiS-.
pared military leadership examination based on
the naval standards for advancement (from
NAVPERS 18068). ,

.'
8. Demonstrate knowledge of the technical'

aspects of your rating by passing a Navywide
advancement exaritination based on the occu-

pational standards, a licable to your rating
((from NAVPERS 1806,, those standards listed
at and below your rate evel).

.
Figure 1-1 gives a detailed view of the require-

manta for advancement of active duty personnel;
figure 1-2- gives this information for inactive
duty personnel. Remember that the occupational
standards can change. Checkivith your educational
servioes officer to be sure that you imitow the
most recent standards.

If you meet all the iirece g requitements,
you' become et-member- of group from which
selections for advancement are made.

,

FACTORS WHICH
A FF EC T DVANC EM ENT,

Adv,anc'ement is 'not automatic. Even though
you have met all,.,the, requirements, including
passing the written exafninations, you may not
be able to "sew on the crow". ore dd stripe.".
The number of personnel in each ale and rating
is controlled on -'a

may
b is. TOerefore,

the number" that may blr adv cad' is limited
by the number of vacancies that exist. When
the number passing the examination exceeds the
number of vacancies, some system mustabe used
to determine who may be advanced d who may
not. The system used is the "fl multiple"
and is a combination of three factors:

'Nc Performance

Examinations :(-)/
a

,

',Longevity, or seniority

The Navy's system provides credit for per-
formande, knowledge, and seniority, and, while

-'\
3

it cannot guarantee that any one person will be
advanced, -it does guarantee that all within tr
particular rating will have equal advancemeni
oppOlunity.

Who Will Be
Advanced?

Advancement to P03, P02, and PO is based
on quota limitattns, as determined by the Chief
of Naval Personnel, and highest "fin ultiple." "-
The final multiple is a combinati p of your
beginning multiple and exam score. The beginning
multiple consists of the following elements:

1. Performance factorThese points are
based on the ,aver of your performance
evaluations for. a give period of e before the
xam is gtven. The riod of tim used varies
with the paygrade to which you are seeking ,
advancement. If you are seeking advancement
to P03, your evaluations for the past months
will be averaged; the maxi mtim number 9f points
for performance is 70.

2. Length of service Points for length of
service are determined by subtracting the number
of,years you have served inyotuprese4paygrade
from the number of years'you have been serving'
on active naval service, and adding 15. Thus,
an E-4 With 4 years in--service and 1 year in
paygrade would have 18 points (4 years in service
minus 3 year in rate = 3 plus 15 = 18). The maximum
numbeg of points possible for length of service
is

3. Tithe in rate ---4Doints for time in rate are
computed by multiplfitg, the number of yel.:rs
you have served .in our present paygra by
2 arid adding 15 (the 4 mentioned above would
have .1 year in, rate t mes 2=2 phis 15=17).

%V

- 4. Awards Some ,medals and award's, if you
are/entitled to them, May be worth points to you..
The Manual of 'Advancement, BUPtRSINST

, 1430.16, contains a list of medals and awards
and thet nu4?ber of p4inti assigned to each. The
maximum number of points possible for awards
for p03, and PO2rid 10.

5.. Passed Not Advanced (RisIA) These
points are determined by the Nav ducation
add Training Program Developmen Centef and
are assigned to those personnel o previously
passed .the exam but were not adVanced. For
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E2 to E3
#E3

to E4
#E4

to E5
E5,

.411

to:E6
##tE6
to .E)7

##tE7
tt E8

.

WEB:
to E4

. .,

SERVICE

'"-i

6 mos.
:,service.

6 mos.
as E-2. .

6 mos.
as E-3.-

'2 years

time_in'
service.

s.

12 mos.

as E -4.

3 years
time in
service.

. ...

24 mos.
as 5.

7 s

e in
ice.

.

36 mos.
Nas E-6.
10 years
time in,
service.

36 mos.
as E-7.
8 of
years
time intime
service
must,15e

en-
listed
.

36 mob'.,

as E-8.
10 of 16h
years
pime inMime
service
must be
enlisted.

. , .

.

.

-1.

...-

._._ .
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. .

- . _.,._...._._

_....__

. ;

4,

SCHOOL '

'may
*--

pecspit
raining.

(C.O.

ad-
.

vanceup
to 10%
of grad-
uating
class.)

::::::

::::::::::

_

.

.

:

.-

.

Class A
for PR3,
DT3,IS3,
AME3',

03,
FTB3,
MT3,MU3,
EW3

,,

,
Naval

Justice
School

-1.N2

.._._._

':

.

X

.

.:::.

,

Navy
School
for AGC,
MUc.tt

PERSON L'
ADVANCrMENT .

REQUIREMENT
(PAR) -,

NAVPERS
1414/4

-r.

.
. .

eronnel Advancement Bequiremellt
(PAR) must be completed for
advancement to E-4 through E::-7.

, . .

- .

i

.v.v.::
.....

7

-.-.-.

_.....

PERFORMANCE
TEST

.

.....

._._._.

: ?:

/
Specific g ratings must\complete
applicable performance tests be-
fore takffig examinations

=
-'.v...v...

._.--, .

AO ::::
_._._._

---...
.

_ ._.
.....

JOUSTED
PERFORMANCE
EVALUATION

"As used by CO
when approving
advancement. .

.-
Counts toward performance factop,icredit in advancement
multiple. i

.

, .

,- t

EXAMINATIONS**

.. \.

Locally
prepared
tests.

See

below.

Nav ywide examinations
regruired. for all 'P0

advancements. 1 .

Navywide selection. board.

i-

RATE TRAINING
MANUAL (IN-'
CLUDING
MILITARY
REQUIREMENTS)

:.%
. . .

........
.

%

'

.

Required for E-3 and ail PO advancements,
unless waived because of.schbol comple---.
tion, but need not be repeated-if identical
course has already. been completed. See
NAVEDTRA 1004 (c.,rent edition).-

..

Nonresid6t career
courses and
recommended reading.
See (NAVEDTRA 10052
(curtent edition).

. .. .

AUTHORIZATION.
.

Commanding
Officer s

- -4-

3
NAVEDTR1RODEVCEN 9 -.,

.

.. .

-1-

*Al-NadVangements require commanding officer's recommendation.
t2 years obligated service 'required for E-7, -8, and Es9.
#Military leadership exam required for'E-4 an E-5':

**For E -2 to E -3, NAVEDTRAPRODEVCEN exams or lo ally prepared tests may be used. 4

ttWaiy4d foc qualified EOD personnel.
##Advancemenl to El7 w411 be 10 years TIS eifecetive 1 January 1979; to E-8, 13 years
'effective 1 November 1978; to E-9, 16 years TIS effectpe 1 November 1978.

.0v

Figure 1-1.-Active:luty advancement requirements.
, \

TIS
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REQUIREMENTS*
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E2 to
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E3 to'
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E6

E6 to
E7 . E8 E9

.

TOTACTIME ,
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.
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.
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_ .

6 mos. 6:mos.
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)

ti
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.

12 mos.

.

24, mos.

. .
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with
total

9 yrs
service.

36-mos.
witlf
total
12. yrs

service.

24 mos.
with
total
15 yrs
,ervice.

TOTAL TRAINING
DUTY IN GRADEt I

14.days 14 days
.

14

14 days

-

F

14 da s 28 'days 42. days

.

42 days 28 days

.

PERFORMANCE
TESTS

...... :
:////.v...::
..........- .............!....%

.

.

Spgc.i*tri)cati,n-gratust complete applicable
performance tests before talying e5kamination,

_ .

DRILL
PARTICIPATION

. .

, Satisfactory participation

;
accordande with

;'Pe

(
,, 4'

at- a member of aAdrill unit
AUPERSIPIST -54Q.0.42 seriesp.', \

1,\ . 0,
t

sonnel f. Require-'

hts (PAR) NPPEA'1414/4m4tt
ecompleted,for advanCement;tb

through E7. % i
\ A

in

,

......,.....

_______

Ilf

PERSONNEL,
ADVANCEMENT

NAVRERS.1414/4
,

. .

RATE TRAINING
MANUAL (INCLUDING
MILITARY REQUIRE-
VENTS)

77,..
0 .

v I , i .

Complietionotappl\icable
servfce'ivtord.

i .

)fj
StanOrd ExaM

,
.

.

` I ,
.

-*

course or course's. must be

. f
.

, .

,_.,,
.

Standard Exam required for all
PO advancements. Also pass
Mflitary/Leadership Exam
for E4 and E5. \

.

.

entered in _
/

.

.

t.

.

Standard Exam
Selection. Board.

.,

-

-,..*.,

EXAMINATION

)

.

.
Y. It .,

' .
'AUtHORIZATION Commanding

_

4,'
A

4, Officer

. '

NAVEDTRAPRODEVCEN -
,

t ...

. -
*Recommendation by,commanding offiCer required fcir- all advancements.
tActive.duty periods may be substituted for trajni.ng'duty.

,
1 ,4

Figure. 1 -2. Inactive duty advancement requirements.
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actvancement to PC.)3, and P02, the maximum
number' of iffsiA points possible is 10. Figure 1-3
is an example of all the elements that can make
a final- multiple.

The exams are scored, multiple factors are
added, and a listing from highest to lowest final
multiple scores. is prepared for each rate. Since
advancement to7E-4, E-5, and E -6 is based on
qtfotsi limitations, the selections are made from
the top of the list down as far as quota limitatiOns
'know. Ibis process identifies those who' Will
be ivanced. Listings are then prepared for
eachcommand listing those who will be advanoed,
those who passed pia' will not be advanced and
those who failed.

.

r .

MOW TO PREPARE
FOR iiDVANCEMENT

. :

. You must study the occupatidnali standards,
wont bn the Personnel Advancement Requirement
(PAR) and the Personnel Qualification Standards
(PQS), and study the required rate training
'manuals and .other material that is required for
advancement in yoUr rating. The foll9wing

POINTS

, PERFORMANCE FACTOR:
(based on performance
evaluation average)

LENGTH OF SERVICE:
(4 yrs in service minus
.1 yr in grade, plus 15)

TIME IN RATE:
(1 yr in rate times 2
plus 15)

A WAltBS:
(1 Good- Conduot Medal)

PASSED NOT ADVANCED:
(As assigned by Naval
Education' nd Training
Program Development Center)

TOTAL BEGINNING MULTIPLE:,

EXAM STANDARD SCORE:

FINAL MULTIPLE:

Figure 1-3.Computation of Final

/

-60

17

02

01

411110.-

98

68

166

Multiple.

sections describe the publications you should,be
familiar with and give practical suggestions
on how to use them in preparing far advancement.

,The. Manual of Navy
Enlisted Manpower and
Personnel Classifications
and Occupatibnal Standards,
NAVPERS 18968 '

NAVPERS 18068 containl..the occupational
and naval standards for advancement to each.'
paygrade. It consists of twb sections. Section 1
4,3apribes the Naval Standards and Occupational

_Standards. Section II contains the Navy Enlisted
/Classifications (NEC). While the-. occupational
stpridards manual- defines only the minimum
s141111required4r your rating, there are know-
ledige factors iffilerent in these skills. It is
kept current by means of changes.

Naval standards are expressed as minimum
skills tfiat apply to all ratings rather than to'
any :'one rating. Naval requirements for advance-
ment tolhird class and second class petty officer
rates deal with military conduct, naval organi-
zation, military justice, security, watchstanding,
and other subjects which are required of petty.,
officers in.all ratings.

Occupational standards define enlisted tasks
required of personnel within a particular rate
or rating' and are divided into subject matter

if yoTuli* workingfor advancement, you should
remernTerlhat you are' responsible for the
occupEgoniVatandards applicable to the rating.
you are taking the examination for and to the
standards of the lower paygrade(s) in the rating.
An E-5 candidate is responsible for E-5 and
E-4 standards; an E-6 candidate for E-6, E-5,
and E-4 standards; and an E-7 candidate for.
E-7, E-6,,E-5, and E-4 standards.

Personnel Advancement
Requirement (PAR),
NAVPERS 1414/4

6!

One of the requirements to determine eligi-
bility for advancement is the completion of the
PARs for your rating. The purpose of the PAR
is to: (1) individualize advancement require-
ments for each rating and for rates within the
rating and (2) provide a Consolidated Checklist,
that individuals can use in their evaluation
of the individualdsin determining readiness -for
advancement. It' tali provide a record of progress
toward, ansi-ertistory of, advancement.

! )
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PAR is designed as a checklist of the various
minimum reqtfirements for advancement. It is-
presented in three sections:

. . .

Section I, Administration Requirements, con-,
'tains the tudivichial's length of service, time in
paygrade, and a checkoff entry to shOW the
individual has passed the E-4/E-5 military
leadership examination.

Section II, Formal School. and Training Re-
citirements, contains a checkoff entry to show
the individual has cOmpleted the applicable Navy
military requirements and rate training courses!

Section Occupational and Military-Ability
Requirements, a checkoff list of task state-
ments. Items demand actual demonstration of
the item or completion of an alternate local
examination, although demonstration is a com-
mand prerogitive. Individuals are evaluated on
their ability to .perform a specific task, whether
it be by obser.Vation, by training received, or,,
if desired', by demOnstration.,

PAR& for all ratings are listed in the NItVy
Stook List of Publications and Forms, Sectioni,
NAVSUP Publication 2002. Ask your educational
services officer for a copy of the PAR for your
rating.

The _r -8 and E-9 paygrades are. exempt
from tile program because there are other
means of selection for advancement to these
paygrades. Also,. the E-3 apprenticeships are so
broad that it is impractical to, develop a single
PAR for this paygrade.

Tne PAR form for each rating lists
requirements for advancement to paygrades
through E-7 in one pamphlet.

Personnel Qualification
Standards, NAVEDTRA
43100.1 (series)

the
E-4

The Personnel Qualification Standards (pQs)
program Is another element in the Navy's overall
training .program. It is used to help develop in
each person the skills necessary, to perform his
assigned duties.

They Handbook, on Management and Imple-
mentation Procedures for Personnel Qualifica-
tion Standards, NAVEDTRA 43100.1 (series),
provides information on! the PQS concept and
describes its implementation into the training
program of operational units of the Navy.

7

The purpose of the program is to as ist in
qualifying the trainee to peform his d ties. It
is recommended that each trainee c ri'y his
qaalification card so he can take ado: tags
training "targets of opportunity" that
during the daily routine. The individual is lowed
to progress at a pace that fits his individual
learning ability. This, of dowse, IS contingent
upon time periods establighedplegidepartment
heads and division officers. The soni9ruali-

,fication standards program helps_4 prepare.,
personnel -for advancement. When. Studying the
answer theory ,questhons, the trainee i, referred4
to applicable rate training manuals.

To determine what equipment or vVatchstaticin,-
is in the personnel qualification standards pro-
gram and to obtain the stock number for a par-
ticular personnel qualification standards booklet,
refer to the latest edition'of, the List of TrainEing
Manuals and CorrespOndence Courses, NA 11-
TRA 10061.

EaCh qualification standard has four main
subdivisions in addition to a preaCe and intro-
duction, glossary, bibliography*, and'- feedback
form. They are as follows;

100 SeriesTheory
200 SeriesSystem
300 Series Watchstations

ments, or responsibilities)
400 SeriesQualification cards

rote t
(duties, assign-

The introduction explains the use of the
qualification standards in terms of what,it will
mean to the user as well as hoW to apply it.

The theory (100 Series) section specifies the
knowledge of theory necessary as a Prerequisite
to the study of the specific e quipment or system
for which the PQS was written. These funda-
mentals are normally taught in the formal school
(for example, Class A School) phase of an
individual'k training. However, if the individual
has not ,been to school, the ,reqUtirements are
outlined and references' are cited which will
provide guidelines for a self -study program.

The system (200 Series) section, breaks down
the equipment or systems to be studied into
functional sections. PQS items are constructed
as clear, concise statement's /questions according
to a standard format. The answers must be
extrasted from the various maintenance manuals
coverIne the equipment or systems for which'
the PQS is written. This, section asks the user
to explain the function of the system, to draw a
simplified version of the system from memory,
and to use this drawn schematic or the schematic
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provided in the maintenance manual while studying
the system or equipment. Emphasis is given to

' such areas as maintenance management ,Tro-
cedures, components, component parts, principles
Of operation, system interrelations, numerical
values considered necessary to operation and
maintenance, and safety precautions. A study
of the items in the system 'section provides
the individual with the required information
concerning what the system or equipment-does,
how it does it, and other pertinent aspects of
operation.

The watchstations (300 Series) section in-
cludes questions regarding the procedures the
individual must know to operate and maintain
the equipment or system. In qiis section, the
questions advance the qualification process by
requiring answers or demonstrations evidencing
the ability -to uee the knowledge covered in the
syrstemi section and to maintain the system or

equipment. Areas covered include normal
operation; abnormal or emergency operation;
emergency procedures whichcould limit damage
and/or casualties associated with a particular

_operation; operations that occur too frequently
to. be considered mandatory performance items;
and maintenance procedUresjinstructions such
as checks, tests, repair, replacement, etc.

The qualification cards (400 Series) section
covers the accounting documents used to record
the individual's satisfactory completion of items.
A complete PQS package should be given to each
person being qualified so that he can usa'''.it
at every opportunity to become fully qualified
in all areas of the oappropriatejating and the
equipment, system, or watchstation for which
the PQS was written. :1t what point to begin a
PQS booklet will depend on the individual's
assignment within the activity. Upon transfer
to a different activity, each individual must
requalify. The answers to the questions asked in
the qualification standards may be given orally

or in writing to the supervisor, the branch or
division officer, and/or the maintenance officer
as required to certify proper qualification. The
completion of part or all of the PQS provides
a basis for the supervising petty officer and officer
to certify completion of Personnel Advancement
Requirements (PAR).

Bibliography for <,

Advancement Study,
NAVEDTRA 10052 (series)

NAVEDTRA 10052 (series) is a very important
publication for any enlisted person preparing

for advancement. It lists required and recom-
mended rate training manuals and other
reference material to be used by personnel
studying for advancement. .

NAVEDTRA 10052 is revised and issued once
each year by the Chief of Naval Education and
Training. Each revised edition is identified by
a letter following the NAVEDTRA number. When
using this publication; be sure that you have the
most recent edition.

In using NAVEDTRA 10052, you will notice
that some rate training manuals are marked with
an asterisk (*). Any manual marked in this way
is mandatory, that is, it must be completed before
you can be eligible to take the Navywide examina-
tion for advancement to the indicated level. Ask
your educatiohal services offiCer how tt) order
these publications.

Do not overlook the section of NAVEDTRA
10052 which lists the required and recommended
references relating to the naval standards for
advancement. Personnel of all ratings must
complete the mandatory military requirements
training manual.

Occupational Standards
and Bibliography Sheets,

For your convenience in preparing for the
Navywide examinations, NAVEDTRAPRODEV-

,.,.

C EN, Pensacola, FL prepares a separate Occu-
put,iohal Standards' and Bi:)liography Sheet for
each. rating (RM, EW, ST, etc.). The sheet lists
the occupational standards for paygrades E-4
through E-9 for the particular rating, and also
lists the recommended study material and specific
references from the current edition of the Biblio-
graphy for Advancement Study, NAVEDTRA
10052. Ask your &-ducational services officer
for a copy of the most recent edition of this sheet.

8

1:3

List of Training Manuals
and Correspondence Courses,
N 1VEDTRA 10061 (series)

N VEDTRA 10061 is revised and issued once
each year by the Chief of Naval EdAcation and
Training. Each revised edition is identified by a
letter following the NAVEDTRA number. When
using this publication, be sure that you have the
most recent edition.

This list has been distributed to all ships
and stations to inform them of the latest available
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training manuals and correspondence courses.
Ask Your educational services officer for this list.

The listings in NA,VEDTFtA 10061 include a
brief overview of the contents of each training
manual and correspondence course. All publi-
catiOns with stock Ordering numbers listed may
be obtained from the Naval Publications and
Forms Center, Philadelphia, PA 19120. Usa
DD Form 1348 for ordering. Some classified
publications ark issued from the NAVEDTRA-
PRODEVC EN, 15ensacola, FL 32509. These publi-
cations have especial ordering requirements, as
described in NAVEDTRA 10061.

'\ TRAINING MANUALS

Rate training manuals (RTMs) and nonresident
career courses (NRCCs) are prepared as self-
study packages to assist personnel of the regular
Navy and Naval Reserve in developing the know-
ledge required for their ratings.

IThere are two general types of training
manuals. Rate training manuals, such as this one,
are prepared for most enlisted ratings. A rate.
training manual _provides information that is
directly related to the occupational qialifications
of ONE rating. SUBJECT MATTER rm-i.nuals or
BASIC Manuals, such as Naval Orientation, N V-
EDTRA 16138 (series), give information that
applies to more than one rating.

BASIC NAVY
TRAINING MANUALS

Among the most important sources of in-
formation are the ba'sic Navy training manuals.
These manuals cover broad subject areas which
are 'common to many ratings. The n)aterial
contained in some of these courses will make
your rate training manual easier to understand.

RATE TRAINING
MANUALS

Rate training manuals are revised from Ur,:
to time to keep then) up-to-iate. The revision
of a rate training manual is identified by a
letter following, the N A V EDT R number (NA V (ED-
TRA 10052-Z). You can tell whether any particular
copy of a training manual is the latest edition
by checking the NAVEDTRA number and the letter
following this .number in the most recent edition

of the List of Training Manuals an Corres-
pondence Courses, NAVEDTRA 1061.

Eachtime a'rate.training manual s revised,
it is brought into conformance with he official
publications and directives on whic it is based;
put during the life of any edition, screpanties
between the manual and the offici sources are
almost certain to arise because f chanOs to
the latter which are issued in e interim. In
the performance of your duties, y should always
refe to the official. publicatio or directive,

ate training manuals help you meet the
occupational standards required by the Navy.
The following suggestions may help you to make
the best use of the RTM and other Navy training
publications:.

1. Study the naval standards and the occu-
pational standards before You study the training

.manuals, and refer to then) frequently as' you
study. Ask.. your educational services officer
for an Geoupational Standards and ;Bibliography
Sheet or"'NAVPERS 18068. Remember, you are
qtudying the nlanual to aid you in perforn4ng
your job. The ;minimum requirements for the
job are listed in NAVPERS 18068. .

2. Set up, a regular study plan. It will
probably be easier for you to stick to a schedule
if you can plan to study. at the same time each
day. If possible, 4chedule your studying for
time of day vohenhyou will not have too many
interruptiOfiS or diOtractions.

3. Before you begin to study any part of the
n)5nual intensively, become familiar with the
entire book. Read the preface and the table of
contents. Check through the index. Look at the
appendices. Thumb through

at
book without

any particular plan, looking at the illustrations
and reading bits here and there as you see things
that interest you.

4. Look at the training manual in more
d2tail, to see how it is organized. Look ,at the
table of contents again, Then, chapter by chapter,
read the introduction, the headings, and the
subheadings. This will give you a pretty clear
picture of the scope and content of the book.
As you look through the book in this way, ask
yourself some questions:

hat do 1 need to learn about this?
what do I already know about this?
How is this information related to information

given in other chapters?
How is this information related to the occu-

pational standards?

9 ,
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5, When you have a general idea of .hat is
in the training manual and how it is orga,nized,
fill. in the details by intensiv, Atty. In each
study period, try to cover ,a comp ete unitit
may be a chapter, a section of a chapter, or a
subsection. The amount of-material that you can,
cover at one time will vary. If you know the subject
well or if the material is easy, you can cover
quite' a lot at one time. Difficult or unfamiliar
material will require mere study time.

6. In studying any one.unitchapter, section,
of subsectionwrite down the questions that
occur to you. Many, people end it helpful to
mike a written outline of the unit as they study,
or at least to write down the most important
ideas.

7. As you study, relate the information in
the training manual to the knowledge you already
have. ,,Vhen you read about a prpcess, a skill,
or a situation, try to see how this-information
ties in with your own past experience.

"8. ,Vhen you have finished_ studying a unit,
take time out to see what you have learned. Look
back over your notes and questions. Maybe some
of your 'questions have been answerecl,b_it perhaps
you still have same that are not answered.
out looking at the training manual, write down the
main ideas that you have gotten from studying
this unit. Don't just quote the book. If you can't
give these ideas in your own words, the chances
are that, you have not really mastered the
information,

9. Use nonresident career courses when-
ever you, can. The nonresident career courses are
based primarily on rate training manuals and
basic manuals. As mentioned before, complet4in:
of a mandatory rate training manual can be
accomplished by pasSing a nonresident creer.
course based on the rate training manual or by a
locally prepared ',te'§t, on the manual. You will
probably ,find it helpful to take other nonresident
career courses, as well as those based .bn
mandatory manuals. Taking a .nonresident career
course helps you to master the information given
in the training manual and also helps you see how
much you have learned.

10. Think of your future Is you study rati"
training manuals. Anything you learn now will
help you to advance both now and later,

NON ItF,S1DEN T
CAltEElt COURSES

As previously mentioned, a nonresident career
course (NRCC) is based on a rate training manual

lU

or a basic man(ial. Its purpose:Is to provide
you with a self-.4thcly training course for

at your Weal command.
The NRCCi contains a' set of assignments

and self-scoring answer sheets (SSASs). The
SSASs are packaged separately and are' usually
ordered frOrn" Publications and Forms Center,

,PhiladelPhica. .See your educational services;
.officer for assistance in ordering the appro-
priate SSASs.

NRCCs that are assLiated with or contain
information pertaining to your rate are recom-
mended for completion. This inforination is also
contained in the Bibliography for Advancement
Study, NAVEDTRA 10052, which also lists those
courses that are recommended for completion.

EX.-4IINATION PROCEDURES

The Nawywi e examinations for advancetnent .

are written at the Naval Education and Training
r o gir a rn D eloprnent Center, ,Pensacola;

Floricia),The am writers are senior enlisted
personnel who are experts in the rating for which
the exam is ri ten (e.g., the ItM3exam is written
by a senior Rad ornan).

The exams re normally administered by the
commands to w ich, the examinees are attached.
In:-the case of 'smaller commands with only
a few examinee attached, the exam may be
administered by largericommand. For example,
a naval legal s rvic.es office may have only
one "or two peopl taking the exam. Therefore,
the exam may\ adMinistered by the naval
station of which,thenaval legal services office
is a tenant co nand..

THE E 1111

Several clays rior tathe exam date; the educa-
tional service's o ficer will ask you to verify the
Recommendation ''orksheet, NA VEDTRA 1430/2,,
which has been p enured for you. You ,should
check the workshe 'very carefully since this
information will b used in computing your
'beginning multiple.'' If any of the information
shown on your work heet is incorrect, bring it
to the attention of the educational services
Officer so that it may be corrected.

The commanding officer of the command
administering the exam will schedule a place for
the exam to be given and will notify the examinees
as to where and when to me t. This is usually

A
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do 1 ai notice in the Plan of
Sev ,Ltors (officers and/or senior 311111
perso ,o1) will be present during the ti
iod. These people are there to assist youi asstir-
ing that your answer sheet is ploperly prepared.

When you sit down to take the test, the proctor
will advise you on- how to fill out ,the answer
shee . These answer sheets are scored by an
op 1 ,Scanner and must be completed very
carefully. Listen closely to what the proctor

GIVE THIS SHEET TO YOUR PHOG"TOR
p

EXAM

EXAM INFORMATION!
SUBJECT-MATTER SECTION

IDENTIFICATION,
THESE STANDARDS ARE FROM SECTION 1, NAVY ENLISTED OCCUPATIONAL STANDARDS, or THE MANUAL

OF NAVY ENLISTED MANPOWER AND PERSONNEL CLASSIFICATIONS AND OCCUPATIONAL STANDARDS

NAVPERS )8068-D INCLUDING CHANGE 2

THE BASIC BIBLIOGRAPHY FOR THIS EXAMINATION IS
BIBLIOGRAPHY FOR ADVANCEMENT STUDY (NAV

FOR ALL EXAMINATIONS WITH gERIA NUMBERS FROM

AIMED
52-Y)

800G01 TO 809999
1. This examination was divided into SUBJECT-MATTER SECTIONS., The titles Of these sections

are general in- nature and represent theotcupational requirements of this rate. The Chart
below shows both the seiltional breakdown,for THIS .examination and the standards from The
Manual of Navy EnlistedANanpower and Personnel Classifications and Occupational Standards
(Naveers 18068-0) used to support the questions.

2. The basic bibliography for THIS examination is contained in Bibliography for Advancement
-Study (NAVEOTRA 10052-1), It should be emembered that the publications listed for a,Alven
rating and payXrade may have suggested reading Lists or may make specific references to other
publications. These reading lists and other specific referrals must be considered as part of
the TOTAL bibliography.

3. This SUBJECT- MATTER SECTION IOENTIFICATION SHEET is to be used with the PROFILE ANALYSIS
FORM (explained-on the 'back of this sheet) to identify a candidate's strengths and weaknesses
in terms of, sTibject- matter for this particular. examination.

4. USNR-R usage oFfthe PROFILE ANALYSIS FORM is covered.by separate correspondence.

EXAMINATIK
SECTION

SUBJECT MATTER SECTION
*TITLE

STANDARDS SUPPORTING THE QUESTIONS
f(FRON NAVPERS 16066) o z

mi
.

ilAMF PLAN WRATF);i fXXXX.

,

xxxxx

2 OFFENSIVE FORMATION', xxXXx

1 QUARTERBACK OPTIONS

I pay, rtAN nATTIRW,

5 OFFENSIVE FORMAT:ON% .,xXx

6

4

KEYIN5 ANT non , ',/,,,A,

,

NO MINI!'f. ,API PLAN i I,

(XXIX,

fY(IX

(XXXX. "XXX. "X"

'O 9 RULES AND PiNALI-IC, XXXXX, xxxxx, xXxxx, OW

THIS SHEET MUST RE USED WITH THE. MANUAL OF NAVY ENLISTED MANPOWER, AND
PERSONNEL CLASSIFICATIONS AND OCCUPATIONAL STANDARDS (NAVPERS amp

Figure 1-4. Subjept-Matter Section Identification Sheet.
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tells you, and double check the information
on your answer sheet. An error on this part
of the answer sheet can often mean a delay in
finding out how well you did on the exam.

Subject-Matter Section
Identifieation Sheet

When you complete the exam, you will be told
to give the Section Identification
Sheet to your proctor. This sheet is the back
cover of the exam booklet. (See figure 1-4.)
This tear-off sheet lists the general subject
matter Areas and occupational standards which
were covered on the exam. The tear-off sheet
will prove useful to you in analyzing your exam
results when you compare it to the profile analysis
form which you will receive after the exam has
been graded.

profile .-analysis Form

When the exam results are returned to your
command, you will be given a profile analysis_
form shoWing your individual result-s. (See figure
1-5.)

Space 1, Examination Status, shows whether
you passed or failed, and your exam score
(e.g., FAIL/42 meads you failed the exam, and
your exam standard score wa's 42).

Space 2, Your Final. Multiple, shows your
final multiple, the computation' cif which was
previously discussed.

Space 3, Minimum Multiple Required, shows
the minimum final multiple required for advance-
ment within your rating. Those individuals whose
final multiples were the same, or higher, as that
.shown )n this space were advanced.

,Spa 4, (Sections 1-12), bonsists of Section
and S`tanding. The section number corresponds
to the section number shown on the Subject- Matter
Section Identification Sheet (fig. 1-4), and the
standing reflects how well you did in relation
to all others,taking the satne test. By comparing
figures 1-4 and 1-5, you see that, in relation to
everyone else taking this particular test, this
person did poorly in the area of section 7,
but did excellently in the area of section 9.

Space 5 will show the Passed Not Advanced
points assigned to those who passed the exam
but, were not advanced. As mentioned earlier,
these points will become a parit-of the beginning
multiple for the next eixarn; Ask your educational -

services officer for mitre information about this.
In summary, the occupational standards man=

ual, NAVPERS 18068 (series), provides a list of
the basic occupational skills for your rating and
paygrade; Personnel Qualification Standarqs
(PQS) assist you in developing these skills;
rate training manuals and nonresident career
courses provide a method for acquiring the
knowledge associated with these skills. The

NETISA 1046194 (8-751

FROM. COMMANDING OFFICER

DEPARTMENT OF THE NAVY
NAVAL EDUCATION AND TRAINING PROGRAM

DEVELOPMENT CENTER
PENSACOLA, FLORIDA 32509

To (YOUR NAME WILL APPEAR HERE)

SUBJ EXAMINATION PROFILE INFORMATION

O

SERIES /DAlE ACTivr,

1234-

(YOUR EXAM SERIAL NUME; 4,ND
THE DATE WILL APPEAR 'E)

'DE

THE INFORMATION PROVIDED BELOW IS A PROFILE OF YOUR RELATIVE STANDING WITH ALL OTHERS IN VOUS RATE IN EACH
SUBJECTMATTER SECTION. THE INFORMATION IS TO BE USED WITH THE SUBJECT mATTER IDENTIFICATION SHEET FOR THE EXAM-
INATION SERIES INDICATE STANDINGS ARE BASED ON OVER 90% RETURNS NO SIGNIFICANT CHANGE WITH ALL RETURN' IN

YOUR MINIMUM
FINAL MULTIPL

MULTIPLE REOUIRED

EXAMINATION
STATUS

O
ECTtON 2 6 7 9 10 2 PAGE

STANDING A HA L LA P

COPY TO
SERVICE RECORD

AMEMMINer

S ISuner,o.-uppor 10%
CODE E cmiont,upper 20%

INTERPRETATION 14 /14ery, 30%

HA IH.eb Avr11,4,31, 40%
A Averag.1. mock.
CA !low Avwego)....., 40%

I LowloovArr 30%
I Poorliorwo 20%

,,,,lOwee 10%
YOU MAY CONTACT YOUR E SO FOR DATA USED FOR YOUR MULTIPLE COMPUTATION

I
Figure 1-5. Profile Analysis Form.
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Navy advancement system is based on a -corn.-
petiltive Navywide exam and your demonstriited
skills, documented by the Personnel Advanceinent-

.
Requirements (PAR) program.'

Your educational services officer can provide
more detailed explanations of the Navy's training
prpgrams, assist you in establishing your own
study program, and provide both information
and materials for your advancement study. He
can provide information on college programs,
high school equivalency exams, Navy schools,

13

local raining courses, etc. He also has available
to m a list of the latest Navy Training,Filmt
and the Navy publications you will require.

No single publication can gi e all .the
information, you need to perform the duties of
your rating. You should learn where tb look
for accurate, authoritative, up-to-date in-
formation on all subjects related to the nayal
requirements and the occupational standards
of your rating.

a
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CHAPTER 2

BASIC ELECTRICITY.

At this point in your naval career, you could
probably describe yourself in one of the'follow-
ing ways: (1) You are a Seaman or Third-Class
lust grtidUrited from Radioman "A" school,(2) you
ark" a Seaman or Third-Class, a graduate of

. Radioman "A" school, and currently serving
somewhere in the Meet or ashdre, or (3) you are
a Seaman or a Third-Class who has decided to

_ strike for the Radiomanrating without the benefit
of Radioman "A" school.. While attending
Radioman "A!' school, you found much of your
training to be "clerically" or "operationally"
oriented. Hence, it is quite natural to ask your-
self the question: "Why do I have to know any-
thing about electricityor electronics?"

It is important to realize that. as'yoU advance
in the Radioman rating, more will be expected
of you. Not only will yout responsibilities in the
area of leadership increase,, buf , more will
be expected from you in the , of profee-
sional knowledge and skill. In other words, your
"store-of-knowledge" must be greater. Add to
that the fact that the Radioman rating is probably
broader and encompasses more areas than any
other ,single rate in the Navy today, and you
have two important reasons for as
versatile as y can possibly be.

There are a variety of types of ships in the
Navy today. Each type pr class of ship has a
basic mission which 'depends 'upon its caps-

Each communication center on each
' ship is in some way different. Therefore, your

job as a Radioman can conceivably encompass
everything from equipment set-up, anttnna tuning,
basic trouble- checks, and minor preventive and
corrective equipment maintenance, to message
preparation, routing, and filing. There is an old,
communications axiom that. "knob-twisters are
not only a dimera-dozen, but they are also
dangerous." In other words, not knowing the
"why" of things"m ay obscure the possible dangers
involved in tie perfortnance of any job.

This oh4ter not only serve s'as an introductilon
to basic eledtrical terminology ,an definition,

iibut-1t is also intended to aid yoU.i your under-
standing of the material-contained in succeeding
chapters On BasiC- Transmitter and Receiver
Theory, Test Equipment and Quality Assurance,
and Antennas and' Radio Wave oPropagation. It
is the objegtive or Chapters 2 through. 8 of this
Rate Tralliing Manual to introduce_ you to the
basics involved in those areas of the Radioman
'rating and, to prepare -ydu for the compkexities
involved as you advance In rate.

14

WHAT IS ELECTRICITY? .
The question, - "What is electricity?", has

been asked countless times in the past. A good
description of electricity would be the movement
of free electr( T le effects of electricity and
electronics are explained according to the ELEC-
TRON fHEORY. Through the use of the electron
theory, we have found that electricity has a
predictable nature and may be controlled. At
this point, depending upon your electronics back-

' ground, you may or m not be asking, "What
is an electron?"

Many people have allowed themselves to be-
come confused in discussions of matter or energy
as related to the electron theory. So forpurposes
of this discussion, we will detail'only those terms
and definitions concerned with the -essentials of
the electron theory.

BASIC PARTICLES OF MATTER

To understand the electron, we- must first
understand the basic structure of matter. MAT-
TER can be defined as anythint -having mass
and inertia and occupying any ameltiht of space.
An example of matter is iron', which is solid
matter. Ah example of liquid matter is water,
ans:17 an example of gaseous matter is water
vapor. SQ now we know that matter may exist in
solid, liquid, or gaseous form.
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The Atom

An ATOM is defined 11.s the smallest particle
tbf any element. This stands to teason because
the theory of the alom is the basis for -all life
and matter. Let's take it' look at an atom and
understand the different parts of it. (Refer to
figure 2-1.) In the center or "core" of the atom,
we see the NUCLEUS. Most of the Mass of the
atern is contained in the nucleus. The nucleus
may be equated to the sun around which all of
the planets revolve. The nucleus contains PRO-
TONS (positively charged particlgs) and NEU-
TRONS (electrically neutral particles). Whirling
around the nucleus, much as the planets whirl'
around the sun, are ELECTRONS (negatively
charged pirtiqes). Normally, there is one proton
for each', electron so that the net positive charge
of the nucleus. is balanced by the net negative

-.charge of the electrons. Thus the atom. is ELEC-
TRICALLY NEUTRAL. Normally, unlike charges'
will -attract each other; howeKer, the centrifugal
force of the revolutiOn of the electron in its
orbit prevents the electron from being drawn
into the nucleus. It should be understood that
not all atoms have the same number of electrons.
For example, hydrogen has only one electron,
whereas curium has 96 electrons in each atom.

NUCLEUS (5 PROTONS, 5 ,NEUTRONS)-.

PLANETARY ELECTRON IN ORBIT-

76.79
Figure 2-1: The atom.
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The Molecule
.,

A MOLECULE is defined as the combination
of two or more atoms to form the smallest'
part of . a compound. For example, when' the
compound water is formed; two atoms of hydpr f,
gen and on atoin of oxygen combine to foyfn
a molecule of water. A single molecule is very
small and is not visible to the eye. Therefore,
a few,-drops of water may contain aslerrany as',
a million molecules. A single molecule is the-'
smallpst particle into which the compound may
be broken down and still be the same substance.
Once the lagt molecule of a compound is divided
into atoms, the substance no lower exists.

Now let's relate these several clefi-nitions to
the original question, "Whale is electricity?"
We know that it_is the .movement. of free elec-
trons:- and we also know that An' atom is elec-
trically, neutral. A whole molecule or a whole
atom may be electrically neutraibut The elec-
trons and. protons-Within the atoni are, not. Elecr .

trons and protOns are referred to as SUBATOMIC
PARTICLES, and they are electric in nature.
That is to say, they are the particles of matter .*
most affected by --`an electric force. Protons are
inherently positive and electrons are inherently
negative. It is this inherent characteristic of each
which makes hem sensitive to an electric force.

,ATo ',simplify the electron theory, figure 2-2,
we have expanded" a piece of copper wire (Qprl-
sidered to be a good conductor) and shown the
action of individual atoms within the copper.
We have also applied an "electric force" men--
tioned above in the form of a simple battery.
When we connect both ends of the copper wire
to the terminals of the battery, the electric.*
difference between the negative and positiv
terminal, causes the orbiting electrons to be
randomly "pulled" out of their respecti4e orbits
toward the .positive terminal. Those electrons'
pulled out cif' orbit are{ referred to as
ELECTRONIS. These free electrons then collide
with oribiting electrons of neighboring atoms,
knocking them out of orbit, thus making thew

direfree electrons as *ell. These free electrons are
all moving towar positive terminal, and this
prbcess is happeiling simultaneously in millions

,of atoms, within the copper condUctor. This proc-
ess will continue until there ,i no longer an
elleotrio 'force' applied or until there is no longer
an electrical "difference" betrieen the to ends
of the copper conductor. Thisi"difference" will
be discussed later in the chapter. The move-
ment of these free electrront is representative
of the electron theory. PtolpablY, not ofiq,of the

:,.
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whether. the gains or loses electrons, it is*
said to be I09/nD,. An atom having more, than
its normal Amount of electrpris acquires a negative
charge,
nd is

e glectrOns are electrically negative
ed a NE9A2IVE ION. An atom that

loses ,s e of, its electrons is left,,with more:
protons electrons,-tand since protons are
electrically pOsitive, the atom is. Called a POSI7

-2\ - TI !E ION. Thus, IONIZATION is the process by
wh1Ch an atom loses or'';'-gains )electrons. (See
figure 2-34

Some rhaU-i..i.als are . easier to ionize' t
others. By that we' mean that (some of the ato
of certain metallic .atoms are So loosely be d
to their nuclei that they ore omparativel ee
to move from atom to tom. Thus, o a very
sniall amount of energy or force. is n eded to .5

cause such electrons to become\ free ele ons.
This energy, or, force, or "electrical' force7
asriwe have referred to' it, is saidto be the source,
of excitation, or the atom is said to be ,EXCIT,ED.

Figure 2-2.Fr e electrons.
76.80

electrons flows around £he entirety of the elec-
s .

odric circuit represented' in figure 2 -2; rather, it
is the chain reaction of electrons being displacedoe

silnultaneously by the millions that constitueT,
electron flow, or current flow. Current will als,;;3'
be discussed later in the chapter. Now you know.
the "electron theory", and, b.s you can see,
it's verygmple.

There is one 'poin .remaining to be covered
before .you can ful y understand the WHY of
electron flow. The fff question has been asked,":
"Why doeSthe electron move andnot the proton ?"
The. answer to that question may by answered
in oone word: WEIGHT. The protons in atoms are
tremendously heavy. Dien in the element of
hydrogen, which has the lightest proton weight of
all the elements, the proton is approximately

`s.k1,850 tines heavier than its electron. Therefore,
,(-11. is the lighter electron which is most affected ''

by electrical force; which brings us to our next
term, IONIZATION.

.ago"
ONDUCTOltS AND INSULATORS

Substances the permit he free motion of
large numbers, of 'electrons are calked COkk-
DOCTORS. Copper' ire id conside a good

Ionization

As we know, it is possible to drive one or
more electrons out of their respective orbits.
It is also possible to cause one or More elec-
trons to be attached to an atom, giving that atom
an o'er-abundance of electrons. In either case,

C

1
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76.81
Figure 2-3. Free electron colliding with or-

biting electron
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conductor'- 'because* it 4s many free electrons.
Electrical 'energy is transferred' through the .

condtictOr , by means 'of , the Ninovement 'of free
eiec
the.

. . elec

oils that,hmigrate from atom to atom, inside
co store Refer back-to figure .2-2. Each

on moves a very shpirt distance to the
.ne ghbor ng Nitolia, whew. it tnreplaces one or more

*l'heitepl ced electr s repeat the process iin
out oft their Orbits.electrons

other nearby atoms until he movement is trsa.n.-
mittoki througItthe entire length of. the -Aon-

---, ductor. The gre t the number of electrons tile,
can be made to move ins material midair the

`. a s' licatifrin of a given fosse, .the better are ,the,
c ye qualities of ;at material. A good
co clot is' said to, h 6. a low opposition or
'lo resistance. tie. Current lectron) flow.

me of the more c mmonly used metal.
- conductors are..agger copper and aluminum.

Of these' threif., the best conductor is silver.
However, copper is more commonly used b9-'
cause it is less expensive than silver. The ability
of a material to conduct electricity is alsolt
dependent upon its- dimensions. By this we mdan
its length, width, cross-sectional area, etc.
Temperature is anothbr important factor that
determines the ability ,of a materia to conduct
electricity. , .1/

Some materials give up very few free elec-
trons and very large amounts of energy $:? force
must be use* to break the.. electrons loose

'within the
INTLATOR
to xlst to so
conductive ma

aterial. Tollese materials are as led
. Actually, electron motion ts known
e extent in all materials. The more

rials are used as conductors and
the less conductive ones as insulators. Listed
below -are some erihe best conductors and
insulators, shown in accordance with their re-
spective abilities to conduct or resist the flow
of electrons.

ConductorA Insulators.

S ;Iyer
Copper
Aluminum
Zinc
Brass
Iron

Dry Air
(,lass
Mica
Rubber
Asbestos
Bakelite

There is a "gr'Ety" area existing between
conductors lama, irieul tors. That- is to say that
there are -,sorhe mate ials that are neither good
conductors nor good*I ula It*s. Depending upon
the circurnstanceevsome material may act either
as a conductor os an insulator. These materials

4

e called SEMICONDUCTOR$. Germanium arid,
4Silicon are example d of materials in this category. °
It silould be' mationed ithat tlipre are many

'things affecting the 'Unity Of 'a material to
either conduct or resist the conduction of elec-
tricity/ telectronS).

Factors Affecting Electron ic
Conduction 1 A

The , science df detemitilng the proper type
. '

of materiEL1 to be usdCin. electronic circuits
or in the wiring of -these circ its is a veiy
ccrniplex one. The purpOse of thi 4 scussion is
to acquaint you with'some of fhe s that" you
'may come lint)), contact with- a's wel as their.
meanings. (CS- was, entioned, many things affect
the , ability 'of. a aterial. to ect. The re:- (, .
sistance offered a to the flow of

. electrons is referre to as the RESISTIVITY or

.SPECIFIC RESISTANCE of that conductor. The
resistivity or specific Ite%tiande of a material is
proportional to that _conductor's length and cross-
sectional area.- The° longer the c nducto/C the i2
more resistance it will offer to electron flow.Y
The wider the conductor, , Itie less resistance
it will offer to electron flow. Therefore, we can
say that resistanCe of a conductor vari e ;-
directly

it
-US' length and inversely with is i

width or-
. TEMP
different ays. For example, the resistance- of
pure als such as k silver, copper and .
aluminum increases as the temperature in-
creases. However, some materials push as con-
stantan and mangariln, change Very/ little as the
temperature chapge. The amount of increase
in the resistivil of a conductor in reference to
a set per-degree rise in temperature is called
the* temperature coefficient of ;resistance.
Although the term itself is quite long, the mean-

trit is simple. Rememper, the, abili
onductor to conduct electrons is called its

CONDUCTIVITY; whereas, the ability of a con-
.4, ductor to resist the flow of elec s through

v.it is palled its RESISTIVITY or SP FIC 1,E- J

SISTANC E.

s-sectional area.
TURE affects different materialein

Another impOrtant factor affecting condtiCting-
materials is the sq-called BREAKDOWN
TENTIAL of that material. The term itself simply
means the amount of current., or power that the
conducting material is capable of handling before
it "breaks dowr or is destroyed. We 'haven't
discussed power et. That is covered later in
this chapter along with its relationship tocurient.

..17
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THE SI PLE ELECTRIC CIRCUIT

ihus far, e have defined electricity and
-gained a 1 e insight as to the why of elec-
tron flow. Th9 next step isrro Vike a simple
,electric oirduit and discus* the, com,ponents,
comprising it. We will iilsce:'define and discuss
the elec4real values associated with any plec-
ty,ical circuit.

figure 2-4 We.haVe sho the .host simple
'circuit*. The battery the ,sou 'oe of electrical
energy. 'The two wires connected t the negative
(;) and positive (+) terminals of e battery and
to the light represent the condudtors of elec-

N. tricity.) The light represents..4he LOAD, of the
receiver of electrical, energy. On the left (fig--
uke 2-4(A)), we ha'Are shown a CLOSED CIRCUIT.
tlIis simply aeans -that there j.s s Compiiiiete
pathway for' current to flow. When this happens,
the light will' be lit by the, electrical' energy

1

(A.) )
CLOSED CIRCUIT OPEN CIRCUIT

236.41
Figure-2-4. (A) Simple 31ectric circuit (closed).

(B) Simple electric circuit (open).

received ftom the battery. On the right (fig- -,.

ure 2-4(B)), we have shown -an OPEN CI UIT..
This means that here is no \longer a Co plete
pathway for cur ent to, 'flow. We may "
the circuit by 8 ply removing the conductor
from either terminal of the"battery, or we could
have.aedomplished the same 'thing by 'removing
the conductor from either terminal a the light.

either case, electrons woulnot'flow through
light and the light wouldnotbelit/Remember

cu t will flow only in a' closed or complete
circus.

Before we may proceed further with our anall-
ysis of a simple 9lectric circuit, one faCt must
be understood. 'In I cases and under all cir-
cumstances, electr flow (or current flow) is
always from.NEGA IVE to POSITIVE. Referring
back to figure -274 mm notice that the arrows
indicating currenyflow, ,shoW that the electrons,
move- from the Ngative (-) tqrminal, through
the' light, and ,bgek *,?o the pdsitive (+) terminal
of the battery. This happens becati§p- the negative
terminal is attached to rnkteriai that is more
negatively charged thangilk positive terminal.

Us means, that 'the negatife material has a
greater abundance_ of electlion8. than does the
positive material. k material that has such an
abundance of electrons is said to be more
NEGATIVELY CHARGED in relation to the posi-
tive material. If we were to take.two conductihg
'materials, one more negatively charged than the
other and place them side-by-side, nothing would
haPpen.1-lowe'Ver, if we were to attach these ma-
terials with a conductor as sh n in figure 2-5,
then we would 'have current flo rom the nega-
tively charged aterial to the positively charged

terial: 'This appens because electrons, like
ater, seek an quatlevel. The different charges

existing on the materials in figure 2-5 tend to
equalize or "balance out"; therefore, the excess

..of electrons in the negative material will flow
toward the positive material until there is an
equal* charge exiting on both' materials. When
equal charges exist, current ceases to flow and
the circuit is$then in what is referred to as a
"static" stater due to the balance' of the two
materials.

Whenever two sources of electrical energy
such as those depicted in figure 2-5 have djf-

rent electialcal levels, they are said to have
sacDIFFERENCE IN POTENTIAL. It is this dif-

ference in potential that/ causes current to flow,
in an electrical circuit. Without a difference
in electrical potential, there could be no current

!18
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NEGATIVE
TERMINAL 0

(._) ELECTRON FLOW

r

CONDUCTOR POSITIVE
TERMINAL
(+)

j
/SPONGE,

LEAD
(-)
( LE4D.,ACIQ CELL BATTERY)

ELECTROLYTE
-

LEAD
'PEROXIDE

., 7,6.82
'Flame 2-5. Efectron flow from negatively

charged,. material (-) tt\ positively ,charged
material (+).

flow. Therefore, it
understand potential fierence, what, it mean
and-how it Is used.

i very important that w

Schematic Rep r e se ati on

Before we may proceed }pith the discussion
of electrical circuits *d their associated values,

Fist

should defined and explained.
Fi st of all, what is eschematic? A SCHEMATIC
is a diagram in, which symbols are used for
the various. corn-frondnts cnritained in electrical
circuits. These symbols make diagrams of elec-
trical circuits easy to draw and easier to under-
stand. In addition to that, they save space. In
figure 2-4 we showed a battery connected to a
light bulb via two conducting wires. Below each
battery 'in figure 2-4 we have shown the sche-
matic equivalent of both the closed and open
circuit: In figure 2-6 we have shown another'
schematiC equivalent of a basic circuit. The
only difference between the two figures is that
we have included a resistor designated as R1,
instead of a light bulb in figure 2-6. We have
not discussed resistors yet. This will be dis-
cussed later in this chapter.

This concludes our discussion of basic matter.
and answers our question: What is electricity ?
We are now ready to go into the various values

o
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BATTER(

,

236.0
Figure 2-6.--Schematic diagram -of a. basic

circuit.

that may be 'derived and computed from elec-
trical circuits, such as voltage, current, resist-
ance and power.

a

VOLTAGE

Voliage maybe defined as "the force which
caul:3es free electrons to move in a conaiictoral
as an electric current." Whenever two unequally '
charged bodies are connected by a conductori,
electr,ons will flow along the eonductor. This
flow is from the. negatively charged body to

positiveky charged body until the two charg9s
equalized. This occurs because of the DIU R-
ENCE IN POTENTIAL that exists between these
two charged bodies. Let's take a look at figure
2-7 and see a simple demonstration of _this
process.

What we have ,.shown in figure 2-7 are two
water tanks connected by Ripe with a stop
valve attached to it. In tank A, the water level
is' near the top; whereas in tank B, there is
no water. Think of tank A as a very negatively
charged body with the` water representing an
over-abundance of electrons. Think of tank B
as a very postively charged body representing
fewer electrons with its emptiness. Lastly, think
of the pipe as a conductor. When we attach the

9 ti
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A 236.20
Figure 2-7. Water/tank representation of "dif-

ference -in- potential ".,,.

°conductor, represented the pipe, to the two
Qthexii0d bodies (tanks A d B), water will flow
roil tank -A to tank B until an equal leveris
reached, in each.' We simulate this action by
offentng the-valie, which. Would be the same thing
as connecting the conductor. When the water level

equal, no more water will flow from tank to
tank. ...The flow of electrons le very similar
in action in that when the Oh s are equal,
lectron flow will, cease lack of

rence in potential."

As we will learn later kin this chapter, voltage
Can be inepeured when Wereknow the values of
current and resistance. The term for measured
voltage ie the VOLT. it is -a term you will be-
come familiar with as you continue in your
study of electricity. Circuit voltage values are
represented by the. letter "E" followed by the
nurnerical valtie, e.g. E = 100 volts.

There ts one other term associated with volt-
age and "difference in potential." It is called
ELECTROMOTIVE' FORCE (emf). These three
terms ieltage, difference-in-potential, and
electromotive force (emf) are all one and the
spne; so don't be confused by them. a .

There are . six different methods of producing
a voltage. Soupe of these methods are more
widely used than others. The following is a list
of the six methods of produOng a voltage:

1. FRICTION-- Voltage produced toy rubbing
two materials together.

.2. PRESSURE (Piezoelectricity) Voltage
produced by squeezing crystals of certain sub-.
stanaes.

3. HEAT(Thermoelectricity) Voltage pro-
duced by heating the- junction where two unlike
metals are joined.

4. LIGHT (Photoelectricity) Voltage proa
duced' by light striking photosensitive (light sensi-
tive) substances.

5. CHEMICAL ACTION Voltage produced
by ,chemicil reaction in a battery.

6, MAGNETISM Voltage produced when a,.
conductor inoveeithrough a magnetic. field or
a magnetic field nioves .through a conductor.

Now you know what . voltag; Is, how it is
'measured (in volts and abbreviated 'W"), the
three most common names for it, and the six ways

/of .producing it. We will learn to compute voltage
later in this chapter. For-the moment, however,
you need only be familiar with the term 'and' what
it , means. Detailed descriptions of the methods
of producing voltage are contained in BASIC
ELECTRICITY, NAVEDTRA 10086 series. As was
mentioned 'earlier, in order. to Compute voltage,
you must have other values available to you,

/ such as current and resistance. The next topic
will be a discussion of Current.

CURRENT

Electric CURRENT 'is no more than the drift
or flow of electrons through a conductor. The
direction of this drift or flow of electronsis from
a negative potential towards a lee! 7. ye po-
tential or a 'positive potential Lion
determined by the polarity of voltege.source.
There is a word we haven't clisoussed yet:
POLARITY; To better understand this word, take
a look at figure 2-8. Here we have shown a
battery source voltage and two resistors (repre-,"
sented by. R1 and 1t2). We show electron flow
coming from the negative-terminal of the battery,
through ,R2, then Rlt-and returning to the posi- -
Jive terminal. 'of the battery. We have also
shown that because the electron flow is a nega-
tive value, the point at which the current enters
the two resistors is' more negative than the point
at which the current leaves. Therefore, we can
indicate the positive and negative pgints with the
markings of (+) for positive and (-) for negative.
That is all that. polarity is, simply the different
electrical charges existing at different points in
a circuit. This term will be used time and again
throUghout our study of electricity and circuit
solving. The easiest way to understand the word
`polarity" is to think 'of the terminals of a bat-

tery, The negative terminal. is more negatively
charged than the pcisitive terminal. Therefore, its
POLARITY MARKING is (-), whereas the polaritx_
marking of the positive terminal is (+). They exist
at two different electrical potentials.

20
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-

Figure 2-8. Polarity markinb.
236.67

There are two classifications of current
movement; RANDOM DRIFT and DIRECTED
FLOW. First, let's understand what "random-
.drift" is _and" What causes it. We mentioned
earlier that when an atom gains or loses an
election, it is said to be ionized. In some ma-
terials, ionization occurs quite easily. For ex-
are151e, some conductors are made up of atoms
that contain very loOselybound electrons. These
looselr-botmd electrons may break away from
their, respective -orbits at room temperature.
The'hefree electrons, also called "mobile" elec-,
trona. .take a path that is not' predictable and
drift around within the material in a haphazard
manner. Such a movement is called random drift.

DIRECTED FLOW has already been discussed
to some; degree. You already know thatwhenever
a conducting material is connected to the nega -.
tive and positive terminals of a battery, 'the
"difference in potential" between the twotermin-
ale will immetiately cause the electron chain-
reaction discussed earlier. These free electrons
will flow towards the more positive point. This
is Called directed flow.

In electronic circuits and schematics, we
symbolize current with the letter designation
"I". Just as voltage is measured in volts, we

must have a term that determines the amount,_
or number, of electrons flowing in a giVen
conductoi.. The term ., AMPERE is the unit of
measurement that defines the RATE at which
current flows. We measure current in amperes -_
and this is usually abbreviated amp. One ampere,
Or amp, may be defined as the flow of 6.28 x
108 electrons per second past a fixed point.
In a conductop.. ,

Another term that needs to be understood in
relation to current is `COULOMB.. The coulomb
is. a unit - quantity of electricity much as a
gallon is a unit quantity of liquid. A coulomb
is a measure of electric charge equal, to that
carried by 6.28 x 101a electrons. Get it, straight.
The' ampere is the RATE at widen current
flows; the coulomb is the QUANTITY of elec-
trons. They are inter-related through the com-
mon factor of TIME (t). Therefore, the quantity
of electrons in coulombs (symbolized "Q") that
is moved through a Circuit is equal to the pro,-,
duct of the current in amperes, I, and the dura
tion of flow in seconds, t. Expressed as an
equation, Q =

For example, 1f a current of 2 amps flows
through a circuit for 10 second's,. the quantity
of electricity moved through the .circult-fir2 x
10_ or 20 coulombs. Conversely, current flow
may be expressed in terms of coulombs and
time. If 20 coulombs are moved through a
circuit in 10 seconds, the average current flow
is 20' or 2 -amperes. Thus, a current flow of

10
2 amps' is equal to 2 coulombs per second.
Remember, one is- rate; one is quantity.

The ampere is normally much too large a
unit. to work with . in electronic' equipments:
Usually, current 'Only flows at very low rates,
such as MILLIAMPERES (ma) which is one-

, 1
thousandth 1000 of an ampere, or MICRO-
AMPERES (ua) which, is one-millionth

1
(L000,000

of an ampere. As you can see, many things
in electricity are 'associated- in some manner
with time. This is something that you will see'
often in your study of electricity. Time is in-
some way related to all electricity. If it is
not normally part of an equation, It is used
to derive one of the values used` ih the equa-
tion. Later 'in this manual, when we learn to
calculate 'electrical values and enter into a.c.
theory, you will further appreciate the element
of time in basic electricity. 7
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RESISTANCE

The term RESISTANCE may be defined as
"the opposition to current flow in an electric
oiroUit." It ;should be pointed out that every
material or part of a circuit has some resistance
that it offers to current flow. As you already
know, even the conducting wire itself offers
some resistance due to its length and cros
sectional area. Naturally, we 'use the size- d
type of materials that offer minimum resist ce
to electron flow in circuits.

Resistance in a circuit may either be a
natural resistance or a man-64ade one, designed
for a specific purpose. For example, in figure
2-4, the natural resistance of the circuit is that
resistance contained within the battery, the con-
dusting wires, and the light-bulb. However, in
some circuits we will insert deliberate resis-
tance into a circuit to accomplish an end.. If
you refer to Appendix II at the end of this man-
ual, "Mechanical and Electrical Symbols",. you
will see the electrical symbol for a RESISTOR.
Many resistors are made today in many sizes
and fixed valales specifically for electronic cir-
cuits. This is because all circuits have apurpose,
and there is something in pfixticular that we
want that circuit to accomplish for us. It,takes
a fixed combination of components and potentials
to achieve this end many times. Therefore, we
manufacture deliberate resistances for circuits.
The symbol for a resistor may indicate the
natural resistance of a qircuit or a man-made,
fixed resistance. In either case, we are able
to determine the value of, resistance in circuits
and, by doing so, can aid in finding other values
in a circuit, such as voltage and current.

Resistance in a circuit is measured in OHMS
and is symbolized by the letter "Omega" (in-
dicated also in Mechanical and Electrical Sym-

/ bols). One "ohm" of 'resistance. is considered
to exist whenever a circuit element permits
1 ampere of current (1 coulomb per second)
to flow wh an emf (voltage) of 1 volt is ap-
plied: Th ormula is expressed, R (resistance) =
E (vol e) we may now derive an(c rent) fact,
elects cal formula to cover the topics of voltage,
curre t, and resistanee. The formula is E =
r 'x R. This means that we can multiply current
(I) times resistance (R) to find voltage (E).,
To find any value of the three, all you have
to do is transpose the formula accordingly.

For example, if we want to find resistance, we
simply, divide voltage by current: I. To find
current, we simply divide, voltage by resist-

, ance: R We wilt be using this, formula in
our circuit calculationS later in this chapter.

22

CONDUCTANCE

Quite often in eleltricity you will find that
we use opposites to detprniine different values
in a circuit. An eXampfle of this is the term
CONDUCTANCE. The term may sound complex,
but it merely means the opposite of resistance.
For example, we say that the ability of a com-
ponent to oppose current flow is "resistance.".
The ability of a component or material to pass
electrons ip known as its conductance.

Conductance is the ii-pposite of resistance,
or to be more precise, its RECIPROCAL. A
reciprocal of a number is obtained by dividing
the number into one. In ether words, -if the
resistance of a particular component or ma-
terial is 6 ohms, we would divide that figure
into 1 to find the conductance of that com-
ponent or material. This could' be expressed
as 1 and the answet would be: .166. This
answer would be expressed in the term MHOS.
We use 'mhos because mho is the word "ohm"
spelled backward. Conductance is the exact op-
posite of resistance, and it is indicated by
the designation "G". We may now derive a
formula that is constant in terms of conductance
and resistance:

1

R

R= 1

G

POWER

or

POWER may be defined as the RATE at
which work is done. Whenever a force, whether
electrical or mechanical, causes motion, WORK
is done. Naturally, we are speaking electrically,
so let's take an electrical example. If we have
a voltage, or difference in p tential, existing
between two points in an elect cal circuit and
we connect a conductor between Lese two points,
electrons will flow. We are causing motion;
therefore, work is done. We call this work,

2J
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POWER. 'Power is measured in WATTS (W)
and is the product of current° and voltage.' In
other words, if we were to raise either the
current or the voltage between those two points,
power would increase. This can be expressed
as a formula: P E. I x E. In this formula, Power
(p) is obtained by multiplying current and volt-
age (I and E). This formula never changes although.
it is not the only one we may use to find power.

Let's cry our description of powe c further
in order to better understand it. It is important
to understihd that a given number of electrons
may be moved from one point to another in 1
second or 1 minute, depending upon the rate
at which they 'Oil. moved. In either case, the
total work done would be the same, only the rate
changed. Let's take an example of 1 amp of
current flowing with a difference in potential
of 5 volts. 1.1 we apply the formula of P = I x E,
then the answer would af course be 5 Watts.
So the RATE' of electrical power used is 5

watts. Now let's increase the current flow,
or, the number. of electrons that we're moving
between the same two points at the same voltage
level. Let's increase the Current to 3 amperes.,
Once again we use tie formula of P = I x E,
and the answer is now 3 x 5 = 15 watts: of_
el ical power used in the s.arne amount of
ti that we used 5 watts bre. Therefore,
the of Power, increased when we increased
current. We could have increase: voltage with
the same effect.

Power is a function of current in that, as
we vary current in any circuit, power varies
directly with it. The same could probably be
said to be true of voltage. As we vary voltage,
power varies directly with it. The important
thing .to remember here is that power plays
anmportant part in communications equipments,
antennas, and electrical devices.

Electrical lamps and soldering irons are
examples of electrical devices that are rated
in watts. The wattage rating of these devices
indicates the rate at which they convert electrical
energy into aalthar form of energy, such as
light or heat. For example, a 150-watt bulb
will produce' a brighter light than a 100-watt
bulb simply because it converts more 'energy
into light.

Soldering irons usually have a power or
wattage rating. The higher the wattage rating,
the more energy that. the iron converts into heat

than one of a lower wattage eiting. These wattage
ratings of electrical devices normally indicate
the safe opereing limits. Exceeding these limits
usually causes damage to the device itself or
may be hazardous to you during operation.

INTRODUCTION TO DIRECT
CURRENT

El@ctric current is classified into two types:
DIRECT CURRENT (d.c.) and ALTERNATIN9
CURRENT (a.c.). Alternating current (a.c.) will
be discussed later in this chapter. Direct cur-
rent (d.c.) is current which flows in one direc-
tion only. This direction, of course, ism
the negative to the positive side of' the source.
In mcn3t of the illustrations in this portion of
the chapter, we will Simply use a battery to
represent the source voltage of the circuit.

In our study of direct curvaat (d.c.), we walk
be calculating the various voltage, current, resist-
ance, and power values. Our study will also
include what is known as SERIES and PA.RALLEL
circuits. So before we continue, let's define both
of these terms t

SERIES CIRtUIT. A circuit that contains only
one path for current to flow. Figure 2-9 shows
a simple circuit showing the source as a battery.

23

BATTERY
RESISTOR

`-*ELECTRON FLOW-1"

Figure 2-9.--Simple series circuit.
76.83
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Current will flow from the negative terminal.
through the resistor shown and back to the
posit's., side, or terminal, of the battery.-

PARALLEL CIRCUITA circuit having more
than one currant path connected to a oeinmon
voltage., source. Figure' 4-10 shows a basic
Parallel afoul% tigain' using a battery as the
source. -There art two paths for current to
floW; From the source, through each leg and
resistor, and back to the source.

We will cover both tipeS of circuits in this
section and learn to solve -them for the electrical
values ,desired.. We will begin the coverage of
d.o. With series feirctiits and move on to parallel
oiroults later.

SERIES D.C. CIRCUITS

Current Calculation

- In figure 2-11, we have shown a simple series
cirouiti We have a source voltage of 2 volts,
a single path for current td flow through R1
whose value is -2 ohms, and back to the positive
'side of the source (Ebb). To determine the
*amount of 'current flowing in a series circuit is
quite simple. All you need to `ao is to add
each of the resistances around the circuit,
and divide that figure into the tot voltage.
Let's take an example: using figure 2 1, we
know what the total voltage is; it's 2 volts,
the source voltage, The total resin ce of
the circuit is the resistazrze contai d in R1,
which is 2 ohms, Remeinber the f mule I =
E You take resistance (2 ohms)" and divideR
that into voltage (2 volts), and that will give

Figure 2-10.:Basic parallel
236.82

circuit.

Ebb
2.0V

I = P

RI
2.011

ti 76.84
Figure 2-11. Determining current (I) in a simple

-series circuit.
F

you the current flowing in this particular series
circuit. The answer, pf course; is 1 ampere
of current flowing.

'24
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Now let's take another example and solve for
-Current. Look at figure 2-12. You can see that
it is basically the same as figure 2-11, the
primal' difference being that we have more
resistors in the circuit. Don't let this confuse
you, it is a sirnple matter of adding each of
the values of resistance together and doing the
same thing that you did in figure -2-11. Let's,
do it:

Again we use the formula, I It B. The
source voltage (E) is 100 volts. The total resis-
tance is 100 ohms (R1 + R2 + R3) or 10 + 10 +
80 = 100. Remember, in a. series circuit, total
resistance can be found by simply adding up
all of the resistances, or, the total circuit
resistance (RI) is eqdal to the sum of the
individual resistances. As an equation, it would
read; Rr + R2 + R3 . . ?etc. Again, we
simply divide the total resistance (RT) into
the source voltage (which is also total voltage,
ET) and the answer is 1 'ampere of current
flowing in this series circuit.



Chapter' 2 BASIC ELECTRICITY

236.59'
Figure 2-12. Solving for total resistance (RT)

in a series circuit.

Since there is but one path for current to
flow in a series circuit, the same current
flows. through each part of the circuit. You could
actually de&rmine total current (IT) in a series
circuit by solving for durrent in any one of
the resistances contained therein., For. example,
in figure 2-12, we could. have determined total
current simply by/finding the current through
R1 or R2 or R . Since it is a series circuit,
the current ,is onstant; that is to say. that
current is the s throughout .1my series cir-
cuit.

',,Voltage Calculation_ _di

`....This far., the total 'voltage (ET) has been
given to us in the form of source voltage. How-
ever, sometimes we may not know what the
source voltage or we may be asked to prove
tt source voltage Is indeed total voltage.'."
First of all, a flat statement: Total voltage is
equal to the sum of the individual voltage drops
around 'a series cirdult. Noir there's a word that
we have yet: VOLTAGE 1)ROP. t
is a, voltage drop? Look at figure 2-13.
have a simple series circuit with two resistors,

25

236.62
Figure *2713. Calculating "voltage- drop" in a

simple series 4ircuit.

each with 5 ohms of resistance, and a source
voltage of 29 volts. First, let's find- total cur-
rant (IT). This is done very sinOly by. adding
the two reiistafices, R1 + R2,. or 5 + 5 =.10
ohms of resistance. Then, of course, we divide
that figure into total voltage, 20 I'volts

10 ohms
pares.). With total current. (2 amps), we can
find the individual voltages impressed across
RI and R2. Remember, current As constant
in a series circuit.

We multiply the current' times the resistance,
or I x R, and that will give us the voltage im-
pressed across Rl. In this particular example,
they, current is 2 amps' and the resistance at
R1 is 5 ohms, therefore, 2 x =10 volts.
This 10 volts is ,the "voltage drop" across
R. If we computed the voltage drop across
R2, we would find that' the answer would also
be 10 volts "dropped" across it (2 amps x
5 Ohms = 10 volts). We would also find that
the combined total of these two voltage strops
across R1 and R2 would eqUal our source volt-
age of 20 vokts.

This serves to prove our original statement
about total 'kOltage being the sum of the individua'
drops around a series circuit. Therefore, total

3
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voltage. (ET) = Fa + ET + F3 '.-. .etc. Although
source voltage, was 20 volts in figure 2-13,

the' italividual volt* drops at the various resis-
tors Use only part of that total in a series cir...
cult. The amount that each rests "ce uses or
drips, of course, depends upon its tal resist-
ant* in relation to the other res stances. The
higher the .resistance of .a particular reeistor,
the higher will be its voltage drop. , ..

Assistance Calculation

When ent (I) was discussed, you were
introduced resistance and how it was deter-
41=6 ln a series, circuit. 'Again,* flat state-

. anent; The total resistants (RT) in a series
oiroidt id equal tolbe' stun of the individual
resistaUces. As as)equation, this could be writ-
ten: RT R1 + R2 + R3 . ..etc. What is re=
sistance exactly? We have already defined it
as that quantity in a -circuit that opposes current
flow. But asidelfromethat, what is a resistance?

resistance"A resistance" din 'be anything in a circuit that
oppoates current flow. When you plug in your
table-lamp at home and turn it on, the lamp

the reSistance° in the circuit. Whenever you
are using a soldering iron, the iron is ths
resistance in the circuit. As we said previously,
resistance may lie, deliberately inserted into
a circuit to accomplish a specific task for us,

'or it may be the primary user of energy in
the circuit, sometimes referred to *as the cir-
cuit LOAD. An example, of) this would be an
electric typewriter. The typewriter is the prime
user of energy in the circuit and is the very
reason for having that particular Circuit tq
begin With. Therefore-, ,the typewriter would 10
referred to as t1)04_ circuit load. It is the prime
user and offeis the major resistance in the
circuit.

:In Appendix II under the heading "Mechanical
And Electrical Symbols", we have shown the
schematic representation of a resistor. This
schematic representation may indicate a natural
resistance, such as those/mentioned above, br

de-
liberately inse d into a circuit to help is
they may mail -made resistors de-

accomplish the task that the circuit is desi
for.

,

Look at figure 2-14. Here we have shown a
series circuit with three lamps in series with
each other. The lamps comprise the resistance
of the circuit and -are obviottsly meant to light

26

4.04b***

r
v

LAMP

LAM P

LAM P

, *

1,;4.,' 236.58..)
Figure 2-14.7 Series circuit containing lamps.

.

whenever current passes through them. We could
have expressed this circuit another way. Look
at figure 2-15. This biscuit the same as
figure 2-14,111e only differente being that we
have ',need the schematic representation of re-
sistord in4ieu of the schematic representation
of a limp.

Usually, when solving for resistance, we use
the schematic symbol for &resistor to simplify
things. Let's take an example of a series cir-
cuit containing /resistance and find total resist-
ance ART). Figure 2-16 shows a source voltage
of 40 volts and three resistor§ of 10 Ohms,
5 ()hiss, respectively. To find the total resist-
ance, we need only add upthe individual resist
antes of 111 + R2 4- R3, or, 10 + 5 + 5 = 20 ohms.

We can also find total, resistance (RT) another
way. If we knew total current (IT), then we
could find total, resistance by simply dividing
current into voltage: = It 40or --2--A= 20 ()funs.

All we need is (wo of the circuit values, and
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236.59,

Figure 2-15. Schematic representation of a
resistive circuit. .

we can find the otherT-his is true of voltage,
current, or resistance.

We can also compute the resistance 'of only
one resistor in a series circuit. Using figure
2-17, we see the source of 30 volts and three
resistors, R1, R2, and R3, respectively. R1
has a resistance of 5 ohms, as does R2. We
have given that total current (IT) is 1 amp.
We have NOT been given the voltage drop across
R3. Now, how would we go abOut finding the
voltage drop across R3? First, take it step -
by -step. We have given the resistance of R3
(20 ohms), and we have given the current of
1 amp in a series circuit. We can use the formula
of E = I x R for individual components as well
as for circuit totals. We know that current
is constant in a series &circuit. That Means that
1,-..amp of current is flowing through R1, R2,
and 413. So to find the voltage drop aoross
R3, we simply multiply current times resist-
fulce, or, I x R, and that will give us voltage,
E. You will sometimes hear the voltage dropped
across' individual components referred to as an
"IR" drop. This is naturally derived from the
equation shown above, since we multiply I and
R to get E; -

As you can see, wa may use' the basic equa-
tion to 'solve for voltage, current, or resistance

27'

236.59
Figure 2-16. Solving for resistance in a simple

series circuit.

values of individual components, such as resis-
tors. You will find that this is done over and over
again in solving electronic ci ouit values. Usually,
any formula that we use to solve circuits for '
total voltage or total curr t or total resistance
can be used to find the values of individual
components as well.

Now let's refer back to figure 2-17. Let's
assume that R3 has been given no valuer We
know that total voltage (ET) is. 30 volts and that
the resistance of R1 and R2 is 5 ohms apiece. ,

Holt would we go about solving for the resist-
ance ,ttc,i R3? The answer is quite simple. The
curren is 1 amp and the total voltage is'30 volts.
First; we have to find the individual voltage
drops of each resistance. TO reason for this
is that we are going to have two findtheresist-
ance of an individual component, therefore,
we need to have both E and I in order to solve
for R. If we find the voltage drops of R1 and
R2, then we will know the voltage drop oil R3.
By multiplying' the constant current of 1 amp
times the resistances of each resistor, we can
determine the voltage drops across them. This
is shown by multiplying 5 ohm's times 1 amp,
Ovine us an answer of 5 Volts, or, I x R = E.
Since both R1 and R2 are 5 ohm resistors,
then the ',voltage drop across each` of them
will bs 5 volts. Now, remember our axiom ;.
The total voltage of a series circuit is equal
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R3
20 OHMS
20V "DROP"

""..2-30V

IT =1 %?AP

5V "DROP"
5OHMS

R2

5V "DROP"
5 OHMS r
R

236.59
Figure 2-17.Multiple calculations in a simple
>r. series circuit.

`-L,

.. , Edi % \

to thesum of the individu voltage drops around
it. We know that the combited voltages of \R1
and R2 eqUals 10 volts.' We also know that the
total voltage is 30 volts. Therefore, if we sub-
tract 10 voltb from 30 volts, then the voltage
drop across R3 must be 20 volts.:Now we know
the current and the voltage of R3. .Ta find the
resistance, of R3 now is a simple. matter of
applying;the formula of . R , or, dividing
the current (I) of 1 amp into the voltage (E)
of 20 volts, 20 a .20 ohms. That is the resis-
tance of R3, 20 ohms. Remember, e solve for
voltage, current, and resistance in components in
the .same manner as we d9 for the entire cir-
cuit. The only difference, of course, is that we

c. are solving for totals when we are solving the
entire circuit, whereas the values of individual
componen5s are for those components only. Re-
member also that you must have two values in
order to solveflor the third.

Power Calculation

In a series circuit, each Tesistance or re-
sistor consumes power from tip source. The
resistors dissipate this power I% the form of
HEAT. Therefore, if each resistor consumes
power from the source, then it stands to reason

4

that we should be able to add the individual
(power dr around s series circuit just as
we do vol drops and obtain the total power,
(P.11). even d in the oirouit: And that is- ex-,
/actly what w do. .

.
The formula for finding Bower is Pr I x E.

Where p is power, Its 911ftent and E is voltwk.?
age. If we want. to find poweilfwe simply multiply
current times voltage. If we want to find current,
we simplY divide ,oltage in power, or, r
P--

. If we want to ,find'vol , we simply divide
current into power, or, -2 as you canI
now see, there are other ways to dolve for cur-
rent and voltage than the one we'have been-
using thus far.Remember, this formals), of
P '1 x E is oonstaUt and never change's. In
view of this, we may now state the fact; The
total power in a series circuit, (PT). is equal to
the sum of the individual power- drops around.
the circuit. This can _be_ seatecl: PT P1 +
P2 + p3 .etc. k,

28

Let's. take a look at figure 2-18. Again, we
have shown 'a series circuit containing a s oe
and various. resistances.. The ource vol age is
100 volts. R1 has 15 ohms resistance 'R2
has 5 ohms of resistance, and R3 has 5 aims

booy

PT = ?

Ft3
5 OHMS

5 OHMS
R2

15 OHMS
R1

V\AA,
236.59

Figure 2-16. Solving for total power (PT) in
a simple series circuit.
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- of resistance. Solve the circuit for. total were

(PT). /- .

Always sours a circuit step -by -step. First,
take the formula, P = I x E. We know that in order
to find total power, we must haye total voltage.
.(Er and total. current (I). We likVe total voltage,
whiCh is '100 volts. Now all we need is t
current. Ta find 'current all ws need to

r"--die total resistance into voltage,' or, I =
R

How do ma. go about finding total resistance,
,R:r? By adding the in' vidual resistances around
.the series circuit, = R1 + R2 + R3 . ..etc.
or in thil particul cikpuit, RT = 15 .chals +
5 ohms +.5 ohms = 25 ohms of totarresi stance
ink figure 2-18. Therefore, we can divide total
resistance into total voltage and obtain total

100 volts'Current, or, I = Therefore, I = 25 ohms '
and I = 4 . amps. NoW that we have found total
current of 4 amps, ,we can find total power.
Thu po\vef formula is P = I x E. We hVe
total voltage of 100 volts, and total cu r reneof
4 azap's tfie r ef o Pe P = IP x E, or, P = 100 x 4,
and P IS 400 watts.

Just as- we did with voltage, lie can do with
power. ,Thiat 'simply means that we can use the
pAver formula for individual components as well
as, for finding total vIues. For eArimple, if
you know the voltage rop across a resistor
and the current flowing through it, then you
can find the power expended by it. The oni,Y
difference between the two is that you must haye
total values to find circuit totals; whereas,
with individual components it is only the values
of current or voltage or resistance for that

'component. This is a common error made by even
experienced_ personnel. That is the reason for
ensuring a step-by-step procedure when solving
for circuit values.

RulesFor Series Circuits

Thus far, we ,have talked about the basic
values coarkiuted in. series circuits. Often, it is
difficult to remember basic guidelines, and this
will become more apparent after we have covered
a.c. theory. But \in a.c. as well as in d.c. there
are certain rules that may aid us in understand-
ing and solving eleotronic circuits. We will
cover rules governing a.c. at the end of that
section in th.'.8 chapter, but we may now take
certain factS covered thus far dealing with d.c.
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circuits and consider them rules. These 'rules
are:

1. Current is constant in a series ci cuite
The same current flows through all t a
series circuit.

2. The total resistance of a series eir t is
equal to 'the sum, of the individual rest tances.

3, The total voltage in a series ci
equal to the sum of the individual voltage

uit is

4. The voltage drop across a resistor in
a series circuit is proportional to' the electrical
size of the resistor.

5. The total power dissipated or dropped in
a series circuit is ,equal to the sum tf the
indiVidual poker dissipations, or drops.

COMMONLY USED
ELEURONIC TERMS

Reference Points

J

A REFERENCE POINT is am chosen ppint'
in an electronic circuit to which all other veints
in that electronic circuit are comparedo Look
at figure 2-19. We have shown a simple series
circuit with- tluree resistances in series. each
resistor is of equal value, therefore the /in-
dividuarvoltage drops across each one areasual.
The source volt e is 30 volts, the arrow Wi-t.%
cates the dire ti n of currentild we. have 1
10 volts dropped across each resistor.

Normally, in electrgnic circuits, the
reference-point used is, GROUND., Ground is
normally 'what everything is referenced to. In
figure 2 -1,9,. point, "A" is going to be the refer-
ence point, and for ti)e ake of realism; We will
assign it a potential_ f zero volts. This4is
becaise ground is normal y zero volts.

measureEverything, that we ineasure in this circuit
will be in reference to point "A". If we were
to measure from point. A to point B, we would ,

find that point B is 10 ,volts .more positive
than point A. If we were to measure between
point A and point F, we would find that point
C is 20 volts mote poyitive than point A. If .

we measured between paint A and point D, we
would find that point D is 30 volts more positive
than point A. We could goon' and on with other
resistive values, and we could even change our
reference point, but by now you can see the
usage of a reference point.
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points, in- the, circuit. We will cover these pro-
tc*ures in greEiter detail in the chapter %AM*

b + 30V "Basic Test Equipment".

In figure 2-20, we have shown essential*
R3 E3=10V the same material shown in figure 2:494 The

'values are the same, but we have added the
designation for "ground" under point A. This

'is the symbol used in scheinatics and means
C+20V the, same thing at all times; ZERO POTENTIAL.

Figure

Ground

As we mentioned in the.previous topic, ground
is normally the reiorense point in electronic
cirduits. W isSince the0.ar said to bs at a zero
potential, the term ground is used to denote a com-
mon electrical poin of zero .potential}. In. most
equipments, the metal chassis is normally the
common ground fol the circuits contained inside
the equipment.

There are many beaefits to the method of
,,using ground; It contributes to economy, sim-
plifies schematics, am) 'makes it easier to make
measurements. Most circuits have common points
at zer9 potential and are connected directly to
the Metal chassis of the equipmedht, thereby
eliminating long connections when meaSurements

--are made.
Most voltage measurements used to check

proper circuit operation in electronic equipments
are taken with respect to ground. This is nor-
mally done with one meter lead attached to ground
and the Other lead is used to check various test

)

2-19.-r,Rieference points
circuit.

-4!&

'Opan Circuit
.

. A circuit is said to be OPEN when a break
occurs in a complete conducting path. We open
a circuit Whenever we throw a switch that
de- energises a , circuit.. However, an open may
happen accidentally due to some abnormal con-
dition. Normally, to' restore a circuit to proper

236.73 514\
in' a series

3?'
30

B+10V

RI El=10V

A..:.OV

G R WINO
A

Figure 2-20. Ground, symbol
circuit.

in an
236.73

electrical
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operation rafter an ope,nioocurti the open must
be found dud the cause determined.

Determining the cause cit. an open circuit may
' , be very simple, or it may be quite complex.

sometimes an open may be "located visually by -
inspecting. the circuit compon ts thoroughly,
Defective components, suc at bu ed out rests-
tors, capacitors, fuses, tc,,, can usually, be
discovered via this meth . Other opens, such
as a break in a wire that is covered with in-
sulation, are not visible to the eye. In that

equipments isps cia.
event,

proced res an
knowledge and usage of the ap-

plicable tenecessary.

, ,

. .

- In figure 2-21, the series circuit consists of
a fuse, two resistors, and tile `source voltage,
Look at the circuit values of current and.voltigt
inthe "normal circuit". Now notice th3 effects

the open fuse in the .!`open circuit". Notice
(PL.-that current ceases to flow; therefore, there, is
no longer a voltage drop across the resistors.
Each end of the open conducting path beco s
an extension of the battery terminals_ and -
voltage measured across the, open equals t5
source voltage. ,

Imo R I

E
A

10V
I5V

FUSE

NORMAL CIRCUIT

R2
5V

0

OPEN` CIRCUIT

236.77
Figiiire 2-21.Normal circAit and open circuit.
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Short Circuit

A A SHORT CIRCUIT is an% accidental path,
of low resistance which allows an abno.r4ially,
large amount of current to flow. A short existS
whenever the resistance of the cirdult or the
resistance of a 'part of a circuit drops in value
to almost zero oliuns. short may occur as a '
result of improper,- wi ing, broken insulati n,
pieces of shavings \ wires touching betw en
a component and' d, or number of
things that would be much too le to mention
here.

Something that hag' not been mentioned yet -
is that current always seeks a path of least
resistance. Just 'what is meant by this? Look
at figure 2-22. In the upper part of the figtwe,
annotated "Normal Current", we havp shpwn
the circuit in ts normal state. Current flows
from the battery 'source, through R2, through -
R1 and back to the source. Now, in the bottom
part of the figure, annotated "Abnorm al Current ",
wa have simply taken a wire and connected it
into the circuit at dither end of R1., Current
flowing out of R2 will take, the \path through tie
wire instead of through R1 because of the lesser
resistance offered -.)3, it, In effect, we .have
"shorted" the current around the resistor. Now
let'S analyze the effects of this action on the
circuit as a whole.

T

W\AA=.7,n
RI= 10,000u,

R2
10a

NORMAL CpRRENT

SHORT .

ABNORMAL CURRE T

236.79
Figure 2-22.Short circuit conditions.
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What we have done a simulate a short
cui . Wh4an a comvoiten ports out, in the

r which we have -61hown h re, the overall
ance of the circuit lessened. In other

circuit. The voltage source is a battery and kr-
rent flows from the battery, through Ri back
to the positive terminal-,of the battery, and
through the battery, (frop the positive terminal,-

: w rda; instead of the 10,010 ohms ofresistance to the negative terminal), and back out into the
shown in' the "normal current" schematic- of ciaJuit.' When the c_srrent flows through, the
figure 2-22, we haire effectively re/dittoed the 1 source, there is some resistance offered lc by
circuit resistance to approximately 10 ohins, the inside of the battery itself, through its elec-
shown inthe "abnormal current'' sthematic of 4olyte. It stands to reason that this resistance
figure 2422. What will happen when' we hive a can be measured and-does. affect the total re-
severe reduction in circuit 'resistance? duibant sistance of a circuit. The resistance, which we
increases because it no longer "sees`', the tap shown by drawing a resistor parallel to the
resistance opposing it tha was p:asent before battery, is usually very Small and does' not have
the shore occurred. The su en surge .of current
through the smnAler resistor of 10 ohms will
cause such a "-rise in heat-AA it, that it will
"burri-up", or 'effectively be destroyed. This
is the real danger to equipment whenever shorts , PARA EL D.C. CIRCUITS
occur. The sudden increase in tilsrent tasstroy or damage mans/ components and render , SoViir,-we have concerned ourselves entirely
the 'equipment. Useless. This is the treason tka .with &aria* circuits. An understanding of series
we have FUSES in equipments. If shorts occur, bircuits is; of course, essential,- You will find

I- Ulf( ./(ncrease in current will burn out the fuse, the most of the elettronic equipments that.
thereby opening the ci.rcuit, and 'current will you come into contact with do contain series
cea5e to flpw.- This protects the e Rment and circuits. You will als( find that
giks us a c'hance to find theproble an correct/ electronic equipments. that you w
it without damaging many major, components. contact with" contap more parall

SoUrce Resistance

a large effect upon circuit current,. but it does
affect it somewhat This is what Is known as
source resistance.

4 .

SOURCE RE SISTAN C Is the internal re si st-
ance of the voltage source. Fog example, when-
ever we kthe a battery as the voltage soyce

the
into

circui s-than
series circuits. Now that you basi ally understand
what a series circuit is and how we solve for
the ,,,more basic values o rent, voltage,' and
resistance, *e can move on to parallel circuits.
Solving for basio7vaiues in a arallel circuit is
not necessarily har er an series circuit,

in a circuit, the battery itself offers some re-_/ merely different. JUst as we ad basic rulei to
sistance to current flow. Take a look at figure abide by in series circui s, wedhave them in
2-23. We have shown anothilr sitimle series parallel ciruits as well, and it requires only

',. 7 a --irYc the we low and use them. 'First, let'sdefine
a parallel circuit. A PARALLEL CIRCUIT is
defined as a circuit having mor than one current
path connected to a common vol age source. Fig-
ure 2-24 is an 'example' of a parallel circuit.
We have shown here a battery voltagesource,.,
two resistors in parallel (RI and R2), and two
_paths for current to flow which are arown by
the arrows path 1 and.path 2).

...---,
. t

$4t

SOURCE
RESISTANCE

. Fip

Figur 2 3. gepresentaticon.
sistance.

or
76.85

source re-

Voltage Calculation

In aiiseries circuit, voltage divided propor -'
tionatelf across each resistor. lit a parallel
circuit, however, voltage, the same across
all resistors of a parallel group. Voltage is
probably the easiest value to obtain in a parallel
circuit. n figure 2-25, we show a voltage source
aid two parallel legs containing R1 and R2, .

resItctivelyl. Nu is ip parallel with R2 and both

32
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--. 236.82
Figtire ? -24. Basic parallel circuit.

Figure

236.84
Figure 2-26. Finding sOurceepeltage in a paral-

lel circuit.

itany o foreZlas for individual components
as well as for total values in a Circuit. So
let's take the current of 2( amps `and multiply
by the resistance of 20 ohms; is R2 (E I x R).
Of course, 'thier is -equal ,to 40 volts (20 x.2).
NOw tthat Imo*, the tvoltige4 drop across -It%
was' know the drops acrosteRLand R3, and what
the source voltage is., Why? 13eicause voltige
is toOnstant in a pavallel circuit. ALL. of, the
voltigee swill be 40 \volts. So, as you cansee,
if you can find the voltage acrosp any, one leg
or resistor in parallel circuit, you know the
source voltag as well as the voltage. impressed

236.83 I across all p alltlbranches.
2 -26. Source voltage' impressed across

all parallel resistances.

are in parallel with the; source of 20 volts.
. this particular situation, as they are all
par4lel to. each other, the voltage-drop im-

acrosseach resistor would equal source
v0 ttige. Therefore, we would have 20 volts
impr seed across R1 and 1R2.

N w, how can this' knowledge-of constant volt-
age 1P JIS? Let's take another example. In
figure 2-26, we have a simple parallel circuit..
We have a source, three resistors ,in paralIS1,
and the value Of'. current it one leg. We have
assigned R2 the value of 20 ohms of resistance
and' show current in that parallel leg to be
2 amps. Wa db not know what tide Source.voltage
is. But w6 do know what the current'andreSist-
ance are in the second parallel leg; so we can
find the "Voltage drop across R2. By using the

Atmula of E = I x R, can find e voltage
opi)ed across R2. Remember that we can use

,,
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Current Calculati6

As you know, current in a oircuit is in-
versely proportional to resistance. The higher the
resistance, the less the currant. The lower the
resistance, the higher' the -current. This never

,changes, regardless of the type of circuit. This
is just as true bf parallel circuits as it was of
series 'circuits. However, there is a slight
difference in the way curAint is cbmputed in
a parallel circuit. as compared to a series cir-
cuit.

In a series circuit, the current was constant
in that it was the same throughout. However,
in a pa.rallel circuit, ,current divides among the.
RaralaNi paths in relation to the value 'of the
resistance (or resistdrs) in each legalV frsgur
2-27, we have jstown a 'parallel cirtrui with a
source of 50yolts, two parallel' legs consisting
of R1 and ,112, and a total- current of 10 amps.
We can determine the,amount of current4lowing
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through each resistor by using the formula, I =
E %-

each

can use . the source voltage to solve
efor lag. VOltage is constant& Therefore,

50 Voltsfor 111, 5 amps of current flowing-10 Ohms
through Rl. We can use the same formula to solve
for the current floWing through R2. As you can
see, ttie values of RI and R2 are' the same,

the ....qurrent. flowing through each will be
amps. The total current in this cir-

*it is 10 amps. Total currient is always equal
-.1t6 the sum of the individual currents of the
parallel legs in a parallel circuit.

Let's take one more look at figure 2-27
!and trace current around the circuit. The total
current of la amperes leaves the negative ter-

, urinal of the battery and flows toward point "A".
Point A is a connecting point for the two resis-

-ri tors and is called a JUNCTION. At ,junction A,
the total current divides into two smaller CUT-
paats of 5 amps each. (-Bear in mind at this
point that the . two currents are:equal ONLY
because the resistance of the two legs are
equal. If the resistors of the'. two legs were
of different ohmic values, the current would have
i:111:rided accordingly with more current flowing
through the lower value resistance and less
current flowing through the higher value re-
sistance.) These two currents flow through their
respectiVe resistors and are rejoined at junction
B. The total current of 10 amps then flows
from junction B back to the positive terminal
of the battery. ThUs, the battery supplied a
total current of 10 amperes, and each of the
two equal resistors carried hR1f 61 the total
current.

236.85
Figure 2-27.Current in a pdrallel circuit.

4 . 34.

Let's try' it again using a different circuit.
.Take a' look at figure 2-28. Here, we have a
parallel circuit with three legs instead of two.
Don't let this confuse yOu. Solving for three
legs is as easy as solving for two legs. Solving
for four or five legs would *be just as easy.
Remember the basic lawp: vdtage is Constant
and current divides proportionately. In thks figure,
we have not given the source voltage or the
total current. We. have RI of 5 ohms, R2 of 15
ohms, and R3 of .30 ohms of. resistance. GiVen
is the -current through R2, the second leg (2
amps). In order to find the voltage drop across
eacli resistor, or the total voltage, all we have
to do is to find it across any one resistor. In
our second leg, containing R2, we know that the
current is 2 amps and the resistance is 15 ohms.
We have two of the necessary values, so-.we
may now solve for voltage across it by applying
the formula; E = I x R. By multiplying the cur-,,
rent times the resistance, we can solve for the
voltage drop across R2. Therefore, we would
multiply 15 ohms x 2 amps = 30 volts.

Now that we know the voltage drop across
R2, we know the voltage drop across R1 and
R3 and the source, since they Itre all in parall'el
with each other. They are all 30' volts. We may
now solve for ,,the individual currents in each
leg by dividing the resistance of each leg into
the voltage dropped across it, or I = -11 In the

leg containing RI, th3 current would be Volts
5.Ohm

6 amps. In the leg containing R3, the current
would be 30 Volts

30 Ohms= 1 amp. Therefore, the total
current would the sum of all the individual
legs, or, 6A + lA = 9 amps total Current.

Let's trace the current around the circuit
again. The total current of 9 amperes leaves
the negative terminal of the battery and flows
toward junction A. At junction A, 6 amps flow
through R1 and the remaining 3 amps floW toward
junction B. At junction B, 2 amps flow through
R2 and the remaining 1 amp flows through R3.
At junction C, the currents flowing from the
two parallel legs containing R2 and R3 combine
into 3 amperes and flow toward junction D. At
junction D the 3 amps flowing from junction
C combine with the 6 amp.3res flo.ving from the
leg containing R1, and the total current of 9
amps flows rack to the positive terminal of the
battery.
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236.86
Figure 2-28.Ciirrent division in a parallel

circuit (3 legs).
a*.

Resistance Calculation

Probably, one of the hardest things to under-
stand for most people is 'calculating parallel
resistances. In actuality, it really isn't hard.
One of the common mistakes made by most is
that they do no take it one step at a time when
solving for parallel resistances. We will learn
several methods for solving par I resistances.

.Each method is relatively simple d totally ac-
curate. ,

First of all, let's take a simple parallel
circuit .containing two resistors in-parallel, as
shown in figure 2-29. We have shown a 5 volt
source with a total Currant of imps flowing
through two resistors. Each resistor is drawing
1 ampere of current. Common sense could proba-
bly tell you that if each resistor is drawing the
aame amount df current, then the two resistors,
must both be of the same ohmic vilue. But
not only must we be able to mentally compute
this; we Must also be able to show why. So
let's continue.

Since .we know total voltage and total cur-
rent, it is a simple matter to find total re-
siatande with the formula R = . Using that

5_ volts
ampsformula: RT =2 RT = 2.5 ohms. Also,

2
since we know the voltage across each resistor
(5 volts), we can find the resistance of each
resistor by dividing the voltage dropped across
each leg by the current flowing through each leg.

E-In this case, we use the formula: R = T , or,
R T amp

5 v
aolts = 5 ohms, the resistance for R1

The same would be true. of R2 since they b th
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2A

5V 1A 1A

236.89 ,1
Figure 24.---Two ,parallel resistors of equal

value.

have the same amount of current flowing through
them.

We could hive found total resistance in
another may. We could have divided the ohmic
value of one resistor, by the number of resistors.
To explain, anytime 'that the resistors in a
parallel circuit aide of equal value, you need only
divide th3 'number of resistors into the value,
of one of them. This will give you the total
resistance of the circuit, but -ONLX when the
resistors are of equal value. Referring' back to
f e 2-29, onoe wa determined that, the re

rs were of equal -value, we could have
-

t n the number of resistors (twoyand divided
that number into the ohmic value of either R1
.or R2. Example: 5 ohms2 (no. resistors) = 2.5 ohms
total resistance. It Would not have mattered if
we had 2, 3, 4, or more legs in the circuit.
If they were of equal resistances, the method
could still be the same. Therefore, we could
make a formula from this that would apply
whenever parallel legs are of equal value:

RPc1=

where
Req = equivalent parallel resistance

R = ohmic value of one resistor
N = number of resistors

The term EQUIVAIAT RESISTANCE is a
term used in determining parallel resistance.
This w?(rd is used due to the fact that we do

A
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not obtain total resistance in parallel circuits
by adding up tba' individual resistances as we
did in series circuits. We speak of the resist-
ance in a parallel circuit as the overall redis-
tive effect of all resistances. This should U not
be confused with "averafge" resistance because
we don't take the avetage of all resistances
shown in a' parallel circuit. The example shown
in figure 2-29 is unitive in that the resistances
were 'equal, but that is the exception, not the
rule. Normally, of course, .the resistances in a
parallel circuit are of different values. There-
fore,,. We,.solve for the equivalent resistance.
Perhaps a simpler way of saying this would be
to say, "take all of the resistances shown in a
parallel circuit and combine them into ONE re-
sistor that woad show the overall resistive

eTeffect of all of them." This, therefore, would
give tis the equivalent resistane6 of the circuit.

Another method of solving for the Equivalent
Re.sistance of two resistors in parallel is via the

R1 R2following formula: x RT this method
/0 R1 + R2

is called the "product over the Suni". Reinember,
this formula should be used for two resistors
in parallel, only. `Using figure 2-30 as an ex-
ample, we have a parallel circuit showing 30
volts source, 15 amps current, and tw resistors
of 3 .ohms and 6 ohms each. In this particular
example, because we have only two resistors,
we may use the formul'a - mentioned

EUabove: R X R2
T R1 + R2

therefore:

3 x,6
RT= 3 4...6

therefore:

18RT = ,

J
and:

RT = 2 ohms

As you can see, this is a very simple method
of solVing for parallel resistance whenever you
have only two resistances.
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30V 0
.-4

R2

6i?

236.91
Figure 2-30. "Productove -surh" method for

calculating two parallel resistances.

So fir, you have learned how& to compute
parallel resistances that are e al in each branch,
and two parallel branches of equal, value. One
more method remains to be covered and this
is the most commonly acceptedinethodfor4 Eiolving
parallel resistances of more than two legs that arc')
of unequal values. This method is called the
RECIPROCAL METHOD. It is probably the most
confusing of the ones that we've covered so
far, but it is no problem when taken step-by-
step. The formula is,

RT = 1 1 1 1.
RT 4. la- 4. RT

Let's take an example and solve it step-by-
'step. Look at figure 2-31. We have three parallel
legs of resistance containing 20, 30, and 40
ohms respectively. So as to be less confusing,
we will use the term "Req" (equivalent resist
!trice) in the place of RT. Now, let's select the
proper equation for, solving this circuit. That
would be:

1
Req

1 . 1
R1 ± 'R2

Dcon't be confused by the supposed cornplexity
of the equation. By placing all of the values
under, "1", we are simply saying that once
we get our answer with a. lowest common de-
nomnator, we must find the reciprocal.
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236.92
Figure 2-31. Solving for 'RT by "reciprocal"

method..

Substituting values:
., 1

R,eq =
1 1 1

20 * 30 * 40
Now, in order to add fractions, we must find
a common denominator for them. By that we

ean, which number (loweSt numbed will all

evenly.
the denominators (ohmic values) divide into

In this particular case, the number is
120. So, using the lowest common denominator:

1
Req =

4 3 13
120 120 * 120 120

13The "1" over -37--
20

tells us that we must in-
vert . So, inverting:120

Req = 120 = 9.23 ohms

Sometimes, there is no lowest common de-
nator, arid, we must solve for Req via long

blind. By "Jong hand" we mean that we must divide
the equation out. To explain this, let's take
the same circuit (figure 2-31) and do it via
long hand:

Req = 1

1 1 1

R1 + +R2 R.3

Substitute:

Req =

Dividing, the denominators into their numberators
of "1":

Req - 1

0.050 + 0.033 + 0.025

Adding them up:

Rpq =

Dividing 0.108 into 1:

Req = 9.23 ohms

This, of course, is more lengthy than finding
the "lowest common denominator", but it may
be used whenever no LCD is aVailable.

Parallel CircuitoReduction

One of the things that you should try to do
.whenever you're solving parallel circuits is
to try to simplify the circuit by condensing it
-down into a circuit that is easier to understand
and solve. We can do that by ,"reducipg" the
parallel circuit to a series circuit wherever
possible. Look at figure 2-32. What We have
done is reduce a two-leg parallel circuit into

ORIGINAL CIRCUIT

(A)
EQUIVALENT CIRCUIT

Ebb Reg
120.

1 (B)
1 1 1 236.93

20 + '30 + 40 Figure 2-32. Parallel circuit reduction.

37 4.4
1 1
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a simpler, easier to understand, series circuit.
We took the two legs of resistances, at 20 and
TO ohms respectively, and sOlved them for their
equivalent ,resistance. Then we madone leg out
of that, equal to the equivalent resistance of
12 ohms. (A) shows the original circuit;0) shows
the equivalent, or "re-drawn" circuit after com-
puting the two parallel resistances. This is a very
useful method to use for large series-parallel
circuits with many paths for current to flow. By
teducing number of legs into as many series
paths as possible, we can eliminate confusion
and'possible chances for error.

Power Calculation

To calculate power in a parallel circuit is
the same as for a series cirouit... We simply
find the total power expended in the individual
legs, and add them /up. The formUla for that
again, is:

PT = P1 + P2 + P3....

As in a series. circuit, we may find the power
expended across one resistor or the power ex-
pended in the entire circuit with the formula:
P = I x E.

Rules For Parallel.
C ircuits

The following rules apply for parallel cir-
cuits. Remember them and apply them whenever
solVing for parallel circuit values.:

1. The same voltage exists across each bra,
of a parallel circuit and is equal to the soul
voltage.

2. The current through a branch of a parallel
network is inversely proportional to the amount
of resistance of the branch.

3. The,total current of a parallel' circuit is
equal to the sum of the currents of the individual
branches of the circuit.

4.
al
The total resistance of a parallel circuit

is e'quto the reciprocal of the sum of the re-
ciprocals of the individual resistances of the
circuit.

5. The total power consumed in a parallel
circuit is equal to the sum. of the power con-
sumptions of the individual resistances.

6. The equivalent resistance of a parallel
circuit will always be less than the small ;t

parallel branch,,,but only when all branches are
parallel.
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SERIES-PARALLEL
COMBINATIONS

So far, we have discussed series circuits
and parallel circuits. We have treated each one
separately and learned the rules for solving cir-
cuit values of both kinds. However, as a techni-
dlan making detailed, circuit checks or as an
operator making front panel adjustments, you
will seldom, if ever, find a circuit that consists
wholly, of either type. Almost all circuits consist .
of series and parallel combinations. In solving
series-parallel combinations, you need only apply,
the basic rules for both and proceed step -by-
step. We will refer to these series-partillel
combinations as COMBINATION CIRCUITS.

Solving a Combination
Circuit

At least three resistors are required to form
a combination circuit. In figure 2-33, we have
shown a simple series+-parallel circuit. -The
source is go volts, and the path for current
flow is through R1 to junction b, the current
divides at junction b and flows propertionately
through resistors R2 and R3 of thliWparallel
branch. The 'current joins at junction c and
flows back to the source.

The easiest way to solve combination cir-
cuits is to solve parallel branches for total re-
sistance (RT) and re-draw the circuit in series,
if possible. Let's do that with figure 2-33. In
(A) of figure 2-33, we have the original circuit,
,nd in (B) we have the re-drawn circuit, thereby

aking it easier to solve. In re-drawing it, we
:1de a series 'circuit. We took R2 and R3,

and sobved for the equivalent resistance.: Use
the product over the sum method for two parallel
resistors as follows:

R1 x R2
Req R1 + R2

T
R2 x R3

herefore: Req = (from figure 2-33)
R2 + R3

T
3 x 6 8

'Therefore: Req =
1 9- = 2 ohms.

After finding the equivalent resistance of R2
and R3, we can simply draw a 2 ohm resistor
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R2

I\AN
RI 311 I2

- 211 R3 ILI.
It 611 It

20V

111111111111+

,R1 IN SERIES WITH PARALLEL
COMBINADON OF R2 AND R3

(A)

131 R2

RE-DRAWN CIRCUIT

(B)

236.96
Figure, 2-33. Re-drawing and simplifying a

parallel circuit.

In figure 2-34, we ha've shown basically a
parallel circuit, but, it is a combination cir-
cuit in that it has one legvwith two resistances
in series (R2 and R3). Again, the job is easier
if we reduce the number of components that we
have to solve' for, thereby making the circuit
less confusing. The easiest `way to do thii is
to try te fake one resistor out of R2 and R3
and solve for a parallel .circuit, or, we can
Make one resistor out of the entire parallel
combination of R1, R2, and R3. Let's .do both.
First, let's combine R2 add-R3-and solve the
circuit for RT in parallel.

The leg containing R2 and R3 can be easily
reduced using the law of resistances in series
circuits since R2 and R3 are in series with
each ,other and in parallel with RI.. Since R2
and R3 are in series with each other, we can

R2 R3

in series with R.1 and e6sentially have the, same
circuit, as is shown igure 2-33 (B). This
method is easi a it makes total re-
sistance easier Solve for. In a series circuit,
RT R1 + + R3. . .etc. Therefore, RT
woind be 4 s in the circuit shown in figure
g-33.. We found that dy adding up the resistances
in series in figure 2-33 (B); RI. + R2 = 2 + 2 =
4 phnis. Making, a , series circuit also makes
current easier to solve for be'cause current is
constant in a series circujk. In a parallel cir-
cuit of course, current 4Wldes and is harder
to solve for. Essentially, what you're doing by
re-drawing a series-parallel circuit is simplify-
ing it by reducing it to fewer components, thereby
making it less c'etitasing and easier to solve.
There is no formula for doing this with corn-
binatio circuits, only that you apply the laws
and rules know for series and parallel
circuits.

Figure

IT

RI IN PARALLEL WITH THE SERIES
COMBINATION OF R2 EkeR3

(A) R2
I2/1/

IT

RI
611'Vv\

20V

I +1=11111
RE-DRAWN CIRCUITRE- DRAWN

.(B)

236.96
2-34. Parallel circuit re-drawn and

simplified.
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5..

combine them additively; 112 +' R3 = 2 + 10 =
12 ohms. So we can now draw one resistor f
12 ohms in parallqk with Rl. This is shown
figure 2-34(B), whirre R1 = 6 ohms and 2 =
12 ohrnst Once again, we have two resistors
in parallel and can use the product ovef. the

Iiii.X11112sum method: Req

Therefore: Req 6x12 72 4 ohms6 +12 18

Actually, by solving the parallel circuit, we have
now solved the second problem. Since Rt =
4 ohms, we could essentially draw one resistor
of 4 ohms in place of R1, R2, and R3 in figure
2-34(A) and R1 and R2-- in figure 2-34(B) .
Remember that by re-drawing combination cir-
cuits, you make it easier to find total values.
If you have to find the values of individual
components in the legs of the circuits, then
you must use .all of the rules and laws for series'
and parallel circuits that you have learned thus
far. For a detailed description of individual
component solving for series-parallel circuits,
consult BASIC ELECTRICITY, NA VEDTRA 10086
series.

INTRODUCTION TO ALTERNATING
CURRENT (A.C.)

In the study ,of d.c., we found that current
flowed in only one direction. Certainly, d.o:
has thany applications in the many c niuni-
cations equipments that we use. Howe e , in
the overall picture of things, d.c. ha any
disadvantagpa5 which are apparent. In a d.c.-
system the supply voltage must be generated
at the level required by the Mad. For example,
to operate a 120-volt lamp, the generator, or
source, must deliver 240 volts. An 80-volt lamp
could not be operated from this generator, or
source, by any convenient nieans: We could
probably place a resistor in series with the
lamp to drop the appropriate amount of voltage,
but the resistor would consume a large amount
of power, thereby eliminating the efficiency de-
sired in the operation of electronic circuits.

'Another disadvantage of d.c. systems is the
large amount of power lost due to the resist-
ance of the transmission wires used to carry
current from the generating station, or source,
to the loads. We could .probably eliminate this
by operating the transmission lines at higher
voltages and lower currents, thereby getting
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less line-loss due to the higher currents. How-
ever,_ this would mean thitt the loads would all
have to operate at a very high voltage value
also, again, an undesirable characteristic.

We could go on and on discussing the dif-
ficulties of using achieving circuit op-
erations in the various equipments, but suffice
to say that we don't. ,Practically all modern-
power distributicin 'systems, both civilian and
those on-board ship, use a type of current
known as ALTERNATING CURRENT. Abbrevi-
ated a.c., alternating current flows first in one
direction then reverses and flows in the opposite
directionj. Unlike d.c., a.c. has the' ability to be
"STEPPED-UP" or "STEPPED-DOWN", thus
permitting transmission lines to be operated
at a high ,.oltage and low 'current: for maxi-
imp) efficiency by "stepping -up" tile input, and
at the user end it can be "stepped-down" again-.
Because of its inherent advantages and versa-
tility, a.c. has replaced d.c. in most power
distribution systems, sucV as commercial and
shipboard systems. This power normally comes
to all of us via the sockets that we plug our
povipr cords into, both in our homes and in our
work centers aboard ship. This power, usually
from the ship's power plant, does no more than
supply the initial power to operate our equip-
ments. After we have supplied basic operating
power from the ship's plant, the internal power
suppliet of the equipments furnish the various
voltage and current supplies that are necessary
for equipment operation. However, most of these
internal power supplies are a.c. power supplies.
The initial input is normally a.c. in communi-
cation equipments and, if need be, we can con-5
Alert a.c. back into d.c. for proper operation
of coruponnts cont ned in the equipments. Now,
let's gointo some o he terminology associated
with a.c. and basic ly how we create a.c.
currents and voltages:

BASIC A.C. GENERATOR

There are maim ways to create an a.c. cur-
rent or voltage, but for simplicity's sake we will
only consider the one easiest to understand and
probably mire familiar to all of us: The A.C.
GENERATOR. An a,c. generator converts me-
chanical energy into electrical energy by using
the principle of something we haven't discussed
as yet; ELECTROMAGNETIC INDUCTION.

Let's briefly discuss electromagnetic induc-
tion and what it is. Whenever a current is
passed through a conductor, a magnetic field
is produced around that conductor. This magnetic

O.
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field is physically real and can be measured.
That is why we must shield such conductors`
that' would affect other conductors close to it.
This MAGNETIC FIELD. is actuallyemf, or
voltage. In figure 2-35, we have shown a basic
voltage source with a conductor making a com-
plete path back to die source. As you can see,
the _magnetic lines 'of' force caused by the cur-
rent passing through the conductor extend out-
wards from the anductor. They are strongest
.iromediately around the conductor and weaken
as they get further from it. These magnetic
lines of forof, which are a physical are
called FLUX.1 These magnetic lines of x- are
an integral part of electromagnetic indua on and
are the reason-that electricity and mrgnetism
age inseparable.' Where you have you nor-
mally have the other' or can create the other.

In figure 2-36, we have a piece of conductor
that we have cut away from a conducting cir--
cult and will assume that current-is stillflowing
through, it. We show. the magnetic flux lines arming

and next to' it we have another conductor
close enough to be -cut by the lines of force
formed by the current. These lines of force,
which we have called an emf and which is
actual voltage, will cause current to flow fn

the conductor being cut by the magnetic lines
of force. This is indicated by the -arrows in
conductor "B". The current flowing in Con-

. doctor "B" will flow in the OPPOSITE DI-
tc; . that flowing in. the original

conductor. The reason for that is not important
at the moment. The primary thing to remenpber
ie _that. the Current flowing in Conductor /"B"
as a result of the magnetic lines of flux emanated
from conductor "A", is ELECTROMAGNETIC
INDUCTION. We have actually "induced" a cur-
rent in one conductor with the lines of flux
of anoter conductor. So, with the knowledge
that electromagnetic induction is used, let's
continue with our discussion of a.c. generators.

A.c. generators are made in many differen'
sizes, depending upon their 'intended use.:fte-
gardless of ,size, however, they all operate on
the same principle-a magnetic field cutting
through conductors, or conductors passing
through a magnetic field. Thus, all generators

'have at least two distinct sets of conductors.
They are (1) a group of conductors in which
the output is generated, and (2) a second group
of conductors. through which direct current is
passed to obtain an electromagnetic field of fixed
polarity. The)conductors in which the output is
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BATTERY

Figure 2-35.- "Flux" lines around
carrying conductor.

236.157
a current-

(A) (B)
76.86 .

Figure 2-36.-- Electromagnetic inductipri.

generated are always referred to as the ARMA-
TURE WINDINGS. The conductors. in-:which the
electromagnetic field originates are always re-
ferred to asithe FIELD WINDINGS.

In addition to the armature and the field,
there must also be motion between the two. To
provide this, a.c. generators are built in two
major assemblies, ,.1 the ROTOR..
The rotor rotates Figtire 2-37
shows a typicai sta and rot, is was men-
tioned ,previouft, in ..der to ge . ate a.c., there
Must be motion between the stator and the rotor.

Types kkA.C. Generators

There are various types of ,5c. generators
utilized; however, the are all similar in that

r7
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they do the same thing: Provide a.c. The fol-
lowing two types are the more predominantly
used:

REVOLVING ARMATURE. In. tpe revolving-
armature a.c. generator, the stator provides the
stationary electromagnetic field. By this, we
mean that a small d.c. current is pasfsed through
the stator winding and a sinall,eleceromagnetic
field is built up around these windings. The

.rotor, acting as the armature, revolves in the
electromagnetic field built up around the stator.
When the rotor passes through the field built
up around the stator and cuts the electromagnetic
lines of force, or- "flux", a current is induced
into the windings, or conductors, of the rotor.
A voltage, of course, is also induced into the
rotor.

REVOLVING FIELD.In thi type, d.c. is
passed -through the windings on the rotor instead

Figure 2-37. Typical stator and
236.286

rotor.

1J
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of the stator. This maintains a field of fixed
polarity on the rotor. As the rotor turns inside
the stator, thq rotating magnetic field extends
outward and cuts through the armature windings
imbedded in the surrounding stator. As the
rotor turns, alternating voltages and Currents'
are induced in the windings since magnetib
fields of first one polarity and then anothek cut
through them. Now that_we. know what a.c. gen-
erators do, let's see how they do it.

G4cierating A.C.

2-38 ShOws a suspended loop of wire
(conduCtor) being rotated, or moved, in acounterr
clockwise direction through trilitt magnetic field
between the poles of a magnet. For ease of
explanation, we have diirided. the loop into a
daik and light half. Notice that in part (A' , the
daik half is moving parallel to the lines of f
or "fliix" created by the North and South poles
of the permanent magnet. Tile rotating loop*
must be imagined to be 41(Iving to your left,
round and round. What we are going to do is
take just ONE REVOLUTION of it.

In part (A), as the loop is moving temporarily
,parallel to the line.s of force, it is cutting through

very few of these force or "flux" lines. The
same is true of the light half of the loop. Since
the conductors are cutting few, or minium/at"
lines of force, MINIMUM emf is induced into
these conductors.

As the loop rotates toward the position shown
I& part (B), it cuts more and more lines of
force per second because it is cutting more
directly across the field. At position (B), the
induced ernf greatest because the4conductor
is cutting directly across the field.

Notice the WAVEFORM that we "are plotting
across the bottom of figure $38. We are repre-
senting the rise and fall of induced emf as the loPP
rotates. As the loop' continues to be rotated
toward the position 'shown in part (C), it cuts
fewer and fewer lines of :force per second.1'The
induced voltage .decreases from its peak value.
Eventually, 'the loop is once again moving in a
plane paralpl to the magnetic field, and no
voltage, or emf, is induced.
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ROTATION

(B) (C)

CONDUCTORS CUTTING DIRECTLY ACROSS FIELD,
EMF IS MAXIMUM POSITIVE

( E

CONDUCTORS CUTTING DIRECTLY
ACROSS FIELD, EMF IS MAXIMUM NEGATIVE

1

1

(180-360°) 6.1

ZONE CYCLE

1

Figure 2-38.---One cycle of generated a.c.

n the waveform plot, notice that the awn
forr shows us starting at point (A),- which was
zero, and we proceeded to point (B), which was
maximum, and then to point (C), which is back
toy' minimum. The loop has now made one-half
9i a revolution.

When the- loop is further rotated to point
(D), the action is reversed. The dark half of
the loop is moving UP instead of down and the
light half is moving down instead of up. The
polarity of the magnet remains the same, but
the loop-halves, in changing their direction of
travel, hanged the induced emf and current.
It is no REVERSED. The voltage builds up to
A maxi urn in this new direction (as shown by
the bottom half of our waveform-plot). The loop
finally returns to its original position (part
(E), at which point the voltage is again zero.
Therefore, the loop has completed one cycle.
And that is exactly what we have plotted on
the waveform-plot; ONE CYCLE.

A CYCLE, as shown in figiire 2-38, is actually
a circle because if you Nkere to draw each
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half of the waveform and combine the two halves;
you would form a circle, or 360-degrees. You
will, also hear a cycle referrer-I' t s a HERTZ.
The term "Hertz" has been 1,filn .rated to be
used in lieu of cyclfs-per- seconc _Die primary
difference between the two terms is that a
cycle is referred to as one complete revolution
in any period of time, whereas a Hertz is
referred to as one complete revolution PER
SEOND. The key to keeping these' two terms
straight is TIME.

Looking back at figure 2-38, you will notice
the term "ALTERNATION" used on both the.upper
and lower .part of the" plot. One ALTERNATION
is one-half of one cycle. It takes two alterna-
tions to make one complete cycle. When the loop
moved from point (A) to point (C), one alterna-
tion, or one-half cycle has been completed.
When the _loop moyed from point (C) to point
(E), two alternations, or one cycle had been
comple l d. You can ,a3so remember that one
alterna on is equal to 180-degrees, or one-
half cir le.

fJ 1
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the loop in figure 2-38 is rotated at a
steady rate, and the strength of the magnetic
field is uniform, qie numbs , of Hertz and -the
`2.7itage will -rem: at fixe values. Continuous

°baton will produce a'seri s of waveforms-like
. that 'shown in figure 2-38.

The waveform shown in figure .2-38 is callqd
a SINE WAVE and is representative of one
complete cycle of a.c. You will see the repre-
sentative sine. wave many times in your as-
sociation with electricity. and electronics. It
is in the way, shown in figure 2-38 that an a:c.
generator converts mechanical energy into elec-
trical energy. The rotating loop in figure '2-38
is, -of course, called the armature and in.ay have
any number of ESops or coils.

FrA
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quency

As vile saw when we examined the operation
of a simple a.c. generator, one complete rotatich
of the loop produced one cycle of a.c. In elec-
tricity, we normally use the SECOND as the
standard measui of time. We reference alinat
everything to 1 second of time. If one cycle is
prgfluced in one second of ti,,
to have a FR 1' tr 'Y of I
op.-ration of t! ia a.c. awl loop
figL ,e 2-38, u the loop made one complete
rotation (from point (A) to point ( E)) in one second
of time, one cycle of a.c. would be geneVed.
If we were to increase the speed of the loop
so that one rotation reqUired one-tenth of a
second, then TEN cycles of a.c. would be gen-
erated. The number of 'cycles of a.c. that occur
each second is called the FREQUENCY, and is
symbolized by the letter (f)i

81i

The freq y of the a.c. generated by an
a.c. generato depends on both the speed at
which' the armature rotates and the number of
magnetic poles contained in the magnetic field.
Regardlesf of the number of pairs .of poles,
a complete cycle of, a.c. will be generated
each time a Novth and 'South pole are passed
in 'succession. Figure 2-3D shows a four-pole
basic a.c. generator that is supplying a light
bulb.. In this generator, one complete rotation
of the loop 11 produce two cycles of a.c. Since
we have to North and two South poles, both
the dark d the light-shaded p tions of the
loop shown in figure 2-39 will roduce a cycle

44

of a.c. apiece. There wjl be four reversals
of current, or four alter tions. In other words,
two cycles of a.c. are generated for each mechani-
cal revolution of the loop. If each revolution
lasts one second, the frequency of the output is
2 Hertz. To find the output frequency of any
a.c. generator, the following formula can be
used:

f = x rinp
120

where: f = Frequency in Hertz
rpm = Armature Revolutions, Per Minute

P = Number of Poles
14

If an a.c. generator having two poles, was
made to deliver 60 Hertz, it would need an
armature designed to rotate at 3600 rpm. If
the" same generator had thp two poles replaced,
with four poles, it would need an .armature
desigmed_to rotate at 1800 rpm. In either case,
the frequeiywould be the same.

SLIP
RING

ROTATION

BRUSHES2.

LOAD

f*)

236.172
Figure 2-39.:=.Bf;.*Sle-dole ac generator.
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Pe :1 qd

;As we mentioned (gfrlier in thii chapter,
everything in the theory of electricity is in
some way related to time. A cycle of a.c., or
any :pine wave, represents a definite amount of
time. In figure 2-40, we have shown a sine
wave whose cycle is twice in one second. There-
fore, one cycle occurs every one -half second.
The time required to complete one cycle of a
waveform is called the PERIOD of the wave. In
figure 2-40, period one-half second.

We plot waveforms on ee, single, horizontal
line. This horizontal line is the reference point
from which we show the variations in the changing
lialues of voltage and current. Looking at figure
2-4Q, as current flows in one direction, we plot
it above the This is the POSITIV E
alternation of voltage r current. As current then
changes direction and flows the other way, we
plot it bellow the horizontal line. 'La's is the
NEGATIVE alterption of voltage or current.
For a sine wave; these two alternations will
be identical in size and shape, and opposite
in polarity.r ,

Tpe period of a wave is INVERSELY PRO-
PORTIONAL to its frequency. The higher the
frequency, the shorter the period.

In terms of an equation;

1t = T

where: t Period in Seconds
f = Frequ 1cn Hertz

Sine Wave Ampli

One of the most frequently measured char-
apteristics of a sine wave is its amplitude. The
amplitude of d.c. is relatively easy to measure
because it is flowing at, a constant rate, with
little or no change its"amplitude. A.c., how-
ever, is always changing in value. As represented
by the sine wave, it4,,starts at zero; builds to
a maximum on the positive alternation and then
steadily decreases back to zero before beginning
its negative alternatidn and repeating the process.

We must have some of measuring a.c., .
otherwise we couldn't e iptively utilize it. The

0..amount of a.c, curren *or voltage present in a
circuit scan be mea ed in various Ways. In
one method of meas ment, the maximum ampli-
tude of either the p° :Wye or the negative alterna-,
tip Is meq,sured.,,) e value of current or voltage
thus obtained is led the PEAKrCURRENT oi.
tthe PEAK VO AGE. To measure, peak current
or voltage, Oscilloscope or a special ifeter. .,

(paak reads meter) must be used. In Cigure
2 -41, we ve shown a sine wave plot. As
the a.c. gins at pero- and steadily builds to
a maxim,Ii, it reaches its peak value. This
isishowa.: in the '4 figure. Note that a sine wave
has two,peaks; one on the positive alternation and
one on 'the negative alternation. This, of course,
is because a.c. current changes direction, being
positive during one-half of a period and then
nagatiie during the other half of the same period.
The two maximum values of the positive and °.

negative alternations are called the peak values
of the sine wave.

Another method of measuring the arnplAtude
of a sine wave is by determining the TOTAL value ,

of current o.: voltage between the 1) sitive and,
negative peaks. Referring again terf e 2-41,
this is called the PEAK-TO-PEAKe value, and

- is shown. Since .,both alternations of a pure sine
wave are identical, the peak -to -peak value Is
twice the peak value. Peak-to-peak values are
usually measured with an oscilloscope, although
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g-ure4:40. The l''period" of a

236.173
sine wave.
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2-41. Peak and peak-to-peak values. 236.178

Figure 2-42.-- Peak-to-peak and effec va values
of a sine wave.

So e voltmeters have a special scale cydbrated
in p ak-to-peak values.

Eff e or RIVIS Value

-Pe haps py now you have noticed one of the
less, sirable characteristics of a.c.: It 'takes
a larger peak value of a.c. to do the same job
as a lesser level of d.c. To explain this, you
know that a.c. builds from a minimum to a
maximum, then-'back to minimum again: That
means that we only realize peak value at .the
instal:it that it reaches its peak. At all other
times during its period, it is of a lesser value
than peak. D.:17)9n e other' hand, reaches its
piak Value os nstantly arid stays. there.
A 190-watt, light b, for example, would be

moreore power frbrn a 120 volts d.c.
source than from an a.c. source with a peak
value of 120 volts.

Since power dissipated by the lamp is a
result of current flow through it, the problem
then is one of finding a MEAN alternating current
which would equal t same amount of d.c.

In a circuit, in whi h a 10-ohm resistor is
connected across an a.ci% power source, he peak
alternating current through the resistor is 1.414
amperes, as shown by the current curves in
figure 2-42, Since the current through the re-
sistor is changing continuously, the power dis-
sipated b3, the resistor' will also vary. It will
be minimum when the current is zero.

CURRENT CURVE
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The variations in er throughout the cycle
can best be analyzed by otting a curve show-
ing the instantaneous power at each point in
the cyel. In the procedure to follow, the in-
stantaneous currerit, the square of the instante-i"
ous currento and the instantaneous power *113:('
be calculated in 10° steps for the first quarter
of the cycle. These values are shown in table
2-1. , ..

Notice that .at 0° the Instantaneous current
(I) is zero causing the power disgipated by the
resistor to be zero. At 10° the instantaneous
current. is 0.245 ampere, the .current squared
id 0.060, and the power s 0.60 watt. At 90°
the current has reached i maximum. value of
1.414 amperes, the square of the currentie 2:000,
and the power dissipated is 20.00 watts.

During the part of the sine wave of current,
from 90° to 180°, the dame values couki be
used as before but, in a reverse order. Thus,
at 100° tthe values of current and power would be
identical to thOse at 80°. ' ,

Using the values of I and 13 fro in t le
271, a graph can be constructs th ay 4
in which powdf vtriesIlirough he cycle. This
graph is shown in figure 2442.

In this graph a sine wave of current is
plotted first, using the instantaneous valuesfrom
table 2-1. Next the curve representing 12 -and
power is constructed.
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Notice that the curve has twice the
frequency of the current urve, and that ALL
POWER IS POSITIVE. Thi is due to the fact
that heat is dissipated regardless of which way
the current flows through .the resistor: '

Since' all. the alternations of the power curve
are identical, the MEAN or AVERAGE POWER
is the value }IALF -WAY between" the maximum
and minimum yalue9of power. Thus, the average`
poyer dissipated by the 10-ohm resistor is 10
Watts, one-half the peak power. Since the curve
.representing power, also 'represents current
squared (I2y, the -.average or mean of the curve
also lies half-way between the maximum -and mini-
mum values of 12. As power is proportional-
to 12, a (Lc. current having a value equal to the
square root of the mean of the 12 values would
produce the same average power as the orig-
inal sine wave of !current. This Mean current
is called the ROOT MEAN SQUARE (RMS) cur-
rent. One RALSIre of alternating current
is as 'effective in producing, heat as one steady
ampere of 'direct current. For thie reason an
HMS ampere is also called an EFFECTIVE arfi-
psre. Ir figure 2-42 the peak current of 1.414
amperes produces the same amount of average
power as 1 ampere of effective (RIMS) current.

Table 2-1.Iistantaneous valves of current and
power

Degrees I I2

0° .000 :000 .00,

10° .245 .060 .60

20° .486 .236 2.36

30° .707/ 5,00

40° .909 .8Z6 8.26

50° 1.083 1.173

'60° 1.225 1.500 15.00

,0° 1.329 1.766 17.66

80° 1.393 1.940 19.40

90° 1.414 2.000 20.00
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ANYTIME AN ALTERNATING VOLTAGE OR
CURRENT IS STATED 'WITHOUT API( QUALI-%
FICATIONS, IT IS ASSUMED TO BE AN EF-
FECTIVE VALUE. Since effective values of a.c.
are the ones generally used, most meters are
calibrated to indicate effective values of voltage
and current..

In many instances it is neCesaga7 to convert
from effective to peak or vice - versa. Figure 2-42
shoWs that the -Peak value of a sine wave is
1.4140 times the effective value and therefore:

E x 1.414

Where Em = maximum or peak voltage

E = effective or RMS voltage
and

where
k 1m

I .= maximum or peak currentm

I = effective or RMS current.

Upon occasion it is necessary to, convert a
peak value of current or volfage to an effectiVe
value. The conversion kfactor may be derived as
follows:

= I x 1.414'

Em = E x 1.414

Multiplying both sides of the equation by 1/1.414'

1 1
1.414 E x 1.414 ?c 1.414

1' -E
1.414

Dividing 1 by 1.414
E= Em x 0.7,07
E = the effective voltage.

Em = the maximum or peak volt

(\ where

ilarly recurrent

I = Im x 0..707

where I = the effective current

Im = the maximum or peak current.
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Average Value

The average vane, of a completed cycle of a
sine wave could theoretically. be said to be zero.
This is because the positive and negative al-
tetnatione are equal in amplitude but opposite
in polarity; therefore, mathematically, they can-
cel each other out. However, we can compute
the AVERAGE value of .0NE ALTERNATION.
This is, sometimes necessary- in some elec-
tronics circuits. Basically, this is achieved by
adding together a series of instantaneous values
Of the sine wave between 0 and 180-degrees,
which is actually one alternation, or one-half
of a circle of 341-degrelbs. We won't go into
the method of computing all of these instantaneous
values. We will only consider HOriisult of this
computation: One.,alternation of a sine Wave has
an average value equal to 0.637 of the peak value.
In terms of an equation:

where:

ALSO:

60- ',-AVERAGE ,

90-
80-

, 70- EFFECTIVE

50- G PEAK
4 0- TO

30r PEAK

' 2 0 -
1 0 -
0 -

2 3 6 . 1 7 9 .

Eavg = Em x 0.637 Figure 2-43. Various values indicating arnpli-
tude of a sloe wave.

Eavg = the average voltage of one
. alternation

Em = the maximum, or peak
6 voltage

Ia:vg = Im 'x 0.637

where:, lavg'r- the -average current in one
alternation

!.Iny .,=thp m aximum , oryeal current.

P. Figure 2f-43 shows a comparison betWeen the
44trious values that are used to indicate the
amjlitude of a sine wave.

Sine Waves Phase

.

If we apply an a.c. voltage to a resistor,, the
,resulting current will also be' a.c. Th.'s is
natural, of course. because current is a result
of voltage or difference in potential; It follows,
then, that gent is directly proportional to the
app'lioc3""roitIga:"'Flgtfe-2z4-4gfi6Viga-Si tie wave
of .voltage and the resulting sine wave of current
sUperimposed on the same time axis. Notice that
as the voltage increases in a positive direction,
the' current increases along with it. When the
voltage reverses direction, the current reverses
direction. At all times -the voltage and current Figure
values pass through the san)a relative parts
of their respective cycles at the same time.
When these two -waves are in-step with 0-oll

VOLTAGE WAVE

'CURRENT WAVE

270° 36q°

90° 180°
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2.:44. Voltage and
phase.

236.180
current waves in-

.
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Other, so to. -.speak, they are said to be IN-
TO be is P , the two waves must

tbrOulip their minim and maximum points
the Urals tinte,t in same direction. This

not Mean that they must be of the sable
, alsOlitodei only that they travel in the lame direc-

0011 at tIsi Seine time.

.-:ffine Waves Out Of Phase

In figure 2.-46, we see a voltage wave, El,
Starting at 0 degrees, or time zero. Ai El/ries its positive peak, a second voltage wave,

starts to rise. Since these two waves do
not go through their minimum and Mudrnurs points
at the same time, a PHASE.DIFFERENCE udsts
between them.' The two waves, El and E2, are
laid to 'be OUT OF PHASE. The* amount by
which one wave. is out of phase with another is
measured in degrees. lie can see. in figure
2..45 that El is 90 degWes out of phase with
E2,.

To turther describe the phase relationship
between two waves, the terms LEAD and LAG
are used. To better understand this, refer again
to figure 2-45. Since E2 starts 90 degrees later
than El, E2 is said to LAG( El by 90 degrees.
El is said to LEAD. E2 by 90 degrees.

Another' common phenomenon in electricity
is shown in figure 2-46. The two waves, El and
E2, are 180 degrees OUT OF PHASE. Notice

236.181
Figure 2-45. Voltage El leading Voltage E2.

*
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Figure 2-46. Voltage waves El find E226.11808-2.

degreeS out-of-phase.

that although twaves pass through their mini-
mum and maximum values at the same time,
their values ..lare opposite in polarity and not
in the- Barite direction: In. such a situation as. .

this, the two vslioves would cancel eacIX4Aher out
if they were of equal - amplitude. If one wave
was larger than the other (higher. in amplitude),
then the ,resultant waveform would be the dif-
ference between the two and would have the
polarity 'of the larger wave.

Sine Wav§,-Application,

What we have done so far in our study of
basip a.c. is to show you one of the more simple
methods of generating .a.c. (with an a.c. genera-
tor)., However, as we mentioned previously, this
is not the oily Way to produce a.c.,In commtulioa--
Lions, we ulitt various methods, depending upon(
what we want to do with the a.c. 'signal. The
important thing here is that you understand what
'an a.c. sigmg is and some of the more important
points in angyiing its representation: The sine
wave. However we choose to generate a.c. the
basic representation._ remains the same as well
as its rules of amplitude and phase relationships.

Electronic equipment makes extensive use of
a.c. in. the- form of circuit signal voltages.
FrouLa tiny a.c. signal generated by a micro-
phongi for example, vie can transmit- signals
around the world. Thus, a.c. plays a role of
primary importance in any electronic endeavor.
The rernairltag topics ,in thiszchapter deal with



two values that are necessary to under-
stand .not only from a viewpoint. of electricity
but also ir1 the later study of antennas. They
ake intitiotaiiee and capacitance.

INDUC TANC E

induotanbe, as a property of electrical (gr-
eats* k" very detailed subject. Our coverage,
of inductance here will be limited to the more
major characteristics of it. -It Shcnild be pointed
Out, however, that a study of inductance com-
binei both- the principle of magnetism and the
physics 'Of electrons. With a basic knowledge of
inductance, a person's ability, to understand elec-

circUits becomes more pronounced and
the application of. electronic circuits easier to
cOmprehend.

What 45 Inductance ?
7

INDUCTANCE is defined as the property of
an 'electrical circuit that oppOses any change
in- the current through the' circuit. The unit of
measurement for inductance is , the .HENRY,
'designated ."H'!. The symbol for inductance it-

is. .1.,",. The henry is, a relatively large
t of inductance. and is used with relatively

flitige inductor's.. Usually, the unit encountered will
be the millihenry* mR,' or the rnicrohenry, uH.

Self-Inductance.

Even a straight length of conductor has some
indxictanc81 As you know, current in,a conductor
always produces a magnetic field surrounding
and linking it with the conductor. yVlibn the cur-
rent changes, the magnetic field changes, and
in emf is induced in the conductor. This emf
is called a SELF-INDUCED EMF, because it is
induced in the conductor carrying the current.
The emf is also called a COUNTER-
ELECTROMOTIVE FORCE (CEMF) because it
always oppbses the applied emf. In figure 2-47,
we have shown a simple circuit with a battery
and a straight, piece of conductor connected to
the negative and positive terminals. We have
expanded a section of the conductor to more
accurately depict .cemf. The current-carrying
conductor is encircled by flux lines. These flux
lines actually start at the center of the con-
ductor and expand outward. In exikyading outward,
the flux lines cut the conductor, slid anytime flux
lines cut a conductor, there will. be a cemf
generated. This cemf builds up at the same rata
as the 'source and in direct opposition to it.
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FLUX LINES\ EXPANDING FROM
CE TER OF
CONDUCTOR

' .76.87
Figure 2-47.4- "Camf,"- in a current-carrying

conductor.

It, therefore OPPpSES the initial build-up in'
current. It' might seem that the oarnf would pre-
vent curLe but it should be pointed oUt
that a c f will be produced only so long as
there- is RELATIVE MOTION (flux expanding

collapsing). If a steady rate of current is
()ached, self induction, will cease 'to exist to

reelable degree. Therefore, self induCtion
is more pronounced in a.c.. circuits- than
d.c. circuitS.

The cemf produced due to self induction
depends on the amount of flui linkage between
onei part of the confluctor ',and another pars
of the same conductor. In' other words, a single
circular flux line expanding out'from the'anter
'of the straight wire will cut only the radius
of the 'wire frptc the center to the surface.
Therefore, the demi produced will be very small.
However, if they conductor is wound into a coil,
then a single Circular flux line expanding out
from. the center of the' conductor in one of these
loops will cut many of tbe other loops. There-
fore, the cemf produced will increase because
the flux linkage between one part of theconductor
and another will be greater. Figure'2-48 shows
a coil placed in a circuit con,taining a simple-
source; All of the coils in this -circuit will now
have flux field's built up -around them. All of
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. 76.88
Figure 2-48.--,,,"Coiling" a conductor to produce

greater, induced. EMF.
, -

these ;fields ilinturn will cut several _coils next
to the coil em ating the ,field. As you can see,
as. we "coil" a wire, the induced emf will be-
come more pronounced. It will also become more
pronounced as we decrease the distance between
the turns because more turns will be cut by the
fields( of other coil The circuit in figure 2-48
is more INIDUC ,E than the circuit shown in
figure 2-47.

Nem'', a na al question: How does inductance
oppose any a ge in current? Without going into
a long, involved explanation, thtinsweris,simply
this: Taking an a.c. signal a an example, as
the voltage builds up on one swing of its two
alternations, the cemf produced builds up at the,
same time, opposing the source voltage. As the
a..c. signal starts on 48 down swing towards,
zero, the, cemf begins to collapse and act as
an emf (voltage) by exerting en induced voltage
in the same direction that' the source acted.
Thisainduced voltage tends to keep the current
at a higher rate while the source, falls to zero
and then starts on its second alternation. Where-
upon, the cemf will again oppose it, therehy
keeping the current more stable.

Factors Affecting Self
Inductance 1-."

)
Many 'things affect the sattinductance of a

circuit. An important factor is the degree of
linkage 'between the circuit conductors and its
electromagnetic' 'flux. In a straight length ofd"
conductor, there is very little flux linkage be-
tween one part of the conductor and another.

Therefore, its inductance is very small. Colt
ductors becofne much more inductive when they

axe wound into coils, as shown in 'figure 2-49.
This is true because of the maximum flux
linkage between the conductor turns which lie

- side by side in the coil,
Indubtance is further affeCted by the manner

in which a coil is wound. The coil in figure
2-49(4) is' a poor indUctor compared to' the'
coil in figure 2-49(B)..'That is because. its turns
are widely spaced, thus decreasing the flux link-
age between its turns. The more inductive 1.111,_
shown in figure 2-49(B) has more closely spa011111,
turns and the two layers link each other with a'
greatef nivber of -wc fields during 'all..flUx
movements. Note "thp nearly all turns, such as
turn (a), are directly adjacent to four other turns
(shaded), thus affording increased" flux linkage.

The coil shown in figure 2-49(C) is,yet more
inductive. This was accomplished by winding it in
three layers, and providing a highly PERMEABLE
core made of IRON. To better understand this,'
let's define the terfn PERMEABILITY: The ease
with which magnetic lines of force distribute
themselves throughout the material. As we all
know, iron is very easily magnetized and drstri- .
butes magnetic lines of force quite easilk. The

.:.magnetic properties of the irontoore increase the
total coil flux strength many times that Of an
air core coil of the same nAunber tof turns.

From the foregoing, we can arrive at a few
simple conclusions. Theiprims.ry factors affecting
the inductance of a coil are: .

(1) The number' of turnirof conductor,
(2) The, ratio of the cross-sectional -area of

the coil to its length,
(3) The permeability of Its core material.

The inductance of a coil is affected by the
magnitude of the current when the core is a
magnetic material. However, when the core is air,
the 'inductance is incleixandent of the current.

To summarize- briefly before going further,
the cernf is an INDUCED emf,' or voltage. This
voltage is induced in conductors of a circuit
by means of. the magnetic field surrounding any
conductor carrying current. Any change in current
changes the intensity of this nagnetic
and the resultant emf induced (the coup emf),
is self-induced. Thus, the property ofa
cuit which produces such an emf is called
self inductance. Actually, all elements in a
circuit, including connecting wires, show some
self inductance, but realistically., only those

laments designed to make use of this property
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Figure 2-49. Coils of

(C

ous

to advantage are Imown as iinductafices, or INDUC-
TORS.

Magnitfide of a
Counter EMF (CEMF)

The magnitude ,of a counter -emf' (CEMF)
depends upon the same factors that gcivern- any
,induced emf. -Let's ..resWe- a law of -elects.
mignetio induction: The EMF induced in an),

_circuit is dependent upon the rate of change of
the flux linking the circuit. Since there is no
physical movement of the conductor or the lines
of force in self inductancest,he pate of change
of the flux density is dependent fupon movement
of some kind. Obviously, the magnitude of a
'self induced emf depends upon the rate of change
of the CUftRENT in a circuit. Further: it stands'
to 'reason that a , rapidly changing .Current in-
duces a greater EM than a .slowly changing .
current. That Is why a self induced emf will
not be as great in a d.c. circuit because the
current varies very little, therefore, a smaller
emf. But for an a.c. circuit, the rate of change
of current depends upon the number of Hertz,
or the frektency. The counter emf in a.c. cir-
cults then depends upon the frequency.

Mutual Inductance

muTUALINDUCTANCE Occurs wheneVer two
coils are located so that the flux from one coil
links with the turns' of another coil and produces
an emf that coil. The two coils are said to
be "mutually inductive ". In figtre 2-50, we
have shown two coils that are x:Ritual/ inductive.
If the coils are separated a COilsidera e distance,
the amount of flux col mon to both coils Is small
and the. ,mutual indt4tance is low. Conversely,
if the c011s ate close together sd that nearly
all the flux oif One coil links the turns of the
other, mutual inductance is 'high-. Mutual in-

v'ductance _may: be increased by mounting - two
coils-on a common iron cOr4

As was mentioned 'previotisiy, the mutual
in ctance of two adjacent coils is dependent
upon th4k (1) physical dimensions of;',.thes two
coils, the number of turns in each boil,
(3) distance between the two 'coils, (4) relative
positions, of the axes of -the 'two ,coils; and (5)
the permeability of the cores.

If the two coils are so positionedAuft all
A the flux of one coil cuts all the turns of the

other, the coils have what is called IgITY CO-
236.185 EFFICIENT OF COUPLING. If all of the flux

inductances. produced by one coil cuts onl/one-half the turns

5
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(B) INPUCTORS:FAR A4T--$MA

There is a formula for Calculating total inductance
whenever the effects of mutual inductance are
prevalent. HoWever, at this point, such a dis-
cussion would only' serve' to confuse yol&. For
information relating to that calcu101on, refer to
BASIC ELECTRICITY,NAVEDTFiA 10086 series.

INDUCTIVeVOLTAGE
AND CUttNT

. .

As stated preitioUsly, any change in c rent,
either a rise or a fall, causes a corre6 nding
change in the magnetic flux around n c 11. If
the current is . in the form of ak sine wa , the
induced voltage will also have the form.gf a sine
wave. The induced voltige always Oli SES a -"

L2 change in current. 'Take a look at fi -2.41'.

_the rise in urrent. Later, when the current is
posite pol ty -td the source emf oppodes

When the c rent is rising in a positiv direc-
tion from degrees, the *induced end' of op- ,

falling towards its zero value a 180 degrees,
the induced voltage is of the s polarity as
the current and tends to keep -04 current from

76.89 falling. Thus, the -induced voltage can be seen'
Figure 2-50.Increasing and decreasing miituai, - to LAG THE CURRENT. by 93 degrees. _

, indubtance. . The resistance of the coil is- small and the
primary opposition to, the current' flow, through

(C) INDUCTOR AXES PERPENDIC-
ULAR -- NO M -

of the other coil, the coefficient of oupling is
0.5, or 50%.Coefficieneof coupling is` designated
by the letter "k". The -coeffici a coupling
is 'equal to the percentage Orli originated by
one coil that cuts another coil. It s. iieverequal
to 'unity, but it may approach that value in
certain types of coils. t

Series an Parallel
InduCtori

- ie -i:-.4,:-,. -

- ---7:':= Its, toiinita. 4,r determining total inductance
fii, .0,..circUit , tisk siniple% Inducranderedi rkilcillated

`Atli' soyne way, that resistance its in series or
Skillet circuits. The following formulat assume

t the inductors are well shielded; or located
f enough apart lo make the effects of mutual
inductance almost, negligfble. FOr series in-
ductois:

LT = L) + L2 + L3.. lvtc...

For parallel inductors:

1 1 1 1

LT 1 + L2 + L3 ...etc... Figure

53
(-0

r

0-r'

90

Eine L 90,

tc I
236.195

2-51. Inductive voltage and current.
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the coil is the induced voltage. The applied
voltage, or source voltage, is slightly larger than
the induced voltage and is in,slitect opposition
to it. The current lags the applied voltage in an
inductive circuit by 90 degrees, The induced
Voltage is always of oppesite polarity to the
applied voltage and is called a COUNTER end

-.dr a, BACK eta because it always opposes the
change of current.

CATACITANC E

All electrical circuits are composed of either
resistance, inductance or capacitance, usually
all three, Two conductors separated by a non-
conductor exhibit the Oroperty of CAPACITANCE,
because this combination can store an electric
charge. Inductance opposes a change in cur-
rent. -Capacitance is a property of a circuit
which opposes a cliange in voltage. Also, whereas
inductance stored energy in an electromagnetic
field, capacitance stores energy in an electro-
static field.

Electrostatic Field

When one charged body is brought close to
another charged body, there is a force that
either causes the 'charged bodies to attract 9r
repel etch other. If these charged bodies have
the same sign of charge, they will tend to repel
each other. If they hale unlike signs, there will
be a force of attraction between them. This force
of attract4on or reptilsion is caused by the
electrOsta4c field that surrounds every charged
'body. Haifa material is charged positively, it

as .a Mk of electrons. If its is charged nega-
tively, it has an excess of elecfl.ons.

Look at figure 2-52. Here we have shown
two ;:charged bodies exist g in close Troxim.tty
to each other. One is ne vely charged, and one
is positively charged. Between these two charged

. bodies, there is a STATIC FORCE FIELD ex-
isting due to natural laws of attraction and
repulsion between 'differently charged bodies.
If we could see tTie lines of force, we would see
them emanating from the positive body and
going towards thanegative body. Remember, these
are lines of force, not electrons. An electron
will move from negative to the positive material
AGAINST the lines of force.

The force between charged bodies is very
aptly explained by a common electrical law:
The fdrce existing between two charged bddies
is directly proportional to the product of the
charges and inversely proportional to the square
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ELECTROSTATIC
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ELECTRON.

236.198
Figure 2-52.An electrostatic force.field.

., .

of the distance separating them. In other words;
the greater the charge on the charged bodies, .

the greater will be the force field, and the
greater the di tance between the charged bodies,
the less the ff rce of attraction. Alk interesting
characteristhc ,tof electrostatic lines of force is
that they have the ability to pass through any
known material.'

Thetcapacitor

' CA,PACITANCE is defined as the property of
an electrical circuit or electrical device to oppose
a change in voltage. Capacitance is also defined
as the measure of the ability. of two conducting
surfaces, separated by some form of non-
conductor, to store an electric charge. For *e
present; we will use air as the insulating ma-
terial between two conducting surfaces.. .

The device used in electrical circuits to
store a charge by virtue of an electrostatic field
is called a CAPACITOR..(Thelarger the Capaci-
tor, the' larger the charge that can be st6redd

The simpleit type t of capacitor consists
of two metal plates separated by air. An il-
lustration of a simple capacitor and its schematic
symbol is shown in figure 4-53, The conductors
that form the capacitor are called PLATES. The
material between the plates is called the DI-
ELECTRIC. The two vertical lines in figure 2-53
represent the leads cOtuiecting the capacitor
to the rest of the circuit. Notice that the schematic
symbol (B) and the, simple capacitor diagram
(A) are similar in appearance. Capacitors, how-
ever; may be in many configurations (round,
rectangular, square, etc.); but the CROSS-
SECTIONAL area. of the plates of the capacitor
is very large in comparison to the connecting
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( A)

OUTSIDE CONDUCTOR

. 236.200
Figure 2-51.Capacitor and its schematic sym-

bol.

may define DIELECTRIC CONSTANT intwo ways.
We may now list the three factors that affect
the value of capacitance:

(1) The area of the plates
(i) The distance between the plates
(3) The dielectric constant of the

between the plates .

Unit of Capacitance

conductor leads: What this means primarily is
that there is an.'over-abundance of free elec-
trons available in each plate of the capacitor.
If the elves-sectional area and pla4te material
,of, the capacitor plates are the same, the number
of !Ale electrcmi in each plate must be ap-.
proximately the same. It is possible, however,
to store -so. large a charge on one plate of e
catkoitor that the' insulating material between
the elates .will begin to conduct, so there is a -
limit as to The amount of charge that can be
stored in the capacitor.

rigure4 2-53(A) sfiows . a capacitor' in its
simplest form. It consists of two metal plates
separated by a thin layer of ineulating ma-

, terial, dielectric. When connected to a voltage
source, the voltage forces electrons onto one(

_ pla making it negative, and pulls them off the
othe plate,' making it positive. Electrons cannot
flow ough the dielecttic. Since it takes, a
definite ty of electrons to ',fat up ", or
CHARGE a capacitor, it is said to have a

*CAPACITY. his characteristic is referred tas
capacitance

Various materials vary in their ability to
support electric flux or to serve) dielectric
material for capacitors.- The ability of a di-
electric 'material to support electric flux is
expressed in a figure known as its DIELECTRIC
CONSTANT. Usually a vacuum is used as a
reference point for all dielectric materials.
The °dielectric constant of a material is 'also
defined as a ratio of the capacitance of a
capacitor using that particular material as a
dielectric to the capacitance of that same capaci-
tor using air as a dielectric. So, we actually

55

material

. Capacitance is measured in a unit called the
FARAD. The farad can also be defined in terms
of charge and voltage. .A 'capacitor hks a ca-
pacitance of 1 farad if it will store 1 coulomb
of charge when connected across a potential of
1 volt. This can be expressed mathematically:

C

where C = Capacitance in Farads.
Charge in Coulombs''_

E = Applied Potential in volts

Do not get :the mistaken idea that capacitance
depends upon current. or voltage. This formulp.
is merely used for finding farads. Capacitan'do
is determ'ined entirely by physical factors Ilk-
ready mentioned.

You will, probably find, in dealing with elec-
tric circuits, that a farad is a very large and ,-)

cumbersome figure to use. Rarely is caparci-:1
tance measured, in so large a 'figure. Rather,
it is measured usually in microftuacth (uf). or
micro-mic,rofarads (uuf). To avoid denfuside
and the use of double prefixes, the term piC0-
farad (pf) is";,Preferred to the term micro-
microf arad.

The formula for determining capacitance in
a parallel two-plate: capacitor is as follows:

C = 0.22490
where C is in picofarads, A is the area of one
of the plates in square inches, d is the distance
between the plates in inches, and k is the, di=
electric constant of 'the insulator *parating
the plates. From this formula it may be seen
that the -)capacitance increases when the Plates
are increased in area, it decreases if the spacing
of the plates is increased, and it increases-N
if the dielectric constant is increased.

44.
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Charging aapacitor

In order to better understand the action
of a capacitor, let's examine the "charge"
:and. "discharge" action of a purely capacitive
circuit. Take a look at figure 2-54. Here we
hive showqr an Uncharged capacitor, (A), and
the same capacitor when -charging,, (B). In fig-
ure 2-.54 (A),, the circuit is shown "open",
that is, lo oufrent can flow because there is
not a complete .path. Each plate of the.capacitor
is filb, neutral body, and ,until a difference in
potential is felt across the capacitor, no elec-
trostatic field can exist between the plates.

To charge the capacitor, the switch must
be in position 2, which places the source voltage

Figure

Mr
ELECTRON

236.203
2-55. Polar_tiets wring charging of a

capacitor.

across the plate's. of the capaciti)r. Although the
action is alMost instantaneous, we will slow it
down and explain What happens.

-\At the iestant the switch le:plaiced in pots
tion 2, a isp1 acement of electrons will occur

,`"simultanettslyAn' parts of the-circuit. Natural-
ly, this electrenT,1114rcement is from the nega- e
tivcr terminal of:the battery toward the positive
terminal. In figure 2-55, we Show the direction
of current flow and the polarities built up in

(A) UNCHARGED

(1)

ci

(----(2)
(3) (4)

10V"
ELECTRON FLOW

C

(BL CHARGING
236.202

Figure 2-54.-- Charging a capacitor.

4

I-

the circuit. As the switch is cloged, the post=
tive terminal of the battery extracts an elec-

t trOn from the bottom conductor, and the negative
terminal of the battery, forces an election onto
the topce

time,
conductor, -or

electron is
fotherccaepdacointor. At

the same
top plate and another is pulled front the bottom

/clockwise

Thus, in every part of the circuit, a
/clockwise displacement of electrons occurs in the
manner of a chain reaction.

As electrons accumulate on the top plate of
the capacitor and others depart from the bottom
plate, a difference in potential develops across
The capacitor. Each electron forted onto the top'
plate makes that plate more negative, while each
electron removed from the m plate makes
that plate mere positive. Noti that the polarity
of the voltage which builds up rose the capaCitor
is such as to 4P-POSE- the SOURCE, or, ie
other WOrds,, it has a tendency to try to makb
current flow tack the other way, COUNTER-
CLOCKWISE. As the---capacitor continues to
charge, the voltage aIstross the capacitor rises
until it' is equal in 'amount to the source voltage.
Once the capacitor voltage equals the 'source
voltage, the two voltages balance out, and th
current ceases to flow in the circuit.

It. should be emphasized at this time that
no current flows_ through the capacitor. The
material between the plates 'of the capacitor
must be an INSULATOR.

Look at figure 2-56. We have shown the
same circuit ae., was shown in figure 2-54.
The only difference is that we show the 4te
position switch in position 3 and in position 4.
With the switch shown in position 3, figure 2-56(A),
the electrons on the upper plate are now 98-
sentially isolated. ) Thus, the capacitor plate
will remain charged indefinitely.

.c 56
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(A) UNCHARGED
WO

4) DISCHARGING

. .

a capacitor does not consume power. The energy
the capacitor draws from the source is re-
covered when the capacitor bf discharged.

bapacitor Losses

Losses occurring in capacitors may be at-
- tributed to either DIELECTRIC LEAKAGE or

DIELECTRIC HYSTERESIS. Dielectric Hys-
teresis may be defined as the change in the ";
orientation of the electron orbits in the di-
electric due to rapid reversals of polarity and
line voltage. The amount of loss depenlo upon
the type of dielectric used. .

Dielectric leakage ocCurs in a capacitor as
the result of- current lealdhg through the di-
electric. Norm ally,'of course, it is assumed that
the, dielectric will effectively prevent the flow'
of current through the capacitor. However, -as
mentioned previously, a small amount of current
doer flow between the pldtes of a capacitor.
This -current is so small lliai it is considered
insignificant as a loss. If the leakage through,
the clielectriceis abnormally high, however, there
will be a rapid loss of enlarge and an overheat-
ing of thefc,apac r.

236.305
Figure 2-56.Capacitor "storing" a charge

(A), then "discharging" (B).

The '141E EC TRIC bet een the plates Of a
,il- s'

capacitor is not perfect, of course. Usually,
a small leakage O rrent will flow through the
insulating material to the other plate of the
capacitor and.-eventu y will drain the capacitor
Of its charge. A high quality capacitor may hold
its charge up to a month. me

At full charge, the electrodtatic field be- / i
tween the plates is at a maximum and the energy -,,../o tage
stored in -the dielectric is maximum. If the ,,, 'cap
charged bilicitor in figure 2-56(4) is discon-
nected from 1,4 sourict, the charge will be re-,
tained for 'scone .iiii:T.i.od of time: The length of
time the chge.,11iii'r;*etained Open on the
amount of leakage .'CUriektroftesent. §ince the
electrical energy isstoredd' in 't pacitor, a
charged capacitor ciin act as a id&

Discharging a Capacitor

To DISCHARGE a capacitor, the charges one
the two plates must be neutialized. This is don

illproviding/a. conducting path between the two
tee. In figure 2-56(B), we have shown the

position switch in sitiop/4. This provides a
path for current tween the two plates. The
excess electrons

T.e
deter
are n
near.
There

PO ER FACTOR of a capacitor is
by dielectric losses. If the losses

ble, the capcitor is considered to be
ect and has 'a power factor of zero.

e, the power factor of .4 capacitor is a
ent of its efficiency..

the positive Pilate
therefore, neutr

R ting of

In selecting or substituting a capacitor for.
use in a particular circuit, consideration must
be given to (1) the value of capacitance de-
sired and (2) the amount of voltage to which the
capacitor is to be. subjected. If the voltage applied
across the plates is too great, the dielectric will
break down and arcing will occur between the
plates. The capacitor is to short-circuited and

...the possible fl* of direct cur ent through. it
cause damage to other partff/Jot the equips-.

nt. Capacitors have ee voltage ratio, that
should not bieXceeded. /

The. "working voltage" of the capacitor is
the maximum voltage that can be steadily ap-
plied. without danger. of "arc-over". The work-

the negative plate flow to ing voltage depends on (1) the type of nraterial
til they equalize and are, jused 8/ the dielectric and '(2) the thickness of

It should be noted that theAdie ctric.
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,/
The voltage rating of the _capacitor is a

factor in determining the capacitance because
capatitance decreases as the. thickness of the

".. 'dielectric increases. A high voltage capacitor that
. ;has a thick dielectriernust a larger plate

area in order to have the same! capacitance as
a iimilir low voltage capacitor having a thin
dielec ric. The voltage rating also, depends on
the f equency because the losses and the re-
sul t heatipg effect increase as the frequency
increases

A capacitor that may be safely charged to
500 volts d.c. cannot be safely subjected to
alternating gr, pulsating direct voltages whose ef-
fective values are 500 volts. An alternating volt-
age of 500 volts (rims) has a peak voltage of 707
volts, and a capacitor to which it is to be ap-
pliec should have a working voltage of at least
750 volts. The capacitor should be selected so
that its working voltage is at least 50 per cent
greater than the highest voltage to be applied to
it.

Calculating Capacitance

Calculatfrig capacitance is really quite simple
if you can remember one basic rule-of-thumb:
Calculate capacitance. exactly opposite the way you
would calculate resistance. In other words, for
capacitors in SERIES, the- formula would be:

1 1 1 1
C C1 + C 2 +C3 . etc...

We use the RECIPROCAL. method, just as we
did for parallel resistors. We can also use the
product over the sum method when only two
capacitors are involved in series:

Cl x C2Where C m - Cl +C2

just as we did for resistors in parallel.
For calculating c pacitors in parallel, the

same rule of thumb applies: opposite the way
you would calculate re istance. As an equation,
it, would be: CT = Cl + C2 + C3. ..etc. just as
we did for resistors in series.

INDUCTIVE AND CAPACITIVE
REACTANCE

Inductive Reactance

We mentioned previously that the opposition
that an inductance offers to a changing current

6 ;
58

was called induced voltage or cemf and has been
measured in volts). This is true insofar as a
coil can build ups' a cemf that will oppose the
source in polarity, thein aid the circuit by,aiding
the current flow in it. However, opposition to
current flow is normally measured in ohms,
not volts. The ohm, of ourse, is a measure of
resistance. Since a co reacts to a' current
change by generating a cemf, a coil is said to
be REACTIVE. The opposition of a coil is,
therefore, called REACTANCE (X), and is meas-
ured in ohms. Since more than one kind of re-
actance exists, the subscript L is added to
denote INDUCTIVE REACTANCE, (XL). Thus,
the opposition offered by a coil to alternating
current is inductive reactance or XL.

At this point, we can now state a formula
that allows us to solve for inductive reactance.
It is important that you underst d the re-
lationship between inductive reactant and fre-
quency. The formula is as follows:

where:

XL = 2ir fL

XL = Inductive Reactance-in Ohms
2i = 6.28 (Number of RADIANS in One

Cycle)
fiThf = Frequency in Hertz

L = Inductance in Henrys )

It b)i.j...3;:already been said that the .cemf of
a coil depends on the coil's inductance and the
rate of flux change around the coil. The rate
of flux change, of course, depends upon the
frequency, or number of alternating cycles per
second (Hertz). Therefore, we can change the
reactance of a coil by changing its inductance
or by changing the input frequency to the coil..
As we increase the frequency,, the rate of flux
change also changes because of the inherent
characteristic of a coil to build up magnetic
flux fields around the -turns comprising the
coil. The formula, of course, tells us that if
we vary either inductance frequency, then
we change inductive reactance. Sinbe most in-
ductors are manufactured at fixed values, the
only variable factor affecting the inductive re-
actance of a coil, normally, is frequency. As
we increase the frequency - applied tti a coil, we
increase the reactance of the coil to current
flow, or, its resistance to the applied frequency
or current. This reactance, dr resistance, is
measured in ohms and exhibits the'same proper-
ties that a resistor of that value would exhibit

-444°
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toQ3urrent flow Jf placed in the Circuit. Re-
-mewl:or, reactance is' a resistance, not an
inductance.

`Capacitive Reactance

The donna'. of capacitance was stated as
the ability to se a change in applied voltage.
Ulla& been state; that a capacitor charges to the
value of the source. At the time that the charge
of a capacitor equals the app4ed voltage, no
more current flows. Since a capacitor REACTS
to S' voltage by 'producing a cemf, a capacitor is
Said to be REACTIVE. The opposition of a capaci-
tor, is therefore, called. REACTANCE (X) and is
measured in-solung. In order to cistinguish ba-
paoitive reactance from inductive reactance,
the subscript "p" is added to the symbol X.
The opposition offered by a capacitor to al-
ternating current is termed CAPACITIVE RE-
ACTANCE and desighated by XC.

It is not necessary that you uncrirstand all
of the reasons for the formula, but it is im-
portant that you understand its relationship to
applied frequency. The formla. is as follows:

XC = f C

where:

XC = Capacitive Reactance in
Ohm EY

2 it = A Constant'
f = Frequency in Hertz
C = Capacitance in Farads

As you can see, the two values that will
change the reactance of a, capacitor are the
frequency and the capacitance. If a csasbitor
has a fixed value, then the only variable will
be frequency. Often, however, capaCitors are
variable and the reactance of a capaCitor may
vary' widely depending upon the applied fre-
quency to a cir,cuit and the varied setting of the
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capacitor. The entire produet- of gvfC is di-
video :-into the number "1", as shown by our
formula.. Thereason for that, in simple terms,
is that the reactance of a capacitor ts an in-
verse function of the capacitance of fileapaci-
tor. The important thing here, is. to realize that
the reactance varies INVERSELY with the ap-
plied frequency and capacitance. In other words,
if we increase either stpacitance or frequency,
we will find that capacitive reactance di3creases;
and vice-versa. This is exactly opposite to
inductive reactance where it varied directly.
So, as you can see, capacitive and inducUve
reactance are exactly opposite values for the
same applied frequency.

Impedance

Impedance is .tile TOTAL OPPOSITION to
the flow of alternating current in a circuit that
contains resistance and reactance. In ,a purely
'inductive circuit, the only resistance to a.c. is
the reactance; thereiore, the reactance would
be the impedance, or total oppOsition to cur-
rent flow. In a purely capacitive circuit, the only
resistance to a.c. is the reactance. 'therefore,
reactance would be the impedance. However, in
a circuit compkised of resistors, capacitors;
and inductors (which is nearly always the case),
impedance would be the .combined values of re-
sistance, capacitive reactance, and inductive re-
actance. They are all measured in ohms and must
be cumulatively figured to determine their com-
bined effects in a circuit, which wouldbe equiva-
lent to the impedance of the circuit.

It should be po d out that it is the com-
bined effect of all of these properties that make
up impedance. By t we mean that yatiAuuiot
add the reactances to resistance apd find
impedance. Impedance mkt be'Plotted bn 'a graph
and solved geometrically.. This is because the
reactances are -4hversely proportional to each
other as was mentioned earlier. We may only
find their CUMULATIVE, or NET effect in a

/Circuit. This value is impedan/ce. "

Appendix III contains a ija of the formllas
discussed in this chapter.
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CHAPTER 3

BASIC TRANSMITTER. THEORY

In today's modern Navy, communications is the
nerve center. Without it, all of our sophisticated
'weaponry would be useless and coordinated naval
.operations would be impossible. Naturally,. this
calls for corolnuntcations and equipment to bel
reliable, secure,, and rapid. Our equipments today
are more complex than ever and are becoming
more so. It stands to reason that, with the advent
of more complex communications equipments,
communications itself will become more complex
and capabilities will increase.

TranaM3,tt4ing and receiving communication
signals is the job of the P.M. -Receiving signals,
of course, involves receiving equipment, whereas
the. transmi ssion of signals involves transmitters.
The thousands of pieces of communicatior an-
cillary and terminal equipment are wor ss
if our basic transmitters and receivers aren't"
working. It is, thbrefore, very important for
you to understand basic transmitter and re-
ceiver theory. In this chapter, we will discuss
the Varia1S types of communications transmit-
ters, their functional block -diagrams, and
associated circuitry. Your knowledge of dom-
munications equipment not only increases your,
professional proficiency, it enchances your ship'_
capability to successfully operate' with ()Lifer
units that may .be in company as well as naval
shore-communication centers.

THE BASIC COMMUNICATION
SYSTEM

In figure- 3-1, we show a simple radio com-
mUnication network. In it we can identify each
basic element needed to establish radio com-
munications; a TRANSMITTER, a TRANSMIS-'

--SION LINE, and a TRANSMITTING ANTENNA;
a MEDIUM (earth's atmosphere); and a RE-
CEIVER, a RECEIVING TRANSMISSION LINE,
and a ftECEIVING ANTENNA. If we took away
any o of these elements, we could.not ef-
fectively communicate.
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MEDIUM
(EARTH'S ATMOSPHERE)

PORTION 00.R1210 WAVE
INTERCEPTED BY ,

RECEIVING ANTENNA

11/
TRANSMITTING

ANTENNA

TRANSMISSION
LINE'

RECEIIING
ANTE NA

TRANSMISSION
LINE

RECEIVER

V. 31.6
11Figure 3:1.Simple Radid Communication Net-

work.

Communications transmitters operate on fre-
quencies ranging from. 3000 hertz tfi several
gigahertz (Wiz). Most shipboard transmitters
operate in time medium frequency and high fre-
quency (MF/HF) bands of frequencies, as do the
receivers: The HF band lends itself well to
lorig-range communications which would account
for its extensive usage. t,

to the very low frequency (VLF) band (3 -
,

30 kilohertz (kHz), signals can be transmitted
over long distances and through magnetic storms
that iseight blank out higher bands. This band
of frequencies is used primarily for the trans
mission -of time standards, radio navigation,
and fleet broadcasts.

In the low frequency (LF) band (30-300 kHz),
signals are used for long range direction
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finding, medium and long range co4imunication
and fteronautical radio navigatioilsr

in the medium frequency (MF) hand (300-
3000 ItH2), relatively long distances "cat) be
covered.17Minternational stress frequency,
500 kHz, is in this band. Com rcial communi-
cations facilities also use this band eVensively.

.
In the high frequency (HF) band (3 - 30

megahertz (MHz)), mobile and maritime com-
munications units are primary users.

The very high frequency (VHF) band (30-300
MHz) is used for aeronautical radio navigation
and communications, radar, and Amateur radio.

The ultra high frequency (UHF) band (300
MHz - 3 Gliz) is used for short-range COM
m wit c ationo.

This is only a partial listing of the usage of
each band. To find a complete list of frequencies
and usages, consult NTP 6 end ACP 190,

The overall purpose of a radio transmitter
is to produce radiofrequancy (RF) energy' and,
with its amplifiers, coupler, and antenna, to
radiate a usefill signal. The basic construction
of a "typical trantsmitter" is shown -io figure
3 -2. There .4p, many variations, of course,
due to the merry communication requirements,.
but every ternsmitter has the basic components
shown in figure 3-2. We will discuss each trans
mitter component 41in detail as we progress
through this chapter.

TYPES OF TRANSMITTERS

There are many types of transmitters in
use in today's Navy. Each type, has its own
method of producing the kind of signal for which
it was designed. Most transmitters are baSicalay
simple`ip what they, do in that their basic function
is to TRANSMIT. However, the method by which
they accpnlplish their 'particular , MODE or
MODES f(methods) of operation may sometimes
be quite complex because of thia complex circtfitry
contained in the equipment. In this chapter, we
will not deal 'with the extreme complexities;
.rather, we will deal .with 'the major circuits,
and discu'ss their function& in the various types
of transmitters that we dill be talking about.

CONTINUOUS-WAVE (CW)
TRANSMITTER

Continuous wave (CW) is used principally for,
radio-telegraphythat is, for the transmission
of short or long pulses c RF energy to form
the dots and dashes (dits and-dahs) of the Morse
code characters. CW was the first type of radio
communications used and is eesentyally a long-
range mode. Although the Navy no longer uses
CvV as a primary means of communication,
it is still an alternate mode in most communi-
cation situations. Some of the advantages of CW
transmission are narrow bandwidth, high degree
of intelligibility under severe noise conditions,
and long-range capability.

The essential elements of a CW transmitter
are (1) a genes for of RF oscillations, (2)
a means of amplifying these oscillations, (3) a

ANTENNA

method of turning the RF output on and off
(keying), and (4) an antenna to radiate the keyed
output of, the transmitter.0A block diagram of?"
CvV transmitter is shown in figure 3-2. .

As the block diagram shows, we satisfy the
four requirements on CW transmitter. The
OSCILLATOR is used 0 generate the RF CAR-'
RIER at the assigned or selected. frequency.
The BUFFER AMPLIFIER isolates the oscillator
from the stages electrically "downstream" of
it, thus preventing load osculations and vaiia-
tions from affecting theoperation of the oscillator.
The BUFFER also provides amplification of the
signal coming from the oscillator. The POWER

20.201 AMPLIFIER provides further amplification of the
generated signal. The ANTENNA, of course, is

'OSCILLATOR
BUFFER -

FREOUE NCY
MULTIPLIER

WER
A PL WIER

-11

Figure

/KEY

POWER
SUPPLY

3-2."Stages of a typical_

transmitter.

61
)



I4 A r1T(AA1 ;4 9

4,

used tto----radiate the RF carrier, tt:tuf the POWER
SUPPLY provides all operating voltages for,the
components within the individual stages.

One or more Stages of amplification may be
used between the- buffer and the antenna. The
stage which is connected to the antenna is usually
called the 'final Power Amplifier (PA), as shown
in figure 3-2. Any other-144es of amplification
are known as Intermediate 'Power Amplifiers
(IPA), 'In figu 3-3, we have shown a 'typical
transmitter figm the oscillator to the power
amplifier. The 'only difference is that we have
two IPAs between the buffer and the PA.

The KEY is used to turn the; buffer on a'nd o
When the key is closed, the 4F carrier passeg../
through the buffer stage, d when the key is
open, the RF carrier is pre
-through. This key, of cou
the hand-key known prirnari

ented from passing
se, corresponds to
y to Radiomen. When

the key is depressed to send a dit or a dah,
the current flows, and the path is closed to
the PA. When it is not depressed, no
will glow, and nO dit or dah will be sent.

Oscillator

current

r The Atestion that should arise at this tirm:;
is, "What is an oscillator ?" This question can
best be answered by defining what an oscillator
does. The primary function of an oscillator is
to generate a given \,VAVEFORNI at a constant
ampktude, at a specific predetermined or pre-
selected,Xrequency, and maintain this waveform
within-Certain limits. Most Hy oscillators -are
capable of generating all,of age frequencies re-
quired by their associated equipment. In other
words, the oscillator of an NIF/111.' transmitter
can generate all of the 'f.requencies-required in
the NIF/I-IF band. Therefore, an oscillator is
a non-rotating device for producing- a.c., the

OSC BUFFER
5W FIRST

INTERMEDIATE
AMPLIFIER

5W

frequency being deter,rninedbythechaia cteri sties
of the device . By o' 'characteristics of the device",
we mean that some oscillators 9perate at-trMy
one frequency while others may generaie millions
of different frequencies.

The fact that a circuit is capable of oscillating
does not make it a useful oscillator. A circuit
must be able to generate sustained oscillations
in a desired and controllable manner. Without
the electronic *oscillator, Very few advanced-
electronic`circuit applications would be possible.,
You will find that oscillators are used in almost
every receiver as well as in transmitters. Al-
though. the job in each is different in nature, the
oscill for still performs the same basicfunction:
It er ate s an a.c. signal at a eonstent amplitude.
T, frequency of the a.c. may vary depending
u n the frequency selection desired when op-
erating a transmitter, but an a.c. signal at a
constant amplitude is a must.

In figure 3-4, wit, have shown a typical trans-
mitter block cliagratn.. The only difference is
the addition of a "feedback .oircuit." In a basic
oscillator, the two main sections arelhe fre7
quency-determin,ing network (the circuit -*Alt,
generates the a.c, waveform) and a feedbackbo
network to help the oscillator sustain oscilla-
tions (continue generating the a.c. signal for ,

h it was designed). This feed-back signal,
h has a low amplitude; normally emanates

-) one of the output stages of the transmitter
and is fed back to the oscillator to provide
1(EGENERATIVE or POSITIVE feedback. Without
going into tl/p complexities of this, all we are
doing is aiding the oscillator
of supplying the transmitter
frequency.

fr

in its primary job
with the selected

Nearly every piece of equipment that uses
an oscillator has two main 'requirements ofItite
oscillator: AMPLITUDE STABILITY and FRE-
QUENCY STABILITY. The rigidity with which

SECOND
INTERMEDIATE

AMPLIFIER

1.igiire 3-3. Intermediate Power Amplifiers

POWER
AMPLIFIER

500W
ti
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Oscillator

Feed-Back Circuit ' Antenna

I1!.
Buffer -

Frequency
Multiplier

Power
Amplifier,

Power
Supply

76.89
Figure 3-4. "Feed-back" path to the oscillator.

these requirements must be met depends on
the accuracy demanded of the equipment it
serves.

Amplitude stability refers to the, ability of
the oscillator to maintain a constant plitude
output wateform. The less the deviati from a
predetermined amplitude, the better is t e ampli-
tutstatitl*,.

FrequenOy stability refers to the ability of
the oscillato -to maintain the desired operating
frequency.. The less the oscillator drifts from the

Paop tin frequency, the better is the frequency
stability.

The topic of oscillators is a very involved
one. Much can be said about oscillators and the
many types. However, for purposes of our dig-
cussion, it is only necessary that you know what
a transmitter oscillator does: Generate a.c. at
the desired frequency. For more detailed in-
formation concerning oscillators, consult the cur-
rent edition of Basic Electronics, NAVEUTEtA

-10087, Vol I.

Buffer
ea 0

The BUFFER AMPLIFIER, or first tvAi is a.
voltage amplifier that increases the amplitude of
the oscillator signal to alevel that will drive
the power amplifier (PA). The signal delivered by
the buffer varies with the type of transmitter, but
it may be hundreds or thousands of volts.
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The buffer ti-ves two other purposes, on
of which is to isolate the oscillator frbm th'
amplifier stages. Without the buffer, changes in
the amplifier due -to keying- or variations in the
source voltage would vary the load on the oscil-
lator and cause it to change frequency. It -may
also be used as a frequency multiplier to in-
crease the oscillator frequency to the desired
operating frequency. Figure 3-4 shows the rela-
tive position of the buffer with relation to the
oscillator and PA.

ower-Amplifier (PA)

A transmitter is a device for converting in-
telligence, such as voice or code, into electrical
impulses for transmission through space from
a radiating antenna. The simplest transmitter
consists of an oscillator which generates a high
frequency radio signal and an antenna syste
to propagate the energy. There are two dr w-
backs to connecting the oscillator'directly to the
antenna. The first is that the power output would
be limited because there;are no stages of RF
amplification -between the oscillator a
tenna to build up the strength of the RF si
Power output is important because it determin
the distance over which the transmitted signal
can be picked 49 by a receiver. The other
consideration is frequency stability. The load
impedance of the oscillator, in this case the
antenna, that is reflected back into the frequency
circuit has a great effect upon the frequency
stability of the oscillator. The reflected impedance
may contain both resistive and -reactiv com-
ponents. The reactive components alter
the frequency of the oscillator. A drift in the
frequency of the transmitted signal would mean
that a portion of a message could be lost at
the receiving end.

To overcome the limitations of oonnecting an
oscillator directly"? to the transmitting antenna,
one or more stages of amplification are con-
nected between the oscillator and the antenna.,
This is shown in block form in figure 3-k
It is in the FINAL PA that the generated sign
is amplified to its largest; value. The final P
usually has a greater gain with reference tot---"'
its input, than any intermediate amplifier.

n-

Power Supply

Power supklies do exactly as their name w ld
indicates: ThTy supply power to the equipmen or
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which they were designed. A transr tker, as well
as any other ?iece of electronic equIpment, is
made up of any different circuits with
componen comprising each circuit. The po er
supply p vides all of the operating voltage
both Cc. d.c., to the individual components
and variou circuits.

most'ower supplies must provide both a.c.
.d d.c. at the same time to satisfy all of the

requirements of the individual circuits. The
to output of a power supply is usually a.c. If d.c.

is needed from the supply, the a.c. signal being
supplied must be converted to d.c. This is usually
done by a process called RECTIFICATION. When
an a.c. signal is rectified it means that a
cycle Of a.c. is changed to"-RULSATING d.c.,

Oscillator
Signal

111111111 L>
11111 0 I

Oscillator
1st Power 2nd Power Final

Oscillator Amplifier Amplifier Power

(Buffer)
Y

Amplifier' , \..
',...._

'N.90
Figure 3-5.Stages between tte oscillator and

r antenna.

ACS, TO OTHER CIRCUITS

or one-half of a cycle of a.c. 1'o further reduce
a rectified a.c. e.ipal to a nearly constant-
amplitude d.c., t e sigr41 must be FILTERED.
Figure 3-6 eshows the a.c. output of a pottier
supply going to the various circuits needing
and shows the a.c. being rectified'to,pulsating
d.c: and then filtereto n almost constant d.c:

AMPLITDE- MODULATED (AM)
TRANSMITTER

Mociiken
11114 '

As we haive already discussed, whehever we
activate a transmitter, the oscillator generates
a signal, or waveform, that is constant in fre-
quency and amplitude. This signal, however, does
not convey any intelligepce by itself. Thi out-
put is called the CARRIER WAVE, or pimply
the CARRIER, and any information t trans-
mitted is added to it. This process of adding,
or superimposing, information n the carrier is
called MODULATION.

Why do we modulate ? Why riot just transmit the
intelligence as it is, say, our voices on a voice net?
The reason is really quite simple./As you will see
later, the longer the wavelength'of a transmitted
signal, the larger the antenna must be. Conversely,
the shorter the wavelength of apansinitted signal,
the shorter the antenna need be: Most speed
qucAncies fall almost entirely belpw 3 kHz and-to
construct gorresponcling antennas ashore would
require prohibitively- largeamoiints of land, be ex-
pensive to construct, and consume enormous
aiyko5tts of power. To install Butch antennas on
ships would be practically impossible.Vherefore,

PULSING
DC

Figure

FILTER
CIRCUIT

CONSTANT DC

76.91
\C. signal beinRECTIFIED and FILTERED.

64
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the solution to the problen
to translate, or transpos
up into a higher part of

of long wavelengths is
, the voice information

the frequency spectrum
where wavele hs are shorter and more com-
patible wit practical antennV sizes. Such fre-
quency translation is. accomplished by the process
of modulation. The topic of wavelengths and an-
tenna sizes is covered thoroughly in Antennas,
Chapter 5, of this publication.

Whenever' we modu)ate, we combine the signal
that we want to transmit with the carrier. In the
AM transmitter, we are modulating the carrier
wave with the voice. Figure 3-7 shows a typical
AM transmitter and its basic block diagram.
The idea here is to cause the output signal frOm
the PA to vary in amplitude according to the
current or voltage variations of the modulating
-signal (the voice). As we mention,zThe
frequency of, the voice is much lower than the
frequency of the farrier wave generated by the
oscillator. Our voices create a.c. waveforms
whenever we speak and these a.c. waveforms
vary at.the rate of our voice variations. Needless
to say, the a.c. waveforms created by our voices

A-F CJ

R-F OSCILLATOR

SPEECH
AMPLIFIER

RALHOFREOUENC Y
SIGNAL

are quite irregular wt'ith many high and many
low points to be seen if we were to look at
our voices on the screen of an osagloscope (a
devicsed to produce a visual reOesentation
of wolf orms on a screen). Repeating; the desired
result when amplitude modulating is to vary
the output signal of the transmitter at the same
orate that the modulation is varying. When an
information wave, normally refrred to as a
modulating wave, s impressed 1). 'carrier,
the result is that their voltages re, comntned.
in such a manner to produce a COMPLEX
WAVE (a wave composed of two or ore parts).
This complex. wave is the modulate wave and
is the waveform that is transmitted through
space. In figure 3-8, we have shown the carrier
wave (A), the modulating wave (B), and the com-
plex-wave (C). The complex or modulated wave is
contained inside the ENVELOPE. This envelope
is the total bandwidth an9i amplitude of the trans-
mitted complex wave. k

Let's refer back to figure '3-7 and define the
various parts of the AM transmitter. As can be
seen, the oscillator, buffer, and power amplifier

BUFFER
AMPLI Fl ER

POWER
AMPLI FIER

AMPLITUDE -MODULATED
IONA L

DRIVER MODULATOR

D C

POWER

SUPPLY

Fig-ure 3-7. I NplcaJ ItLi(liotclophund .fransirtitter (

O

AUDIOFREOUENCY
SIGNAL

13.53
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e"",

IIAAA
VIF7TV
CARRI R WAVE

MODULATING WAVE

MODULATED WAVE

Figure 3-8.Carrier wave, modulating wave and amplitude modulated wave.

perform the same function as in the typical
Ubansmitter discuwed previously. However, we
have added a few necessary circuity that will
accomplish amplitude modulation for us: A-micro-
phone, speeoh amplifier, driVer, and modulator.

The microphone takes the sound energy and
converts it' into electrical energy. The diaphragm
of the microphone moves in and, out in accord-
ance with the compression generated by sound
waves as you speak into it. The diaphragm is
connected to a device that causes current to flow
in proportion to the instantaneous pressure
delivered to it. For good quality sound reproduc-
tion, the signal from the microphone must cor-
respond in frequency content to the original
sound waves, or your Nice. Figure 3-9 shows
the basic make-up of a microphone, in this
case a crystal mike.

66

7

76.92

ale
The speech amplifier takes the signal coming

from the microphone and builds it up to several
volts at the input of the driVer stage. The signal
coming from the microphone is usually con-
siderably less than 1 volt. The signal is com-
prised of your voice waves being reproduced
through the microphone.

4 The driver stage is made ip of power ampli-
fiers that evert the signal into a relatively
large voltage. It does 'jufst-as its name implies,
it "drives" the signal (to a very large voltage
to build the signal to a level to modulate the
carrier.

The modulator is the stage that is con-
nected directly to the power amplifier. It takes
the driven signal from the driver and feeds it
to the power amplifier in such a way as to
alternately add to and subtract from the plate
voltage of the power amplifier. This adding and
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Figure 3-9.Crystal Microphone.

subtracting is done at the same rate of the
audio modulation and forms the modulated wave
shown at the output of the antenna.

The result of modulation is that the amplitude
of the RF field at the antenna is increased
gradually during the time the au* frequency
(af) output isincreasing the RF,power. Amplitude
is decreased gradually during the time the a.4
output is' decreasing the RF power. In other
words, during the positive alternation of the audio
signal (between point 1 and point 2 in figure
3-7), the amplitude of the RF output wave is
increased. During the negative alternation (4e-
tween point 2 and 3), the amplitude is decreased.
Amplitude modulation consists of varying the
amplitude of the RF antenna current (and RF
output wave) gradually over the relatively long
af cycle. Thus, the RF field strength is alternately
increased and decreased in accordance with the
af signal and at the af rate.

AM Spectrum And Bandwidth

:\s was previously explained, whenever the
intelligence to be transmitted is superimposed

on the Carrier in the form of changes in the
'amplitude of the RF energy, the resulting.modu-
lation is called amplitude modulation or AM.
However, we do other things to the transmitted
wave besides simply to modulate it.

When an RF carrier is modulated by a
stngle audio modulating frequency, two additional
frequencies are produced. One of theise e-
quencies is the sum of the RF carrier . the
audio frequency. The other is the drence
between the RF carrier and the audio frequency.
The stn frequencies are known as the UPPER
SIDEBAND and the difference frequencies are
known as the LOWER SIDEBAND. These new
frequencies are called SIDE FREQUENCIES be-
cause they appear beside the carrier when the
wave is displayed on a spectrum analyzer (a
type of electronic device that displays waveform-s
)a_lor a horizontal axis, from left to right in
ascending order of frequency.) EaOh frequency
or waveform shown by a spectrum analyzer is
represented by a vertical line; its amplitude is
represented by the height-of the line. The spectrum
of an AM wave is shown in figure 3 -1O. The
carrier frequency (A) is 5 kHz and the modulating
frequency (B) is 1 kHz. The lower side frequency
(C) is 5 kHz minus 1 kHz (4 kHz), and the upper
side frequency (D) is 5 kHz plus 1 kHz (6 kHz).
This is the type of display that would be seen
on a spectrum analyzer.

Note that the modu.latin frequency in fig.
3-10 is not part of the spectrum of the modulated
wave. It is, however, represented in that spectrum
twice: Once by the lower sideband, and once
by the upper sideband. Notice also that the ampli-
tude of each( side frequency is only one-half
that of the modulating wave. In AM, the power
contained in a modulating wave is redistributed
equally between the sidebands produced by it.
This redistributed energy adds to the carrier
power to increase the total amount of energy
radiated. This process of combining two fre-
quencies in such a way as to produce sum and
difference frequencies is called MIXING or
HETERODYNE action. The space which a carrier
and its associated sidebands occupy in the fre-
quency spectrum is called the BANDWIDTH,
If the carrier and the modulating signal are
constant in amplitude, the sum and difference
frequencies will also be constant in amplitude.
However, when the carrier and the sidebands
are combined and could be viewed simultaneously
with an oscilloscope, the resultant waveform



F
R ADIOMAN 3 &

MODULATING
WAVE

oc.

SPECTRUM OF THE
MODULATED WAVE

A

D

FREQUENCY (in kHz)

)1

Figure 3-10.---Carrie Modulating Wave, and side frequencies.

would appear as shown in fi re 3-11. This -re-
sbltant/wave is called the ICCITTLATION EN-
VELOPE. 41PN

Spectrum For Multiple1Modulation

Multiple-modulatiln simply means modulating
a carrier with more than one frequency. Instead
of having one ,upper sideband frequency and one
lower sideband frequency, we have more than one
of each. More simply ,stated, we have a band
of upper and a band of lower sidebands. Each
frequency in the band produces its ov,))n pair
of side frequencies, resulting in a muchmorie
complex spectrum. This is shown in figurie
3-12, as seen on a spectrum analyzer. Notice
that the bandwidth is equal to twice the mod ating
frequency (BW = 2 x Highest Mod Freq). s Figure
is a constant in all modulated waves.

'76.93 .

UPPER SIDEBAND

CARRIER

ORIGINAL AUDIO SIGNAL

LOWER SIDEBAND,

MODULATION ENVELOPE

The lowest frequency of the modulated wave
in figure 3-12 is .2 kH,z (A). It produces a
lower side frequency (B) of 4.8 kHz and an upper
side frequency (C) of 5.2 kHz. The next highest
modulating frequency (D) is .6 kHz. It results
in a lower side frequency (E) of 4.4 kHz and an
upper side frequency (F) of 5.6 kHz. The highest
modulating frequency (G) produces side fre-
quencies (H and I) of 4 and 6 kHz respectively.

68

3-11. Formation of
velope.

./*

7/.94
the modulation en-

.

Those side frequencies in figure 3 -12 #hat
are higher in frequency than the carrier are
referred to collectively a6 the upper sideband.
It can be seen that, the upper sideban is an
exact replica of the modulating wave. The o er
and spacing of frequencies are 'the same as in
the modulating wave, add their relative ampli-
tudes are the same (oven though the modulating
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Spectrum of the
Modulating Wave

A

.6

1
(

Figure 3-12.Modulati\nliwave on left,

wave ave only one-half of its amplitulse to the
upper sideband.) It is appropriate the N to say
that e information contained in the moelulating
wave has merely been translated, or transposed,
to a higher part of the frequency specWum.

Those sid% frequencies that are lower in
frequency than the carrier are referred to coi-
lectively as the lower sideband. The lower side-
band is, an inverted replica, or mirror image,
of the'vodu ting wave. The lowpst modulating
frequency ( is rapresented by the highest
frequency in th lower sideband (B), and the high-
est modulating frequency (G) is represented by
the lowest frequency in that sideband (H). Despite

ii-s equency inversion, the lower sideband is
an e ple of the information contained in the
vdulati wave being translated to a higher
part of the requency spectrum.

FREQUENCY (in

When both the upper andTower sidebands are
present and they contain identical information,
the waveform is known as DOUBLE SIDEBAND
(DSB).

Whenever a rnodu frequency changes in
amplitude, that ettan reflected by a corre-
sponding change in the amplitude of the side
frequencies produced by it. There is also a

and
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Spectrum of tt1
Modulated Wave

LSEL.E.;\

1

USB

E F
H I

I I

4 4.4 4.8 5 5.2 56 6

the r tant modulated wave on right.
76.95

change in the frequency content of each sideband
whenever a change occurs in the fre quency content
of the modulating wave. For example, in standard

oice transmissions, the combination of fre-
quencies being produced by the speaker's vocal
cords is constantly changing. Therefore, there is
also a Continuous change in the si0e frequencies
produced. Figure 3-13, shows the output of an A
transmitter being modulated with voice variation
The alternate adding , and canceling effect4
the voice sige waves on the carrier "shape
the carrier, or envelope, at the output.

Percent Of Modulation

The depth or degree of modulatiOn is defined
in terms of the maximum permissible amount of
modyllation. T odul
3-1t,t ows tie co do
For s degree of m
the au io signal, at its peak, must be equal
to the )

supply voltage to the final PA, Un
this condition, the BF output voltage will reach
zero on the negative peak of the modulating
signal &nd will rise to two times the amplitude
of the

on envelope in figure
s for 100% modulation.
ulation, the voltage of

er

of the m
modulated carrier on the po itive peak
dulating sOnal.

/./
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(A)

----1-----
UNMODULATED

CARRIER
AMPLITUDE

RF
CARRIER

MODULATING
AUDIO
SIGNAL

MODULATOR

MODULATING
AUDIO

SIGNAL

MODULATED'
RF OUTPUT

Figure 3-13.Outptit of AM transmitter.

. MAXIMUM RF VOLTAGE
IS TWICE THE CARRIER

VOLTAGE

RF OUTPUT IS ZERO

CARRIER
AT THIS INSTANT

SIDEBAND FREQUENCIES
ARE ONE-HALF THE
CARRIER AMPLITUDE

- FREQUENCY --s- p

r

76:96-' Figure 3'44. Conditions for 100% modulation.
4

14-

When analyzed, the modulation envelope in1
part (A) of figure 3-14 is found to consist of a'
carrier and two sidebands as shown in part (B).
Since fo 100% modulation, the peak audio modu-
lating voltage is'approximately equal to the peak
RF voltage, the combined sideband voltage is
equal to the carrier voltage. Because the side-
band voltage is divided between two sideband

"1,

UPPER
S.B.

inCARRIER

LOWER'',
S.B.

179.419

frequencies, at 100% modulation each side fre-
quency has an amplitude equal to one-half the
amplitude of the carrier. ,

- .

Although it is desirable to operate a trans-
)

mitter at 100% modulation in ordt to inject -a
maximum amount of energy into the sidebands,
this ideal condition is seldom pos ible -when a
carrier is modulated-113y voice. Th reason for
this is the great and rapid fluctuati ns in ampli-
tude that the voice normally contains. When the
modulator is properly adjusted, the loudest partf
of the tr smission -will produce 100% modula-
tion. The quieter portions of the signal will
produce 1 sser degrees of modulation.

In ord r :to measure degrees of modulation
less than 160%,_ it is Convenient to use a MOD-
UlATION FACTOR (M) to indicate the relative
Magnitude of the RF carrier and the audio mod-
ulating signal. Numericpy, the modulation factor
is as follows:

7 70

EM
Ec

where: M = The modulation factor

= The peak, peak-to-peak, or RMS
value of the modulating voltage

Ec The ca Vier voltage in the same
units as Ern

To illustrate the use of this equat on, assume
that a carrier wave having a ,peak am litude of
400 volts is modulated by a 3 kH ne wave
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having a peak amplitude of 200 volts. The mod-
ulation factor is:

Em
Ec

.m = 200
400

M = 0.5 - MODULATION FACTOR

If the modulation factor is multiplied by 100,
the resultant quantity is the PERCENT OF MOD-
ULATION (%M):

_ Where:

Em x 100
Ec

Em = 200 volts
Ec = 400 volts

The percent of modulation is:

Em x 100
7°m Ec

200 x 100
400

(tM = 0.5 x 100

(YGM = 50%.

transmitter is normally rated according to'
the amount of UNMODULATED CARRIER POWER
it is designed to deliver to an antenna. At 100%
modulation, the sidebands contain one-half as
much pmsver as the unmodulated carri r. If we
were to reduce ttke percent df modulati to one-
half of its original value, the sideb d power
decreases to one-fourth the amount btained at
100 percent modulation. This, shows the -im-
portance of a high percent of modulation. As
you will see later in this chapter, the amount
of power contained in sidebands is very im-
portant.

SINGLE-SIDEBAND (SSB)
TRANSMITTER

It was shown that an AM signal may be
considered to consist of a carrier, an upper
sideband, and, a lower sideband. The spectrum
analyzer representation of an RF carrier mod-
ulated by a single audio frequency 3.i shown in
figure 3-10. It should be recalled that a more

71

complex waveform, such as speech, would create
more frequencies in the sidebands.

The intelligence carried by, an AM signal is
contained in both sidebands. The amplitude of
the intelligence is represented by the amplitude
of either sideband, and the frequency of the
intelligence is the difference between the carrier
frequency and the sideband frequency. Since the
intelligence contained in one sideband is a dupli-
cate of the intelligence contained kir the other
sideband, only one sideband is requited for corn-,
munication. The other sideband may be eliminated
by the use of filtering. As the carrier is totAly
unnecessary for the transmission of intelligence,
it too may be filtered out. However, such com-
munication depends upon the reinsertion of the
carrier at the receiver in orderd,0 achieve the
properly demodulated frequenclik. This par-
ticular sideband system is referred to as Single
Sideband Suppressed Carrier (SSBSC).communi-
cation. Figure 3-15 shows an AM spectrum ana-
lyzer presentation. Figure 3 is a spectrum
analyzer presentation of a si ideband signal.

CARRIER

SSB USB

9.999 10 10.001
FREQUENCY IN MEGAHERTZ

179.440
Figure 3-15.AM Spectrum Analyzer presenta-

tion.

CARRIER
POSITION6

-t

FREQUENCY IN MHz 10 10.601

Figure
179.441

3-16. SSB SpeCtfuin Analyzer preeentit,
gon.
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The upper sideband has been chosen in the illus-
tra4on for transmission.' However, either side-
band could have been used.

Single-Sideband

Now that you knpw basically what is meant.
by the term ''SSB ", let's titke a look at some
of the advantages of it. One advantage of single
sideband is reduced bandwidtE`-requirements. If
a double-sideband signal requires 6 kHz for

ansmission, the same intelligence canbe trans-
mitted in only 3 kHz by eliminating one side-
band. This 50% reduction in the required band-
width is extremely valuable in conserving) the
overcrowded HF spectrum, where the number
of aVailable cornmArlication channels is severely
limited.

The second advantage of single sideband is
the conservation of power. In DSB transmissions,
about two-thirds of the bliansmitter'output power
goes into the carrier and about one-sixth into
each sideband. When one sideband is eliminated,
the power it\ would have received can be put
into the remaining sideband, which will then
contain about one-third of the total pdwer. The
type of signal that results from eliminating one
sideband but leaving the calarier undiminished is
known as SINGLE SIDEBAND FULL CARRIER.

.4.

The main function' of the carrier is to provide
a,c4rrpietuis by which an information wave can be
pr agated 'up into the detred portion 'of the

: frequency spectrum. The carrier itself contains
none of the intelligence, but it is needed at the
receiver to aid in demdiglulition (recovery of the
intelligence) and to pro de a sigiol for auto-
matic rece ;ver gain co rol. There is, ,,however,
no need, for the carrie to be at its full power

0 level, :and it is often wally reduced. This is
referred-to as SINGL SIDEBAND REDUCED
CARRIER. phis ows tiie `amount of power
taken from the c rier to lirk._ added' to the in-
telligence contain the si eland.

In ordertto'cdmplet y eliminate the need for
the carrier in the demodulation process, SSP.

-r receiving equipment generates asignal of tlita
e frequency tas the carrier, rei serts the

ca ier, and deEodulates the re e to obtain
the original modaating signal. Th refore, there
is no longer any

be eliminated
int in transmitting the car-

rier. It can at the transmitter
after being used in the process of increasing
the frequency pf the intelligence sideband. All

' k

.

of the radiated power can then be added to the
sideband being transmitted. As was mentioned
preViously, this is known as Single Sideband
Suppressed Carrier.'

Whenever one of the duplicate sidebands of a
double sideband signal is discarded, the positio0
formerly occupied by the discarded sideband can
be used to transmit a second, but independent,
sidebar' on the same carrier. The upper side-
band is produced by one information source, and
the lower sideband is produced by a secoilid
information source. Since the two sidebands ane-
separate single sidebands sharing one carrier-,
such a transmission is referred to as INDE-
PENDENT SIDEBAND or DOUBLE SINGLE
SIDEBAND, Independent' sideband can be trans- ,

mitted with full, reduced, or supprestecarrier.
The advantages of SSB communications are ',Id

as follows:

(1) Minimization of distortion: In dillitntiOnal
AM, the two sidebands and the car must,
arrive at the receiver with the same phase
relationship as when they were trantarnitted.,11
not, the received signal may be fzy and dis-
torted. With suppressed S'essed carrier S.Bi howe er,
these problems are minimized because only one.
sideband is transmitted.

(.2) Increased effective power: ,With sup-
pressed carrier SSB,, virtually all of the trans,-
mitted power goes into the sideband parrying

much greater,»the intelligence.. /his gives SSB(
range, 9r distance 9apability.

(3) bouble the num r of channels: In sup-
preesel-carriepy SSB, e number of channel
us(ng the . sam frequency in the spectrum, ie
doubled. ,

(4) ReduCtion of interference: In ntIrmal voice
transmissions, using AM, the carrier remains
on the air as long as the "push-to-t alV button
s dep?essed. In SSB, soon as e individual
tops speaking, talk power- in the pideband leakres

the air. Whenever two carriers are keyed si-
m ultaneoustr in AM, squeals, ,and howls may re-
sult. This is caused by two carriers heterodyning
together at the receiving 'end. SSB; even
though two stations key simultaneously,. it may
be po#sible for the receiving station to read
through tt'e interfering tion.

aunctional SSB T.-a nsmitter

'Figure 3-17 shows a fthigtional block agram -

of a basic SSB transmitter'. The input sii may
be, any deihredintelligence signal and cover

72
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.17 .
3 kl-11 I

300 H:

I
I ' 3 kHz

D AUDIO
AMPLIFIER

100 kHz

FREQUENCY
STANDARD

SSB

GENERATOR

IM

-EXCITER

11300 kHz

X 3 MULT.
CARRIER ...

GENERATOR

3 kHz

1.7 TO 31.7 Mx

I

74..41.

a

'
SMO

2 - 4 MHz

MICE
AMPLI S

(DOUBLE
CONVERSION)

FREQUENCY
MULTIPLIERS

X
1 3, 7

LINEAR.
RF POWER
AMPLIFIER'

NOTE: SIGNAL INVERSION DUE TO
SUBTRACTIVE MIXING Ili FIRST

. STAGE- OF 558 EXCITER MAKES IT
NECESSARY TO USE THE LOWER

SIDEBAR° OUTPUT FROM THE
SIDEBAND GENERATOR TO THE.

FINAL UPPER SIDEBAND SIGNAL.

'ttP

Figure 3-17. Basic block diagram of an SSB transmit system.

all or art of the frequency range between
.1 And 6

The :SSB generator produces the SSB signal
at an intermediate frequency (IF). To produce
the SSB, a double sideband (DSB) signal is gen-
erated bythe generator. It is then passed thriotigh
a highly selective filter to reject one of the
sidebands. These filters may be either, crystal
4 echanical.

generated SSB signal is passed through
mixers and- amplifiers where it is converted to
the transmitted _RF. A SSB system without a

r :den and% s -an extreineV fitabLe 'pre-
p; .__Thirefore ehe'frequendY-stEgiard

and sailized matter oscillator (WO) are ex-
tremely itivertakti

The standardnr, ney is of ained from 'a
highly .stable oscillatc. The cPystal

. oscillator is very', sensiti*e to temperature varia-
tions; therefore, it is housed in WIlat is re-,
fe?red to as an "oven" s oven has a heat-
sensitive ne ork tha indicates and corrects
any temperatur v is on in the 'Crystal network.
This is done el °ideally and serves to main-
tain stability master oscillator.

p43e- rter` grigt,ator 41rovides the IF car-:rtet
used to prOduee- the fixed IF SSB

and the SMO provides the necessary - .conversion

179.405

frequencies to pr ce the RF S.5B signal. The
frequericies derived from ,these two units are
developed- from the single standard frequency so_
that the 'stability of the-stanstrd equency pre-'-
vailp throughout the SSB syste T,hJie 2 to 4
MHz fr cy range of the 0 s a very
practic ge for obtaining h oscillator
stability. e 300 kHz fixed IF the optimum
operating frequency for the' filter required in
the SSB generstor".

The output of the SSf3 generator and carrier

s*.sign aldt
generator are mixed and amplified' then4ed to

RF amplifier that amplifies the
routed to th a fqr radiation into spate.
The frequ cy , curacy 'requirements for single
sideband communications are very precise when.
compared to most other communication systems.
A frequency error in carrier reinsertion. of
20 Hz or less will give good voice reproduction.
Errors of only 50 Hz resultgin noticeable dis-,
tortiion. This is considered the maximum error
allowable in SSIL

SSB Receivers
K1_

Figure 3-18 shows a block diagram of a b
SSB receiver. A basic SSB receiver is not s i-
cantly different, from a conventional , uper*,,,'
heterodyne AM receiver. However; a special

73 (.., "/:
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RF
AMPLIFIER

ktd,

of detector ands,a carrier rein tio
must be used. The carrier reins rtio
must insert a, carrier in"the etec
at a frequency which correspo
abtly with the relative position of the
in the original spectrum. The filters
SSB receivers serve sev- poses.
previouSly stated, many SS

MI XER

.1,

F STRIP.
AND

FILTERS

OSCILLATORSCIATOR
AFC

CIRCUIT&

1

try

DETECTOR

CARRIER
0 REINSEtRT I 0 N

OSC-kLUATOR

3-12. Basic SSB6Receiver.

llator
cillator

r circuit
ost ex-

AUDIO
AMPLIFIER

1..442

Thee carriers reinsertion oscillator frequency
will be set to correspond to the IF frequency of
the carrier if a carrier were present. The
rier eineertion frequenc# is ,determined

rier local oscitiatoriaequency. - i.
u d Ar C .. .

was The detector most commonly used
als ID exist , reception is the "product" detector.

in a small portion of the frequency spe call 51 because under ideal operating c
Filters supply the selecgvity necess: to \-- -ita.- utput .ampli de is proportional t
adequately receive only onr'4f e many signals uct

andwhich may be present. They rYlay ftelso select 1
USB or LSB operation as well as, reject noise
and-Other interfeAce. ,

11%

The oscillators in a SSB rece ver mitt be
extremely stable. In some types ,of 13 ,trans-
mission, a frequency stability of plus or minus
2 hertz is required. Fdt simple voic gommuni.7
cations, a deviation of plus or minus hertz
may bewithin tolerance.

SSB receivers may employ additional circuits
which enhance freckiency stability, improve or
provide ibnratic gai control' (AGC). The cir-/
cu.. co tained in fi e 3 -18 will be found in
all*ngl sideband rec ivers.

.

"lThe need for extreme frequency stability may
jle understood if you consider the fact that a

...Amen deviation in local oscillator frequency,
from the. correct valuet will cause the mixer
to beAlisplaced from its correct v.alue. In double
sideband M reception this is not too damaging,

2-43ince the carrier and the sidebands are all
'present!: all be displaced an equal amount.
There re, the relative positions of the carrier
and sidebands will be retained. HOwever, in

-SSB reception, there is. no carrier present in the
incoming signal.

ser
The
side
rier
result

of the am
he SSB s
d carri

itutle of the-reinser
final. The IF signal
are hater yned in

einserted carrier plitude m
bly higher' than the IF amplitud,.

d

B
is, so

4itions,
the pVd.,
d carrier

ldetb6to&__,
be odic
Acoar-

wouldat is too small in relative amplitud
distbrtion ot.the output signal.:

,-,
FREQUENCY MODU,LA,,TION

Intelligence b be transmi d ma be su
imposed on the carrier in to form than
in the frequency of the carrier, This,
modulation istknown at FREQUENCY ,MODU A- ,
TION. The carrier - requency can be varii
small amount on-e r side of its avers ora-i
assigned, ,value mans of an audio fre ncy ''

nio 'lating, signal.. The amount the carri: r is
vati d depends on the aMplitude of the mod tin
sign91. The rate at which the carrier frequ ncy°
is varied depends o the frequency, of the od-

Ib,e^ulating signal. The Plitude of the RF car er
remains ith or witiNut modulati

,s,

The most 'simple, rnethookbf est ishipg fre
quency modulation is to h§,fer a'mi phoke con-
nected into the oscillator 'circ of the .

transmitter. Whensyou speak into the m rophOne ---
c'rcuit at a momentarily, low frpequency, the
o cil tor frequency is changed only a few times.,

",a
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per second. If the sound waves are higher,
the osc-iator frequency is changed more times
per second. When ttie sound waves have 'low
aMplitude, the extent of'the oacillatdr frequendA
change is small. 1Thus, the frequency of the a..P
signal determines the num r of timespensecond
(RATE,,QF DEVIATION) at the Oscillator fre-
quency Changes. The am litude of the of signal
determines the extent of the oscillator frequency
change (DEg6REE OF DEVIATION). Figurs 3-19
shows a basic block representation of an audi
signal being fed into the oscillator inplt c
cults. As you can see 'at.the output, the oscillator,
frequency is slightly different because of the
modulating frequency.

-

FM Sidebands

Daring the process of frequency modulati9n,
just as during amplitude modulation, new fre-
quencies, called sideband frequencies, are iPro-,
diced above and below the unmodulated carrier
frequency. These sidelband frequencies contain the
Signal intelligence, as in amplitude nrxiulation,
and con pine with the unmadulated carrier to pro-
duce th6 modulation carrier previously described.

are produced. T. se additional frequencies are'
equal ,to whole number multiples of the basic

'pair: These exact multiples of the basic frequency
are called HARMONICS. Vor example, ff vje

4
distort, a 3 kHz sinewave, multiple sine waves
of 6 kHz, 12 kHz, "15.. kHz, etc. will be'created.
The original frequency of 3,(kHz is-referred -
to 44 the 1st harmonic, pr the XUNDAMENTAL-
FliEQIANCy. Double that freqtencp,is the 2nd .

harmonic;,- three timas that is the 3rd har-
moniC; and', so on. Although theoretically thetk's\
tide...bands extend Outward from the earlier in- 1.)

*definitely,. only 'a'linited number of them con-
tain significant poow4r to be heard. The further
from. the fundamental freqnefi4-'that, the ar-^-, **
moina is, the lest porirerit wilt have.

.

You will recall that in'amplitude'rnolulationbs
the amplitude of the sideIrd frequen'ties,*or the', .7,
power contained in them, was Independent of the-I,
amplitude of theunmodulated carrierwid depend-
ent only on the amplitude, or power, of the mod-:
ulating, signtl. In FM, the ,situation. is different.

, Thefpsidebads derive theitpower from the car-
rier, whi means that the unmodulated.aarrler,
componept of, an FAk wave has,less power, or
a smaller amplitude, after modulation than it do4s

ation. The amount. of power re7-
e -carrier and placed in the-side=

:the Modulating frequencies and9_

The significant difference betwoKri AM and FM before mo
sideband frequencies, is the number produced. If \ moved fro
you,\recall, in amplitude modulati vo side- \bands dep
bands are produced for eve
quency. One of these sideb
e4ual ter -the sum of the i'no
frequehci'es and is above the
The other is equals to' the di

.s

modulate g fre- the maxii7uniz d= iiition of the carrier. It is
nd frerven es is possible under . certain conditions for the Oar-;,,
lating and carri-er , rier power to be zero, with all tie power con-
carrier fr uency,- tained in the sidebands. This, of course., is the .

ce ` be .een ideal situation since the Orrier itself contains
the modulating and carrier fecitencies and is no intelligence. A

.

below the .carrier frequency. In 'M, each ripti-
ulating frequency potoduces a is4-4Illar Phir of
sum and difference sideband fiequen ies...I-Iow-
ever, in addition to the basic pair, a eoretically
infinite number of additional ideband frequencies

INPUT

FM Bandwidth

Previously, we said that the term Vliand-7
widtli" meant the entire. range of frequencies

OSCILLATOR ( REST) FRE,QNoY

FREQUENCY;
MODULATED

.OUTPUT

(AUDIO
MODULATING
SIGNAL)

OSCILLATOR

Figure 3-19.-13.1sic process of frequency modu ation (FM).
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in a modulated.wave. Because of the many, side-
band frequencies contained in FM Wres, only
the significant _frequencies are included in its
bandwidth. The bandwidth of an FM wade is
the frequency range between the,extrerne upper
and the extreme lower Aideband frequencies
whbige amplitudes are 1% or more Of the un-
modulated carrier amplitude.

When an FM wave has a very wide bandwidth,
it is called WIDEBAND FM and requires the
use of carrier frequencies much higher than
those used foLAIffl carrying similar-intelligence.
T,hese high oirkier frequencies are necessary
so that" a, maximum number of FM waves can be
transmitted by radio without interfering with
each Other. In wideband FM, many of .the side -
band. frequencies are included in the bandwidth, as
shown in figure 3-20.

It is possible;by limiting the maxintmdevia-?
tion of the FM carrier, to, produce PM having
the SamPliandwidth as an AM wave carrying the
samp. intelligence. This is called NAIIROWBAND
FM (see figure "3 -21). While this process causes,
some distortion of the intelligence, it allows'.
carrier frequencies to, be used that are lower
than.some required foOideband FM.

Tae bandwidth of a`"modulated wave is im-
portant for two reasely43: (1) It tietermines how
mUch space or rooin in the - radio 'frequency
spectrtun the-. wave wile occupy.,., and (2) it deter-
mines the range OverNwhich the
elettronic circuits used to receive and process
the

As
must be capable of operating.

As far as the radio frequenCy spectrum is
concerned, 411 of the modulated waves trans..'
mitted by -radio in any one geographical area
must docuby different places in the sPectrurn,
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'otherwise they will interfere with each
For example, the lower frequencies'of a rood-
lated wave with a roo MHz, carrier and an
8 kHz bandwidth would 4erlap and interfere
with the' upper frequencies of a 99 MHZ car-
,rier with an 8 'kHz bandwidth. You can see that
interference ixtween radid waves can be avoided
either by reducing bandWidths or by moving ea-r-.
rier. frequencies farther apart. HoweVer, if band-
widths are made: too riatrow, distortion of the
intelligende carried by the wave will ,result
since many of the sidebands which contain the
intelligence will be eliminated. On the other
hand, if carrier frequencies- -are too far, apart,
a very limited, number of radio waves would
completely fill the radio spectrum.

Modulation Index

In FM, the modulation index' is
the carrier's frequency deviation
ulating frequency. Expressed

FdM = Fm

Where: M 5 Modulation index

r

the ratio of
to the mod7

as an. equation:

Fd = ency deviation of the carrier

F ency of the highest mod-
ling signal

A carrier's frequency deviation is the amount..
of "swing" or deviation, in kilohertz .sr mega-.
hertz, caused by modulation *ith audio.

For example, a 'iiiaximuni deviation of ..,75
kHz on the frequency bands up ,to 10.8 MH
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Can be interpreted in terms of percent by re-
ferring to this carrier swing as a limit'and sw-
im that .75 -kHz is 100 percent modulation wfien
tM carrier is allowed to swing to this maximum,

Overmodulating, or overdeviating, will occur
it if the mudreum carrier swing is exceeded.

Transmission is not pArticularly affected, but
audio-distortion may result. Moreover, the band --
width or part of the cominunication frequency
band occupied' by the carrier then' exceeds tie
limits assigned to it by law.

Percent Of Modulation

In AM, 100 percent modulation exists when
the amplitude of 'the envelope varies between
zero and twice its normal unmodulated
There il3 a corresponding increase in power of
50 percent.

In FM, 100 percent modulation has a dif-
ferent moaning. The of signal' varies Only the
frequency of the oscillator. Therefore, there
is 'a constant power input at the tra 101,10ng
antenna, regardless of the degree of n) no power is applied to the transmitter.
A modulation of 100 percent simply nteanstliii0-1-64\-d'43ecause of the important role played by an inter-the carrier is deviated in frequency by the full: lock-, unauthorized shorting out of an interlockpermissible amount. For example, an"88 MHz 4is a very dangerous practice.FM station has -100 pegent modulation when its There is still a possibility of a serious shock,audio signal deviates tip carrier 75 kHz above even when you turn the power off before reachingand 75 kHz below the 88 MHz carrier, when into a fault in the circuit mar
75 KH2:-.. is asf3umecitto be the maximum per- have prevented

transmitter
acitor from discharging,inissible frequency svng. For 50 percent mod- and your body may vide a discharge path.ulation, the frequency would. be deviated 37.5

kilIz above and below the resting frequency. As a safeguard against a shock due to charged
circuit capacitors, a shorting bar, consisting of

TROUBLESHOOTING a metal rod with a wooden, handle, is used. The

..% .

metal end is connected to the ground of the
Visual checks arid,, tracing used to transmitter through a copper braid. Beforo put-

tronbleehoot reeeiverkOre not used as such tang your hand inside, probe about with the short-
when. you tlidiiblestioot transmitters. Because ing rod, touching every point which Might
of the.higli Utages present in transmitters, it conceivably be charged. If nothing is charged,
is not safe lE work with them while they Are this procedure casts you about 30 seconds; if
energized. Apterefore, an -alternate method .is something is charged,, the shortingrod discharges
provided by means of meters miunted on the it, and the procedure saves yoU from injury or
front panels of -transmitters. These frOnt panel death.

4
ters are perManently wired (or may be

Yrtched) into carious transmitter circuits, and
most basic troubles can be isolated by using only
these meters.

Safety Precautions

Most circuits jn transmitters operate with
very high voltages. Therefore, it is dangerous '1*.

to reach inside a transmitter to measure voltages i

or to change a part while the power is on. This
may seem obvious to you, but it is a much violated
rule.

Navy transmitters are designed to protect
you from accidents that could happen through
carelessness. They have 'access doors through
which you can remove bad components. If you
open one of these doors when the transmitter
is on, the power should turn off 'automatically.
The doors operate switches, calledINTERLOCKS,
which are connected between the on/off switch
and the circuits of the transmitter. When an
access door is open, the interlock is opened

4

$
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.CHAPTER 4

BASIC RECEIVER THEORY

Just as we must have transmitters to trans-
mit radio waves, we must also have communica-
tion receivers to receive these radio waves.
Whether the transmitted signal consists of en-zicoded characters and intelligence or is ampli-
tude modulated, we must have a receiver capable
of handling, that particular type of transmission
aid converting it into a useful output.

It is necessary that communication personnel
have an understanding of basic receiver theory.
Not only does this understanding enhance your
ability to pass advancement examinatOns, but it
also provides your command with a more pro-
ficient watchstander, capable of recognizing basic
trouble-symptoms and correcting ,them befora
they- become major problems.

The purpose of this chapter is to give you
an overall vie of the manner in which a re-
ceiver convert?' the electromagnetic wave re-
ceived, by the antenna into the type of energy
that satisfies communication requirements. In
other words, if we are transmitting AM, the re-
ceiver must convert the- received energy into
intelligible sound. If. the transmitted signal is a
fleet teletype bioadcast,'the receiver must oon-
vert the received energy into teletypewriter
functions to print out the desired characters.
We will accomplish :our ,study of basic reciever
theory by Separating the receiver into blocks with
each block representing a main section of the
receiver. There *are many types of receivers,
each with specific functions. However, for the
ice of simplicity, we will confine our study to
AM.. Whether the receiver is.' AM, SV, or
teletype control type, 'the functiolfh.of basic cir-
cuits remain the same.

.Origin Of Receiver Input

a discussion of the manner in which the re-
ceiver accomplishes, this, let's briefly review
the origination of the transmitted wave., Figure
4-1 illustrates, the block diagram of a basic
tranbitter and the nature of the input and output
of each major section. In AM, the microphone
converts the sound waves into an electrical
signal which varies in frequency and jimplitude
in accordance with the original sound. Since the

c\signals from the microphone are very weak,
they are fed to the modulation section, con-
sisting of a speech amplifier, driver, and mod-
ulator. This section incr ses the amplitude 'to
a level suitable to be u d 'as tinput to the

41 power amplifier.

The power amplifier in the tF unit has two
inputs: One is the audio signal ffom tile mod-
ulator and the other is the constant 4plitude
radio frequency signal from the oscillator. The
output of the oscillator is called the ,!car.'
rier" frbquency. In the power amplifier, the
audio signal (intelligence) is impressed on the
Carrier. The output of the power amplifier is
a modu1.t RF signal which is then fed to the
antenna.

The antenna radiates the modulated RF signal
in the form of, electromagnetic waves. This
eleptrOmagnetic wave will now be used .as the
input to' the receiver.,

Receiver Fulibtions ik

An AM receiver probesses amplitude mod-
ulated -signals received by its antenna and `de-

-4 livers as an output a reproduction of the original
k\ signal that rilodirrated. the rti carrier at - the

transmitter. The signal can then be applied to
some reproducing device, such-as a loudspeaker
or a set of headphones. Acefial AM ,r,eceiy.
vary widely in complexity.' SonAtitite very simple
but contaih a. relatively large number of cir-
cuits.

. The" purpose of a reoeiver is to convert the/
electromagnetic wave frbm the transmitting an-
tent= into usable energy. Before entering into

78
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Figure 4- 1. Typical Radiotelephone Transmitter (AM).

A receiver must perform certain basic func-
tions 4n- order to be useful. These functions, in
order of their performance, are reception* se.
lection, detection, of amplification, and repro-
duction.

RECEPTION involves having the transmitted
electromagnetic wave cut across the receiver
antenna in such a manner as to induce a voltage
in the ante'hna circuits,

-SELECTION invol
particular station's fr
mitted signals that
receiver's antenna at

DETECTION is
low frequen0y intel
quency carrier.,

AMPLIFICATIO
the low frequency
quired for the o

REPRODUCTIO
the electrical sign
then be interprets
or music.

Sensitivi4"--
",

The ability
signal of 'a we

es being able to select a
quency from all the trans -
ppen to be induced in the
a given time.

action of separating the
gence from the high fre-

of of involves amplifying
ntelligence to the level re-
ration of the reproducer.
is the action of converting
s to sound waves which can
by theApar, such as speech,

lm

o a receiver to reproduce the
weak station is a function of

AUDIO-FREQUENCY
SIGNAL

13.51

the receiver's SENSITIVITY. In other words,
the weaker al, signal that can. be applied to a
receiver and"' still achieve, the. Annie Value o
signal output, the better is that receiver's'sen-,
sitivity rating.

Selectivity

The ability of a receiver to Select and re-
produce a desired signal from among several
closely spaced stations or from among inter-'
fering frequencies .,is detei'mined by the ret-
ci3iVer's SELECTIVITY. In other words, the
better a receiver is at differentiating 6e4yeen
desired and undesired signals, the better is
the ieceiver's selectivity rating. IF

79

THE SUPERHETERODYNE
RECEIVER

The basic blqpk dia,grantiof a typical super-
heterodyne receiver is shoAtin figure,4-3-. The
diagram 'is shoiln in the- order in which alsignal
passes through the receiver. -Above the cor-
responding section's of the receiver areoshown
the waveforms of the ;eigna4 at that point. Befote'
going further, the teifri HETERgDYNING,Tnust
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Figure4-2.- Superheterodyne Receiver, showing signal waveshape.

pe defined in order, to understand the operiltioh
,11444.14 superheterodyne receiver.

Actually, we could substitude the word "mix-
ing" for heterodyning and rnealf* saree thing;
The principle, or process of combining two or
more frequencies and producinenew frequencies,
Js called mixing, modulating, beating, freciuence
conversion, or HETERODYNING. If

In a superheterodyne receiver, amplifiers
preceding the detector stage are tuned to one
frequency called ,the.: INTERMEDIATE FRE-
QUENCY (IF). Thel priTtiOle of frequency con-
version by heterodyne action is employed to
'convert all-frequencies throughout the receiver
range to this intermediate frequency., This is
advantageous in that the IF circuits may be
more. uniformly selective, uniformly high in
gain, and un4tormly of satisfactory bandwidthlo
contain all 'Of the' desiPed sideband components
associated with the amplitude-modulated car-
rier.

Refer to figure 4-2. The RE' signal, re-
ceived by the antenna. passes first thvbugh an
'EtF amplifier where the amplitude of the signal,
is increased. A locally generated unmodulated
RF signal of constant amplitudeis then mixed
with the carrier frequency. in the mixer stage.,
This constant amplitudt3 signal is generated
fay the local oscillator.

76.25°

The mixing or heterodyning of these two
frequencies produces an intermediate frequency
signal which contains all of the intelligence or
modulation of the original carrier signal. The
intermediate frequency isAthen amplified in the
several intermediate frequency, aMplifier's and

audio signal.
d to a conventional detector for recovery of

The detector demodulates the signal (recov-
ers the audio) and sends it to the of amplifiers.
Then the of is fed.to a set of earphones or to
a loudspeaker.

The-superheterodyne receiver is used, as the
basis forzur study because nearly every -Navy-
receiver operates on the principle of heterodyn-
ing to produc6,a fixed IF frequency:

Antenna Septtion;;. .65

The section precedes dig first RF
' Ahown in figure .4-2, all of the

eign01 processing sitarts here. Tiie electromag-i
nail Wises propagated from the antennas of
the .tialli§mitters cut across the receiving an-
tenna' ,and induce .very -a.c. voltages in ,
the feceiver antenna. These small a.c. voltages
.are' fed to the antenna circuits located at the
input of the receivef-itself..

:181F111144
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Frequency-selection circuits, which are part
of the input antenna circuits, determine the signal
frequency that will be passed on t6 the RF ampli-
fier circuits to be processed and used. It should

. be pOinted 'out that there are literally millions
of different signals present in the atmosphere
at any one time, many of then) cutting across
the receiving antennas at the same tin)e. If
it weren't for the frequency-selection circuits
located at the input 4 the receiver, all that
would be heard on the I'eceiver would be static
and a Multitude of stations "piled" on top of
each other The frequency that you select at
the tront panel of your receiver normally de-
termines the frequency or frequencies that the
selection circifits will a4pw to pass on to the
rest of the circuits for prooessing.

It .should lie remembered that the amplitude'
modulated signal as it leaves the ..transmitter
with a single audit Frequency as the intelligence
is actually comppsed of ,energy :at three distinct
frequencies. These- frectueitc4e8 areIthe carrier
frequency. and two (Upper and lower). sklebitild

.frequencies.- The separation ,between the
Mum limits of the upper and ,lowerSideband
frequencies constitutes the bandwidth of, the trarrS-
initted signal, while the separMion between either
aidebalnd and the carrier is eclual to the intelli-
gence. frequency., To perform its function prop-
erly, the frequency selection .circuit must pass
both sidebands.

RF, Amplifier

The )13,F stage amplifies .the smo'N..c vOl tapes
induced in the antenna b the electr Iagnetic
wave from the transmitting antSoiae. ing the

- tuned 'frequency 'selection, ocated be-
,atween' the antenna and the input of the RF ampli-
fier permits .selection of the ciesi ed station
frequency from among the many present at the
antenna.

BeSides -amplifyipg, the RF signal, the RE'
ampifier has other important functions. For
example, it isplteStIklocal.escillator from the
antenna-ground -systtiikif the--funtiinna were con-
nected' dirirtly; t6 the' stage, a pat oil
the AOC Eil cirkirtor frequenOy mi.kht.lip.raarated
into space .7.*'ehi s 999,Ld :4:..be harm to ship's
movetuqnts- ter% signal vf euld- Neolate radio
silence, when it .is in effect, as well as enable
volential enemies' ',_to track the ship, via sensitive,
direction - finding equiptherit. For this reason and
others, Navytiperheterodyne receivers arenor-
mally prOvided with at least one RF amplifier
stage.

ti

ilk

4ir
There are two types of RF amplifiers: TUNED

AND UNTUN ED. Untuned amplifiers are rarely,
if ever, used in communication receivers. TiuM
amplifiers normally provide very high amplifi-
cation over a small range of freqt*icies or at
a 'single frequency. Naturally, sups heterodyne
receivers use tuned RF amplifiers.

The RF stage, which is also called the
"pre-selector", is also important in improving
the signal-toLnoise ratio of receivers. A poor
RF amplifier will enable the equipment'tk re-
spond only to large input signals, wherglas a
good RF amplifier will bring in the weak signals
above the self-generated receiver noise and,
thus, permit reception which would otherwise be
impossible. The self-generated noise is a result
of the operation of the various components that
make, up each circuit within each stage of the
receiver. For example, the mixer is a very
noisy stage due to the heterodyning taking place
within it. !,

The ,mixer stage generates the majority of
reCtiver noise. This "noise'v' is in the form of
voltAgetiyariations that are different,infrequency,
ape,eiSof phase with existing voltages,:and tend
toaancel" and digtort those frequencies.** volt-
.a" necessary to proper receiver operation and
signal, processing. Enough RF amplification is
needed, with a low noise level in the RF amplifier,
to supply an adequate signal with a high sign 1-
to-noise ratio for the input to the. mixer sta
As a result, the Signal level a §the Mixer in
is the lisiiting factor in the elitlity of the re-
ceiver toty roduc an acceptable. output with a
weak signal in ut from the aaterngt.

The' SELEC. IVITY of the superheterodyne
receiver is a 'measure of its ability to reject
unwanted frequencies and pass the desired fre-
quency. In the tuned preselector stage, this is'
normally accomplished by means of TANK cir-
cuits that are tuned to the' desired operating
frequency of the receiver. These circuits (figure
4-3) are the frequency-determining networks that
allows the proper frequency to pass into the re-,
seiver for further processing.

,,.

The SENSITIVITY of the superheterodyne re-
ceiyer is 'a measure of its ability to amplify
weak signals. Naturally, this is accomplished -
primarily in the RF stage. The sensitivity of
a receiver can be increased by increasing -the'.
number of RF amplifiers. Not ohly can sensitivity
be increased, 'but to some tiegree we can also
increase the .selectivily by increasing the number

4-
"!.
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Figure 4-3.--RII4amitier

of RF' amplifier stages. This is due to the
tuned circuits that are part of each RF amplifier,
stage. these tuned circuits tend to reject un-
wanted frequencies at each RF amplifier stage
and by. the time that the signal is processed
through, say, five stages of RF amplification,
most unwanted signals will have been rejected.
A selective receiver is said to tune "sharply".
To explain this, refer, to figure 4-4. We have
shown relative tuning curves of a commercial
station (A), a voice communication (B), and
a CW communication (C). The "resonant'" fre-
quency is simply the center or carrier freqUency
and carries an upper and lower sideband of
5.k.Hz on each side of the carrier.

_ Carrier waves rioin commercial FM broad-
cast stations contain sideband frequencies that
extend 5 i',kHz on either side of the carrier.
If a statiOn- is transmitting on 1140 kHz, the

RESONANT 4
FREQUENCY

-5KHz +5KHz

COMMERCIAL
BROADCAST

A

Figure

RESOVNT RESONANT
FREQU!'NCY FREQUENCY

VOICE
COMMUNICATION

B

-5KHz +5KHz

C. W.
COMMUNICATION

179.285
and assoicated "tanks".

complete carriem wave contains frequencies from
1135 to 1'145 kHz. Therefore, the 'preselector
'circuits of the RF stage must be such that they
have a bandwidth of at least 10 kHz in order to
allow the carrier and sidebands to5pass into
the receiver fOrprocessing. If a receiver tunes
too "sharply" a too, selective), some of the
sideband frequenies are lost and the result
will be distortion and garbling at the output
of the receiver. The commercial broadcast curve
shown in figure 4-4 (A) is OPTIMUM "at its
best". The top is broad and flat, indicating.the
preselector circuits pass the entire carrier and .

sidebands. The sides are steep, indicatingsnaxi-.
mum, uniform amplification over the entire pass-
band. The broken line represents the tuning curve -

of most broadcast AM receivers. This broken
line indicates that much of Voice and 'music
components are lost in the preselector circuits
and
selecor
nearer

re not reproduced by the set. The pre-
circuits for most FM receivers is
at of the solid, unbroken line of figure

4-4 (A). Although this represents very .good
fidelity (more exact reproduction), it also in-
dicates the frequency extravagance normally as-
sociated with FM in an already crowdedfrequency
spectrum.

li' ...-,-..,

AlthoUgh sharp tuning 'in the tuned gircuits
of. the RF stages would make for poor 'listening
in a 'hOme radio, it is desirable for military,
sets for, the sake of (frequency, economy and
reduction of inter erence. Figure 4-4 (B) and
(C) indicate the' n real operating bandwidth of
preselector circuits in Navy receivers. Radio-

76.4, telephone (AM) me sages can be sent on fre-
4-4.---2Three types of tuning. curVes. rAuencies that exte

74
82 tt.

,

only 2 skiNz or either 'side
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of the carrier. The voice may sound unnatural,
but .it can be understood. The CW sets tune
so sharply that, unle %s a receiver operator is
careful, he can turn his dial through the signal
without even hearing it.

ro

Mixer and Local Oscillator

The function of the mixer stage is frequency
conversion py heterodyne action. The input to
the mixer consists of two signals: The modulated
RF signal coming from the RF amplifier stages
and the unmodulated local oscillator signal. The
local oscillator stage prdduces a constant ampli-
tude sine wave of a frequency which differs from
the desired station frequency (selectedfrequency)
by an amount equal to the IF of the receiver.

In most superheterodyne receivers, the IF
frequ ncy is 4p5 kHz. This frequency that
the circuits are tuned to accept.' There-
fore, the output of the mixer stage must be
455 Hz in order to further process the signal
pr rly. The 455 kHz is a result of the mixing
ac ion, (heterodyning) of the RF frequency being
fe in from the RF amplifier and the frequency
of the local oscillator.

As a result of this heterodyning, the output
of the mixer will contain-four major frequencies.,_
These fgur major frequencies are (1)-theoriginall
signal fbe- quency from the RF stage, (2) the local
oscillator, frequency, (3) the SUM of the RF
and local oscillator stage frequencieS, and (4)
the DIFFERENCE between the RF and local
oscillator stage frequencies.

I

al

Of the frequencies present' in the output of
the mixer stage, only the DIFFERENCE fre- .
quency will be used. The output oircuit' of the
mixer stage contains a1 timed . circuit that is
tuned to the difference frequency, or 445 kHz.
The local oscillator may be operated at a fre-
quency either above or below the preselected,
desired frequency. The tuned circuits of both
the RF stage and the local oscillator are variable
but in direct proportion to uph other. By this, we
mean that the tuned circuiTth of these two, stages° -
are "ganged" on a common tuning shift. As
you vary tille preselector circuits of the RF.7
amplifier tMetermine the frequency to be passed
and procesged, you simultaneously vary the tuned
circuits of the local oscillator and the output
frequency of the local oscillator. Therefore,
the difference between the RF stage and the
loCal oscillator is always 455 kHz and contains
all of the intelligence contained originally in
the RF Carrier.

Figure 4-5 shows another asic block diagram. °
of a superheterodyne receiver with an input RF
carrier frequency of 1500 kHz. The local oscilT
lator is shown "tracking" at 1955 kHz, or
455 kHz above the carrier. Th 'Arfsultant dg-
ference is the IF carriesho ''.ett the output
of the mixer.

IF Amplifier

Superheterodyne river employ one or
more IF amplifiers depen rig on design and
quality of the receiver. The IF circuits are
permanently tun to the difference frequency

Modulated
171. Cower
ISM kHz .

Detector
AF

4

4441:

Figure "difterend'e" freqinncy of 455 kHz.

83 N.
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batikeen' the RF' signal and the local oscillator.
As previously stated allincoming signals are
convef*-d to the same frequency. by the mixer,
and the IF' amplifier operates at only one fre-
quency. ;le tuned circuits, therefore, are per-
manently adjusted for maximum signal gain
consistent, with the desired bandpass and fre-
quency response. Practically all of the selectivity
of a superheterodyne receiver is determined by
the IF stages of amplification, aided by the
selectivity already provided by the RF amplifiers.

In many ways the operation of the IF amplifier
isi similar to that of the amplifier. Tie sig-
n s, however, are at a lower'-frequency than
hose in the IIF amplifier. Unlike ',the REF tuned

_'circuits Syr lose frequency is tunable over a wide
range), the tuned circuits used in IF amplifiers
are fixed at a definite resonant frequency. Since
they operate at a fixed band of frequencies, the
IF' 4inplifiers can be designed to provide optimum
gain and bandwidth characteristics.

, An additional function of the IF amplifier
is to preserve all of the original modulating
intelligence contained in the carrier. At this
stage of signal processing, ALL of the amplitude
modulated intelligence...is still contained in the
455 kHz IF' sigrial. All we have done is to amplify
it. The output of the final. IF' amplifier is fed
to the detector, or plemodulator. -

Detector

DETECTION, also called 6E:MODULATION,
. is the process of recreating original modulating

frequencies (intelfigerice) from radio frequencies,
which are present it i the IF signal. This is what
happens in the detector stage of a superheterodyne
receiver. The modulated IF of 455 kHz, which
has been amplified, is "demodulated ", ..\11 that
is kff, once' the _signal is processed through
this stage, is 'the ,intelligence only Refer back
to figure 4-2. The signal has been reduced to
the original modulation imposed at the trans-
mitter and is now varying at an af (audio
frequency) rate. These are the original amplitude
modulations created Ily the voice of tlito pergon who
originally spoke into the microphOne at the trans-
mit*-. This af, is. a very small signal. ciefore

fit c be heard and used, it must be amplified..

Amplifier a

The A F .amplifier stage does just. as is
name implies: It amplifies the ,auclio'rfrequency,

4,,
'1 84
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fed to it from the detector stage. This s a nec-
essary stage because we finest be abler to feed
the af signal to headphoriesl'converter , speak=
ers, etc. The af stage is the final ge of the
superheterodyne receiver.

RECEIVER-CONTROL CIRCUITS

Every receiver employs control circuitry.
The number of control, circuits used, by anii,one
receiver varies; depending upon the type of
receiver and what it was designed to do.' How-
ever, there are control circuits common to most
receivers. These corn mon circuits accomplish the
same thing in all cases regardless of the receiver
in which they are located. Most of these control
circuits are controlled from the front panel of
the receiver. By having a basic knowledge of what
these various circuits do, you can learn to dis-.
tinguish" those f,ront panel controls on any re-
ceiver that control them. Front panel .cont.rols
and switches vary from recciliver to receiyer,
but control cireuil, functions do not.

Manual (Gain Control (MGC)
.

As was previously mentioned, high sensitivity
is one of thp parameters of it good receiver. In
some casesi' however, high sensitivity can be a
liability. For example, the signal receiveVrom
a nearby transmitting station can be strong-enough
to overload the. RF sections of a receiver...This.
causes the audio .output to by distorted and less

Gaiii control of the RF sectilm is
used to overceithe this problem. If gain OttArol
were not used receiver sensitivity .would have
to be permanently decreased. With gain control,
msximurn sensitivity is realized, and weak input
signals 'are provided with maximum amplification.
When a strong input signal is received, the RF
gain rhay be reduced to prevent oftrloacling or
"overdriving".

On the front panel of receivers, the manual
gain control can usually be recognited by the
word "manual", or "NIGC",76r "NIANUAL-
GAINY.,It works smuch life ,the volume control
does on your home radio fn'that as you vary
the control, the output.of tlIe set can be clearly
heard to increase Cr decrease in volume. In
comitunication receivers, kis you decrease theN
setting of the manual, gain ,control in response
to a too-strong signal that .is overdriving your
output to the, poirit of distortion, you will notice
that the signal becomes more intelligible.



.. Chapter 4,BASIC RECEIVER THEORY

The manual gain control circuit is ndrmally
listened in cornmanications receivers as ,part
of the first R1 amplifier stage. Since it is the
RF stages that are being overdriven, it makes
$01180 to place the control circuit for manual
gain in that stage. All that you' are doing when
you .re turning the manual gain control knob
on a receiver is varying the amplification factor
Of the .R tags.

Figur 4-6 is a block representation of the
placement of the manual gain control circuit.
Alpoughthe MGC circuit is helpful in controlling
strong, overdriving signals, the disadvantage of
this method is obvioub. If the signal strength
continues to vary, the gain control, must be
constantly adjuSted. Instead, an automatic gain
control circuit is employed)y all communica-
tions receivers.

Automatic Gain Control (AGC)

As you already know, variations in the output
volume of a receiver may result from variations
in the input signal strength. These changes in
input signal strength may occur as a result of
simply changing stations br as a r cult of "fading"
which is caused by changes in a mospheric con-
ditions. Therein lies the functio of an AUTO-
MATIC GAIN CONTROL (AGC), also referred to
as an AUTOMATIC VOLUME CONTROL (AVC).
This control circuit limits unwanted variations
in the output 'of the receiver clue to variations
in, strength of the received signal. As was pre -

ously mentioned, in order tomaintain a constant

1ST
RF

AMP
MIXER

76.97
Figure 4-6. Placement of the'inanual gain con-

trol circuit, (MGC).
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output level, a receiver witho
quire continuous macual readjus ent ticompen7v
sate for. received signal changes.

Signals from stations-operating at the same
power level may snot reach the reeeiver antenna
with the same power 'because of dIffercfnces in
transmission dietances, carrier frequerities; at-
mospheric conditione,and obiltructiods between
the transmitter and receiver antennas.

The conclusion might be drawn that an AGC
network is not necessary when the receiver is
operating on a single station. However, this is
-not true because atmospheric conditions may
cause the ,signal strength to fade in and out and
vary, or the antenna may receive components
of the signal which hive traveled along different
paths.; For example, one component may travel
from 1he transmitting antenna directly to the.
receiving, antenna, and another may have been
reflected:_from a distant object. The twos gnats
will sometimes be in phase and at other times
be out of phase, thus tending to reinforce or
cancel each other. he result is a variation in
signal strength at he receiver antenna which
is called.fading.

In a superheterodyne receiver, the detector
circuit "demodulates" or separates the carrier
and the intelligence. The output of the detector
circuit also contains a d.c.-component. This d.c..
component is directly proportional to average
modulated carrier amplitude. The AGC circuitry
(figure 4-7) utilizes this d.c. component by filter-
ing the detector output and applying a portion of
the d.c. ,component to the ,preceding stages
(figure 4-7). This AGC voltage is used to control
the amplification of any , or all of the stages,
preceding the detector stage.

_AGC Would re-,'

The AGC voltage acts. as a CONTROLLED
DEGENERATIVE FEEDBACK. As can be seen
by the block diagram,. in figure 4-7, this voltage
is fed back from the detector stage. The AGC
voltage. controls the amplification faCtor of the
amplifiers in the preselector stage. Basically,
what happens is very .A's the input
signal to the RF stage increases,.: signal
the detector will also increase, increasing the
amount of AGC voltage being fed back from the
detectob, This greater feedback voltage will
lilecrea the amplification factor of the RF
arrip1ifiers, thus tending to keep the input signal
at a steady norm. The reverse happens when
the input signal is very small. TheAGC feed-
back: voltage from the detector stage is also
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Figure 4-7.-- Automatic Gain Control, (AGC) feedback.

very small and the amplification f qr of the
Rr, -amplifiers increases,, thus allowi for higher
amplification of weaker signals. A ditSciv7arit*

AGC is that eVenAbsAveakeat- egnals odude
some AGC, causing a decreasZln RE.agplifier
gain and thereby, attenuating very wesaltAgnels

',even more.

Delayed Automatic Gain
control (DAGC)

The diadVantage of automatic,. gain control,
that of attenuating even the very weak signal,
is overcome by the use of delayed automatic
gain control. This type of gain control develops
no A(AC feedback until a certain received signal
strength is attained. For signals weaker than
this value, there is no AGC developed. For
sufficiently strong signals, the delayed AGC cir-
cuit-operates essentially the same as the ordinary
AGC circuit.

Beat- Frequency Oscillator (BFO)

The beat-frequency oscillator (BFO) is nec-
essary when C\4( signals are to be received be-
cause these signals are not modulated 'with an

RF
AMP MIXER

.LOCAL
OSCILLATOR

J

179.SM.

audio component. The action of the RF amplifier,
mixv-r, local oscillator, and IF amplifier is the
_same for both CW and AM, but the CW signal
reaches the detector as a single frequency
signal with no sideband' components In order
to produce an of output, it must be heterodyned
(beat) with an RF signal of the proper frequency.
This separate signal is obtained from an oscillator
known as a beat frequency oscillator (BFO).

Figure 4-8 is a block diagram of a ' super-
heterodyne receiver capable of receiving and de-
modulating , a CW signal. The IF signal IS
heterodyned with the at the SECOND DE-
TECift to prodtibe' AT output. T$e second
dete r is used primarily because the first
detector is normally used as the soirce of AGC.

If the -intermediate frequency is 455 kHz
and the BFO is tuned to 456 kHz or 454 kHz,
the difference frequency of 1 kHz is heard in the
output. Generally, the .BFO is tunagle from the
front panel of the receiver. By "varying thith
control, you are varying the output of the BFO
and ;1 normally notice, a difference in the tone
of tlietput signal as you do soi,

IF STRIP

I

QE.TECTOR

tA M C

BEAT
FREQUENCY

OSCILLATOR
1

AUDIO
AMP

Figure 4-8. Placement of the Beat Frequency Oscillator, (BFO)..
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Silencer

A. re ver'e senslti ty is II-milli-111in when
being received. This condition occurs,

fo e ple, when the isce'Iver fe, being tuned
be n stations in the farm '-of background

,n se picked up by the -antenna. The noise is
greatly -amplified, since receiver gain is maxi-
mum i.vithout a signal, and. is highly annoying.
To overcome this problem, a circuit called
the "noise-silencer", "squelch", "noisezeup-
pressor," or "noise-limiter" is often used.
This circuit cuts off 'the receiver output when'
no input signal is being received. This is ac-
complished by blocking either the detector or
audio amplifier outputewhen no signal is preserit.
By blocking either one of 'these circuits, ob-
viously no output will be amplified and fed .to
the speakers or earphones connected to the
receiver output.

Automatic Frequency
Control (AFC)

4

Automatic frequency Control (AFC) is used
to maintain a constant frequency separation

--e MIXER

between Ahe received signal and the local os-
cillator signal, regardless of_ drift in either
the local oscillator frequency or the received
carrier fiequency.

Figure 4-9 illustrates the basic components
associated with an AFC circuit. A change in --'

the frequency of the local oscillator will produce
a change in the resultant IF. This `change will
be sensed by the "discriminator" circuit, a
component used in AFC. the discriminator will
produce a d.c. voltage which corresponds to the
shift in frequency.. The polarity_ of this d.c.
voltage will be determined by the direction of
the frequency .shift (either positive or negative),
while the amplitude of the d.c. voltage will be
determined by the magnitude of the frequency,
shift (how far off frequency )the shift is). This
d.c. voltage is then fed to the "reactance"
circuit. The reactance circuit\ controls the fre-
quency determining circuit of the local oscillator.
Working together, the discriminator' and the
reactance circuit correct any frequency deviation p
by the local oscillator or in the oarrier and '
maintain. the IF component of the processed sig-
nal in so doing.

IFAMP ID TECTOR Aub 10 AM P

LOGAN_
OSC

REACT-
ANCE

CIRCUIT NAT6R 6

Figure 4-9. Automatic Frequency Control, "AFC", block diagram.
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VAPITER 5

BASIC, ANTENNA THEORY

6

Operation of communibation equipment over". CURRENT poiq at which our-
the entire .range. of RF spectrum requires
many types of antennas. t the communications
center in which you work, ou will need to know
the bale types of antennas available to ,Irou
operationally, thOr char' acteristacs, and their
uses. Very often, you, the opergor, can mean
the difference between 'effieient, and inefficient
-corommiications.. 'You will 'have a choice' of
zany antennas and must select the one most
suitable for the task at hand. Your operational
training will, acquaint you with the knowledge
necessary to' properly use the antennas at your
disposal. However, your operational training
WILL NOT acquaint you with %the wily of an-
tennas, in other words, basic antenna theory.
This chapter 'is'uintertded to familiarize you with
basic antenna definitions, and char
acteristics.

TERMS AND DEFINIT.IONS

The following terms and definitions are listed
here to enhance your understanding of the ma-
terial:

ANTENNAA device used to radiate or re-
ceive radio waves.

-

ANT IN G The process s ,vihereby an
antenna is 'electrically "matched" =to the out-
put frequency of the transmitter. /

BIDIRECTIONAL ANTENNAAn antenna that
radiates or receives most of its energy in only
twci, directions.

CHARACTERISTIC IMPEDANCEThat im-
pedance of an antenna which, when the antenna
is connected to the output of a transmission
line, will show the voltage and current ratio
to be the same at any given point aliing the
antenna.

rent is maxim along a transmission 'line
or .

CU ENT ""-NODE" A poillt at which cur-
rent is zero *along a transmission line 'or' an-

.tenna.
.

DIPOLE An antenna approximately one-half
wavelengthlong. gik '

A.DIRECTIONAL ANTENNA tAn antenna that
r tes or receives radio. waves more effec-
tively in 'sonic directions than in others.

ELECTRIC FIELD Electric "flux" lines
that represent . the direction in which the field
is traveling:

END EFFBCY:The effect of capacitance at
ae ends of an antenna. .

FEED POINT That point on an antenna US'
which a r> signal to be transmitted is delivered.

;. FIELD STRENGTHThe strength of an elec-
tric, -magnetic, or electromagnetic field , at a
given point. (Also Called field intensity').

HERTZ ANTENNA An ungrounded half-wavti
antenna.

INCIANT WAVEAn ,electromagnetic wave ,

that is traveling from the :transmitter in the.,
direction of the antenna.

INSULATION , RESISTANCE -7 The ,.electriaal
resistance between two conduCtors that' are sepa-
rated by an insulatiiig material. (Sometimes
referred to as the "'breakdown" resistance, of*
'a teansmission line).

MAGNETIC FIEPD A ''space in which mag-
.netio force, or magnetic "floix", is created by a
moving elettric,

I
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MARCONI ANTENNA = V antenna that is con-
nected to ground at one and:

*
OMNIDIRECTIONAL ANT ENNA An antenna

that radiates or receive eqUally well in all
directions, except directly off the ends.

POLARIZATIONThe direction of the -44)0-
'41c field as racliEited from a transmitting an-
t-alma.

.
RADIATION RESISTANCE- The total radir--

ated power of an antenna. divided by the square
of the effective antenna current measured at
the feed point. .

.! REFLECTED WAVE An, 6lectrOm agpeti c
;\v.,ave that travels back -toward the transmitter
ron. -ft antenna due to a mismatch in im-
pedance -between the two:

,
.

RESONANCtk--:'the condition that exists -ftt an
antenna circuit in which the induCtive react-.
ances balance. out. the capacitive reactances..

ST AN DING-LWA V E RATIO (abbreviated
'8WR) The ratio of maximum and mum

--amplitudes of voltage, current* and field ong.
--atriuismission line at a giVen frequency...

UNIDIRECTIONAL., ANTENNA An antenna
that radiates only in one direction.

:VOLTAGE "LOOP"
age is maximum. ,

VOLTAGE "NODE"
age is zero.

. ,

- WAVELENGTH The distance in feet or
meters betAreen points of corresponding phase
of ' two consecutive cycles of a periodic wave.

A ,Point at which volt-,
4

A point at which volf,-

BASIC ANTENNA CIRCUIT

tefined.,;ie have jle an antenna as 4.-device fore
transmitting or receiving railio wave. In effect/
Oat we have said is that electrical energy fr

-,:tber transmitter is converted into electrom tic
eiiergy. by the antenna and radiated into sp ce.
On the reception end, electromagbetfc,eder
converted into electrical energy by the antenna
and fed into the receiver. 'Figure 5=,i shpws ,r
a basi itting circuit, and figure 5-2.-
shoWs

TRANSMISSION LINE

7e:90
Figure 5 -1. Basic Transmitting:Circuit., -

ANTENNA

tying Circuit.

a

TRANSMISSIQN
LINE

-.RECEIVER
a.

'°'1'09"
Xigure 5-2. -- Basic Igeoeivingwircuit..

1

t.
, .- . .

As shown in figure 6-1, the basic trans-
mitting circuit is Ory simple. First;.the traps
riiitter is the source of electrical energy. From
there the signal is- delivered to: a " transmission-
line which serveS to connect the transmitter and
the antenna. The energy is delivered tO thet'an
tenni. via, the transmission line anti is radliteci
into space as an electromagnetic. wave. Figure
5-2 simply reverses the:-,prooetaa. The elect:
tromgrnetic enero is intercepted by Vie re;
ceiving anteimayt(onVerted Into eledtriodenerg;y, 't
fed to transibissivn liri , is then fed-
td the a lit circuits of th .retie ycr whe.r4
will be processed accordingly;

- tr:
'g ookBefore going further,.1et us ..tate

at the ele4rornagntic wave that , rated
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by ANY antenna. Figure 5-3 shows an instan-
taneous crows - section of a radio eve that has
begn radiated. The wave itself is called ELEC-
TROMAGNETIC because it is co posed of both
an electric and a magnetic field. ..4`..,)' -4 . ,

The_prinpiple involved here is that a' moving
electric field creates a magnetic fiel, and
conversely; a moving magnetic field creates;
an electric field. These two fields, onbe created;
are IN-PHASE with each' other but are also
PERPENDICULAR to each other. In other words,
as the electric field rises in arnpl e, so does.71.
the magnetic field. They reach a! and drop
to zero.. (dip). at the same time.. Thus, -they
are in phase with each other. The electric field
creates magnetic flux lines that extend outfrom
it at a RIGHT ANGLE,/ as shown in figure
5-3. There magnetic flux lines are perpendicular
to , the elegtric field. TherefOr9, our moving'
field is called an 'electromagnetic field. The

ctric field is designated "e" arid the magnetic
- field "m". The radiated electromagnetic wave
travels through space at the speed of light.
The speed of light is 300,000,000 meters or

about 186,000 miles per second).

.
Having a basic understanding of difficult-soUnding
terms. will aid in your krtowledge;Of all -an-
tennas as,Avell as enhanoe your. ability to better
understand --the antennas tilt 3T114 use daily at
communiegtion 'centers ashore or afloat.'

Antenna Tuning.

It is. an accepted ,fact that for. every fre-
quency in Os frequency spectrum theie is an
antenna that is perfect for radiating at that

. -frequency.4 By vthis we mean that all of the
power being transmOted from the transmitte'reto
the antenna will be radiated Into spice. Un'
.fortunately, this is the ideal and not She rule.
Normally, some power is lost between the trans-
mitter and the antentui. This power loss is due
to 'the fact that the antenna is not of .the perfect
dinAnsions4: and size to radiate perfectly all of
the power delivered to it from the transmitter,
Naturally, it -would be unrealistic to carry a
separate antenna for every frequency that a
communication center Is capable of °radiating;
it ,would require that a ship have millions of
Antennas onboard, and that would be impossible.

ANTENNA CHARACTERISTICS

All antennas exhibit common characteristics.
Sometimes, the most difficult subject concerning
antennas,, is the lb rminology involved. In this
section, we Will discuss many of the misunder-
stood terms dealing with the theory of antennas.

e fled

m field

To overcome this, we have a means whereby
we can electrically lengthen' and shorten an-
tennas to better Match the frequency which we
want to transmit. This process is known as
"antenna tuning". figure 5-1, we showed
a basic antenna circuit. In figure 5-4, we show
the s circuit, but with the addition of what
is norarilty referred to as. an antenna "coupler",
or "tuning '. This coupler is electrically

ANTENNA

"COUPLER"
OR

"TUNING UNIT"

TRANSMISSION LINE

TRANSMITTER

93.12 76.101
Figure 54.3.Instantaneous cross - section of a Figure 5-4.Coupler is connected to antenna to

radio wave. "tune" the antenna.

90
/

9 4
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connected to the antenna and is used to adjust nearly impossible, of course, because there will
the apparent physical length of (the .antenna by always be some polder loss between the trans--
elect/Joel means. This simply means that thee mitter and the antenna due to 'the natural irn-
matenfiatioes not physically changt length as such; pedances that exist between the twO.Whentuning,,
the antenna is electrically adapted to the*Output you try to minimize the impedances between.
frequency of the transmitter and "appears" the transmitter and the antenna and, therefore,
to change its physical length. ; improve the standing-wave ratio between the

vo. As you approach resonance, yob. will notice
The antenna coupler, or tuning is nor- your SWR figure 'on front panel -meters begin

`Inally connected to the antenna with a ,different to drop to a lower 'numerical value. A "good'!
cable than. that of the transmitter. In other words,
one 'cable Is connected from the transmitter tob
the antenna, and a different one is connected (,)
between the coupler and the 'antenna. The' cable
connected between the transmitter and the an-

,tenna Is called the "RF cable". This cable
caries the RF signal from 4he transmitter to the
antenna so that the signal will' be radiated into
the atmosphere. The other cable is called the
"control Cable". It carries the signals from
the cooler unit" ,that _ serve to "tune" the anL.
tenna.. Once the antenna is properly, tuned to
the operating' frequency signal which St. must '
radiate into the, atmosphere, the antennais said
to be "RESONANT". I,n other , words, it 'is
matched to the operatifig frequency.

4.00
Another. ' term used in antenna tuning is

"STANDINGrWAVE RATIO", abbreviated SWR.
Although we have defined this term earlier in
this chapter, a generally accepted definition would
be the relative' "degree of resonance" achieved
with antenna tuning.It is not necessary at
this point to understand the'complexities of cur-
rent and voltage along an antenna that determine
the exact SWR, but it,is'important to understand
the SWR when the ratio is expressed numerically:

Most antenna coupling units. have front panel
meters that read the relative SWR achieved
via antenna tuning. You will hear SWR expressed
numerically in nearly every tuning procedure.
you will hear' terms such as ,"four -to- one ",
or :`two -to- one ", or "three-to-one", as ex-
amples. You will tee them written, 4 :1, SWR,
or 2:1 SWR, or 3:1 SWR. The important thing
to know about these figures is that the LOWER
the number ratio is, the BETTER is the standing-
wave ratio. The abetter the SWR, the better is
the match, between the antenna and the trans-
mitter for transmission of the RF signal. For

'example, a 2:1 SWR is better than a3 :1 SWR, and
a 4:1 SWR is better than a 5:1 SWR. Of course,
a 1:1 SWR is perfect. This would mean that the
antenna is perfectly matched to the frequency
to be transmitted from the transmitter.- This is

SWR is considered to be 4 or bellow. 'For ex-
ample, 4:1, 3:11 or 2:1.. Anything over 4, such
as 5:1, 6 :1,. 9:1, etc., is considered "bad".

Antenna Feed Point

The term "feed point" indicates the point
at which the RF cable that carries the signal
frorn the transmitter is connected to the an-
tenna.- The type of antenna being used and the
desired operating characteristics determine the,
feed point. If the RF transmission line is con-
nected to-the base of an antenna, the antenna
is said to be END-FED. If'the RF transmission
is connected at the. center of an antenna,, the,
antenna is said to' be' MID-FED or CENTER-
F ED:

Characteristic Impedance

Everything exhibits some amount of imped-
ance. Even a straight, piece of copper wire '3
inches long. will' offer some resistance to cur-
rent flow, ,however small. The characteristic
impedance of this same piece of copper wire is
considered to be its overall resistance offered
to 'a signal. The transmission line between an
antenna and a transmitter has a certain amount
of characteristic impedance. The antenna also
has a certain amount of characteristic imped-
ance. It is the basic mismatch in impedances
between the transmitter and the antenna that
makes antenna tuning necessary. Naturally; as
transmitters, transmission lines, and antennas
become more complex and contain more complex
circuits and components, the necessity for tuning
becomes more critical.

In av ideal situation, the transmission line
matches the output impedance of the transmitter
and the input impedance of 'the antenna. If this
were the case, -there would be no need to tune
an antenna because there would be no resistance
to the signal frequency to be transmitted. Un-

fortunately, this is rarely, if ever, the case.

91
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Listed in every antenna, technical manual
is the "characteristic impedance" of the an-
tenna. You will normally find this to be 36
ohms, 52 phms, or 70.olim's. Most communica-

-,(tions antennas are designed to offer thislre-
. ststance at _resonance, with the most standard

being 52 dirms; At resonance, the antenna should
appear electrically as- a large resistor offering
52 stuns of., resittance at the signal frequency:

r- The objective of 'antenna tuning is to electrically
tune out the various' impedances and to "match"
the antenna's length to the frequency being radi-
ated AT THE CHARACTERISTIC IMPEDANCE
THAT THE ANTENNA WAS DESIGNED FOR.
If we were to achieve a standing-wave ratio
of 1:1, it would mean that we have succeeded
in tuning out all other impedances, and the

, antenna now offerg ita characteristic imped-
ance. A 1:1 SWR is rarely achieved, of course,
but the object is to get as nearly as possible
to it in order to have only the characteristic
impedance of the antenna remaining. Now let
us see how the frequency of the signal to be
transmitted affects tuning.

Frequency And Impedance

In chapter 2, you learned that inductive
reactance (XL) is actually resistance and is
measured in ohms. In the same chapter, you
learned that capacitive reactance (XC) is also

- measured in ohms. You learned that inductive
reactance is caused by the effect that

-has on coils. It was found that any two points
of different electrical potential exhibit capacitance
and that capacitive reactance is the reaction
of capacitance to an a.c. signal. What is fre-
quency? Frequency is the number of times that
an a.c. signal makes a complete cycle in one
secont. As we increase, or decrease frequency,
the inductive and capacitive reactances will
alternately increase and decrease as well. These
reactances exist between conductors in the trans-
mission line, between coils of helical antennas,
and between components physically located inside
antennas themselves. Some antennas are no
more than straight pieces of metal; while others
are very complex and contain electronic circuits
and compdnents inside the shell of the antenna
itself. Whenever a signal at a certain frequency
is applied to the antenna via the transmission
line, all of the parts and components that exist
between the transmitter and the antenna and
inside the antenna will begin to electrically
"react" to that signal frequency, offering im-
pedance to the signal frequency. These various

110

-inductive and capacitive reactances are what
we.'are attempting to "tune out" via. the coupler
unit in order topre sent the characteristic imped-
ancet, or as close as possible to it, to the signal
freqtency.

How do reactances vary Nyitli frequency?
We can refer to the basic reactance formulas to
find this out. The formula for capacitive reactance
is:

1

--t 2pi F C

where: 2pi = 6.28 (3.14 x 2)

F =frequency in hertz

C = capacitance in farads'

Since capacitive reactance is inversely pro-
portional to frequency, we find that as we in-
crease frequency, we decrease XC.

The formula for inductive reactance (XL) is:

XL = 2pi F L'
where: . 2pi = 6.28 (3.14 x 2) -

F = frequency in hertz
L = inductance in henrys

92

Since inductive reactance is directly proportional
to frequency, we find that as we increase fre-
quency, we increase XL.

Since these reactances are effectively; re-
sistances and measured in ohms, they are 'ef-.
fectively added to the characteristic impedance
of the antenna and will change anytime we change
frequency. Hence, it is necessary for antenna
tuning to achieve characteristic impedahce, or
close to it. Remember, the only. variable in
the reactances is frequency.

Wavelength

Whenever RF current flows through a trans.=
mitting antenna', electromagnetic (radio) walteS
are radiated froM the antenna in all` clirectigns.
These waves travel at approximately the speed
or'light. The frequency of the radicrwave that
is radiated by the antenna will be equal to the
frequency of the RF current.
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I
The velocity of a radio waved remains the

tame regardless of frequency. This fs important
to r ember,

i%n WAVELENGTH is used.

' mber. in computations that concern an-
, tenna ngth. Whenevtr the length of an,anteima
is re red to, the te

" You will hear antennas referred to as "half-z
wave ", "quarter-wave", or "full-wave". These
terms Ascribe the relative length of an antenna,
wheth& it be erectricaLor 'physical.

-11
.

SiMply stated, the definition of wavelength is
"the distance trareled by the radio wave in
the time required ifor one cycle' Thfemeans
that. wavelength will 'vary with frequency. If
we increase the frequency, the time required
to complete on cycle of a.c. is naturally less.
Therefore, the wavelength is less. If , wei de-
crease the frequency, the time required to=tom-
plete one cycle of a.c.. is longer. Therefore.,
the wavelength is more, or longer. Another word
for wavelength is .LAMBDA, designated by the
symbol A ..

As previously mentioned, when tuning, an an-
tenna, wettare electribally lengthening oz. sh3rten-
ing the antenna to achieve resonance at, that
frequency. In doing so, we are, actually changing
the wavelength Df the antenna. The wavelength
of an antenna can be comp$ed quite sina4y,.
It is known that a radio- 'wave travels at a'
constant speed of 300,00,000 meters (or 186,000
miles) per second. From this confitant speed,
the length of 1 cycle (wavelength) can be found
by dividing velocity of the ,wave by its fre-
quency. Expressed as a form).*

300,000,000Wavelength in meters =- Frequency in hertz

Because there are 3.28 feet in 1 meter, we can
also compute wavelength in feet. Multiplying
3.28 times 300,000,000 equals 984,000,000 feet.
Therefore:

Wavelength in feet = 984,000,000
Frequency in er

It should be noted that these specific formulas
are only applicable where frequency in hertz
is used. When the frequency is expressed in
values other than hertz (kHz or MHz),-`the con-
,stant must be converted to the corresponding'
value, (300,000 or 984,000 for kHz and 300
or 984 for MHz).

The eledtrical length of an antenna is nOt
neoessarily the same as .its actual physical

length. Radiofrequency energy travels at the speed
of light' in free space. However, RE energy on
an antenna moves at a speed considerably less
than that in.free space. Because of the dif-
ference in velocity.,. the phYsical length no longer
corresponds to the electrical 'length of an an-
tenna. Thus, an antenna, may be called a half-
wave, antennae electrically,: but it is, physically
somewhat shorte&.'

4 ,If an antenna were made of very thin, wire
and isolated. perfectly in spacb, its electrical
length would correspond closely to its physical
length. However, the antenna...is never isolated

"completely from surrounding objects. TO
cumference of thee wire itself; the capacitance
introdiffed by insulators; and the capacitance
introduced by the conductors in the_ transmission
line and adjacent bulkheads, stacks, and masts
all 'combine to change the 'velocity of the-wave
in the antenna. This change is called "END
EFFECT" because the ends of the antenna are
made farther apart electrically than they are
physically. ConseqUently, the physical length of
an antenna will beapprOximately 5percent shorter
than the carrespcinding Wavelength in space.
For example, to compute the electrical length
in feet of an antenna that is transmitting a signal
at 1 MHz:

984 (velocity)
984 feet (electrical length)-I- (frequency)

To find the corresponding physical length, we
would multiply the electrical length times 95%:

984 x 95% = .935 feet (physiCal length).

It should be understood that these computations
are .for finding the electrical anq physicaI lengths
of a FULL-WAVE antenna. If we wanted to corn
pute the lengths of half-wave antenna, we
would . siinply. divide the result by 2. For a
quarter-wave antenna, we would divide' the re-
sult by 4.

Wave Polarization

The pOsition of an apterma in space deter-
mines_ the polarization of the emittedadio waive.
Thus,, an antenna that is' vertical with respect
to the earth radiates -a vertically polarized radio
wave, while a 'horizontally positiOned 'anteAna.
'radiates .a horizontally polarited ;Nave. Figure
5-5. shows a vertically and a horizontally polarized
wave. Note that the electric field corresponds to

,
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E FIELD

TRANSMITTER

A
VERTICALLY POLARIZED WAVE

RECEIVER

TRANSMITTER

HORIZONTALLY POLARIZED-WAVE

RECEIVER

13.32
Figure Vertically and Horizontally polar

ized waves.

the polarization of the wave. Whenever the an-
- tenna is vertically polarized, the electric field

will also' be vertical, and vibe -verbs for hori-:
,:zontal polarization.

At lower frequeAcies, wave polarization will
remain fairly constant as it travels through
space. At higher frequencies, however, the polarik-
zation usually varies, sometimes quite rapidly,
because the wavefront splits into several com-
ponents which follow different paths.

When antennas are close to the ground, verti-
Cally polarized radio waves yield a stronger sig-
nal close to the earth than do horizontally
polarized waves. When the transmitting and
receiving' antennas are at least .1 wavelength
above ,ground, the two types of polarization are
approximately the same in field intensity near
the surface of the earth.. When the, transmitting
antenna is several wavelengths above the ground,
horizontally polarized waves restlt in a stronger
signal close to tho earth than is possible with
vertital polarization.

1

Polarization of a radio wave is a major
consideration in 'efficient' transmission and re-
ception of radio signals. Thus, if a single-wire
antenna is used to extract energy from a pass-

Aig radio wave, maximum signal pickup re-
-7`sults when the antenna is so placed phyRically

that it lies in the same direction as the elec-
tric field component. For this reason, a vertical
antenna should be used for efficient reception
of vertically polarized waves. A horizontal 'an-
tenna should be used for reception of hp7-
zontally polarized waves.

94

Directivity

All antennas are directive to some extent.
In general, however, the term "directi an-
tenna" refers to an antenna that has be n de-
liberately designed to concentrate its ra ation
in 'a relatively narrow beam. The direc vity of
an antenna refers to the sharpness or n row-
ness of its radiation pattern. An ante a with
a sharp pattern in the horizontal plane h s good
"horizonbal directivity". An antenna-with sharp
pattern in the vertical plane has good " rtioal .

directivity". Antennas that have directi ty for
transmitting exhibit. similar directivi when
used for receiving.

The directional characteristics_ of an an-
tenna are deteimined to a' great extent by its.
design and the position in which it is installed.
Thus, certain directional qualities are associated
with each type of antenna. The directivity ok,
an antenna can be determined -by its ,RADI-
ATION PATTERN". (See figure 5-6.) In figure
5-6, the rounded projections of the pattern
are called LOBES and the indented portions,
representing minimum energy pick-up, are called
NULLS. The information contained in the an-
tenna radiation pattern can be used to iletermine
the . Avet operatiOnal use for the antenna.- As

DIRECTIONAL PATTERN
FOR LOWEST OPERATING

'FREQUENCY

270'

000

A
DIRECTIONAL PATTERN
FOR HIGHEST OPERATING
FREQUENCY

010

180

41

090

13.33
Figure 5- 6. RADIATION PATTERN of an an-

tenna.
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can be seen, at the lowest operating frequency '

of the Antenna, the pattern is more rounded and .

less directional than the pattern at the highest
operating frequency. The width of these directive
lobes is often referred to as the antenna's
"BEAMWIDTH".

Beaxnv(idth, of course, varies depending upon
the type of antenna used.. In general, we use
three terms to describe the type of directional
qualities associated with an antenna: OMNIDI-
RECTIONAL,' BIDIRECTIONAL, and UNIDIHEC-
TIONAL: -Omnidirectional antennas -radiate and
receive equally well in all directions, except
off -of the ends. Bidirectional antennas radiate
or receive efficiently in only two directions,
for example North 'and South or East and West.
Unidirectional antennae radiate or receive ef-
ficiently in one direction only.

Most antennae are either omnidirectional or
unidirectional. Bidirectional antennas are rarely
used in naval communications. Examples df an
omnidirectional antenna are the antennas used
to transmit fleet broadcasts or most ,medium-
to-high frequency antennas used aboard ship.
An example of a unidirectional antenna is a
parabolic, or "dish",' antenna shown in figure
5-7. As shown in figure 5-7, an antenna (nor-
mally a half-wave) is placed at the "focal"
point and radiates the signal back into a large
reflecting surface (called the dish). The effect
is to transmit a very narrow beam of energy
that is essentially unidirectional. Figure 5-8
is a picture of a large, unidirectiona} parabolic
antenna."

Field Intensity

Field intensity, or field strength as it is
sometimes called, is the effective value of the
electric field. intensity measured at a particular
point from the transmitting antenna. It is very
seldom that the operational characteristics of

PARABOLIC
REFLECTOR

FOCAL POINT AXIS

REFLECTED ENERGY
. TpVELS PRLLEL

TO AXIS

1.49
5-7. Parabolic, or ."Dish" antenna.

31.61,
Figure 5-8.Unidirectional Parabolie.

an antenna are as the technical manual states.
In order to determine the exact operating char-
acteristics of an antenna, varioUs measurements
and tests are' made after an antenna is iinstalled
and is being test operated. Often; on the -basis
of these measurements, changes are made in
the design or installation of the antenna to
improve the radiation pattern.

.It is very- important to know the direction
and intensity of the power being radiated from
an antenna. To determine these values, measure-
ments of the field intensity are made at various
&Wander§ from and around the antenna.

In order to determine the field strength or
field intensity, it is desirable that some type
of andard antenna be used as the basis for all
bom "orisons., ,The generally accepted antenna
for s ie. a standard wire anteena exactly' 1
me r long. The magnitude of the *signal'voltage
(in icrovolts) induced into this antenna is called
t ABSOLUTE FIELD STRENGTH imd is meas-

ed in MICROVOLTS PER METER. .

The antenna picks up the induced radio wave
and feeds the induced voltage to a sensitive re-
ceiver. An indicating voltmeter ,is connected
at the output of the receiver. This, voltmeter
indicates the absolute value of the field strength

95 i,1
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in microvolts per meter. The antenna being testep
and the standard antenna being used as a reference
should both be polarized to the same direction.

Absolute Yield intensity measurements are not
difficult to make. However, the necessary equip-
ment is relatively complex, bulky, and must be
pre-set and adjusted very carefully. 'Often, all
that is necessary to know is relatlie field
strength: Simple field strength meters and a pick-
up antenna are all that is necessary to make the
measurements. Again, the pick-up antenna (the
antenna ttat is being used for reference) should
be polarized the, same as the antenna under test.

Radiation Resistance

An antenna at the end of the transmission
line is ,equivalent to a resistance that absorbs
a certain amount of energy from the transmitter.
This is the energy that is radiated into space,
discounting natural losses that occur in the an-
tenna. The value Of resistance that would dis-
sipate the same power that the antenna dissipates
'is Called the RADIATION RESISTANCE. The
power that is dissipated in a resistor is equS.l
to 12R. Similarly, the power that is dissipated
in (radiated from) an antenna is. equal to the
current at the feed point (squared) times the
radiation resistance of the antenna.

Naturally, as we tune an antenna and ef-
fectively lengthen and shorten it, we are varying
the amount of resistance offered to a given
signal. Therefore, the radiation resistance of an
antenna varies as we vary the frequency of -the
transmitter and tune the antenna. Figure 5-9
shows how the radiation resistance varies with

160
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LENGTH IN WAVELENGTHS4
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20.247
Figure 5-9.How radiation resistance varies

with antenna length.
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antenna length for an antenna ideally. located
in free space. The radiation resistance is never
perfectly proportional to antenna length because
of the effects of the antenna-height above the
ground and its ,..proximity to nearby objectk

Incident and Reflected Waves

Whenever we energize or "feed" an antenna
with an a.c. signal, waves of energy are created
along the length of the antenna. These, waves
travel toward the end of the antenna. The waves
coming froin the transmitter toward the end of
the antenna are called the INCIDENT WAVES.

As the incident wave travels toward the end
of the antenna, the. large resistance offered by
the "open-circuit" at the end of the antenna
forces the energy back towards the feed point.
This energy, is essentially "reflected" back
and is Called the REFLECTED WAVE.

If the antenna is resonant to the frequency
,being supplied by the transmitter, We reflected
waves and the incident waves are in phase along
the length of the antenna, and tend to reinfokce
each other. It is at this point that radiation is
maximum, and the standing-wave ratio (SWR)-
is best: Whenever the antenna is not resonant
at the frequency being supplied,* the trans-
mitter, the incident and reflected waves are out
of phase along the length of the antenna and
tend to cancel each other out. These; cancel-
lations are called ."power losses" (I 'R losses)
suffered whenever the SWR is very poor, such
as 6:1 or 5:1, etc.

HALF-WAVE THEORY

Whenever an antenna is resonant at a partic-
ular frequency, the electric charge is permitted
to travel from one end of the antenna to the other, .

and back again, in the time of 1 cycle. Because
the charge must travel the length of the antenna
twice, The length of antenna needed to have the
charge travel 1 wavelength, in 1 cycle Is one-
half of a wavelength long. Thus, the half-wave
antenna is the shortest resonant length that
can be used.

The basic half-wave antenna is commonly
called a dipole, doublet, or Hertz antenna. This
type of antenna will not ftinction properly and,
efficiently unless its length is one-half wave-
length of the frequency to be radiated. Figure
5-10 shows a theoretical half-wave antenna with
its feed point at the center of the antenna.
Both sections of the antenna on each side of
the feed point are X/4 '41/4 wavelength) at the
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13.34
Figure 5-10.He If-wave.. antenna with the feed

point at the center.

operating frequenoi. Together, of course, the
effective length of the antenna is A/2 (1/2
wavelength) at the operating frequency. One of the
features of the dipole is that it need not be
connected to ground. The reason for this is
that antennas of shorter than a .half wavelength
Mist use ground to achieve half-wave char-
acteristics; whereas, the half-wave antenna is
already long enough to properly radiate the
transmitted

At low frequencies, half-wave antennas are
rather.' -long. Therefore, they are used primarily
at shore stations where there is sufficient room.

, It should be pointed out, however, that due to
more sophisticated antenna systems and tuning
processes, half-wave antennas can be electrically
achieved onboard ship; and that wavelength is
becoming less and less the criteria for deter-
mining the types of antennas to be used on
ships. Dipole antennas may be mounted hori-
zontally or vertically depending upon the desired
polarization and may be fed at the center or
at the ends. The dipole antenna may be installed
far aboVe other energy-absorbing structures be-
oause it is ungrounded.

An important point to remember is that a
transmitter is no more- than a source of a.c.
Thus, U we connect a transmitter to the elec-
trical center of a dipole via a transmission
line, the antenna will react as, though an a.c.
generator were, set between WO' quarter-
wavelength antennas. Figure 5-11 shoWa the
disposition of this alternating current. During
one- if of -the alternating cycle, current f'ows
in antenna from right to left (figure 5-11,
view ). During the next half cycle, currentflows
in the opposite direction (figure 5-11, view C).

In a half-wave antenna, the current is maxi-
mum at the center and zero at the ends (figure
5-12); whereas, the voltage is maximum at the
ends and minimum at the center. Therefore,

A.

S.

C.

DIRECTION OF
CURRENT FLOW DISTRIBUTION Cl.RVE

CURRENT

)

20.242
Figure b-11. AC on an antenna.

ANTENNA
FEED-POINT

ANTENNA
VOLTAGE

ANTENNA
CURRENT

76.202
Figure 5- 12. Current and Voltage on a Mid-fed

half-wave.

the impedance Varies along the antenna, being'
minimum at the center and increasing toward
the ends. If energy is fed to a half-,wave an-
tenna at its center, it is said to be CENTER
FED (current fed); if energy is fed to a halt;
wave antenna at either of the ends, it is said
tc,)1 be END FED (voltage fed).

The field radiated by a dipole is the shape
of a doughnut (figure 5-13). Part A of figure
5-13 shows the radiating 'pattern of a dipole.
Part B of figure 5-13 shows a cross-section
of the radiated wave for a vertically polarized

, dipole. Part() of figure 5-13 is a cross-section
of a horizontally polarized dipole. Notice that
maximum radiation takes place in a plane that is

97
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49 @SURFACE PATTERN
SHOWING DOUGHNUT
SHAPE

coo s
tk

VER7.IC.AL
DIPOLE Our
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ANTENNA IS VERTICAL

Max
RADitiriON

ko.

=,sr
, HORiZOkTAL

DIPOLE

© CROSS SECTION WHEN
ANTENNA IS HORIZONTAL

1.255
Figure 5-13. Radiation pattern of a dipole.

t.
perpendicular to the axis of the antenna. Minimum'
radiation is ofra ends of a Vole..

QUARTER -WAVE THEORY

As was preMously explained, a half-wave

,

GROUND PLANE

,

76.103
4 Figure 5-14.Direct and "image" signal.

directions in which the direct . wave from the
real 'antegina and the reflected wave from the
image are exactly equal in amplitude but op-
posite in phase ,L Conversely, there are other,
directions in whidrthe direct and reflected aver
are equal in, amplitudti, and in phase.7Thirs,-.
depending on the directicak and location of the
point at which: the field strength could be meas-
ured, the 'resultant field strength may be ' (1)
twice the field strength from the real antenna
alone, (2) zero field strength, or (3) Some inter-
mediate value between maximum and minimum.
It is this "real" and "image" radiated field
that forms the basis for using quarter-4avelength

antenna is-the shortest practical length that may antennasi
be eifectively used for the radiation of radio A grotinded antenna which is one-fourthwave-
sigrrals. The ,natural question, then, is: "How length of the frequency to be transmitted or re-
114o we use _a quarter-wavelength antenna if a ceived is known as a quarter-wave intenna, and
half- wavelength is the shortest Ahat be is sometirnes'referred to as a MARCONI ante
used?" The answer to that is, basically _es;ple, -Figure 5-16 shows typical current and vol

First of ell, the ,total radiation from an -c distribution on a quarter-Aave antenna., Not
antenna is made' up of two cothponents. One taut It is ve similar to the half-wave ante
component is that part of the radiated. signal in .this res cti. Although ithe antenna it if

, 'which leaves the antenna directly, and the other is only a t earth act as
itis GROUND REFLECTION ,that appears to another quarter- avelength to produce the,

-
come from an 1,inderground image of , the real
antenna, as shown in figure 5-14. This image
is r)also. Sometimes celled the MIRROR' IMAGE
and is considered to. be as far below the groxind .

, - as the real antenna is abOve it. The antenna
need not be -placed at the surface of the earth
to produce an image. This imagatftsometimes
achieved by placing an antennas , next to, or
above, a large metallic ground. Id otite words,
instead of using' the earth to reflect the other
half of the desired image, we can use a very
good metallic su Jrface as "ground"..

Figure 5-15 dhows basic current distribution
in a real and image antenna. there ale certain

ANTENNA

IM

A

f

777r M777777 I

E

.76.104
Figure 5 -16. Current distribution in a real and

image antenna.
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ANTENNA

TRANSMISSION
LINE

VOLTAGE

CURRENT

XEED

i/S\
1

WOLTAGE

\

IMAGE
ANTENNA

GRdUNt

CURRENT

'A

c
' produced by a grounded quarter-wave antenna at

a shore transmitting site.A-Notide that' the top
shows an 'omnidirectional radiation pattern

but that the side fie,y1 shows essentially half
of 'the necessary signal fdr proper radiation.
The remaining half of the signal is obtained via
ground

-
reflection.

) 13.35
Figure 5-16. Typical current and voltage dis- .

tribution on a quarter-wave antenna. . .

"image" and achieve the desired halfrwave
characteristics.

This reflected- energy princiiiI6 is very useful
in the lower frequency ranges, although-ground
reflections occur in the hi requency range
as well. Figure 5-17 shows radiation pattern .

TOP VIEW

'Z6.12
Figure 5-17.Ildiation pattern for ,grounded,

quadltwave antenna. ashore.

SIDE VIEW

, .

Andther method of achieving reflected images
is through the i.I,se of '.'ground plancis"Basita

Yo..what this means is that.alsule refldctingme c
surface is used as .a, substitute for "ground"
or' "earth". This method is frequently used in
the VHF/UIIF frequency ranges. Figure 5-18
shOWs .a commonly used UHF antenna (AS-390/
SRC) which Utilizes this principle: The ground
plane is al's° sometimes referred to a a
"COUNTERPOISE", as is shown here figure'
5-18. kTogettter, the counteraoise and th radials
comprise the refilScting surface which, in turn,
provide the necessary reflected image. '

'N ...-
AN/ENNA

COUNTERPOISE

RADIALS

CONNECTOR
J

FOR MOUNTING

25.220
Figure 518.Connr4n UHF antenna utilizing

-"counterpoise", or ground plane.
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CHAPTER 6

RADIO WAVE PROP.AGAT

`I '--
transmission of radio waves through

space is known as WAVE PROPAGATION. An
electrOmagnetic,wave must be propagatedtgrough
space to a . (receiving antenna to establish a
useful communications ,system. In any radio
communications system, energy in the forme of
electromagnetic waves is generated,by the trans-
mitter and fed to .an. antenna by means of a
transmission line.'" The ruitenna radiates this
.energy >r out into space at the -speed of light.
Iteceiltig antenm, plated in the path di the
traveling radio wave, absorb part of the radiated
energy and send it through a transmission line
to a receiver. Figure 6-1 shows s example of
a simple radio coinm,Unication network.

Successful communication' by means of radio
waves, depends on th9 power of the transmitter,
the frequency used, the distance between the
transmitter andr.4.ceiVer, and`..the sensitivity
of the receiver. The ability of the earth's
mosphere to conduct energy to its destination,.

\C,

MEDIUM
(EARTHS &TMOSPHAE)

PORTION OF RADIO WAVE
INTERCEPTED BY .

RECEIVING ANTENNA

TRANSMITTING
ANTENNA

/TRANSMISSION
LINE

RECEIVING
ANTENNA

TRANSMISSION
LINE

TRANSMITTER

10-

,Figure

0

r
ti RECEIVER

7

1

together with the nature of the ter rain betwee n
the sending-land receiving `points, may be re-
sponsible for the fruency used to transmit
the radio signal. Interferring signals can make
reception impossible at a desired time. Also,
the amount of noise present at the signal fre-
quency and transmission. line losses may, com-
bine to make unintelligible an otherwtse good
signal ,

.

Depending upon the ffequencir used, the pri--
inary -medium far transmipsion may be the lsur-
Hee of the earth or the fiee spact surrounding
the earth., (normally both). By'far the more.
complex of these/ two niisdiurns 4s free spage.
Therefore,'It is necessarykthat the nature o.frzte

-space be known so that its effects on the qfialiTya
of transmission may be predicted: Weather 'con-
ditions, changes in the level ''of ra tion frbm
the sun, and physical obstructions 0h the earth'i
surface all affect the quality and reliability of

1 transmission. Because we cannot oOntrol the
phenomena existinglin the propagating mediums,
our ktowledge of thm is of primary importance
to achieve successful communications.

TERMS AND DEFINITIONS'

In our discussion of radio wave ropagation,
a nun-Lbier. of terms 'are used that clItild te.d to
confuse you, if the terms are not unders
Therefore, the following li,st of defined terms

provided for }fur reference.

ATMOSP
ing the earth,
sphere, and io

EREThe mass.ispace surrround-
including theiroposphere; strato-
sphere. Alto called "free space".

decrease in signal'.ATTENUATION The
strength of Erracho wave.

31.6 CONDUCTIVITY A measure' of the at.?
6-1.Simple Radio Communication Net- of a znaterial to. act as a 'path "for elec n

work. 'flow. (11easured in mhos per meter).

3
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RADIO WAVE PhOPAGATION

- CRITICAL FREQUENCYThat frequency be-
low which an electromagnetic wave is bent
back to earth by' a layer' in the ionosphere.
i . - r. ,, :.

DIFFRACTION 1 The tiding of an elec
i

ro-
rt etic wave around the `edge(s) of a solid

!LOWEST USABLE FREQUENCy.(tgl")--- The
lowest frequenc tilt may be used (luring a.
specific time, `de ending upon power axid,band"
width requirements.

aft

PkoPAGATION The transmission
troinagnetic (radio) waves from one
another.

1 r

DIRECT WAVE A radio wave that is propa- rot,
gated in a straight, line through space from the LECTION. The
transmitting to the receiving antennas. when a radio, wave st

earth at,some tifstanc
DISTORTION An undesired change in an returned upward toward

electromagnetic waveform. k\

, 4 REFRACTION The phenomenon oeptirrin5
FADINGThe variati of radio when a radio.NA/jive obliquely passesPoln One

.strength, usually*' gradual, cj4irfng the tune Of 'Medium, to ther of different .density. catISin0-
the wave to c ange,diVection.

111

rece tion.

of 8lec'
point tO

henomenon occarriti5
rk es the' But-face Of the
:roan the antehrla, and is
the ionized layer a air'

IGAH.ERTZ (GHz) An expressio
1090 MHz,

. a

GROUND WAVEA radio wave that ,travels
(propagates) 'close to . the earth's silrface and
reaches the receiving antenna without being in-
fluenced by the ionosphere.' The ground wave
includes all components of a radio wave travel
ing over the earth except the sky (ionospheric)
wave.

-)
u HERTZ (Hz)Cycles per second.

P INCIDENT WAVESA temp denoting theft
portion of a radio wave passing from ; one
medium into another which will rest iiaithat
Wave being reflected,; refracteld, 'diff cted, or
scattered.

IONOSP,HiREThat part of the earth's outer
atmosphel'e whereti zatiOn is presdnt in suf-
ficient quantity ct the propagation of radio
waves. Also kno n as, that portion ..o.f the at-
mosphere above e stratosphere.

i
MAXIMUM USABLE FRtQUENCY" (mUF.1

The highest-frequency or frequencies that may
be used at a ;speanied time of day for radio
communications betweenlw o points.

Any extraneous electrical' disturb-
ance fending to interfere with the normal re-
ception of a transmitted sign

FREQUENCY OF OPTIMUM TRANSMISSION
(FOT) The most reliable frequency for propa-
gation _at a -speCific time.

a

. SPAC E WA vgometimes c ailed 114; trOpo'
spheric Wave. A. raki wave that elo err=
tirely. through the'earth's tropoEfpher%\,

AVE4-A raclio wave tin
acted upon by the ionosyliere, 4

POT NUMB ERs - The .nuinner of cikro
y shaped areas on the turfac et the

'SKY
gated

Sirr
sun caused by violent solar eruptityq, Counted
and averaged over a period of timtj, they are
used to pr,edtct the average sunspot. aCtiVitl*
The average these numbers IS caReci
sunspot numbers";

,

SuRFAC WAVE. That pift of the ground-.
a e that i affected cluefiy by the corldiletiVitY

e earth.
d.

STRATOSPHEREthat part 'of the estith'0
-atmosphere lying"- between the troposphere and
the ion6sphip.

TROPOSPHERE The lower part of 410
earthis atmosphere, lying- between the 0-1'401
of the elrth and the stratosphere.

i .
DIFFRACTION, REFLCTION, 1

AND REFRACTION ,

One Of the many problems Rncooterett in
the propagation ofZradio waves is the change'
able conditions of the transmissionpatri through'
the various me turns.' As a radio wave iStrYvel''
ing through s Oe,-it can be affected EKIVerselY.
or in' such a, manner, tas to el-ilia/We Q0/13''
municatioIt may change direction, velocity,
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op be completely absorbed within the propa-
gating mediuip..

The atmosphere. of the earth is the common
Nediurn or propagation and a study of radio
propagation is concerned chiefly with properties
and effects- of this medium. Radio waves travel
in ways from a transmitter tea receiver:
by 'Means of GODUND WAVES, Athich travel
cloke to., the surface of the earth or by SKY
WAVES, which travel up to elecVically con-
ducting- re ons of 'the earthls atmosphere and
are retur d to earth,p,(see figure 6 -2), 'Some
forms Of angmission are combinations of both
gr6und wa s and sky waves.

Like other fori-ns of electrOmagnetic radiation,
radio' waves can be diffracted,' reflected, and
refracted. Greand waves-are affected partially
by the curvature and electrical characteristics
of the earIh. Sky waves are affected in vary-
ing. degrees by the constant changes taking
place. in the upper atmosphere. ,

Diffraction

A radio wave is bent when it passes the
edge of an object. 'If a beam of light shinbs
on the edge of an opaque screen in a room,
it can be observed that the screen does'not cast
a perfectly outlined shadow. The edges of the,

shadow are not outlined sharply because the light
rays are bent around the, edge of the screen
whith decreases the area 'of total shadow.' The
,bending, called - DIFFRACTION, zesults in a
change of direction of part of the energy from
the line-of-sight path.

,.
Figure 6-3 shows thb diffraction 'a waves

around a solid object. The lower the' Irequency
of the wave, or the longer the .wavelsiagth, the
greater the bending of the wave., Thus, sound
waves are diffracted mate than radio waves.
Diffraction aids in explaining why radio waves
of proper frequency can be received on the
-far side Of a- mountain or down in a valley and
why sound waves can -readily be heard 'around
the corner of a building. In the propagation of
radio waves at a distance, diffraction is a
significancy consideration becauSe .the largest
object to be contended with is the bulge of the
earth itself, which prevegis, a direct passage
of the wave from' the transmitter to the re-
ceiver. By using high power and very low fre-
quencies, ,the waves Of a transmitted signal can
be made to encircle the earth by diffraction.

Reflection,

Radio waves may be reflected from any
sharply defined substances or objects of suit-
able characteristics and dinlensions which are

IONOSPHERE

Figure 6-2. Groundwaves and Skywaves.

1!!
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DIRECTION OF WAVE MOTION

DIFFRACTION ZONE

4 /

-.1

SHADOW ZONE

--r DIFFRACTION ZONE

certain types of communications, butitisutilized
to.a great extent in others.

31.11'
'Figure 6-3.Diffraction of Waves around a solid,

object.

encountered in the medium of travel. For re-
flection to occur, the object, or material doing
the reflecting, must have the right type of sur-
face, and it must be lai4ger than the wavelength
of the incident wave. Figure 6-4 shows an incident
radio wave striking water. Water is a good con-
ttuctor and reflector of radio waves. Large,
smooth metal surfaces of good electrical con-
ductivity (such as copper) are efficient reflectors.

As previously mentioned, reflection takes
place only when the reflecting surface is large
compared to the wavelength of the incident wave
and smooth for an appreciable portion of a wave-
length, When these conditions are not met,
scattering occurs. Scattering is undesirable for

REFLECTION OF
INCIDENT WAVE

Refraction

Whenever a radio wave passes from one
medium into, another of different density, it will
be bent to some degree. Figure 6-5 shows a,
radio wave 'striking the surface of a body../Of
-water. The water, being more dense than air,
tends to bend the radio wave back toward the
"normal". The denser medium tends to slow
and bend the radio wave. The asnount,of bending
that takes place is referred to as the "Index of
Refraction". The higher the index of refraction,
the greater the bending.

Whenever a radio wave passes from a dense
to a ,less -dense medium, it bends away from th
normal. Fire 6-6 illustrates thisprinciple.Th6T
"more dense" mediums and the "less dense"
ones are normally layers that exist in the at
mosphere. 'must be remembered that when-
ever 'a radio' wave is propagated, it is ,cepsteuitly
being diffracted, reflected, and refraCted, si-
multaneous194.

A common error is the assumption that re-
flection and refraction are very similar because

INCIDENT
WAVE

(WATER) (WATER)

INDEX OF
BODY OF WATER REFRACTION

76.104 . 76.105
Figure 64.4.-- Reflection of Incident Wave from Figure 6-5. Radio Wave striking the surface of

body of water. a body of water. I

103 /
. ,
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1.4IDENT
WAVE

NORMAL.

I (LESS DENSE MEDIUM)

LESS DENSE
MEDIUM)

they, return rao09 waves back tti-earth for recep-
tion. Howeverk:as shown in figure 6-7, the
refracted. wave is "bent" back to earth. As
radio 'waves are propagated, some of them
make large 'angles with respect to the hori-
zontal along the earth (fig. 6-7(A)). These waves
are refracted a small amount and pass on through
the various layers of the atmosphere and into
outer, space. Still other waves of the same
radio signal make small angles (fig. 6-7(B & C)),
thereby travelling a greater distance in the
layered medium and may be bent back towards
earth gradually. The net result is as though,
the wave had been reflected back to earth.

COMPOS ON OF THE
EARTH' TMOSPHERE

The atmosphere about the earth is not uni-
76.106 form. Changes in moisture content, temperature,

Figure 6-6. Radio Wave passing from a more and density occur at different heights and geo-
dense medium to a less dense madium. , graphical locations or even with changes in

e

Figure 6-7: Refraction of Radio Waves in atmosphere.'

11

104

25.93
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time of day, night, season, or year. To assist
in understanding the effects of these changes
on radio' waves, three regions Ave been
identified in the atmosphere. These three regions
are ele troposphere, stratosphere, and iono-
sphere. Their positions with relation -to each
other are shown in figure 6-8. The troposphere
extends from the earth's surfacq to heights of
about 6 to 10 miles. The stratosphere, lying
between the troposphere and4iionosphere, ex-
tends from approximately 10 miles to 50 miles
above the earth's surface. The ionosphere ex-
tends from approximately 50 miles to 250 miles
above the earth's surface.

TYPES OF RADIO WAVE
PROPAGATION

The radio wave that is trans tted from an
antenna has two major compo nts: the ground
wave and the sky wave. The g ound wave compo-
nent of the transmitted radio wave consists of
two parts. One part travelS along the ground and
follows the curvature of the earth and is called
the surface wave. The second part is the space
wave, which undergoes refraction, reflection, or

IONOSPHERE

50- 250 MILES

STRATOSPHERE

10- 50 MILES

TROPOSPHERE

6 -10 MILES

( SURFACE OF EARTH)-

76.107
Figure 6-8. Positions of atmospheric mediums

in relation to each other.
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scattering in the troposphere. The sky wave', is
radiated in an upward direction and may be re-
turned to earth at, some distant location due to
refraction or scattering from the ionosphere.
The amount of bending of the _sky wave by the
ionosphere depends upon the frequency of the
wave and the density of the layers..14i the iono-
sphere. The higher the frequency of the radio
wave, the farther it penetrates the ionosphere,
and the less it tends to be bent back toward earth.

Surface Wave

A surface wave is that part of the ground
wave that is affected chiefly by the conductivity
of the earth and is able to follow the curvature
of the earth's surface. The surface wave is net
confined to the , earth's surface. Parts of it
extend upward to ,considerable heights in the
troposphere; diminishing in strength as it in-
creases height.

The earth itself is a partial conductor and,
upon contact with its surface, some of the
energy of the surface wave is abeofbed and
rapidly wasted in the form of heat. Losses suf-
fered by surface waves are sometimes
extensive, resulting in a badly attenuated (weak-
ened) communications signal. The amount of
attenuation depends on the relative conductivity
of the earths surface, which may vary ac-

,-)cording to terrain. Table 6-1 gives the relative
conductivity for various types of surface. As
can be seen, sea water is the best type of

*rem,,
Table 6-1.Relative conductivity of surface types

Type of surface Relative
conductivity

cSea Water Good

Large bodies of fresh water Fair
Wet soil Fair
Flat, loamy soil Fair
Dry, rocky terrain 'Poor
Desert Poor

701-igle Unusable

76.47
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surface for surface wave transmission. Sea water
makes possible the long-distance coverage at-
tainable by fleet broadcasts that use surfac,
wave transmissions of very low frequencies.

In general, the surface wave is transmitted
as a vertically polarized wave and remains ver-
tically polarized at appreciable distances from
the antenna. Vertical polarization is used be-
cause the earth has a short-circuiting effect on
a horizontally polarized wave. Overall, ver-
tical polarization is superior to horizontal polari-
zation except in heavily wooded or jungle areas.
The reason is that most foliage grows vertically
and absorbs vertically polarized energy.

Space Wave

While
the characteristics of the surface wave

serve to explain long-range propagatiot) of very
low frequencies using high power, the do not
seem to apply to reception of higher frequencies
within and slightly beyond the radio horiOn.
Such signals are considered to be propagated
via the space wave.

Space waves are composed of two com-
ponents: DIRECT WAVES ,and GROUND -
REFLECTED WAVES. The direct waves travel
in a direct line-of-sight path from a trans-
mitting antenna to a receiving atenna. This
component 1s limited only by thestance, to
the horizon (or line of sight) from the trans-
mitter plus the small distance added by the at-
mospheric diffraction of the wave around the
curvature of the earth. This distance can be
extended by increasing the height of either
the, transmitting or receiving antenna, effectively
extending the radio horizon. Figure 6-9 shows
the possible routes that a ground wave might
take.

A ground-reflected wave, as its name indi-
cates, reaches the receiving antenna after it is
reflected from the ground or sea. In figure
6^-10, it may be seen that the waves start out
with fronts of equal phase, continuing in phase
up to the point of reflection of the ground com-
ponent. Beyond this point, corresponding waves
are 180-degrees out of phase. This phase re-
versal is important in determining the effect of
the combining of the reflected wave with the
direct Wave upon arrival at the point of recep-
tion. Bacause the reflected wave travels a longer
time in reaching its destinatioti, a phase dis-
placement (over and above tile-180-degree shift

1.0,004.EFLIC
PAT H

TRANSMITTER RECEIVER

'31.12
. Figure 6-9.4---131e routes for groundwaves.
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caused by reflection) results. Thus, the re-
flected wave arrives at/the receiving antenna,
nearly 180-degrees out of phase with the direct
wave. An undesirable cancellation of sighal energy
results.

Sky Wave

That portion of the radio wave which moves
upward and outward and Is not in contact with the
earth is called the sky wave. It behaves Eimilarly
to the ground wave in that some of the energy is
refracted, reflected, and scattered, and some of
the energy is lost in dissipation within the at-
mospheric layers. A receiver located in the
vicinity of the returning sky wave will receive
strong signals even though the receiver is sev-
eral hundred milesbeyond the range of the ground
wave.

Ionospheric refracted sky waves are gen-
erally the only usable waves for long range
communications. figure 6-11 illustrates some
of the may possible paths that radio Waves of
various frequencies may take between a trans-
mitter and a receiving station by refraction
in the ionosphere. Notice that some of the waves,
which are assumed to be of too high a frequency
for refraction in the ionosphere, pass on through
and are lost to space. Other radio waves,.
which are ass d to be of the correct fre-
quency for refra tion from the ionosphere, are
returned to eart and provide communications.
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In figure 6- that the, term SKIP
DISTANCE is Ult.- from the'transmitting
antenna to the nes..tu.t point at which the re-
fracted' waves,-raturn to earth. Alao notice the
difference bet teeil the skip, distance and the
SKIP/ ZONE. The skip zone is the one betwe,en
the aid of the ground wave and -the point Where,
the Sky Wave first returns to earth. The skip
distance depends upon the density of the ionoi-
sphere. The. skip zone.depends upon prdpagation
characteristics of the ground wave in relation,
to the sky wave. The zone itself.may vary,frorn
minute to minute for the same signal as props,-..
gatron conditions change. Generally,.hdwever, the
zone is relatively stable and remains approxi-
mately the same.

BASIC TROPOSPHERIC
PROPAGATION

11,

Trop4pheric radio Wave propagation depends
on weather' conditions. Weather conditions in the
troposphere. vary from minute to minute; making
it the least predictable layer of the atmospheric
medium. The troposphereAs the loweet region
of the atmosphere, extending from the earth's
'surface to height3 of from 6 to 10 miles above
the surface. Virtually all weather phenomena_
occur in th.th region of the atmosphere.

sc.Refraction of radio waves in tn troposphere,,
is a function of various meteorological variables.
BeCAtise of the uneven heating of the earth's
surfa4e, the air in the troposphere is in con-
sta4 motion. This notion causes small tur-
'bulence,s, 11r eaddies, to be -formed. These

r'fr,turbulences' are ,--.quite similar to whirlpools of
water. The turbulence is at its greatest in-
tensity near tt ti.,,,urface of the earth and gradually

Ininishes wlth. altitude.

,

tap

t
I. a

,. mo
of
huge
to each other, causing rapid changes in tem-
perature a,n pressure. The resulting refraction
aid teflect.fon make it possible to communicate

C)8
I re

thousand' feet' 46
masses

few

is that component, ul
racted in the lower

in humidity, at-
mperature. At heights
approximately 1 mile,
d cold air exist neaz

.;

,ove 'r dist ces than that possible using
the r ave all ne:

.

%.1einperature Inversion is a common cause
of tropospheric refraetiony especially when warm
layer's of Air arb located above cooler layers.
This rIlay fojesult from the rapid cooling of the
earth's tifilace after sunset or the heating of
all-, /above a cloud layer by reflection of sun-
litht.from the upper surface of clouds.

Forward Propagation
Tropospheric Scatter
Conmiunications

The troposphere is used for-many types of
communications, such a8 radiotelephone, radio-
teletype, sand data transmission. Much of this is
made possible through a sy.tem known as for-
ward propagation tropospheric scatter (FPTS),
also known as "tropo-scatter". Basically, tropo-
scatter utilizes the reflective and refractive
properties within the troposphere. When a radio
signal is beamed to an area in the troposphere,
part of it goes through a complex series of
partial reflection and refraction, causing energy
to be scattered and to become partly diffused.
T hi s "beaming" is done, via, parabolic antennas

--such as-those in figures 6112 and 6-13. These
antenna. s are very, d' ctional, hence lending
themselves well to this type of communications.
Figure 6-14 illustrateS the way that these para-
bolias are used for tropo-scatter.

t

The scatteri g phenomenon in the troposphere
is baSed on the theofy that turbulences prevail-
ing in the troposphere cause scattering of the
signal beyond the horizon.-The term "scattering"
tends to imply that the signal is spread in all
directions. However, this is not the case. A
characteristic of tropo-sct4ter is that the energy
in the main beam is scattered in a forward
direet'' hence the use of the term "forward-
pr ,,,,had ", The lower the angle of the beam
with respect to the horizon, the better the
f-tNy,a.r_d-propagation characteristics of the sig-
,ial. A receiving parabolic, beamed at the settle
area in the troposphere as the transmitting
antenna, will pick up the transmitted energy
for further processing. .

The amount of received energy decreases as
he height of the scatter is increased. There are
two reasons for this: (1) the scatter angle in-
creases as the height is increased, thus de-
crep.sing.the forward propagation characteristics,

107 / 1
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WAVES OFEQuAL PHASE

LAST WAVE OF EQUAL PHASE

DIRECT WAVE

4' Alk

/ r

WAVE

RANSMITTING
ANTENNA

POINT OF;.PHASE REVERSAL

WAVES 180° OUT OF PHASE WITH
DIRECT WAVE PLUS A PHASE LAG
OuETO GREATER DISTANCE TRAVELED

Figure 6-10.:---Direct and Ground - reflected waves are out of phase.

THEE WAVES PASS THROUGH
THE IONOSPHERE AND ARE LOST.

RECEIVIN
ANTENNA

31.13

ft

NOSPHEREekl,

TRANSMITTER
SKIP ZONE

SKIP DISTANCE
THESE WAVES, WHICH
RETURN TO EARTH,
PROVIDE COMMUNICATIONS.

Figure 6-11. Possible paths, for/radio waves.
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:
,s/

'

A.58
Figur,e 6-12. Mobile Tropo-scatter antenna.

4 y

4:7.:4e,

and .(2j the -amount of turbulence deo'reases with
the height in the troposphere, thus reicing the
amount of reflection and refrwtion taking place
at any one time in the beamed signal. It should
be noted.'that as greater distanoe is attemyted
with FPTS, the received signal 1 vel decreises.
This is because the jingle mus be increased
to aohieve greater height, thus creasing the
receive potential. The beam takeoff angle of
transmitting and receiving antennas for FPTS
is always kept as low as possible,, depending
upon local terrain and general geographical
location. -

Since tropospheric scatter depends on tur-
bulences in the atmfosphere, changes in atmos-
pheric conditions will affect the received signal
Acme'. Both daily and seasonal variations 'are
noted. These changes are associated with a term
known as "long-range fading" characteristics.
There is also a term known as "rapid-fading",
which is associated with multi-path transmissions

109

(Figure 6-13. Tropo-scatter antenna.

t

76 59.

or multi-path propagation. The Q4tS1Ø received
at any one time are Abe sig-

the main beam.
nals received fro s inhtiller

con ons are
constantly changing, dis transmission paths and
individual signal levels are also changing, re-
spiting in a rapidly changing signal. Although
the signal level is constantly changing, the aver-
age signal level is relatively consistent. There-
fore, no complete signal fade-out occurs.

Another characteristio of a tropospheric scat-
ter signal is that most of the transmitted beam is
not picked up by the receiving 'antenna, the
efficiency is very low, and the signal level" at
the receiving station is very low. To compensate
for this low efficiency in the scatter, the in-=
cident 'power must be high.., -Thus, high-power
transmitters ,and high-gain atitennas are used
to concentrate the- transmitted power into the
beam, thus increasing the intensity of energy
radiated. The receiving' antennas are also very
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TRANSAITTING
SITEr

e

f

Figure 6-14. TropO-scatter propagation.

sensitive, thus enabling them to detect low-
level signals for further processing. Since tropo-
sOatter is considered to be relatively short- range,
a- series of relay stations with built-in signal
amplifiers are used to achieve long - range trans-;
mission.

BASIC IONOSPHERIC
PROPAGATION

The ionosphere is found in the rarefied at-
mosphere-, beginning at approximately 40 to 50
miles above the earth. It differs from other at-
mospheric layers in that it contains a much higher
number of positive and negative ions. It is known
that the atmosphere is under constant bombard-
ment by radiation and particle showers from the
sun as well as by cosmic rays. Radiation from
the sun includes not only light rays that can
be seen, but .also the entire spectrum,, ranging
from' infrartid rays to ultraviolet rays. Radiation
from the sun , is capable of dislodging some
loosely bound electrons from gas atoms that-
make up the dense gases in the upper atrnos-
phere. Therefore, the ionosphere has a large
number of ionized gas atoms as well as free
electronsunasSociated with any atom.

At altitudes above 350 miles, the partickiss
of air are far too sparse to permit large-
wile energy ( transfer. Ultraviolet radiations from
the sun are abs rbed in passage through the
upper layers . the ionosphere so that below
ani elevation of 40 miles, very few ions exist.
that would aff ct sky wave communications.
Therefore, sky wave communications depends

1

RECEIVING
SITE

1

50.148.

primarily upon the ionospheric conditions ex-
isting at.the time of transmission.,

Densities of ionization ,at -different 'heights
make the ionosphere 'appear to -have layers.
Actually, there is thought to be no sharp di-
viding line between the various- Layers, but they
do exist and, will be separate here for ex-

nnation and clarity.
1.

Figure 6-15 shows the various layers as-
sociated with the ionosphere at night and dur-
ing the day. The ionized atmosphere at an
altitude of between 40 and 50 miles is called
the "D" layer. Its ionization is low and his,
little effect on the propagation of radio waves
except fOr the absorption of energy from the

110
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NIGHT

F2 011!1,11,1111.411.111

,Et rr

DAY

13.28
Figure 6-15.7-Ionospheric layers at night and

during day.
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wavy as they pass through it. The D layer is
present only during the day.s presence' re-
dupes the field intensity of radio wave trans-
missions during the day.

The "E" layer exists at altitudes between
50 and 90 miles. It is a well defined layer with
greatest density at an altitude of about 70 mikes.
This layer is strongest during daylight hours.
and is also present, but much weaker, at night.
The maximum density of the E layer appears'
at about mid-day. During this part of the day,
the ionization of 'the E layer is sometmes,suf-
ficient to refract frequencies in the Zipper HF
band 'back to earth. This action is of' great
importance to daylight transmissions for dis-
tances up to 1,500 miles.

The "F" layer extends' approximately.. from
the 90 mile level to the upper limits of the,..ioto-
sphere. During daylight hours the. 1 laye.r is
divided into two sections: the ,.F1 and the F2
layers. Shortly after. sunset, the Fi and the,,,
F2 layers combine into the single F layer.

In addition to the layers of ionized atmos-
phere that appear regultrly, erratic patches of
ionized atmosphere occur at E layer heights
in ..the manner that clouds appear in the sky.
These patches are referred to as "SporadicrE"
ionizations. These sporadic ionizations may ap-
pear in considerable strength and prove quite
harmful to electronic transmissions.

Effect OfIonospher:
On The Sky Wave

The ionosphere has many characteristics.
Some waves penetrate and pass entirely thiough
it into space, never to return. Other waves
penetra"te but bend.' Generally, the ionosphere
acts as a conductor and absorbs energy in vary-
ing amounts from the radio wave. The iono-
sphere also bends (refracts) the sky wave back
to the earth, as ttown in figure 6-16.

The ability oft..he ionosphere to return a
radio wave to the earth depends upon the angle
at which the sky wave strikes the ionosphere,
the 'frequency of the radio 4ave, and the ion
density. When the wave from an antenna strikes
the ionosphere at an angle, the wave begins to
bend. if the frequency and, angle are correct
and the ionosphere is sufficiently dense, - the
wave will eventually emerge from the ionosphere

111

,

13.29
Figure 6-16.eIcknoephere "bends" waves back to

earth..

and return to earth. Theky wave in figure 6-17
is assumed to be composed of rays that emanate
from the antenna in three distinct groups, that
are .identified according to the angle! of eleva-
tiOn. The angle at which the group 1 rays strike
the ionosphere is nearly vertical and will not',
be returned to earth. The radio wave strikes
the ionosphere, is bent out of line slightly,
but passes completely through the ionosphere'
and is lost.

The angle made by the grip 2 waves is
called the CRITICAL ANGLE for that frequency.
Any wave that leaves the antenna at an angle
greater than this angle (4) will penetrate the
ionosphere.

'11

B. AREA OF
RECEPTION

\ SKIP ZONE
NO RECEPTION

ROUND WAVE
RECEPTION

ANTENNA LOSES

SURFACE oF
EARTH

13.30)
Figure 6-17. Three grdUps of radio waves

cording to angle of elevation.

I
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G;atk. 3 s strike the ionospheiefat. the
sm est 'angle, that will'he refracted and ;till
be pirneek..td, earth. At any Aga-faller .angle,
tha' waves be efracted bur will, not re-

,:... turd to e
A 4°"

9

jai the .frequinicy.iticrea s, the initial angle
deereases., Low freque i can be, projected
straight upward and wi be returned to the

' earth. The highebt frequency that can be sent
erectly upwariof ancti

CRITICAL FREQUENCY.
be refracted, back to

the earth.is & tiled
. At 'sufficiently 'high requencies, iltgardiess of

° the angle at, which the 'rays strike the iono-
sphere, the wave will.not be returned to earth.
/Thecifitidal fiequency is not constant but varies

**1 from- one locality to another," ifVith Ihe 'time' of
: day, .with the season of thd 'year,:and with the

stmsPot cycle? ( '

Because of, this ,variation in the Ao ideal
frequency, frequenby 'tables are issuedd, pre-
dict the mvdmurn usable frequency (M F) for
every 'hour of the day for every loo ty in
which transmissions are made. These frequency
tables are- prepared from data obtained ex-
perimentally from statidhs scattered alrbver the
world. All of Ails information is pooled, and
the results aft tabulated in the form of long
range predictions that remove some of the
'guesswork from transmissions.

Absorption In The Ionosphere

As a rsajli/o wave passes into the nesphere,
it loses me of its energy to free elec-
trons aid ions contained in thi part of the
atmosphere. Since absorption of energy is de-
pqndent pon collision of particles, the greater
the, d ity of the . ionized layer, the greater
the pr bility of collision, and therefore, the
greater a absorption. The highly tdense D and
E laye provide the greatest absorption for
the ionoap wave.,

Variations hi The Ionosphere

Sky wave, intensity varies from minute to
"'.....inute, month to month, and year to year be-/

ause of variations in the .ionosphere. Since the
ionosphere exists primarily because of the radia-

1,. 'tion of the sun, any variation in the strength
-.$ .44 this radiration will cause a corresponding

change in the ion density of the upper at-
mosphere. Some of the variations in the iono-
sphere are periodic 'and their effects on radio

1 r
11

frequencies canebe-
,
Itnticipa d Others are un-

predictable,.. 'and,' while(' their effects are . pro-
nounced, there is littl 'that can 'he dohb but

ze ,that . they m
ti nsi.can be divided tb daily,:iaasonal, and
s Pot 'cycle variatio s. Unpredictable vatia-

c ,,. Periodic varia-

ti0118: iiiffs; usually the resul of the spdradic,

* El'ilayei antr Shot Wave Fadeouts (caused by
sudden solar flar -upg). ..0--

) s

Pe odic Variations

Daily variations are caused by the 24 -hour
rotation of the earth' about its aids, In the
daytime, the ionosphere consists of the tow
ionized layers previously mentioned. At 'night- ,

in the F region, only the F2 layer wdsts4nsofar
as regular HF propagation iS _concerned. The
nighttime F2 lay pr is formed by a ombinatiop
of the daytime ?1 and F2 layers that merge
during evening,,h,otirs,:. .

\'441/4

Seasonal valiatiOns occur as the intensity. of
the ultra-violef light which reaches van

arias t the
d the

spot in the earth's atmosphere
position of the earth in its-or
'sun. j e

Sunspot activity varies in conformance to an
11-year cycle Sunspots are pro tional to,ayF
proximate,,sol radiation to the total ioni-
zation of4ila atmosphere: During periods of
high sunspot activity, ionization dP vari slayers
is greaerthan usual, resulting in hi r critical
frequencies for the E, Fl, and F layers, and
higher absorption in the 'D layer. CoAltequently,
higher frequencies can be used for communicittP
tion over lattg distances at times of greatest
sunspot., activity. Increased absorption in the D
layer, which has the greatestieffecton the lower
frequencies, requires higher frequencies. The .

°loran effect is a genjeral improvement in propa-
gation conditiont during years of maximum sun-
spot activity. "7'
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FADING

Fading is the variation of radio signal
strength at the receiving end of a transmission.
Signals received, over an ionospheric path may
vary in intensity ,,,,,over short periods of time.
There are three major reasons for. fading.
When the radio wave is refracted in the iono-
sphere or reflected from the earth's .surface,
random variations in polarization of the wave
may occur, causing changes in the received sig-
nal level because of the inability of the a4glana____
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to receive polarizaVon chaQges. Fading iy4ty also
occtu' if the ,operaftg frequency selected is too
close to the MUF (Maximum Usable Frequency),
If this is the castr,,an slight change,, in the iono-
s might cause change in signal strength.

ng also results om btorption of the ail-
nal energy' in the 1 ospli re Absorptiop fadiAg

, - occurs for a longer. perio\d of tiliKt th&--other
types-of fading laecawite o the len of time
required for an ionized layer to chante indoill-

, zation potential. Howgver, thegrnajdr cause of
!fading on ionospheric circuits
multipath propagation.

Mul'tipath 'Fading

*13, .caused by

c",
"Multipath" is e .term used to de ribe

the types of propa fon that undergo chnges
en route to the receiving site, causing them to
arrive in a time frame that is than the
signal reflected from the ionospheie.

Figure 6-16 shows the various paths
nal can travel between two sites. One signal,
the ground wave, may 'follow th path XY Z.
Another signal, refracted from -The E layer
(XEA), is received at A, but not at Z. Still
another path (XFZFA), results from a greater
angle of incidence and two refractions from the
F layer. At point Z, the received signal is a
combination° of the ground wave and the sky
wave. If these two waves ar received out of
phase, they will produce a w aC or fadpg sig-
nal. If they are r*eived tn phase, the waves
will produce a stronger si . Small altera.
tions in the transmission path may change the
phase relationship of the two signals, causing
periodic fading. This same addition of signal
components occurs at point A At this point,
the double-hop signal from the F layer may be
in or out of phase with the signal arriving from
the E layer.

F LAYER

E LAYER

EARTH

.254
Figure 6-18.z= Various paths of signal travel.
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Selecti,ye Fading

Fading resulting from multipathe.proptagfation 4
is variable with freqtfency since each frtxdlency
arrives at the receiving site via a different
path. When a wide bEuicipf freque.ncies, subh as
multichannel Single sideband, is transmitted, the
frequencies in the sideband will vary In the
amount (if any) 'Of fading. 'this variatiqn is
called selectye fading. Whenever selective'fad-
ing occurs. all' frequencies within the envelope
of the transmitted signal may not retain their°
original phase relationship and,,relative Ettnpli-
tudes. T}s fading may clkuse severe distortion,
of the signal and Ifinik the total bandwidth which
cap be transmitted. 3,

FREQUENCY ,BANDS AND '-
CHARACTERISTICS

-/ For practical purposes, it convenient to
classify RF 'remissions, into frequency bands (See
Table 6-2)'. Whereas each' band of frecluencies
has similar pltopagation effects, they have'
very recognizable differences. These differences,....i/
are not always sharply cdefined. because of the
nearness of the upper ends of some bands With-
res ct to the lower, end of the next.- higher
band The greatest diffe in propagation
characteristics occur n mid-band between
two bands. Normally, when upper or lower
limit of frequency is desi ated for a certain
propagation effect, it doe of mean that uch
an effect stops at those mits, but that it be-
comes negligible beyond such limits.

Medium-Frequency Band (MF)

Only the upper and lower ends of the Mt'
band (0.3 - 3 M,H4, have naval use because'
of the commercia14.Usage of this band near
mid -range (0.55 00 MHz). Frequencies
the lower portion F band are used main19
for ground wave transmission for moderate dis-
tances over water and moderate to short dis-
tances over lank. utilizes the upper
portion of the MF b d (2 - 3 MHz) quite ex-
tensively. The range of communication' in' the
upper portion is generally moderate and de-
pendent' upon the type of antenna used and the
output power of the transmitter. USually, be-

-.cause of the. rathth long antennas required;
this band is utilized with horizontal wire an-
tennas where antenna space is restricted. In
mobile applications, whip Euitenn are normally
used in this frequency range.

1131,
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ble 6-2, Radi rrequency Spectrum
I.

. FREQV CY

30Gftz,,-.3011.GHz-,.

3GHz-l?GHz

`1-3001111Z;-3Gtrz

,30Mhz.-300MHz,

JIVt11z-30MHz

300kHz-3MH.z

,,,31:11diz-300kHz

3kHz--30kHz

DESCRIPTION ABBREV ION

extremely high frequency
.

stper high freqUencly

ultr igh equency

veryrhig1 frequency

high frequency

medpm frequency/

low frequency .

Very look frequency,

EHF

SHF

UHF

VHF

HF
MFG

LF

VLF

4
High-Frktquetic Band (HF)

1

-
The' ,HF band (3 - 30 MHz) employs iono-

spheric proportion for long-range skk_wave
communication.) The HF and is the prkcipal
frequeney range used for Navy ship-to-shore
communication circuits. Communications publi-
cations that -predict pLopagation conditions for
this band are published periodically; (NTP-6,
Supp4i Series).

UltratHiglcAquency
Band (UHFP)

Almost all 'of tle energy transmitted from
point to point in the UHF band (300 - 3000
MHz) is propagated through thle . troposphere
along a 'curved path. The, refracted path may
be assumed to be a straight line path extend-
ing to° distances of lipproximately four-pirds
times the truerhorizon.Howevei, the trans fission
range of this bankmay be extended several
hundred miles further-by mites of tropo-scatter

`propagation.

Ground reflettions are still present at ultra--
high frequencies and can Cctuse multiplIth fading
due to ahterference, although such reflections
become less important at the higher end-.Of this
band. However:, a second type of multipath fad-

when parts of the wave are re-
higher layers of tha atmosphere

ti

,
and become bent sufficiently' to retur,n anVom
bite with,' the -wave received over a oAer,
more direct path. /

Atmospheric and manAmade Meise in this
frequency band is. extremely low. Most noise
encountered emanates from the equipment itself,
both, 'transmitting and. receiving. This is due-
to the circuit dedisn inherent in most UHF-equip-
ments. ,Becaiiise of the increased frequency,
component. parts and a'semblies are normally,
sit-Caller and ._spacing more critical. Indudtive
and capacitive reactances are normally laiglit.,
hence 'tlie greater noise associated with UHF
equipment. °

Super Ana Extremely High
Frequencies (SHF and EHF)

. .

The Super and Extremely High frequencyts have vel'y limited application in Naval
om unications. Although future cell for

the these two frequenc bands, the pri-
mary. utilization at the presefit time is iii, the
/1gGver SHF band (3-13. GHz) for satellite corn-,

unication systems.

114

Tran mission at the SHF and EHF bands
iW very cliff cult because of the nature of ikhe"
radiated ve. velengths at these frequencies
are ve small, ausing a great deal of re-
flection of the incident wave. Almost av object
will act as a reflecting surface in this fre-
quency range, almost as if the atmosphere
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were made up of an infinite amouht of small
firrors, each reflecting the Incident wave in
a different diyection. Tehis phenomenon is some-
times called DIFFUSE REFLECTION and is
quite prevalent rn the.:SilF and- EHF frequency,
ranges. In addition, inciden adiation will also
be ab orbed by the e 's vegetation. Even
rain c cause scat mg and absorption
these fre uezncy ranges. If tile drop is
comparable to the wavelength of the propa-
gated wave, ,a substantial portion' of the trans-,
mitted energy will be reradiated fr_oy-n the raindrop

c

0.

If
e

.4

.
,

in many directions._ This phenomenot,, 1%001
as SCATTERING, has an attenlia hg effect On
radio waves. The attenuating eif 6-t is caused

, by the incident energy that is sboorbeds 9.110
virtually trapped and converted into heat.

The potential losses inherent at Ws' fie`.
quency range are overcome thiough ale jit4e
of sharply, beamed incident waves Utilizill&vo'Y
directional transmitting' antennas, The tise,0t .

directiona,i,antennas (such as parabohoS)OotoniY
enhances transmIssion success, it aiehoensuree
the conservation of necessary incident Power
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BASIC TEST EQUIPMENT
4!

Communications iertionnel have 'become de-
pendent upon electrical and electronic equip
to perform their day-tO.day taskti4 Thin ha
Bade. necessary by the vastness and com

of. commtulications itself. It has been roven
'that the 'effectiveneas oft naval tactical and non-
tactical forces is- to -a large;eictent dependent
upon communications. Therefore, the .reliabil
of, colrmunidatione equipiiiimt must be main
tamed at all tisme s. Many factors enter int
determining' the reliability of the equipmen
One is the quality of the equiptnentitself. Anothe
is the al2iility of operating personnel to
erly: perforni theirf jobs. Lastly, and pa
most important, is adequate maintenance.

o

Maintehance is work'dditil to correct, retiuce,
and counteract, wear and damage to evipment.
Maintenance of communications .3, eq.iipment is
dilddld-into two main categories: PREVENTIVE
(routine) maintenance and CORRECTIVE main-
tenance. Preventive maintenance' consists of
routine checks; made periodically, to determine
whether the ;equipment fUnctioning properly.
Preventive maintenanoe usually consists of visual
inspection of equipment component parts and
wiring for' damage and i;ear, as well as periodic
lubrication and component adjustment Pre-
cedures: CorreCtive. maintenance is used,to
late equipment' troubles (by means of test
techniques and practices), to replace defective
parts, and 'to realign and readjust equipment
or', to otherWise bring the equipment . back to
proper performance. d

Depending upon your level of skill, you will'
have to make many preventive checks on corn-
mttnications equipment. It is necessary that all
'communications operating personnel be able to
Make 'routine trouble-checks on the equipment

-.that. they operate. It is .usually through the
routine checkls of operating personnel that po-
tential .problems' are _detected and corrected be-
fore they can .become major problems. It is

,not alWayti necessary that you, as an operator,
be able to repair electronics equipment: How-
ever, many isreventive Oheeks made by com-
munications personnel involve" the use of basic
test equipments.- Without a knowledge of the
more basic types of test equipment and their.
various principles of operation, potential prob-
lemecould go undetected.

CARE, USE, AND HANDLING
OF TEST EQUIPMENT

Nearly every communications center is pro-
d with a Variety of test equipment to be

use when preventive or corrective tests are
Made. NormalV, there are very few, if any,
test equipments in spare. When a test set be-
comes inoperative, the ability to make ballsa
trouble-checks suffers.. Therefore, protecting
test equipment from general harm that results
from dropping, falling, careless misuse, or im-
proper operating techniques is a must.

One of the primary causes of test equipment
failure is carelessness. The user maybe care-
less in Operating procedures or ---In simple
handling of test equipment., Any doubts about
the proper usage of a test set should be referred
to the technical manual Issued with the set.
Often, test equipMent is plaCed near the edge
of a bench or table where it can be pulled off
by test leads or accidentally knocked off. Another
error made by many operating personnel is
improper selection .of meter -ranges, such as
attempting to measure 250 volts on the 50
volt scale of a meter.

Some test equipments may require special
handling. However, there are severalprecautions
which apply to test equipments in general. Rough
handling, moisture-, and dust all affect the use-
ful life of test equipments. Bumping.or dropping
a test instrument may destroy' the equipment's
ability to properly measure what it was designed
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for.' treasingor .denting test' cables that ,attach
. toa test. set will alter their internal resistance,
thereby affecting the accuracy. of any measure-
tiente made with these cables. .

To reduce the clan r of corrosion to un-
treated :-parts, always

place when It a not in use: Bo sure:that
tore test equipment in a
3

all ' assembly screw that hold the case of the
'test- equipment, in ,pace are securely tightened.
As an -added precaution, all dust covers should
be placed on test equipments when they are not
in use. LOckerscontaining test e ipment should

'be padded' in order to reduce ) hock onboard
ship whenever the ship rolls or pi hes.

Meters are the most d3licatk parts of test
equipments. In order to ensure that the meter
will maintain its accuracy; these additional pre-
cautions should be followed:

1. Ensure that the amplitude of the circuit
under test is within the range of the meter.

2. Keep meters as far away as possible from
strong magnets.

The instructions for properly stowing test
equipment cables and other, accessories, as set
forth in the instruction manuals accompanying
the equipment, should % he carefully read and
strictly. followed. Improper stowage of acces-
sories results in changes in cable characterier
tics, intermittent ,,short circuits in cables and
leads and, in general, unreliable test indica-
tions.

SELECTION OF TEST
EQUIPMENT

The term "te sting", as used in reference to
test 'equipment, refers to the use of test sets
to determine or to evaluate the condition or
quality of operation of- a unit, circuit, or com-
ponent. Proper testing procedures must begin
with the selection of the test equipment. This
equipment must be used in accordance with
specified procedures. The results must be
evaluated in reference to normal, specified
standards.

Electrical equipments are designed to op-
erate. at certain efficiency levels. To aid op-
erators and maintenance personnel, technical
manuals and sheets containing optimum per-
formance data, such as voltages and resistances,

are prepared for Navy einippient. A good under-
standing of the functional &sign and operation
of the equipment to be tested is very important. .

A thorough understanding of the operation and
limitations of the measuring instrument (or .

instruments) is most essential in test equip
mentpelection. -

The -first 'requirement of any test equip-
n't iir'its ability to perform the test required.
condly, it must be compatible with' the equip-
ant. under test. Basically, compatibility can be
ariowed down into 4 areas: impedance match-
le, frequency, amplitude, and polarity.

nipedance Matching

Anytime that you connect a piece of test
rnent to another piece of equipment to be

ted, you 'are essentially-Ioading" the cir-
t (or circuits) under°. test. This. means that

le test-equipment will be either inaerias with
e circuit or circuits) under teat, or it Will
-4rr parallel with them. Therefore, reactive

cimponents as well as resistive components are
involved. within the test' Set and the equipment
Udder test.

To ensure continuity between the test equip-
ment and the measured electronic equipment is
normally no more complex than choosing the
right test equipment and using the cables and
adapters supplied with the test set. Most items
of electronic and. test equipment are rated ac-
cording to input and/or output impedances. Ca-
bles and adapters are usually supplied with test
sets used in testing of electrdnic equipment.
The test procedures, normally found in Main-
tenance Standards Books or equipment Techni-
cal Manuals, contain itemized lists of test
equipment (or equipments) required for a specific
test. Preventive Maintenance items are usually
found on Maintenance Requirement Cards (MRC s).
By, using these -specified items, adequate im-
pedance matching is ensured. Substitution of
cables and fittings for those supplied with the
test equipment frequently causes mismatching
of impedance and results in erroneous. test
results.

Frequency

Another important consideration in the se-
lection of test equipment involves the respective
frequency range(s) of the test set and the equip-
ment under test. Equipment that is designed to
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supply test frequencies must supply frequencies
within the -frequency range.(s) needed as well as
be responsive to the needed bands of the input
and output-tuned circuits of the equipment under
test.'

Amplitude

To :test the output . of_a_circuit,, the test
set must have sufficient sensitivity to respond
to. the measured signal. 04,nversely, the cir-
cuit under test must' be sensitive to respond
to the signal. injected by the' test equipment.
In .both cases, we are talking about amplitude.
The amplitude ,of either signal must be of suf-;
ficient.Magnitude to create the proper response:
However, signal amplitude's must not be so
large as to damage circuits under test or the
test equipment itself. If signals are too large,
provisions- are normally made via front-panel
controls to reduce their size through proper
attenuation. Amplitude problems can be elimi-
nated through proper attention ,to operating in-
structions anti precautions.

Polarity bY

Tet equipment used in checking the, opera7:
Lion of many circuits must be able to generate
or respond to a particular polarity signal. An
example of this is a test set used to check syn-
chronous motor circuits. Signals having the
wrong polarity would fail to activate the synchro
circuits, thus falsely indicating a malfunction.
Therefore, observe proper polarity, both in
test-lead ''hook =up and in the generated or tested
signal.

CALIBRATION OF TEST
EQUIPMENT

To "calibrate" a piece of test equipment
is to determine, by measurement or comparison
with a standard,' the correct value of each
scale reading on a meter or other device. To
further ,explain, test equipm ids are the ref-,
erence standards' used in ventive or cor-
rective maintenance proce r s. For this reason,
maintenance and test o the test equipment it-
self, is correspondingl mo e critical. There-
fore; we calibrate o r test equipment. We
accomplish this by comparing test equipment
outputs against known, more 'accurate instru-
plants than the one that we are checking. Cali-
bration instructions are normally contained . in
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the applicable technical manual or on the ap-
plicable maintenance requirement card. (MRC).

M'Jch of the test equipment now being
furnished to naval activities and communications
centers is very expensive and is built and cali-
brated to a high order of .precision. Repair and
recalibration quite often require special lab-
oratory facilities and skill. In many oases,
personnel -not qualified by reasons of educa-
tion, 'experience, and/or adequate facilities have
attempted to make repidrhto precision portions
of electronic test equipment. While you, d com-
munications operator, may be called upon to
operate test equipments and make basic trouble-
dhecks, remember that repair of test equip-
ment is normally the job of personnel speoffically
trained for it. Often, even calibration of a
test set is 'involved enough to warrant lab-
oratory conditions and specific skills.

Many personnel. are reluctant to calibrate
test equipments aboard ship. The principal rea-
son for this is the belief that test equipment
cannot be calibrated except with special cali-
brating instruments. However, in many cases,
test equipMent is available aboard ship that
is sufficiently accurate to calibrate other test
equipment.

Calibration' of one piece of test equipment
with another requires that the calibrating in
strument be more accurate than the instru-,
ment being calibrated. 'Ideally, the calibrating
instrument should be about ten times more ac-
curate. However, this extreme accuracy is not
always necessary. If either repair or calibra-
tion is beyond the capabilities of shipboard
personnel, the equipment should be forwarded
to the nearest maintenance activity that has
adequate repair and calibration facilities, de-
pending upon at-sea status. Always be sure
that you have read the Technical Manuals of
both the "Calibration Standard" and the in-
strument to be calibrated.

THE BASIC MEASUREMENTS
OF TEST EQUIPMENT

When test equipment is used, the basic com-
munication and electronic measurements involve
the fundamental electrical- quantities of voltage
and current and the inherent circuit character-
istics of resistance, capacitance, and inductance.
In the circuits under, test in communications
equipment, the' voltage and current are depend-
ent for their distribution upon the latter three;
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therefore, voltage and current me surethents are
a valuable aid in (determinin circuit condi-
tions and in the .eval.uation of s ptoms. Practi-
cally any reading derived from
equipment will depend upon these
\quantities.

the use of test
basfeimeasured

Voltage.Checks

Voltage measurements may be made as part
'of preventive maintenance or as .part of 'cor-
rdotive . maintenance. Normally, test Jenks are
located on equipment front panels or on the
top. of pull-out equipment drawers, providing
Convenient '"point-to-point" voltage checkpoints.
Voltage measurements, when compared with
available voltage charts provided with the equip-
ment, are valuable aids in determin'...g potential
problems as part of preventive maintenance.
The measuring device used to check voltages
is called a VOLTMETER.,

Current Measurements

Current measurements, as a rule, are not
often taken in the course of preventive main-
tenance or in testing. They are infrequently
used because in most cases the circuit under
test must be opened (unsoldered) for the nec-
essary meter co tions. The measuring devio,
used for currenWeasurements is called an
AMMETER.

Usually, a voltage measurement and a cal-
culation by means of Ohm's law are sufficient
to detentine circuit current, when necessary.
Another ir:!3asion for the infrequency of this meas-
urernen is that most circuits are ,of a high
resistive value overall, and,the current is nor-
mally so low that it cannot be measured ac-
curately with ordinary test equipment.

Resistance Checks

Resistance measurements'. are normally a
valuable aid in locating trouble circuits during
corrective maintenance. Hence, many mainte-
nance handbooks contain resistance charts which

:eare referenc to accessible points (usually
tube sockets) thin the equipment. Without these
charts, resist ce measurements .in a complex
circuit: is a slow process, sometimes _neces-
sitating the unsoldering of one side of circuit
components.

Normally, resistance measurements are not
made as part of preventive maintenance, but

when they are, the device used is called an
OHMMETER. Because of the degree of acctracy
needed when using an ohmmeter, proper cali-
bration and understanding of meter scales is
a must.

Capacitance Measurements

Capacitance measurements are usually ac-
complished with a CAPACITANCE METER; The
basic capacitance measurement is an indication
of that capacitor's dielectric- strength. As the
dielectric strength of a capacitor decreases,
leakage current through it will increase. The
tolerance of a particular capacitor will vary
depending upon the type of capacitor and its
voltage rating. Capacitance measurements are
very useful in component testing to determine
overall stage efficiency.

Inductance Measurements

Inductance measurements are seldoin re-
quired in the course of preventive or'corrective
maintenance. However, when called for, induct-
ance measurements are useful and instruments
are availible for making this test. Many
capacitance test sets can be used to measure
inductance. Most manufacturers of capacitance
test sets furnish inductance conversion, charts
if the test' equipment scale is not calibrated
to read the value of inductance directly.

TYPES OF METERS

The primary indicating component in any
electrical indicating instrument is usually a
pointer which gives the desired reading on a
calibrated scale. The pointer is usually attached
to a "moving element" that turns or rotates
when energized by the current Of the circuit
under test or a proportional part of that cur-
rent. This causes the pointer to move Oopor-
tionally along the calibrated scale.

There are two types of meters that use this
principle of operation: ELECTRONIC and NON-
ELECTRONIC. Non-electronic meters use the in-
herent electromagnetism of electionic circuits
to provide- the essential measured informatioh.
Electronic meters normally make use of internal
electronic components and conversion circuits
to get the proper scale indication on the meter
front panel. Either type, of 'meter may' be de-
signed for use in a.c: circuits or d.c. circuits.

119 1 9
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The power Consumption of any electrical
measuring device should be yery small in com-4
parison with the power available in the circuit
under test. Normally, an a.c. meter ila38 several
times as much power as a 'similar d.c. meter.

poor.
nalAll

meters must have some source of
Some meters are pow red by in-

batteriee. Others are pow red through
electrical power provided by /electrical plug-
in outlets. Sti41 others are powered by
a hand-operated hand crank attached to the
meter itself. Most meters are designed to be
used for measuring more than one electrical
quantity and are called MULTIMETERS. Figure
7.4 is an example of a multimeter. ,This Par-
ticular multimeter is a TS-505. It is used
as an example because it shows most of the
basic components associated with practically
any piece of test, equipment. Shown are ...the
test probes (bottom of case), operating front-
panel controls (left, right and ;:enter of case),
and the indicator ,scale and associated pointer.

Common Meter Controls,

The following is a list of front-panel con-
trols that normally serve the same function,
regardless of meter type (figure 7-1 may be
referred to):

1. FUNCTION switch: Selects the type of
meter operation desired and normally turns
the meter on or off.

2. RANGE switch: Selects various voltage or
resistance scale values to be measured.

3. ZERO ADJ switch: Controls the pointer on
the indicator scale. May be used to set the meter
pointer at zero, mid-scale, full-scale, or any
other meter quantity visually measured.

4. AC LINE cord: Connects the meter
an a.c. power source.

1

to

5. Pilot light indicator: Lights whenever
power is applied to the meter (located directly
above the pointer scale in figure 7-1).

After you are more experienced with the
more common operating controls of test meters,
you will find much of meter operation self-
explanatory. However, even the most experienced
user .9f test meters should study the technical

120
1 9 ')

4.133
Figure 7-4.TS-505 Multime r.

m anu for the particular test set and its proper
operating procedures outlined therein. Barring
the availability of a technical manual, you should
be instructed under the direction of your work
center supervisor.

COMMONLY USED TEST
EQUI'PMENT

During your naval carper, you will use many
types of test equipment as part of preventive
or corrective maintenance. The following is a
discussion, of the more commonly used types of
test equipment and functional facts concerning
each.

Ammeters

AmIneters are used to measure the intensity
of current flow in a circuit. Ammeters are
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connected in series with the circuit under test,
as shown -in- figure 7-2. The accuracy' of an
ammeter reading depends upon the meter--re-
eistance relative to the resistance of the circuit
under test (load resistanoe).Aspreviously'istated,'
the larger the resistance of the meter, the,
larger win be the percent of error inithe meal -T.
urement. For example, if tlie meter resistance.
is equal' to the load resistance, the --circuit
current will be twice 'as much with the. meter
removed from the circuit, representing an error
of 50 percent. Thus, for any given circuit load
condition, the accuracy of an ammeter reading
will be greater if the total meter resistance is
much less than the ohmic resistance. of the load.

Most ammeters use a method of indicating
current known as, the D'ARSONVAL - MOVE-
MENT. This simply means that a fixed-length
piece of conclucter is wound many times around
a core (essenff0.y becoming a coil)-and placed
betwen two magnetic poles (North and South).
Figure 7-3 shows the coil and the two' magnetic
poles. Also Shown is the attached pointer that
moves along a calibrated scale. Basically, the
coiled length of conductor is of a fixed value
and the magnetic field is of a fixed value.
Therefore, the only variable is the current flow-
ing from the circuit under test. The amount
of current will determine the field strength
between the two magnetic poles, thereby deter-
mining the amount of pointer movement (re-
ferred tO as. meter "deflection"). The balance
!springs -.indicated in figrire 7-3 are sometimes
referred to as "hairsprings" and serveAs the
nestoring force that returns the pointer to the

AMMETER

CI RC6IT
VOLTAGE LYNDR

generally used where cur rent greater than
SOURCE LOAD 50 amperes must be measured.

RESISTANCE -0- TEST

It is important to select' a suitable shunt
when an external shunt ammeter is used so
that the scale deflection *is easily read. For

76.108 example, if the scale hafk 150 divisions, and the
Pigare 7-2.Ammeters are normally connected -load current to be measured is luiown to be

in series with the circuit under test. . between,50 and 100 amperes, a 150 ampere shunt

zero position when no current flows. These
. hairsprings also serve to complete the circuit
from. the external circuit to the meter coil.

The small size of the wire which comprises
the ammeter coil places limits on the amount

-'of current that may be passed through it. Con-
setitently, the basic meter movement thus far
diecussed is used to measure only very small,,
amounts of current.

In order to measure a larger current: a
SHUNT must be used with the mete shunt
-is a physically large, low-resistande con ctor
which is, connected in parallel (shunt) with the
meter terzninals. It is used,.to carry the ma-
jority of the load current. (See figure 7-3.)
The shunt has the correct amount pf resistance,
enabling only a small amount of the total current
to flow through the meter coil. 'The meter
current be proportional to the total load
current; U the shunt has Such a value that the
meter is calibrated in , milliamperes, the in-
strument is called a MILLIAMMETER. If the
shunt is of such a .value that- the meter must
be calibrated in terms of amperes, it is-called,
an AMMETER.

A single standardized meter movement is
normally used in all ammeters, no matter what
the rangei is for a particular meter. For ex-
ample, Meters with 'working ranges of zero to
10 ampere*, zero to 5 amperes, or zero tot
ampere will all use the same meter movement
(or scale). This same scale movement is achieved
through the use of different valuei of . shunt
rpsistance with the meter. The designer of
the ammeter simply Calculates the correct shunt
resistance reqUired to extend the range of the
meter to measure any desired value of cur-
rent. This shunts is then connected in parallel
with the meter terminals. Shunts may be lo-
cated inside the meter (internal' shunts) with
front-panel switches' to select them,

outside the meter (ex-
ecessary leads to cdn-

External shunts are

'? -or' they may be locate
. tamed shunts) with the
sect them to the meter.

121'
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SCALE 'd ALIBRATED IN AM RES

TO REAR
3 LANCE SPRING

D'ARSONVAL
MOVEMENT

FROM RE/1R
BALANCE SPRING

METER
LEADS

'VOLTAGE SOURCE
FOR LOAD

t.

EXTERNAL
SHUNT

LOA

(A) INTERNAL CONSTRUCTION a CIRCUIT ,

SHUNAT
COPPER BLOCKS

(B) EXTERNAL VIEW

IPS °
I

(C) TYPICAL EXTERNAL Ammop SHUNTS

Figure'7-3. Coil placed between tow magnet:1'd poles, giving basic

is suitable. Under these conditions, each di-
vision of the scale will represent 1 ampere.
A full -scale deflection of the points T would
indicate -that 160 amperes current is flow-
ing. A half-scale deflection ould indicate that
75 a=yes of current is owing. if a shunt
of too -low an ohmic value is selected, it is
possible for `higher than noVmal load currents
to, drive the pointer. off scale and damage the
meter movement mechanisms.

As pointed out earlier, current measuring
instruments must always be connected in series

I'
6.107:419

"ARSONVAL MOVEMENT''.

with the circuit under test. It an ammeter' were
connected. in parallel th a circuit under test,
the source" voltage- (or close to it) would be
applied :directly to the eter terminals. This
is beca the low inter resistance of the
meter asses the effectiv circuit resistance,
resulti in excessive current through the meter,
possibly damaging the meter beyond repair.

If the apprcodmategalue of current to be
measured is not known, it, is best to start
with the highest range of thet ammeter and
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switch to progressively'lower ranges until a suit-
able reading is obtained..

..

Most ammeter needles indicate the niagni-
tilde of the current with a left-to-right meter

.' deflection on the scale. However, if the meter
vle connected reverse polarity, the needle

.;Krill 'be deflected. award and the meter may
*4be damaged. Their it is important that the
'Proper polarity 'oft inal hook-up be observed
when an ammeter 4 s connected into a circuit
to be tested. Thairis, the meter should always

'be . connected so that- the current flow is into
the negative (-) terminal and out of the positive
(4) terminal (as shown in figure 3-4).

a - ,

METER SENSITIVITY' is a term referring to
the amount of current necessary to produce full-,
scale deflection of the pointer. The smaller the
current required to. produce this deflection,
the better the sensitivity of the meter. Thus,
a meter movement which required only 1 am re
for full scale deflection would ha tter
sensitivity than a meter movement which re-
quires 2 amperes for the same deflections

Good meter sensitivity is especially important
In ammeters which. are to be used iq.circuits
where small currents are flowing. As the -peter
is connected in series with the circuit under
test, the current flows through the meter. If
the internal resistance of the meter k adds sig-
nificantly to the load resistance, a meter LOAD-
ING EFFECT will occur. Meter loading is
defined as "the condition wlaich exists when
the .insertion of a meter into a circuit changes
the operation of that Circuit." This condition is

(-)
,SOURCE

vOLTAGt

. 76.109
Figure 74.-?Proper pOlarity must be observed

when connecting ammeters into a circuit.
o

not .desired. When. a meter is inserted into a
circuit, its use is intended to allow the meas-
urement of circulr current in the normal:op-
erating condition.

Voltmeters

- Voltage measuring instrunirnts are connected..:
in parallel with (across) a circuit under test.
If the voltage to be '_measured not known,
it is, best to start with the. highest .range of
the voltmeter and progressively lower the rizige,
until a suitable reading is obtainecL As with
the ammeter, the. voltmeter. is connected so
that current will flow into the negative terminal
of the meter.

'if; function of a voltmeter is to inchoate
the potential difference. twoo toints in
a circuit. Unlike ammeters, the voltm r should
have as high an internal resistance as practi-
cable. If the voltmeter has a low resistance,
it will 'draw an appreciable amount of current.
As you recall, this -Shunting happens because
overall circuit resistance decreases when placed
in parallel, and the circuit current will divide

"accordingly along the parallel paths. There-
fore, the effective resistance of the circuit
under test is lowered and the voltage reading
between two points will be changed,,,

Whenever voltage measurements are made in
high-resistance circuits, it is necessary to use
a high resistance voltmeter to prevent this
"shunting" action of the meter. The effect
is 'less noticeable in low-resistance circuits
because the shunting effect Is less.

. .
The D'ArSonval ter movement, used ink

ammeters, may also used to measure volt-
age. It must be remembered that the D'Arsonval
movement utilizes current flow to produce 10 1....

magnetic field which' is proportional' to the
curr,.nt. This meter movement is an indicator
of &urrent flow rather than voltage. However,
the addition of a series resistance allows the
meter to be calibrated in. terms of voltage.
It still operates because of the current flow
through the meter, but the scale may be marked
off in volts.

An ohms-Per-voltirating usually attracts your
attention when dealing with voltmeters. The
ohms-per-volt rating designates the amount of
resistance that must be connected in series
with the meter to 'produce full-scale deflection

123
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with only 1 Volt applied toIts terminals. The
two most pornmly used ohms-per-volt rat-
ings for. Voltmeters used in the Navy are the
1000 and 20,000 ohms-per-volt ratings. This
rating: is 'referred to as the meter -sensitivity.

The accuracy of a voltmeter, or ally, metal,
iis generally expressed in percent. Fof example,
ta meter .that has an accuracy of 1 percent of
the correct value means that if ithe correct
value is 100 units, the meter indicatiOn may
be anywhere within the range/ of as to 101
Louts.

, Multirange voltmeters utilize one meter scale
with the required, resistances connected in series
with the meter by front-ptinel shwitcheb located'
on the case of the meter. A schematic. diagram
of a multirange voltmeter with three ranges
is shown in figuie 7-5. The schematically rep-
resented resistors are located inside the meter
and are selected with a front-panel control.
As is seen, the voltage range being measured

I (1V, 100V, 1000W), determines. which f;eries
resistance is selected. Thus, the correce:rtad-

.ing is indicated on the voltmeter and the etel-
itself is protected from excessive current. in
some voltmeters, for measuring higheV volt-
ages, the series resistance may be connected
externallY much like the ammeter.

The most important thing to remember when
volt measurements are calculated is the
sen tivity of the voltmetelr. As mentioned pre-
vi sly, a voltmeter should have as high a.

100 100 ohms

`.01\t--1

1V I000

100V
9,900 .9999
ohms meg

ohm

9.9999 `!

Meg
ohms

,

resistance as practicable with reference to the
circuit under test. It Is n cessary to be able
to calvlate the shunting e ect (or loading) of
a circuit by a volffieter. r example, if the
sensitivity of al voltmeter is rated at 20,000
ohms-per-volt, anti we are using the 10- olt

ins20, ohms (20,000 x 10). For technic i
range of the meter, the shtinting resistanc ,is

001.00
'more than operators, this is an important piece
of information to be able to calculate as part
of quality assurance checks. -4

. f
.pne last thing to remember about voltmeters.

Whenever you are making preventive or correc-
tive checks, work with one hand 'only whitn in- -
serting the test probes into output jacks or

.when making contact with voltage points. It is
desirable to be able to insert test probes into
test output jacks and then energize the equip-

, merit. If this is not possible, then 'utilize the
recommended safety precautions located at the .
end of this chapter. REMEMBER, by placing
yourself across the test probes of the meter \
used, yoif are providing a path for current to
flow frcim fest point to test point thtough your
+body.

4

Ohmmeteii

An ohmmeter is a direct-reading instrument
for measuring resistance. Its scale is usually
graduated in ohms, megohms, or both. If the"
scale, is graduated in megohms,' the instrument-
is called a megolunmeter; if-the scale is cali-
brated in iciloluns, the instrument is a.
kilolunmeter. .

The ohmmeter is widely used to measure
resistance and ;check the continuity of elec-
tr al circuits and devices. Its range usually
e nds to only a few megohms. The

gohmmeter (discussed later) is widely used
for measuring insulation resistance, 'such as,
between a wire and the outer surfabe of its
insulation. The range of a megger' may be ex-
tended to more than 1000 megohms.

The ohmmeter actually consists of an
a

am-
meter, which was discussed earlier, with few
added features. The added features are:

1. A d.c. source of potential.
2. One or more resistors lone of which is

variable).

179.9 A simple ohmmeter circuit is ,shown in figure
Figure 7-5. Schematic diagram of a multirange 7-6. The d.c. source of potential is a simple

voltmeter.. , battery. The resistor is a zero-adjust rheostat
416
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MAXIMUM
POINTER
DEFLECTION

R

\" TEST LEADS
SHORTED

179.11
Figure 7-6. Simple Ohmmeter circuit.

RO
()JUST
HECNTAT

p

in series with.he meter and battery. The zero
adjust is normally la front-panel control lAcated
on the meter case.

The "ohmmeter's pointer deflection is con-
trolled by the amount of battery current pass-,

ing -through the coil located at .the base of the
pointer (D'Atsonval meter movement). The zero-
adjust rheostat, controlled from the front-panel,
is used to zero the meter and to compensate
for the natural aging of the gl.c, battery.

To 'calibrate the ohmmeter (make it ready
for ), first short the test leads together as
she

e
in figure 7-6. With the test leads shorted,

there will be a ,complete series circuit con-
sisting of the 3 volt d.c. source, the resistance
of the meter coil, the resistance of the zero-
adjust rheostat, and tlie series multiplying re-
sistor, Rs. Current will flow from the battery,
and -the meter pointer will be "deflbcted. With
the, test leads shorted, the zero-adjust rheostat
is set so that the pointer rests on the zero
mark. Therefore, full-scale deflection indicates
zero resistance between the test leads. Notice
that the zero setting on ohmmeters is on the
far right-hand side of the graduated scale. In
most meters, the opposite is true.

If the orange is changed, the peter must be
"zeroed" RAI n to obtain an acburkte reading.
When the test leads of an ohmmeter are sepa-
rated; the pointer of the meter will return to
the left side of the scale due to the spring
tension acting-on the babe of the pointer. This
reading indicates an infinite resistance. -

If the value of resistance to be measured can
be estimalikl ;within reas6nable limits, a range
should ected which will give approximately
haLT-scale deflection when this resistance is
inserted between the two Jest probes. If - the
resistance is unknown, the range selector switch,
should be Bet on the hjghest Meter scale. What-'
ever range is selected, the meter must be cali-
brated to read zero before tie resistance is
measured.,

After the ohmmeter is adjusted fdr zero
reading, it Is ready to be connected 'into 3.
circuit and ,measure resistance. A typical cirf
cuit., and Ohmmeter arrangement is shown in
figure 7-7. The power switch of the circuit to
be measured should always be in the OFF

ff.

DECREASED
POINTER

DEFLECTION'

CIRCUIT POWER
SWITCH OPEN

CIRCUIT
SOURCE

VOLTAGE

179.12
Figure 7-7. Typical ohmmeter arrangement in

a circuit under test.
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position. this prevents the circuit's source
age from being applied across lie meter, which
could damage or ruin it.

1-
As the ohmmeter is an open circuit when the

test leads are separated, a path for the meter's
battery current muse be completed through the
resistance to be measured. ill figure 7-27, this
is accomplished by connecting the meter at
points a and b. 'Phis plApes the resistors
and R2 ih Varies With,the meter coil, zero-
rheostat, and mi1iplying resistor. Since the
meter has been preadjusted (zeroed), the arpount--.
of meter, deflection now ddpends solely oil the
resistance cof R1 ana R2. The. pointer will now
come to crest at a scald. figure, indicating the
combined iresistance of Rand R2. The scale

. reading of the meter, in-'ohn)s, is+-inverselSr
proportional to current flow in the moving coil.
In other words, as we increase' the resistance
measured, we decrease the e-eurrent Vow thr gh

. the boil at the base of the pointer, reby
decrerasing meter deflection. The pointer Starts
at the far le -han'd part of the scale and pro-

, ceeds to The right towards zero.. The higher
the resistan e measuredr the less the pointer
will move cause thS ljiigher values of re-
sistap are located the far left-gland side.
As measure less resistance, the pointer
moves further towards zero, °Filo resistance?

I.
The amount of circuit resistance to be, meas-

i.tuted may vary pver a wide range. In some case
I it may be mita few ohms, and in other cases
it may be as great, as 1 megohm. To enable the
meter to indicate any value being measured with
the least error, scale multiplication feAtures are
incorporated 'Into most ohmmeterS.-4Coseohm-
meters are equipped with a selector switch fob
selecting the multiplication scale desired.

A typical multiplication scale, would read as
follows on a nester front-panel: R .X.1; R X 10,
R X 100, R X 1000, R X 10,000 and.R X 100,000.
Let us assume that an ohmmeter-'is calibrated
in divisidlis froM zero to 1000 and we are using
the R X. 10 scale. After completing' the path

the test probes, the pointer indicate's 375
°lune\ of desistance. /1'his would indicate an
actuip resistance of ,750 ohms (375 X 10).

always takes the same amount of current
fleet the . pointer to a certain position on

scale.' that we are doing wit4b..the muffi-
ng resistors is placing them in series with
rest of the meter oircuit and the circuit.

4

under ust to allow s to use one meter for
More than. one range. The operator of. the °tun--
meter should se-lea the range that will result
in the pointer coming to rest as near midpoint
of the scale as possible. This enables the, op-
erator to read the resistance more ace ately
because the )scale readings are more easily
interpreted at or near mid-scale.

Megohmmeter (Megger)

A 'nagger is a high-range ohmmeter used
for measuring high resistances. It is primarily
an instrument that applies a high voltage to the
component under test.jand measures the cur-1
rent leaMire 'of the insulation. Thus, a capacitotA
or as insItitatedable may be checked for leakage
under much higher voltages than an oluprneter
is capable of supplying. 7

The 'nagger is a portable instrument con-
sisting of two primary' elements:. (iy, a hand
driven d.c. generator wi#ch supplies' the nec-
essary voltage for m ng ,the_meitsurement,

(2) the instrument _portion. which has a
e indicating the value the resistance

"be ng meastltred; Figure rti-8 s ws_ an external
view of a typical megger with associated hand
crank and read-out scale. The name "megger"
is derived fronifkkhe fact at it measures re-
sistances any megohm .

There e various resistance ratings of meg-
gers, s with scale values as low as* 5 meg-
ohm s some with scales as high as 10,000
meg s. Figure 7-9 shows the scale-of a 100-
megohms, 500-volt megger. It could very well

N

SCALE

Figure

- , 126
1 `)1.

7-8. External view Of
ger".

a,-
1.55

a typical_ "Meg-
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Figure 7-9. Scale Of x100-Megohm inegger.

. be the megger shown in figure

t8.
-the scale gradUites in divisions

om. right.- left. .At the far left-hand side
of the scale is "INFINITY". A reading of in-
finity means that the resistance being measured

t is infinitli or too great to be measured, That
would me that the resistance reading is greater
than 100 Megohins which is the -highest division

, on the scale. The highest, division on a nagger
scale. is usually of one immediately below and
to the right of the "infinity" reacting: This fig.-
ure represents the highest figure for which the
instrument can be accurately used.

There are various voltage ratings of meggers,
(100, 500, 750, 1,000, 2,500, etc.).' The most
common type is the one with,the 500-volt rating.

'-This voltage rating refers to the maximum out-
put voltageFof the megger. Ttifs voltage is sup-
plied by the hand crank loceed on the external
oase of the megger, as shown in figure' 7-8.
To avoid excessive voltages, most meggers are
equipped with friction clutches. Whenever the
generator is cranked faster than its rated 'speed,'
the olUtch slips, and tI'e generator .output vglt-:
age 'is not allowed- to exceed its '..rated limit.

Meggers are used to test the insulation
resistance of conductors and RF cables as well
as the cttelectric strength of capacitors. In,other
words, every conduCtor or cab* has a certain
,current and voltage rating that it is supposed
to be able to withstand without
or "burning out". By properly 'icing the, test
pro e of the megger to the component under
to , we can insert That amount of voltage At
a articular current value. The read-out on the

pro

12.255

scale will indicate a certain amount of re-
sistance in megohros as we turn the hand crank
of the . megger. We can- compare this reading
with the Oiling of the component and deter-
mine .whelabbrtthe. component is weakdning with., .
age and should be replaced or not. This is
an especially important check for RF trans-
missibn lines between transmitters andantennasb

.Some of the more common
precautions for meggers are:

1.` When a, megger test is made, the equip-
ment or component must not be energized. It
must be disconnected entirely from the systiin
beforeit is tested.

procedures and

2. Observe all rules for safety in preparing
equipifent for test and in testing, especially
whe testing high voltage apparatus.

3., -well-inspated test leads, especially
when using high range meggers. Befo e con- ,
necting the test leads (probes) to e coim-
ponent to be tested, operate the m pr an

"make sure there is no leakage between tke
leadtr. The reading should be infinity whenelt,
the leads are 'connected to the megger and priOr
to testing. Touch the ends of the test leads
together and turn the handcrank .slowly. The
reading should be approximately zero. This
test enburtes that the leade arenot disconnecteck
or broken. r

ttov

4. When using meggers (especially hIgkrange '

meggers), take proper precautions against elec-
trical shock. There 'is sufficient capacitance id

1 7 7
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almost any electric 'equipment to "sto
a charge from the en suphect, by the eg-
ger generator. This s ed energy can pro d'
a dangerous electric shock. This danger des.
creases when y testing individual coin-
ponents, lad is still present between elements
of components. '

5. Equipment or componehts having consider-
capacitance should be discharged before and

is a voltage Coil with a linter attached to 14
The current coils are fixedOthey do not inpvd.

,

s current MA's thrOugh them, a magnetic flui
field is formed betwaeh them proportiona0 t8
the amount of current flowing. This magnetics
field inducee a current 6in .the volagef co11,3
with the pointer, attached. Consequently, the
pointer .indicates 5a scale value iiroportional to
the valties of line current and voltage. Since we
are using 'electricity in motion as Well as the
Affects of. magnetism and inductance, the terns'
"electrodynamic" properly describes the type of
meter mo'ement employed with the wattmeter

after making megger. tests.
,

Wattmeters .----

A wattmeter is an instrument used to meas-
ure the magnitude of active power in a circuit.
Its scale is normally -graduated- in watts. If
graduated in kilowatts or Megawatts, it is usu-
ally designated as a lalowattmeter or mega-
wattmeter. The most comlnonly used watt(neter
is of the ELECTRODYNAMIC type, shown in
figure 7-10. t.his ,type of wattmeter is. used
to measure power rfim either a.c. or d.c.
sources.

Electrically speaking, "electrodynamic"
means electrMty in`-motion and the effects olf\
magnetism and inductance. Referring to figure
7-10, we have two current coils, between which $

Electrodynamic wattmeters are ject to
errors arising from. Oarious fEcttors, suCh as
temperature and frequency ;characteristiCe. For
exafffple, heat through the/coils swill eventually
causp the small springtNata0ed to the pointer
to lebgthei) and44ase tension, Aroducing deflection
errors. Large 'currents within the watimeter
will, also produce ink appreciable ejror. This
is due to the heat lobs suffered t*ough coils
with) high currents applied. Therefore, the tnaxi-
tourn.current range of electrodynamic wattmeters
Is , norip re stricted to qproxIto ately 20
amperes.

n

4.

I

C

CURRENT
COI).

CURRENT
cm_

19(

'"Figure,-A.Typical ELECTRODYNAMIC Wattmeter.
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The voltage range. wattmeters is gen-
:orally limited to sev ral hundred volts be-
cagey of heat .dissipatioe within the voltage

. circiattis However, the voltage, range can be ex-
tended' by using external voltage multipliers,
Much Like ammeters. .

High-grade ifortable wattmeArs have an ac-
curacy of 0.2' to. 0.25 perpent It must be re-
Membered tlat electrodynamic wattmeter errors
increase with frequency. For the Itigher fre-
quency . and power ranges, there are special'
,types of yiattineters_ made specifically for those
ranges.

An Impoirtitt point should be' made about
the reading of the pointer does

not ll,the user` -whei.her or not the internal
coils of l!be meter are being overheated.-If
an ammeter or voltmeter is overloaded; the
pointer-1mill indicate beyond the upper li t
of its *all). In -the wattmeter, both the fi
and movable coil circuits may lie carry g
such an overload that their Arisulalpiqn is bur -
ing, yet the pointer may be only part way up
the scale. Therefore, the "safe' rating" for
current and voltage should be strictly heeded.
This' safe rating is normally given. on the face.
of the meter. If not, the information will be
given in the technical manual for Ithe meter.
A wattmeter is always distinctly rated, not
in watts, but in volts and amperes.

FREQUENCY MEASUREMENT .

Frequency measurements are often an es-
sential part of preventive and corrective main-
,tenance. Equipment operating in the af and RF
ranges must .Often be adjusted to operate 'at
the correct frequencies. Radio 'transmitters must
be accurately tuned to the assigned frequencies
to provide reliable cOmmunIcations and avoid
interfering with radio bit cult ti. oper ating on other
frequencies.

Frequency tneasurin equipment ,constitute a
distinct class of test equipment because of the
important and critical nature of such measure-*
ments.

Heterodyne Frequency Meters

Reliable meters for measuring radio fre-
quencies are heterodyne frequency meters. They-
measure the frequency of the unknown RF signal
by matching the unknown signal with a locally

'generated signal of the same frequency ob-
tained from a calibrated, high precision os-
cillator. This method is normally referred to
as "zeio-beating". When perfect frequency
match is obtained,- it 'is indicated by the ab-
sence of a beat note , (zero beat). The zero-
beat indicator in' test equipmfmt of 'this.' type
is generally a pair of headphones.

The -basic heterodyAe meter {seer figure 7-11)
As a calibrated variable oscillator with associated
circuits which heterodynOs against the frequency-
to be measured. CotiPlrng is made between the
frequency meter and the output of the- equip-
nient under tesi, (this coupling should be in
accordance with the step-by-step procedures-
listed in the technical manual for the frequency
meter). The calibrated osc ator is then tuned
so that the difference een the oscillator
frequency and the unkno requerrey is in the
af range. This difference in frequency. is known
as' the beat frequency-As the two frequencies
are brought closer the same value, the tone*
in the headset will decrease in pitch until it
is, replaced , by_*k series of rapid clicks. As
the processt is tcontimied, the' click's- decrease
in rapidity til they stop altogether. This is
the point of 'zero beat idee figure 7-12) where
the frequency generateVin oscillator of the
frequency meter is tidual t the frequency of
the unknown, signal being easured. For all
practical purposes, the poi t of zero beat can
be assumed when, the click are heard' at an
infrequent interval. It is extremely difficult to
maintain a condition of absOlute silende when
you are making this measurement. When th6 in-
coming signal' is fairly strong, the 'clicks are
sharp and distinct. When the signal is weak,
the zero beat condition is evidenced by a slowly
changing swishing or rushing sound in the head-
set. After the zero beat is, obtained, the alai
reading corresponds to the frequency under.
measurement.
. ,

The calibration book is a very impoytant'
part,of the frequency meter; in fact, the book is
so important that it bears the same serial number
as the heterodyne frequency meter itself. Con-
tained in this 'book is a list of the dial settings
and the corresponding frequencies produced by
the meter at those ciiarettings. Concise op-
.prating instructions- fot the meter are also
included.

Th e. general accuracy of the audible zero
beat fmethod is in the range of 0.04 to 0.02
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30 to 200 hertz. Variations in antenna loading,
calibration, frequency drift, andwarm-up periods
may also' cause measuring errors. Particular
attention should be paid-to frequency meter warm-
up time. During the warm-up period, the beat
note will drift, becoming a stip-ady tone when the
proper operating temperature IS reached.

Several operational considerations for fre-
quency meters are:

1. Know the pondition of the batteries lo-
cated in the power supply prior

2. Exercise extreme care in operating the
frequency setting controls.

,.3. Do not be hasty when obtaining a zero
beat. Look for the correct beat note, and Oat-

76.112 tain the best null possible.
Figure 7 -12. Graph of sound observed in ear-

phones when zero-beating.

percent. There are many things that can affect
the accuracy of a frequency meter and pro-
duce errors. Mechanical action, such as small
shocks, thrust exerted on the main tuning con-
trol during operation, and the action of locking
the dials, can produce errors ranging from

130

FREQUENCY STADARDS

The requirement of precise 'calibration is
extremely important in all frequency measuring
work. In order to provide accurate measure-
ments, every type of frequencY meter must be
calibrated against some frequency standard at

1 '3?
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least once _weekly. Of considerable importance
in the measurements of frequency are the stand-
ards against which frequency meters are c -
pared and calibrated.

Frequency standards are either primary or
secondary. The primary frequency standard main-
tained by the U.S. Bureau of Standards has
long-term stability and accuracy. A secondary
frequency -standard is a highly stable and ac-
curate standard that harrbeen calibrated'against
the primary standard.

U.S. National Burea);,-
of Standards

The National Bureturof Standards provides
time and frequency standards from station WWV
at Beltsville, Maryland, and from station WWVH
at Maui, Hawaii. These two stations provide the
following technical radio services and are given
continuously:

Standard radio frequencies
Standard audio frequencies
Standard time intervals
Standard musical pitch
Time signals
Radio propagation notices

Radio Frequencies

To ensure reliable coverage of the U.S.A..
and extensive coverage of the world; radio sta-
tions WWV and WWVH provide the following stand-
ard radio frequencies in MHz:

Station WWV Station WWV11...
2.5, 5, 10, 15, 20 5, 10, and 15

Audio Frequencies and
Musical Pitch

Two standard audio frequency tones, 440 and
6000,bertz, are broadcast on all WW1( and WWVH
radial carrier freqUencies.

The audio frequency tones for Wt V are given
alternately, starting with the 600 hertz on the
hour for three minutes. There is a pause,
with no audio frequency available for two minutes.

the end of the two minute pause, the 440
ertz tpne is broadcast for two minutes. At

'the end of two minutes, there is a three minu
pause. The total time period expended is
kminutes. At' the end of that ten minute p

the process begins all over again with the 600
hertz tone. Each ten-minute interval in the hour
is repeated. These, audio frequencies are trans-
mitted by WWVH in the same manner.

The 440 hertz tone is the standard musical
pitch: A above .middle C. The, 600 hertz tone
providers a frequency standard for use in check-
ing the 60 hertz power line frequency.

Time Intervals and Stale

The standard, time pulse of WWV is 100
hertz. The standard time pulse of. WWVH is
1200 hertz. These marker pulses are heard as
ticks. Intervals of one minute are marked by
the omission of the pule at the beginning of
the last second of every cute, and commenc-
ing on the mintite.

---,
Universal Time information is transmitted

from WWV and WWVH. WWV transmits Uni-
versal time in telegraphic code, and Eastern
Standard Time by -a voice annkuncement. The
code is transmitted during the 1-minute in-
terval following each 2-minute tone transmis-
sion. Specifically, you will hear 2-minutes of
tone. At the end of two minutes, the tone will
ease and there will be a 1-minute interval
fore the tone begins again. During the last

20-seconds of the 1-minute interval, Universal
time will be transmitted via telegraphic code

,.and Eastern Standard Time via voice. At WWVH,
Universal Time is announced by telegraphic code
before each tone transmission.

131

Radio Propagation Forecasts

Al announcement of radio propagation con-,
ciitions for the North Atlantic area is broad-
cast by station WWV in telegraphic code on
each of the litandard radio frequencies at 19.5 ,

and 49.5 minutes past each hour. Forecasts
from WWVH for the North Pacific area are,
given at 9.4 and 39.4 minutes past each hour.

These notices, transmitted in International
Morse Code, consist of a letter followed by a
digit. The letter designations N, U, and W,
signifying "normal", "unsettled", and "dis-
turbed", respectively, classify the radio propa-
gation conditions at the time of the broadcast.
The digits from 1 to 9 indicate. the expected
radio propagation conditions for the neAtwelve
hours, The National Bureau of Standards fore-
casts are based on information obtained from a

1 ')
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worldwide network of geophysical and solar
observations. The code interpretations for propa-
gation conditions are contained in table 7-1.

TABLE 7-1

NBS RADIO PROPAGATION CODING

DIGIT (Forecast)

1

2

4

PROPAGATION CoNDVTION

Impossible

Very Poor

Poor

Fair to Poor

5 Fair

6

'7

8

--e.Fair to Good

; Good

Very Good

9 Excellent

Therefore, a transmission of "N5" would mean
that the propagation conditions at the tithe of
the broadcast are "normal" and the prone-

, gation conditions for the next 12 hours would
be "Fair".

Secondary Standards

secondary frequency standard, much,like
a piece ortest equipment, is normally kept in
the operating spaces of a communications, center
as well as in equipment repair shops afloat and
ashore. They are normally no more than,highly
stable oscillators .contained inside ari 'equip-
ment case with front-panel operating controls,
and they generate a variety of frequencies with
which to compare your frequency Meters and
transmitters. These oscillators normally operate
in the frequency range between 25 and 1000 kHz.

The accuracy' of a secondary frequency stand-
ard is maintained only when periodic calibration
checks tare made against a primary standard
or against standard frequency transmissions of
WX-V or wwyn. These transmissions are broad-
cast continufuely and axe monitored,, with' the
National Primary Frequency Standard, Which, is
maintained ; at the Bureau . Of Standards,
Washington, D.C.

Silent Periods

The WWV transmissions are interrupted for
approximately four minutes each hour. The silent
period commences at 45 minutes after each hour.'
The WWVH transmissions are. interrupted for
four minutes following each hour on the hour
anci at each half-hour past the hbur. WWVH
transmissions are also interrupted °each diy at
1900Z for a period of 34 Minutes.

FREQUENCY GENERATORS .
1

Frequency generators (sometimes called si
nal generators) are test devices that gen ate
or produce an a.c. signal that is suitabl for ,.
test purposes. In effect, they are small r o
transmitters which can be constructed to generate
a signal of any desired frequency within its
frequency range. This rgener ate d signal may be '

modulated or' unmoduleted and is normally u used
. for the folldwing tests or checks associated ith

communications equipment:

1.. Circuit alignment
2. Sensitivity measurements
3. Field-intensity measurements
'4. Approximate frequency measurements ,

5. Corrective maintenance (signal-tracing)

Their use as a devibe for making approximate
frequency measurements is limited. This is
because the signal generator not a frequency
meter and cannot be relied upon as a frequenCy'
standard. Signal generators are used primarily
in the alignment of equipment circuits.

Frequency generators, classified according
to frequency, are of two types: audio frequency
and radio frequency.

Audio Frequency Generatora

Audio frequency gen rata* which are so e-.
times, called . audio os illators, capable

m
of

producing frequencies c rom- 20 to,2p0,I)00 hertz.
They are used primarily for testing audio sec-
tions of communications equipment" The major
components of an audio signal 'generator are
a frequency-determining network, an oscillator.
(or oscillators), one or more amplifiers, an
oikiput control, and a power supply. (See figure

132 y.
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FREQUENCY -
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NETWORK

POWER
SUPPLY

OSCILLATORS
a

'AMPLIFIERS

OUTPUT
CONTROL

OUTPUT

CONTROL VOLTAGES TO VARIOUS CIRCUITS

76.113
Figure 7-13. Major components of an audio sig-

nal generator.

A representative audio frequency generator .
is shown in figure 7-14. Operating from the
line voltage of 115 volts a.c., it produces out-
put frequencies in conjunction with a four- position
multiplier. Any 'frequency from 20 - 200A0
Hz may be selected by setting the main tuning
dial and the range switch so that the two readings,
when multiplied together, equal the desired fre-
quency. For example, to select an output fre-
quency of 52,000 Hz, the main tuning dial would
be set to "52" and the range switch to "X1000".

Normally, frequencies must be generated at
a particular voltage level to be inserted into
a piece of equipment under preventive or cor-
rective test. This is achieved through the "OUT-
PLIT LEVEL" control in conjunction with the
"OUTPUT ATTENUATOR". Voltages may be
varied from 0 to 10 volts,: as shown, in figure
7-14. For intermediate values of % tput volt-
age, the "OUTPUT LEVEL" con of is varied
so that the output met& reads the desired
voltage. The attenuator switch is then set so
that its value, multiplied by the output meter
reading, gives the desired 'output voltage level.
For. example, to obtain an output voltage of
0.04 volts, set the meter at Cand the attenuator
switch to th9 "0.01" position. The dutput voltage
level of the generated signal will then be 0.04
volts (meter reading multiplied by the attenuator
setting). ,

There are two, frequency check points p;c::
vide'd on the front panel of the signal generator.
These check points are . at 60 rand 400 hertz.
Basically, they check the calibration of.'the
oscilia.tor (or oscillators) inside the generator.

To check the operation of the oscillator at
60 hertz, set the main tuning dial to "60" 'and
the range switch immediately below it to "XI".
This sets the frequency of the oscillator to 60

FREQUENCY
TER

ON

OFF

POWER
ON

'OFF

X,I0 X100

\ /x I XI000

OUTPUT
LEVEL

OUTPUT LEVEL
CONTROL

.0::xjoo

o

N /, "xi°o

OUTPUT
A TTENUATOR

OUTPUT

179.17
Figure 7-14. Representative audio frequency generator.
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Hz. rTurn the "FREQUENCY METER" switch
on and move the main dial back and forth slightly
until the 60 Hz reed (located upper left on the
meter, figure 7-14) vibrates with maximum
amplitude. The main tuning dial should indicate
"60", within one division, if the frequency cali-
bration is correct. Similarly, the output fre-
quency may be checked at 400 Hz, by means
of the 400 Hz reed on the frequency meter.

Radio Frequency Generators
)

Signal generators that cover the frequency
range from about 10 kHz to 4.5 GHz are classi-
fied as RF signal generators. Figure 415 is a.
representative ,RF signal generator. Although
the frequency range of RF generators may vary,
the front-panel operating controls are generally
standard.

The generator shown in is as-
sumed to have an output frequency range of 10
kHz to 50 MEIN. It operates from a standard
115 v.a.c. outlet and produces its frequencies
in 8 bands. Th?. "BAND SELECTOR" is shown

on the front-panel of figure 7-15. The "MICRO-
VOLT" and "MULTIPLIER" switches serve
the same purpose as they did for the AF signal
generator; by multiplying the microvolt meter
reading and the position of the multiplier switch,
we know the voltage level of the selected out-
put signal at the "X-MULT" jack on the front
panel. The output at the "X200K" jack is con-
trolled only 'IS, the meter microvolt. control
knob. Every reading of the microvolt meter is
multiplied by 200,000 in order to determine
the output of the signal generator when this
output jack is used. When this jack is used, the
multiplier switchiis not used.

Often,' RF generator outputs are modulated.
This modulation, 'usually an AF signal, is in-
serted at the "EXT MOD IN" jack on the lower
right-hand side of the front panel. The voltage
level at which this signal is inserted is nor-
mally controlled with the variable knob located
immediately beloW the "% MOD" switch. The
percentage of modulation is read from the lower
scale of the "MICROVOLT" meter. There are
several capabilities available to an operator of

111°E°11,,
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POWER
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°/ MOD
Au 0 00
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O
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179.18
Figure 7-15. Representative RF sig. al generator.
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this generator using these two controls. Be-
cause operating procedures often vary for these
two controls, none are repeated here. For proper
operation . of the modulation jack and controls,
refer to the applioable techniCal manual or
maintenance manual.

OSCILLOSCOPES

An oscilloscope, is a piece of test equip-
meat that gives a visual presentation of the
measured signal en-re front-panel screen, much
like that contained in a television set. A typical
basic oscilloscope is shown in figure 7-16. The
"scree' is shown in the upped, middle of the

Alvaro.

Ths oscilloscope, (sometimes called an "O-
SCOPE") is the most versatile piece of test
equipment that a technician has at his disposal.
Most test equipnient is designed to measure
amplitude or quantity. The ascillobcope per-
mits many characteristics of a circuit to be
observed and measured. Some of these are:

1. Frequency.
2. Duration (or time), of one or more hertz.
3. Phase relationships between waveforms.
4. Shape of waveforms.
5. Amplitude of waveforms.

The oscilloscope may be usedlnpreventive main-
tenance pro'cedures for alignment of receivers
and, transmitters, frequency comparisons, per-
centage modulation checks, and equinment cali-
bration.

A waveform may be cons i d as a pictorialociat
representation of a varying signal. Distortion
of a waveform 'is an juidesilkeld chants or devia-
tion in its sl ape. This is especially noticeable

, when. their) components begin to
deteriorate or break down in value. Whe -tide
happens, this...output- waveform will ch in
amplitude, frequency, phase, etc. Thi
(or distortion) can be more readily sietected
with an oscilloscope as part of preventive, or
correctiVe checks. Naturally, the usefulnest of
an oscilloscope in any preventivr correctly
-technique depends upon the operi.5or's knowl-
edge of front-panel controls and operation, and
how to interpret the regiotAnt pictorial, dis-
play on the screen.
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Figure 7-16. Typical basic oscilloscope-,

The Oscilloscope Screen

The screen observed on the front panel of
an oscilloscope is actually the front of a
CATHODE-RAY TUBE (CRT). For this reason,
incq oscilloscopes are called cathode-ray 0130

cillocopes (CROs). The CRT (shown,,in figure
7-17) is a special type of electron tube. in'
which electrons emitted by a cathode are focused
and accelerkted to form a narrow, beam having
high velocity. The direction of this beam is
then controlled and allowed to strike a fluores-
cent,.screen, whereupon light isl emitted at the,

c-finirtt of impact to produce a visual indication
of the beam position. The electronic process
of forming, focusing, accelerating, Controlling,
and deflecting the electron beam is accOmplished
by the following principal elements of the c athode-
ray tube:

1. The electron-gun.
2. A fluorescent screen.

j'h

A simplified form of the electron' gun, !hown
in figure 7-17, provides a concentrated beam of
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Figure 7-17. Basid Cathode-Ray Tube (CRT).

high-velocity electrons. The cathode, when prop-
erly heated, emits electrons. These electrons
are attracted toward the accelerating and focus-
ing anodes because of their high positive po-
tential with respect to the cathode. In order tq
reach these anodes, the electrons are forced to
pass through a cylindriCal control grid, closed
at one end except for a tiny circular opening,
which concentrates the electrons and starts the
formation of a beam. Electrons leaving this small
aperture are strongly attracted by the positive
potential on the focusing anode (anode No. 1)
and accelerating anode (anode NO. 2), which
are also cylindrical in shape and have small
openings to permit beam passage'.

The electron bean) is deflected after leaving
the electron gun proper through the use of two
pairs of parallel plates le6ated on each side,
above and below the beam. These plates, called
the vertical and horizontal deflection plates, are
oriented such that the electron beam must pass
between them. If 'no electric potential exists
between these two plates, the electron beam will
continue moving forward and strike the screen
at or near the center. If a source of potential
is applied to one or both sets of plates, the
electron beam will "veer", or be bent away,
from the center of the screen. Therefore, the
electron beamt is shaped and accelerated by the
electron gun and bent, or deflected, by the de-
flection plates.

In order to convert the energy, of the elec-
tron beam tato a visible light, that area where
the beam strikes, thO screen, is coated with a

76.114

phosphor chemical, which, when bombarded by
electrons, has the property of emitting light.
This property is known as "fluorescence': The
intensity of the liihted spot on the screen de-
pends upon two factors:

1. The speed of the electrons in the beam,
and

2. The number of electrons that strike the
screen at a given point.

The arnpunt of light per unit area which the
phosphor is,-capable of emitting is limited, and
once(thikana)dmtul) has been reached, any further
incr se in the electron bombardment has no
fur r effect on the intensity of the light.

Oscilloscope Power Supplies

High-voltage and low-voltage povder supplies
are required for the operation of the oscillo-
scope. The high-voltage power su ly is used to
provide operating potentials to th cathode-ray
tube. The low - voltage power supply is used to
supply operating potentials to the associated
ost i /lo s cope circuitry, i.e.; Amplifiers, oscilla-
tors, etc.

The output of the high-voltage power supply
is usually over 1000 volts, d.c., depending upon
the size of the cathode-ray tube. The output of
the low-voltage pOwer supply is usually in the
250 to 400 volt range.

136
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Necilloscope "Graticules"

Figure 7-16 shot a typical basic oscillo-
scope with square grid-work on the front of
he snreen. It is through this grid-work that
we are able to accurately measure' circuit out-
hits. This grid-work is normally detachable and
:an be ,replaced with a grid of different size
squates in order to measure different quantities.,
['hese:. detachable grids are called "GRATI-
NJLES" and are normally provided on separate
slates of glass or plastic that are accurately
narked and can be mounted On the oscilloscope
.n front of the CRT.

Personnel Safety Precautions

You should never operate an osciiloscope,with
the case removed. High voltages that could cause
fatal shock are exposed, and removal of the
ease reduces shielding of the instrument from
stray external fields.

Extreme caution should' be exercised when
cathode -ray tubes are handled. The glass enve-
lope .encloses a high vacuum; undue stresses
and tough handling can cause serious injury dile
to tube "implosion". The fluorescent coating of
the cathode-ray tube is extremely toxic. When
you are handling broken CRT's, avoid contact
hvith this material.

in the upper left-hand corner of the front panel. ,
An access door with an a.c. power receptacle
and a wave-guide choke flange are shown on
tbeySide of the equipment. The wave -guide choke
flange is used by electronics technicians, and radar
personnel and is not discussed here.

.Bascally, a spectrum analyzer consists of a
superb tecodyne receiver and frequency mode.-
Tsited RF oscillator (see fi7ure 7-19). The RF.
oscillator beats with the incoming signal to,

produce an. IF signal. This IF-signal represents
the various frequency components present in the

gospectriuinAof the received signal. Thesecsignals,
after they are reduced to IF, are presented on
the CRT as the spectrum pattern. Figure 7-20
is an example of a typical spectrum analyzer
pattern. Here we see the basic frequency (or
carrier) and its immediate, associated Videbands.

ELECTRON' TUBE TESTERS

A number of different types of equipment have
been developed for testing the condition of elec-
tron tubes. To be of practical use to the op-
erator or technician in the field, a tube tester
must provide a simple and quick appraisal of
the qualityty, of a tube. Therefore, checks made
with field-type tube testers generally employ
simplified methods.

Field-type tube testers like the TV.-7/U (shown
in figure 7-21) have certairklirnitations. Although
they compare tube characteristics with a pre-
thtermined standard, they do not reveal how a
tube will operate in a circuit under actual op-
erating conditions. The final, and most accurate
indication of the condition of an electron tube
is its ability to function satisfactorily in the
particular circuit where it is used. Many types
of high-power tubes, such' as those used in the
PA section of transmitters, cannot be checked
by general purpose tube testers because of
impractical power requirements. These types of
tubes m4st be chebked in 'the equipment where
they are us d. However, field-type tube testers,
although li ted in the completeness of their
tests, age very useful aids since they qorve to
check the condition of tubes most
ny.mication and electronic equipsr

There are two different types
in common use in the field. These

Before using:any oscilloscope, be completely
familiar with the associated operating instruc-
tions. A lack of knowledge of operating instruc-
tions .can lead to personal injury when you are
using a piece of test equipment containing volt-
ages as high as that of an oscilloscope. Always
consult the oscilloscope technical manual for
proper operation and applicable safety precau-
tions'')

SPECTRUM ANALYZERS

A spectrum analyzer is a device that sweeps
o 'Ver a band of frequencies to determine:

1. What frequencies are being produced by a
specific circuit under test.

2. The amplitude of each frequency compon-
ent.

To accomplish this, the spectrum analyzer pre-
sents on a self-contained CRT a pattern in which
the 'relative amplitudes and frequencies can be
plotted. Figure 7-18 shows V the front panel of
a typical spectrum analyzer. The CRT is shown

are distinguished by the main tube eh, acteristi,
they check, are known as the emission type tester
and the transconductce type tester. In addition
to the main check, liglii-type tube testers may
also be capable of performing short-circuit,
noise, gas, and emission-leakage tests,.
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Figure 7-18. Front-Panel of a typical spectrum 'analyzer.
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Figure 7-18. Block diagram of
analyzer.
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. 76.116
-7Ftg'ure 7-20.--Altypical spectrum analyzer CRW,

display; showing carrier frequency and immedi-
sidebands.

Emission Testers

76.115 The emission type tube tester measures the
basic spectrum condition of the emitting surface of the tube
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(known as the cathode). The end of the useful



1. FUSE LAI
2. LINE ADJ
3. PILOT LI(
4. POWER S
S. FILAMEN

FILAMEN
7 A-C LINE
8 GRID JAC
9 BIAS CON

10. PLATE JA
II SHUNT CC



t

0

SELECTOR
ECTOR
:TOR
roR .5.'

R

ENERS

)1( i

..,

20.346



RAplOMAN 3 &

lif'of a tube is ally precedediyy a reduction
-in electron emissio that is, the cathode be-
conies unable to supply the number of electrons
nee.essary for proper tube 'Operation: Also, if t a
tab-r has openAlement, the-degct prey ts
proper e ssionrand the tester indicates i as
a weak or ad tube.

Transcondu tluace Testers

The txansnductance type of tester provides
a more- a.ccate evaluation of the condition of
a tsbe than the emission type because it meas-
ur es. the ability of the tube to amrilify under
simulated circuit conditions.

Th. term "transconductance*" (also called
mutual Conductance) indicates the effect of con-
trol 'voltages upon ttie' output current of a tube
After this is measured, the results are compar
with the ratings of the tube manufacturer.
meter scale of this type%of tube tester is ior-
mally calibrated to read'GOOD, BAD, or WEAK.
A voltage or power amplifier tube is considered
defective when its transconductance value de-
creasfss to 70 percent of the icille stated in

p the standard tube tables. An oscillator tube is
considered defectiveywhen its transconductancp
decreases to 60 percent of tabl 9,1t1

ELECTRICAL SAFE
pRECAUTWNS

Every person who operates or repairs elec-
trOnic equipment and test equipment should con-
stantly be alert to the natural hazards and should
also be capable of rendering aid to injured,per-
somata.

Safety is a major responsibili of allper ns.
he.. installation, maintenance, d operation of

electronic equipment enforces a s n safety code.
carelessness on the part of the operator or
technician can result in serious injury or death
due to shock, falls, burnseflying objects, etc.

After an electrical casualty has occurred,
investigation almost. invariably shows that it
could have been pretrented by the exercise of
simple safety precautions and procedures that
should be observed at all ti s. Each person
concerned with electronic equi m nt should make
it hi s responsibility to cad and become

110

tir.4
thoroughly familiar kith the safety practices
and procedures contained in:

1. U. S. 'Navy Safety Practices (OPNAV-S4EI).
2. BuShips Technicai Manual (NAVSH)PS 250-

000); Chapter 67.

3. NAVMED publication (P5056). '
4. Electronic Installation and Maintena,nce

Book (LIMB), NAVSHIPS 900,000.1001. -

5. Equipment Technical Mantials.

It is your 'responsibility to identify and eliminate
unsafe conditions .and unsafe acts which cause
electricalcasualties to personnel and equipment.

Lt must be borne mind that derenergizing
main supply circuits ill not necepagly "kill"
all circuits in a given piece of equipment. This
if; a common error of technicians and personnel
making preventive maintenance- checks and ad-
justments. In addition, aid to shock victims has
often been hampereciabecause of the time required
to determine4he sources of all inputs to equip-
ments. Thelefore ensur AL4_power inputS are
off when the pr ntive or c r`ective procedure
calls for it.

time' r- be safe when working on elec-
,,,(1 equipment. Carefully Study

ontire by :A= diagram, noting which cir-
cuits must be deenergized in addition to the main
power supply. Power should be left on ,in equip f
ment ONIJ when necessary to the correctife
or preventive check being made.

Remember that the 115-volt power supply volt-
age is not a low, relatively harmless voltage
but is the voltage that has caused more deaths
in the Narpthan arty other.

The following is a listing of common sense
safety precautions that must be observed at all
times:

1. DO NOT wor
self; have another
fied in first aid fo
at all times. The pe
also know the circui

General Safety Practices

with high voltage -by your-
son (safety observer), quail-

electrical shock, present
on stationed nearby should
and switches contr ng

the equipment and should be given instru ons
to pull the switch immediately if an thing un-
foreseen happens.
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2. Always be "aware of the' nearness high-
, voltage lines or circuits. Use rubber gloves

where applicable, and stand on approveotqubber.
matting (MIL-M-16562): Not all so-called iubber
mats are good insulators.

3. Ipform remote stations as to the circuit
on which work is being performed.

4" Keep clothing, hands, and feet dry at all
timelcif possible. When it is necessary to wor,li
in wet or damp locations, use,a dry platfom
or wooden tol to sit or stand on, and place
IL rubber ing.LY or other nonconductive material
on top of the wood. Use insulated tools and in-
sulated flashlights of the molded type when xpu
are required to work on exposed parts.

5, DO NOT work on energized circuits unless
absolutely necesry. Be sure to take time to
lock out (or block Out), or "tag-out" the main
switch. Locks for this purpose should readily
avallablerLf a lock' cannot be obtain d, remove
the fuse and tag it.

6. Use one hand when turning switches ON
or OFF. Keep the doors to switch and fuse
boxes closed except when working inside or re-
placing fuses. Use a fuse puller to remove car-
tridge fuses, after fir/4 making certain that the
circuit is dead.

7. All supply switches or cutout switches
from which power $ould possibly be fed shall
be secured in the OPEN (ssfety) position and
tagged. The tag shall read "THIS CIRCUIT WAS
ORDERED OPEN FOR REPAIRS AND SHALL
NOT. BE CLOSED EXCEPT/ BY IKRECT OR-
DER OF" (the person making, or directly in
chkirge of repairs).

8. Never short out, tamper with, or block
open an interlock switch.

9. Keep clear of exposed eq pm nt; when
it is necessary to work on its, one hand
as muchsas possible.

10. Avoid reaching into enclosfires except when
absolutely necessary; when reaching into an
enclosure, use rubber blankets.and rubber gloves.

11. Do not use bare hands to remove hot tubes
from their circuit sockets. asbestos 'gloves
or a tube puller.

12. Us,.) Et shorting probe
high-voltage capacitors.

i.

to discharge all

13. Make certain that equipment is properly
grounded. .Ground all test equipment to the
equifiment under test.

14. When measuring circuits over 300 volts,
do not hold the test prods (or probes).

Safety Shorting Prgbe

Always assume that there is a voltage present
when working with circuits having high capaci-
tance even when the circuit has been discon-
nected from its power source. Therefore, capaci-
tors in such circuits should be disAarge41 in-
dividually,.using an approved type shortingpkobe.
High capacity capatitors may retalin their charge
for a considerable period of time after having
been disconnected from the power source. An
approved type shorting probe is shown infigupe
7-22.

Symptoms of Electrical Shock

Electrical shock is a jarring, shaking sensa-
tion, resulting from contact with electric circuits
or from the effectp of lightning. The victim
usually experiences the sensation of a sudden
blow, and if the voltage is sufficiently high,
unconsciousness. Severe burns may appear on
the skin at the place of contact; Muscular spasm
can occur, causing a person to grasp tie ap-
paratus or wire which caused the shock and,
be unable to turn loose. Electrical shock can
kill its victim by stopping the heart or by stop?.
ping breathing or both. It may sometimes damage
nerve tissue and result in a slow wasting away
of muscles that may not become apparent until
several weeks or months after the shock is
received.

If a 60 Hz a.c. is passed through a person
from hand to hand or from to foot, the
effects when current is gradually increased from
zero are as follows:

1. At about 1 milliampere (0.001 ampere),
the shock will be felt.

2. At about 10 milliamperes (0.01 ampere),
the shock, is severe enough to paralyze muscles,
and a person may be unable to 'release the
conductor:

3. 4 about 100 m lia.mperes (0.1, ampere),
the shqck is usually fatal if it ltks'ts slor one
second or more.
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0 PROTECTIVE SHIELD
4 IN: DIA. X 1/4 THK.

® (2) MACHINE'SCREWS 6-32 X 3/4 LG.
DRILL (2) HOLES .144 DIA. (SHIELD ONLY)
DRILL & TAP (2) HOLES'6-32 X i/4 DP.
(HANDLE ONLY)

DRILL FOR PRESS FIT 6 IN. DEED'
FOR 1/4 IN. ROD

00 DRILL & TAP 2 HOLES IN LINE
FOR (2) 4-40 NC X 1/4 INCH SCREWS.
SCREW AND SOLDER SOLDER
CONNECTION,IN PLACE.

BA`KELIf E HANDLE

1/32 CHAMFER

18

24

30 IN. LENGT1-(BRE, FLEXIBLE, BRAIDED, (i)
TUBULAR, COPPER WIRE 1/2" ID, 30 AWGN

MECHANICAL & SOLDER CONNECTION

MESH TEETH TEST CLIP ®

Figtfre 7-22.Approved type shorting probe.

it is important to remember that current,
NOT VOLTAGE, is the killer_ __and determines
chock intensity. The amount of current that
may flow through the body is determined by
Vody resistance. That is, if the skin is dry and
unbroken, body resistance will be quite high, on
thd order of 300,000 to', 500,000 on:Idowever,

becomesthe skis becoes moist or b ken, body
resistance shay drop to' as low, as 300 ohms.
Thus, a potential as 16w as 30 volts could

(---) cause a fatal current flow. Therefore, any cir-
cuit with a potential in excess of this value
must be considered dangerous.

Rescue of Shock Victims

The rescue of shock victims is dependent
upon prompt first aid. Unless you want to be-
come a victim yourself, observe the following
precautions:

1. Shut off the high voltage at once.

2. If the "high voltage cannot be turned off
without delay, free the victim from the live
conductor, observing the following safety pre-
cautions:

a.

PrOtect yourself with dry insul ing .
material.

b. Use a dry boai.d., belt, dry Clothing,
or other nonconducting material to free
the victim.

C. Use an axe, if- necessary, to' cut the
high voltage cable or wire, taking care

-to protect your eyes' from the flash
when the Wires are sexered.

% f

3. After removing the)Fictim from the source,
determine whether there is any breathing. Loosen
the clothing about\ the neck, chest, and abdomen

A
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BO that' breathing is facilitated. Protect the
victim from exposure to cold.

4. Prevent movement by the victim;
shock, the heart is very weak and any 'su
effort or activity may result in heart failure.

5. Send for a medical doctor or corpsman,
and do not leave the victim Until mediCal help
has arrived. Do not give Stimulants or opiates
to the .victim

6. if
be- nece
lout de Y.

.'RF-Energy,., Burns

-victim' is not breathing, it Will
to apply artificial respiration with-

e

When passing through the body, a.c. above '
10 .1cHz produces heat. Eventually, excessive
heat results in the destruction of living tissue.
From the standpoint of radio communications,
the heating action penetrates through the tissue
closet to the bone, where skin nerves are not
-present to distinguish between sensations of "hot"'
and "cold". ,Thus, it is entire-in-as-Bible for
a persAi 0 sustain destruction of nerve tissue
and body organs as a result of excessive heat,
even though the individual feels little or no
sens4on. Furthermore, the consequences of
such Iestruction may not be realized for some
time: Delayed effects of both shock and RF
heating include insanity, mental inertia, diseases Before a CRT is discarded, the
of the blood vessels; eye Cataracts, nerve clis- be rendered harmless- by breaking
turbances of various kinds, disturbances in the seal. This canbe done as follows:
heart conduction system, and destruction of the 4,,,,,
pancreas tissile. It is dangerous and foolish 1. Place
to deliberately subject oneself to a shock or.- CRT carton.
an RF burn. In parUcular, the common practice
of drawing an arc by means of a pencil is
definitely ,unsafe. .

Caution must be exercised when you'are work-
ing on transmitting antennas, sin,ce ,a perso's
reaction to an RF bouri may cause a all from
an elevated structure. Adequate precautions
should- be taken to ensure that trans itters are
not energized when they are conn cted to .an
antenna that is being inspected.° worked on.
It should also be determined Whether the RF
energy. from , \transmitting antennas in the area
is harmful:

When working aloft, ,you
following precautions:
0

1. Obtain peAnIssion from
officert commu,nication watch
and 00D.

2. Ensure boiler safety valves are not being
set by 'checking 4/ith the engineering officer.

3. PrOcure the assistance..bf a person quail-
- fied in rigging.

4. Wear a safety belt and secure it as soon
as the work area is reached.

o

5. Secure tools to be 'carried aloft to your
person with carrier lines.

6. Ensure good footing and grasp at all times.

7. Remember the expression: HOLD TASTY

Figure 7-23 shows standard hazard warning signs.

Cathode-Ray Tubes,(C,RTs)

Extreme caution should be exercised when
you mare handling a cathode-ray tube.,The
envelope encloses a high vacuum and will

times

"km-

ll

"im-
plode" if punctured. T4ox

taken at'
serious injury,

adequate precautions shoul
to "rninimize the danger of breaking the glass
enierlope. Avoid scratching, striking; or using
excessive fbrce when handling the tube or when
placing it in its socket. Never hold the tube-

, by its narroW neck, and when setting the tube
down, always stand it on its face on a thick
piece of felt, if available.

should observe the

the CIC watch
officer (C WO),

the tube,' facie

4 .

tube 'should
the vacuum

down, in any empty

2: Carefully break off the locating pin from
the base. of the bibe as shower in figure 7-24.

3. With a. small screw driver or probe,
break off the tip -8f the glass vacuum seal.

WARNING: The chemical phosphor with which
the face of. the C

\tbldc. When disp
ful..-ncf to get any
or into skin breaks.

143

T is coated may be extremely
sing of a broken tube, be care-
f this compound on your hands

Fire Papcautions
In addition to ob rving dh precautions as

the proper storage of flammable liquids and
the prevention of circuit overloading by using
only properly rated fuses, you should make sure
that fire extinguishers of the proper:type are
conveniently located near all high-voltage equip-
ment. The following is a list of fire

1
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RID M

REV. BKGO.

ALUM-
MATTI FINISH

'WARNING
RF RADIATION HAZARD

DO. NOT MAKI A DIRECT VISUAL EXAMINATION
OP ANY MICROWAVE RADIATOR, REFLECTOR,

WAYEGUIDI OPENING ON WAYEKUIDE
HORN DURING PERIODS OF

TRANSMISSION

NAVSNIPS
13559

SPECIF (CATIONS:
LOCATE ON RADAR ANTENNA PEDESTAL.

ALUM
MATTE FINISH

BLACK 500 M
REV. %KW.

RED 523 m
REV. BKGD.

ALUM-LETTERS
MATT# PINISIt

sw.ARNI G
R 'RANI ION HAZARD

A RADIATION HAZARD TO PERSONNEL EXISTS IN TAE

ANTENNA BEAM CC HIGH POWERED Re4

CHECK WITH RADAR PERSONNEL

BEFORE PROCEEDING,

BEYOND THIS
POINT

povs.rps,
93561

ALUM-LETTER
MATTE FINISH

BLACK 500 M
REV. BKGD

srecIF lapis;
LOCATE AT EYE LEVEL AT FOOT OF LADDER OR OTHER

ACCESS TO ALL TOWERS, MASTS, AND SUPERSTRUCTURE
WHICH ARE SUBJECTED TO HAZARDOUS LEVELS DP RADIA.TION.

WARNIN
R F RADIATION HAZARD

TRANSMITTERS WITH POWER OUTPUTS OF 250 OR LESS
WILL NOT BE OPERATED WHEN HANOI-11A comsusylELEI OR
ELECTRICALLY INITIATED ORDNANCE WITHIN 23 FT OF ASSO-

CIATED ANTENNAS. TRANSMI IIITH POWER
OUTPUTS OF MORE THAN 230 WILL ALUM-

NOT BE OPERATED WHEN HANDLING MATTE FINISH
ANY OF THE ABOVE MENTIONED

ITEMS WITHIN 100 FT
OF ASSOCIATED

SLACK SOO NANTENNA ° REV. BM.

*11PECIFICATION,S:
LOCATE IN RADIO TRANSMITTER ROOM IN SUITABLE

LOCATION FOR FULL VIEW OF 0 it14 PERSONNEL.

6"
AWN- RED 523 M

NatirTTE FINISH REV. IIKGO.

\
i

'w,

4,... ARNING.,,...,),
F RADIATION HAZARD

A HAZARD TOIERIONNEL EXISTS IN THE
ANTENNA BEAM OF HIGIUriEtED .RADARSr4 :v.._
) MINIMUM IlAil 0 "gal) ' ISCATINWIlr'

^ FIXED BEAM (ICANNIN9 ROTATING MK? KOTATINE

.NAVsHIPS 93E60

SPECIFICATIONS:
LOCATE ON OR ADJACENT TO RADAR SET CONTROL.

BLACK 500 kl
REV. IIKGO.

Figure 7-23. Standad hazard-warning signs,.
40.67
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NECK OF CAT

LOCATING
'PIN

GLASS
VACUUM

/ SEAL

20.320
Figure 7-24. Base of CRT and locating pin.

N

a

.4)

,
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extinguishers that are n
your use:

1. carbon Tetrachl,ortde -
trical fires, as the compound
of electricity and will not
parts.

nattily available for

Effective on oleo-
is a non-conchibtor
dimage ()Untried

2. CO2 Gas - May be used on any fire, part-
icularly on electrical fires.

d. Soda-acid - May be used only on ordinary
fires, as the liquid is 4 conductor of electricity.
Not effective on burning compounds, oil, ail.

4. Foam - Very effeVive on boning com-
pounds, oil, and similar materials. Not 'satis-
factory for electrical fires, as the compound is
a conductor of electricity.

4



CHAPTER

SYSTEM DIAGNQSIS AND
QUALITY ASSURANCE

Tol.N diagnose potential communica-
tion system trouble symptoms and to assure the
most tellable equipment operating standards,
efficient . and accurate testing procedures' are
indispensable. Measurements are made periodi-
cally- while the equipment is functioning properly
to disclose any decline in the quality of equip-
ment performance. However, even the most ys-
ten:tab.° checks avail/hie will not replac the
operator's knowledge of basic comunica ons
systems and fUnction/1 equipment operation. By
combining your knowledge of basic systems and
functional operation with proper communications
testing procedures, potential problems are elimi-

_..; natld and equipments are operated at peak,ef-
ficiency and reliaty. ,. , -

The term. j'system diagnosis and quality as-
surance" hais' tended to be confusing. "System
diagnosis" simply .means to detect a potential

-.or real problem; in a communications system, and
to isolate thg problem through your knowledge
of that systek. "Quality assurance" is a Rimmed,
systematic. pattern of actions necessary to pro-
vide relativr confidence that a system or equip=
ment will pliform satisfactorily in actual
,operation. The PMS portion of the 3-M system
provides part of quality assurance for us: Sys=
tem diagnosis and that overlapping part of quality
assurance is provided, through unscheduled,
wa.teb-to-watch, minor maintenance and the
knoifledge acquired by communications main-
tenance personnel. This chapter's objective is
to increase your knowledge of the testing and
assurance procedures of the more basic com-
munication equipment.

TYPES OF OPERATOR
MAINTENANCE

--,,-penerally speaking, there are two basic types
of maintenance that radio operators must con-(

cicern themselves with: OPERATIONAL and PRE-
,. VENTIVE.-Operational maintenance is considered

'146
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a low-level of - technical maintenance that in '.
equipment operator may be abletO perform while.
on watch or during inrport.periods of equipment
shutdown. This comprises suohprocedures as re-'
'cording . built-in meter reidiniga, Making front .

panel adjustraents, or replacing niinor parts, suoii
as fuses, indicator lamps, etc. Operational niain-
tenance also _vers such routine inspectinAts
as visual` inventions of equipments conducted
for the, purpose of finding and correcting con-,
ditions of dirt, corrosion, °loose connections, .
mechanical defects, etc. Alth gh these inspec-
tions overlap the category preventive main-
tenance, operational main nance can be
consideted separately, since this general main.,
tenance,, is practiced routinely on a Navy-wide,
and normally unscheduled, basis.

The most effective maintenance!, is preventive
in nature since many . . tontial. 'failutes are'
detected and corrected bef ' e drily have a chance
to develop. Normally r rred to as "PMS".
preventive maintenance is accomplished through
the use of ntenance Requirement Cards
(MRCS) which Ulna the preventive _task to be
accomplished In by-step manner. These
scheduled maintenance tasks serve to reduce
Major equipment breakdowns and lengthen he
useful life of the equipment pr system.. This
form of maintenanoe, consists principally, of
cleaning, lUbrication, and periodic. tests ,ainied
at, discovering conditions which, 'if not corr.,
rected, may lead to malfunctions. Often, prei-
ventive maintenance tasks require the ,use of
basic test equipments.

TYPES OF SYSTEMS
TESTS

There are numerous types of systems tests,
at least as many as there are systems. Alf-
though it is possible to divide systems func-
tionally by operation, systems may be simple,'
such as basic send-teceive ypes, or complex,
such as automated computers: Each, in turn,
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'1* made up, of other separate systems. For ex-
ai:nple, voice transmission systems may be AM,
'rid, etc. Each system or subeyOtem is composed
of certain groups of equipmente or units. Test-
ing may comprise all units or only one. For
example, when making Quality Assurance (QA)
.ohecks on a transmitting system, you may be
making radiation resistance checks on the an-
tenna or output power measurements on the
transmitter. , You may make a simple insula-
tion reMittuice check of the RE cabling between
the transmitter and the antenna. These various
tests and checks may be used in conjunction
with your effort to diagnose a system problem
and eliminate it or could possibly be made in
accordance with reg4larly scheduled PMS checks:`
Thereforel, it is easily seen that no one par-
ticular test or check can be considered as being
a part of system 'diagnosis, or part of quality
assurance only. However, it can be said' that
all of our tests, ichecks, and measurements
combined serve to 4ualitakively determine the
condition of systems, subsydtems, and individual
equipments.

System techniques vary from the extremely
simple to the very complex, depending upon the
type of system. More than one method may
normally be .used, depending u the circum-
stances, what it 'is desirable to monitor, and
the- test equipment available. For example; a
transmitter producing a mo lated signal may
be monitored by observation f the output me r
on the transmitter front panel. A more refin d
iiiethod would be to connect an ammeter user es
with the antenna lead. When antenna current
remains steady, an unmodulated carrier is be-
ing produced. If the antenna current varies; the
output is being keyed, or modulated., The ob-
servation of the output meter and the use of
the ammeter essentially'tell us the same thing.
This is an example of having more than- one
method for performing a basic check.

You should always select the system technique
that is most readily accessible, easy to per-
form, and provides the most information on
operation of the system or subsystem. Nor-
mally, built-in monitoring setups are provided
for most communications'systems as operator's
functions.

Basic systems tests may be subdivided into
the following general categories:

(1) Overall performance tests.
(2) Minimum performance tests.
(3) Sensitivity/selectivity tests.

(4) Power input /output tests.
.(5) Property measurements.

Overall performance tests/checks normally
indicate the total cap_ ability of, an individual
piece of equipment or Of an entire system. An
example would be the. testing of a transmitter
in ',all, operational modes (e.g., CW, AM, FM,
SSB, FSK) in Accordance' with the performance
standards normally vontained in the endipment
technical .manual. This would indicate the over-
all capability of the transmitter.

Minimum -'performance tests are equipment
checks or the .minimum standitrds expected of
a system. For examples if a transmitter- is
supposed to deliver. .25 watts ,ok.powet when
any AM signal is fed into a properly tuned
antenna but. delivers only 95 watts, minimum
standards are' not met. Therefore, remedial
aotion needs to be taken and the equipment
brought up to minimum standards through proper
repair or adjustments.

Sensitivity. and selectivity checks are as-
sociated primarily with receivers. Sensitivity is
the ability of a receiver to amplify a 'weak
signal. Selectivity is the ability of a receiver.
to reject unwanted frequencies and Accept only
the one desired. However, the' terms "sensi-
tivity" and "selectivity" may be applied to any
amplifier or frequency-determining network. A.93'
piece of equipment that contains amplifiers or
frequency-determining networks can.y be given
sensitivity and selectivity checks. .

Power input/output tests are self explwatoil
and normally deal.' with the ability of alp rans-
mitter or antenna to deliver or Accept rated
levels of power and operate at predcribed levels
of efficiency. However, radiation resistance
checks and field-strength tests are also, con-.
sidered part of power testing.

Property measurements are considered to be
checks of basic electricaL properties, such as
resistance, capacttance, inductance, etc. An ex-
ample would be a basic resistance test with an
ohmmeter: -This .category is probably the most
extensive of the basic tests and is discussed
in the following paragraphs of 'this Rate Train-
ing Manual.'

BASIC MEASUREMENTS

The following section will discuss the validity
of basic resistance and voltage measurements
as well ad- the usage of an oscilloscope in
making vario s checks.

147
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Resistance Measdrements

13efectfve components and part's of equip-
ments can usually be located by measuring the
d.c, resistance between various points in a
bircuit and a reference point (or points), usu-
ally ground. This is due to the change in the
resistance values of component!, whenever a
fault develops. Point -to -point resistance charts
in the equipment technical manual usually can
be 'advantageously used for this. Always re-
member that, wlvn taking resistance measure-
'bents,. the values--given in equipment charts
are, Measured between the, indicated points and
ground. .Also, remember to .secure the power
to they' equipment under test and to discharge
all capacitors before making resistance meas-
urements. ,

Voltage Me".eurements

Since most troubles encountered in equip-_
ments and systems either'result from abnormal
voltages or produce abnormal voltages, you
should consider voltage measurements indispens-

. able a,tds, in. locating troubles when trouble-
shooting and in locating trouble sniptoms when
per orming QA checks..Testing techniques that
utl ze 'voltage measurdxnents also have the ad-
van e that circuit operation's not interrupted.
Point- -point voltage measurement charts are
norm cont ned in equipment and system
technifoal manue1S ...-These charts eontain the

Carious

. operating voltages encountered in the
(various stages of the equipment. Unless other -
1 wise ;stated, the values shown in the equipment
(charts are measured between the indicatedpoints
and ground. r

n voltage measurements are taken,, it is
sidered good gra 'tice to set the voltnIu .1-
the :highest rang initially so that any, e x-
sive voltages e tang in a circuit will not
se ,overloading of the ine r: To obtain in-

creased accuracy, the voltm ter may then be
set to the designated range fo 'the proper com-
parison with the representative. value given Di)
the voltage charts.

It should be remembered that the seneitivity°
(in ohms per volt) of the voltmeter used to
prepkre the voltage charts in th 'cal
manual is always given on the char ; therefore,
if a meter Of similar sensitivity i available,
it should be used so that the effect of loading
will not have to be considered.

The following' precautions 'are general safety
measures, pertinent to the measurement of volt-
ages, that you- should follow when working with
electronic equipment while making preventive or
corrective checks:

(1) Connect the ground, lead of the voltmeter
first. While making measurements, place one
hand in your pocket or behind your back.

(2) If tba voltage to be measured is less
than 300 volts, pla the end of the test prod
'on the point to be to ted..

beIf the voltage to be measured is grealrr-thisf
300 volts, proceed as follows; .

(1) Shut off the circuit power.
(2) Discharge the capacitors.
(3) Ground the point to be measuyed.
(4) Connect (clip an) the prorier test lead

to the high-potential point.
(5) Move away from the meter.
(B) 'Turn on the circuit power and read the

voltmetei.

Do not come in contact with any part of the
equipment while the power is on. You should
constantly keep in mind that almost all volt-
ages are dangerous and can be fatal if con-
tacted.

Oscilloscope Measurements
/.,

Often referred to as "waveform compari-
sons","" these measurements are considered toy
be a<Very important part of preventive main -
tenafce, although they, are used rimarily in
corrective maintenance. Waveform itm), be ob-
served at indicated test points, e ifn in wave-
form charts or on MRCS,. i / . .

. .11
<,'

The ,vvieweforms giver "charts, MRCS, orF

instruction 1Sooklets are ' n idealized\.and do
not show' some of the dl ls- which Elie nor-
mally present when the a tual waveform is dis-
played on an oscilloscope, Consequently, many
apparent "troubles" have ' been detected that
really don't exist, resulting in many lost man-
hours'-of corrective maintenance in search of
a problem that has been tentatively diagnosed.
If tAiere 4s no trouble present- in the equipment'
or 'system, a waveform observed at a desig-
nated point generally should reseroblethe ref-
erence: waveform given for that test point.
However, test equipment characteristicis or u,sage
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0114,A1158 'distortion of the observed waveforms
even though the equipment or system is operating
normally. kme of the more common causes
of these conditions are as follows:

(1) The leads ot the teU, oscilloscope may
not be plkced the, same' manner as those
of the oscillosCope. used in preparing the ref-
erence waveforms, or the...4142311 lengths may
differ considerably. These variations may cause
the waveforms on the oscilloscope screen to
appear distorted.4

(2) A. type of oseilloscope,,having a different
input impedance and frequency response may have
been Used to obtain the reference waveform

(3) Operator front-panel errors may result,
from lack of knowledge of oscilloscope operation
for test purposes.

In general, time should not be wasted ii
searching for faults when relatively minor dif-
ferences are detected between the ,reference
waveforms and those obtained by basic checks.

PERFORMANCE TESTING
MEASUREMENTS

Performance testing of communication equip-
ment and syStems comprises specific tests for
each .category of equipment. In practice, per-
formance checks determine the operating con-
dition of a complete section of an equipment
or system. Although they are' normally covered
in PMS, they also may be giyen as parLef post-
availability tests, post-ov haul testing, and
special inspections. These is are:

(1) Receiver noise measurements.
(2). Receiver gain measurvots.

, (3) Receiver sensitivity-measOternents.
(4) Transmitte, r ii°,Ver .outiS:iiir Measureinents:
(5) Standing **ie. measurements., _
(6) Frequency specAum metkirements.
(,7) Impedanbe measurements of antennas and

transmission line

Receiver Noise Measurements 1

In theory, it is possible to amplify a weak
signal by any desired factor. -'or example, a
reCeiver may have an amplification factor of 10
or 1000. This simply means that any signal intro-
duced into the receiver input will be increased
in amplitude 10 or 1000 times. The receiver

A

lineation factor is closely linked to the
receiver. sensitivity. To distinguish bet'ween the
two, it must be remembered that the sensitivity
of a receiVer is its ability to amplify weak
signals; whereas, the amplification factor of
a receiver is the relative increase in ampli-
tude from the input to the output.

Theie is a limit to botii.,the, amplification
fictOr and the sensitivity of a receiver. This
limit is determined in .11 receivers by the
amount of noise present, the receiver at any
'one time. The noise present in the receiver
may come from random electrical disturbances
in the atmosphere or from the electrical com-
ponents in the receiver circuits. Whatever the
source.,, the greatest amount of noise enters
the receiver amplificatidn circuits' by way of
the antenna input stage. U the noise originates
in the atmosphere, it antes the receiver via
the antenna proper., If the noise. originates in
the circuit components, it ters the receiver
via the first RF amplifier. This is because
only the noise generated in the first stage is
amplified throughout the receiver. Noise gen-__,;*
erated in the rest of the receiver is not as

, harmful as that generated. in the first stage'
of amplification.
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Basically, what this means is that the crucial
quantity in any receiver is the signal-to-noise
raffia present at the input of the first RF amp-

fidr. The absolute magnitudes & signal and
nterference are not important, only their ratio.

The noise generated through,. atmospheric
disturbances can. be controlled somewhat through
the use of 'noise limiter, squelch, and volume
control circuits whose, operating controls are
normally located on the front panel of the re-
ceiver. However, inherent .receiver noise is a
result of the design of the receiver_ itself and

hatier to oontend..with; Therefore, it is safe
to say that the inherent noise generated in a
receiver establishes the minimum limit of sig-
nal that a receiver can usefully amplify, thereby
determining the receivyr sensitivity.

Self-generated receiver noise can be broken'
down into two distinct types:- Thermal, agitation
and tube- noise. Togethef, they can be con-
sidereN collectively as receiver noise. Thermal
noise is -the result of the random motion 'of
the electrons in the antenna and receiver cir-
cuits (also, sometimes referred to as "re-
sistance noise"). Tube noise is the result of

1
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the noise existing between vacuum tube elements
in the envelope and the guide pins at the base
of the tube. This receiver noise exists across
the entire RF spectrum and increases as the
bandpass of a receiver increases.

At the higher operating frequencies, sub-.
stantially alrof the noise originates in the re-
ceiver. This A s (Ns to there being less
atmospheric se present at the higher fre-
quencies; whereas, atmospheric and environz
mental: noise generated externally from the
receiver are greater at' low-frequencies. In fact,
noise in the microwave region of the spectrum
is almost negligible external to the receiver.

Since receiver noise determines the weakest
s).gnid, that can be amplified practically, its
behavior and measurement are of fundamental
inportance for equipment which may be used to
eaceive very low-intensity signals. These re-
ceiver noise measurements are normally made
with a noise generator or with an RF signal
generator.

Basically, a noise generator is designed to
produce a random noise , signal at any number

frequencies within its design frequency range.
For example, a noise generator with a frequency
range of from 2-32 MHz can produce. a sig-
nal consisting of pure noise at any frequency
between 2 MHz and 32 MHz. The noise generator
method of determining the noise figure of a
receiver has the advantage that no knowledge
of the gain of the receiver or amplifier under
test is necessary. This methodf measurement
consists of comparing the, noise actually present
in the receiver or amplifier with the nonvarying,
calibrated output of the noise generator. It should
be remembeal that tatoise measurement can

-be made onW individual amplifier or on an
entire recekrr.

Figure 8-1. shows a block diagram for aking
a poise- test on a receiver using a crated
noise generator. For an accurate measurement,

NOISE

GENERATOR

RECEIVER
UNDER
TEST .

AC.
VOLTMETER

OR
WATTMETER

76.117
Figure 8-1.Block diagram of a basiO receiver

noise measurement.

tbi) noise generator output impedan is ad-
justed to be the same impedance as normal
signal source to the receiver or amp ier cir-
cuit under test. In most 'cases, this np t4m-
padance value is given 'in tI4 equipmen to cal
manual and is the impedance at the an lin input,
since the signal is normally injec d at the
first RF amplifier- d a receiver under test.
For best results, the shortest possible leads
should be used between the noise generator and
the receiver input. Also, leads with good con-
nectors slould be used. Ideally, the measure -.
ments are performed in a shielded row. If
this is not possible, a location should be chosen
where a minimum of interference from radio
transmitters or other electrical deveced will be
enhountered.

. . ,
As is shown in figure 8-1, the noise generator

output is injected. into the receiver at the ,de-
sired frequency in accordance with the standards
and specifications set fort . in the equipment
technical `manual or mainten ce standards man-
ual. The meter used at the utput is normally
an a.c. voltmeter. The autrittic volume control
and noise limiter citcuits should be disabled
when this test is performed. .

When a voltmeter is ueed) as -the ,output
indicator, the receiver is first observed with
no input signal' apptied. Then, the noise gen-
erator is adjusted for' an output voltage of 1.4
:times the no-inp4it voltage indication. The noise,
figure is- then indicated on the output level oon-
trol of the noise , generator-. If a wattmeter is
used as the output indicator, the noise generator
should be. adjusted for twice the no-input reading.

. .

The signal generator method of maki g$ re-
ceiver noise measurements is similar to the
narte generator method in that the basic block
diagram is the same as that-shown in figure
8-1. The only difference is that a signal, gen-
erator is used instead of a noise generator.
This method has an, advantage in that -sine
wave generators are re

e.prevaleet
and ac BierIli

to come by than noise. rators. However, the
signal generator method i not as practical or
accurate as the noise generator method. When
using the signal generator, you must take into
account the bandwidth and the response of the
receiver under test, , something you don't have
to do with the noise generator method. Using
the signal generator', the procedure is the same
in that the measurements are made under con-
ditions of no-signjoEuld signal inputs.
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Receiver Gain Measurements

Ga:In measurements are useful in determining
the gain of a particular amplifier within a re-'
()elver or of an entire receiver from input to
output. The gain of. a particular thge within
a receiver is expressed by the fundamental
equation:

5

Voltage at Succeeding Stage) Voltage Gain (VG) Voltage at Input Stage

That is to say, by inserting a test signal at
the input stage and measuring it at the input
to the succeeding stage, we can determine

-be voltage gain (VG) of the.input. stage. Sim-
ilarly, the voltage gain '(Or gain) of an entire
receiver is determined. By inserting a signal
into the antenna or the first RF amplifier stage
and measuring it at the output of the receiver,
with a voltmeter we can determine the gain of
the entire receiver. Expressecras a formula:

Output SignalReceiver Gain(RG) Input Signal

It is important when gain measurements are
made that the normal operation of the stage
not be disturbed by the test equipment involved.
Figure 8-2 shows a basic block diagram of a
typical AM receiver. AI signal frequency from
the signal generator May tie inserted at either

ANTENNA

INPUT
CIRCUITS

SIGNAL

GENERATOR

1ST R
AMPLIFI R &
CONVERTER

OSCILLATOR

IT

1ST I F

AMPLIFIER

Point "a" or point "b".. The signal that is
injected-, and the connections that are made
must be in accordance with technical manual
specifications or the maintenance standards
manual. The ou ut of the receiver is measured
with a voltmete connected at the 'output of the
last amplifier s e. Interpretation of the volt-'
age reading fr un the input to the output will
give us the tal gain of the receiver. This
method may so be used between single stages,
measured one at a time.

Receiver Sensitivity
Measurements

Sensitivity measurements provide a conven-
ient overall measurement of a receiver. In ad-
dition to being the ability of a receiver to
amplify weak signals, sensitivity also can be
defined as the input carrier voltage required to
develop a standard value of output. Sensitivity
measurements require the application. of an ac7
turately calibrated skgnal to the antenna input
terminals of a receiver, normally through a
"dummy" -antenna which approximates the irn-
pedance cheracteristici3 of the antenna with-which
the receiver is designed to:be used. this diunmy
antenna simulates ,normal operatidg conditions
and ensures that the receiver has the proper
impedance match and that the signal current
during testing is equivalent to the signal current

2ND IF
AMPLIFIER
(DERECTOR)

AUDIO

AMPLIFIER
OUTPUT -

OLT METER

76.118
Figure 8-2.Basic block diagram of receiver gain measurement using signal generator.
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obtained from a real signalspf equivalent magni-
tude. Figure 8-3 shows in lb lock form a typical
signal generator, dummy antenna, and receiver

. hook-up in preparation for sensitivity meas-
urements.

Most sips] generators have an output im-
'pedance of approximately 50Ibhms. Most low im-
pedance receivers have an .input impedance of
approximately 50 ohms as wellr Therefore, for
Sensitivity measurements of these low imped-
ance receivers withillicorresponding signal gen-
erator, no dummy antenna is nepessarY: The.
dummy antenna is necessary only where the im-

. pedances between the signal generator and re-
ceiver must be matched for proper
measurements.
at, C

As shown in figure 8-3, the signal gen-.
'orator injects a signal into the dtimmy antenna.
Thig injected sign41 must :be in accordance with
either the atechniotl\manuak or reference standn.

1:.)ards tables. Tife signal Is ter& inserted into the-
receiver inputrtircuits ag normally...would be.,
At the output of the receiver, aninelkating de-
\rice, such as a voltmeter, is used to measure -'
the value of the test output in reference to the
-standard test input of the signal generator
thereby, determine the sensittvity of the re-
ceiver. To obtain valid result's, it is important
tiiat the step-breetep procedures and connections
are made in accordance with the equipment tech-
teical or reference 'Standards manuals.

o .

Power Odiput Measurements

The measurement of power output is im-
portant in determining the efficiency and proper
operation of all output stages and systems. It
is applicable to audio frequencies as well as
radia frequencies. For continuous wave (CW)
transmissions, the power output is measured
under key down conditions for maximum output

SIGNAL

GENERATOR

1 into a properly terminated antenna system or a
dumm,y antenna of equivalent characteristics.

In modulated systems, the power output is
measured for normal carrier output and foripeak
power at 100 percent modulation. 2rkfi oscillo-
scope is normally used to determine the drive
necessary for 100 percent modulation. Exceed-
ing this drive level will cause distortion and
unwanted shifting of the carrier.

Needless to say, there is an output power
measurement for every type of transmitter; in
operation. These' measurements are simpler to
make, than, say, sensitivity measurements. liew-
ever, unless proper technical manualprecautions
are followed to the letter when the measure-
ments are made, the test equipments used in
conjunction with these tests will be permanditly
damaged and made inoperative.

In conjunction with power measurements are
standing-wave ratio (SWR) measurements.
Standing-wave ratio tests and measurements are
included in tWscheduled preventive maintenance
_procedures for equipments which are applicable
to this type of It is basically a test of the
ratio of currefi or voltage at a loop to current
or voltage at a node along the length of the
antenna.' A low standing-wave ratio is indicative
of a properly matched system and is a pre-
requisite for good performance of all communi-
cations transmission lines which are intended to
match the load' 'and sources impedances. Pro-
ceddres for checking the current or vol
variationt which are the components of
standing waves are dependent fundamentally u on
the frequency of the system. Again;- techni al
manual and reference standards procedures
should be followed when tliese checks and meas-
urements are made.
Frequency Spectrum
Measurements

The amplitude of a group, of frequencies
that comprise a signal is termed the "frequency

ANTENNA OUTPUTINPUT

Figure} .,'?ypical block diagram in preparation for sensitivity meesuremerlit.
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spectrum" of the signal. Various types of equip-.

ment provide a visual or a meter indication
of the spectrum. Those equipments which are
used for observing or measuring segments of
the audio frequency band are called. wave an-
alyzers, distortion analyzers, and sound ana-
lyzers. Those employed for observing large
Segments of ,the RF spectrum axe called
Panoramic adapters or signal analyzers. Test
equipments used for observation of small seg-
ments of the RF spectrum, or of RF Oscillators,
are called spectrum analyzers or pulse ana-
lyzers. The equipment most used in communica-
tions cheeks is the spectrum analyzer. Some
of the more important checks that can be iac-
cornplished with the spectrum analyzer- are:

(1) Operation of transmitter local oscillators.
(2) Operation of automatic frequency controls.
{3) Frequency and side-band measurements:,
(4) Power measuremente.,,

Impedance Testing of Antennas
and Transmission Lines

The amount of current that flows in an an-
tenna is ne of the most important factors af-
fecting th reliability of cornrnuni tions. Thus,
in order secure the maximum r diated power
from a transmitter, as much of e generated
RF energy as possible must be efficiently trans-
ferred to the antenna. Also, for optimum re-
ception, the maximum transfer of energy from
the'. antenna to the receiver must occur. Ef-
ficient transmission and reception conditions
prevail, whenever the trans itter or receiver is

e rnpent impedance. This can be done by rnak-
g a series of SWR checks and antenna match-
g adjustments until an acceptable SWg is
ached.. .

i

Often, when high SWRs are obtained for no
accountable reason, a check of the transmission
line or antenna impedance is in.,order. This
would be particularly true when there have been.
no additions to the existing installation and no
new structures _have been erected in proximity
to it, The most standard check of transmission
lineal, control cables, and antennas is the im-
pedance check.. This is normally done with a
rnegohmrneter. In so doing, the insulation re-
sistance of the cabling can be checked and the
"breakdown potential" determined. The input
impedance of the antenna also can be checked
to determine if the "characteristic impedance"
is in accordance with technical manual stand-
ards. Characteristic antenna inipedance normally
can be checked with an ohmmeter. '

v
v

Electron Tube Testing

Electron tube failures are responalthle for
the largeht percentage of troubles that occur in
electronic' equipments qie systems. However, if
a particular equipment or system uses a great
number of tubes, it is obviously impractical to
attempt to diagnose potential problem? by gen-
eral tube checking. -Often, when a preventive
maintenance (PM) *check reveals a -potential
problem, the work center supervisor or operator
will resort to assiTe tube replacement in an

attempt to di ose the PM failuie. All that
'is usually apc mplislied is that the equipment
in question is severely isaligned 4pon cod

properl, matched to the t anernission line and pletion of tube substitut on and the PM still
tie transmission line to the antenna -. , . reirealt a potential proble . Only when a prob-

c., le has been diagnosed a particular stage
Normally, antennas and 4ansmiseionJ,IlPies s uld any electron tubes b sted, and .then

are installed as an integral part 4 the a'quiP--1-;L 3/ those associated with thedroproperly func-
ment with which they are used, and perform'ance* tioning-eircuit.
tests' concerning impedance Matching consist
primarily of taking SWR measurements. How- Whet replacing a tube in a circuit, nete and
ever, in-pertain instances, it will be found that record the p itions of the front panel operating
an undesirably high SWR will be obtained, caused
by a change in antenna impedance. This could

. i
be the reatut

of a structjre in the proximity -
of a hew tenna installation,

or the erect
rof the antenna so that the structure itifluen-ces

the antenna characteristics. In
.ntenna matching network is gene
mathh the new antenna champ
the transmission line is designe

ractice, the
y varied to
sties since

match the

controls befon
them. Tes
se ting the

hanging the setting of 'any of .
ew tube lor shorts e in-

=w tube into the, circuit If ad-
jtffsting the front panel.controls with the new tube
in place does/F of correct the abnormality, re-
turn the controls to their original positions,
and, unless a reliable tube tester shows the
original tube be defective, reinsert the old
tube in the rcuit. Do not change tubes
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indiscriminately; otherwise tubes whose exact
age and condition are unknow (or uncertain)
Will accumulate. Inmany high frequency equip-
ments when tubes are changed, the tuning of
the circuits may be upset. Thud:' w
substitutions are made, the, unit may often hav
to be rea)igned.

RECEIVER 1QU ALITI
ASSURANC E

.
. Communications receivers are composed of

a series of- selective RF and AF lbircuits, each.
stage of, whiob is designed,-to amplify the output
of the preceding stage. The lowered efficiency
a any one tube, or a change. in any one circuit
parameter, usually results in lowered overall
efficiency' of the receiver. The sensitivity of
the receiver may also be decreased by the mis-
alignment of the successive circuits, each of
which may function in a suitable manner as a
unit. The sole function of a communications
receiver is to selectively receive a weak sig-
nal; therefore, an objective overall test of the
receiver sensitivity is the most significant single
check that can be made on the condition of a
receiver.

Some receivers are provided with a built-in
output meter; others have an output meter equip-
ped with a cord and plug to facilitate testing. The
only other requirement for a sensitivity check
is a standard signal check of receivers on the
various bands. During radio silence; -this sig-
nal may be provided by a calibrated signal gen-
erator with a dummy antenna coupled directly
to the receivec. input. When it is permissible
to operate transmitters, the output of the sig-
nal generator may be fed into a central radiating
antenna, and receivers may be calibrated from
the signal received by their own antennas. Any
decrease in sensitivity should be corrected.

It' should be noted that sensitivity and selec-
tivity may be affected by the in all
types of receivers. As receivers be me more
complex, alignment becomes more of a problem.
In AM receivers' using conventional sideband
signals, improper alignment may result in the
loss of weak signals through loss of sensitivity
and the inability to select the desired signal.
When a receiver has AVC and AFC features,
proper alignment may be complicated if proce-
dures are not followed exactly.

addition to periodic checks on sensitivity,
\ routine physical insioctions must be made of

the receiver and accessory \units. Lubrication
and cleaning schedules recom4ended by the
technical manual, Maintenance Standards Book,
and PMS must be followed. Tubes-should be
tested sparingly because frequent .in rtion and
removal weakens the socket contacts aid causes

ay-or '-intermittent operation. Elec on tube
life generally extends to several thousand hours;
therefore, in equipment which is continously
operated and On which periodic sensitivity tests
are made, tube's should be checked only when
performance indicates such a need. When tubes
are replaced in -RF circuits, the circuits should
be realigned, if necessary, to achieve normal
sensitivity. Before new tubes are used, it is
good practice to check them on a tube tester.

. Methods of adjusting and servicing each type
of equipment are discussed in detail in the tech-
nical manual or manuals furnished with each
equipment as well as in normal PMS checks.
Whenever a problem is detected, 'you should
proceed methodically in locating the fault by
testing first the most accessible and vulnerable
parts of the receiver. U the problem goes beyond
operating personnel's knowledge, or experience,
it 'should be referred to appropriate repair
personnel. Anytime a receiver is temporarily
removed from its assembly for testing, it should
be thoroughly cleaned and inspected so that parts
close: to, failure may be detected beforShand.__
Since{ receivers could operate for many years
with reduced sensitivity before a complete failure ,--
occurs,\ the preventib..itnaintenance schedule-
for each receiver should be followed. In this
section, we will discuss many of the areas as-
sociated with receiver quality assurance.

Assurance, Diagnosis, and
the Decibel (dB)

Until now, a very important term with ref-
erence to quality assurance and systems diag-
nosis has been omitted. That term is "decibel"ir,
abbreviated "dB". It is an important -term in-
that it is used in conjunction wif.h many, areas'
of quality assurance and systems diagnoaltilhat- _

are of interest to the communications operator
and supervisor. For example, during QA:Cheeks
in accordance with MRCs or technical manuals;
you will often find the gain of a particular amp--
lifier stage expressed in dB. Many trouble ollarts'
and reference levels listed in technical man.
uals and Maintenance Standards Books are given -
in dB. Therefore, it is important that you as
an operator and supervisor, understand 'the
definition of the term "decibel" and can'equate
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it to basic systems checks- that yOu must
often m4ke.

The nternational unit, the "BEL", is a unit
of gain- quivalent to 10 to 1 ratio of power gain.
Thus, gain in' bels is simply the number of
times that 10 is taken as a factor to equal the
ratio of the output power of amplifier to
the input power. If, for e .'le, the output
power of an amplifier is 100 mes the input,
the ratio is 100 to 1, or 102 to 1. The gain is
therefore 2 bels, the number "2" being the/
number of times that 10 is taken as a base
factor, as shown in the number "102". One
bel is equal to 10 decibels, and vice-versa.
Therefore, the gain in decibels is 10 times 2,
or 20 detibels:

I
Where the, amplification factor of an amp-

lifier is, listed as a 1000 to 1 ratio amplifier,
it may be written as 103 to 1, or 3 bels, and
the gain in dB Is 10 x or 30 decibels."

ere the _gain of a s4.ge in a piece of
com unicatiofis equipment is listed as
increased 10,000 times, that gain is 104 to ,

or 4 bels. Therefore, the gain in dB is 10 x 4,
or 40 decibels.

As you can see, the easiest way to deter-
mine the gain in decibels is to multiply the
base number of 10 by the number of times that
it mus( be / multiplied by itself to equal the
amplift ation factor; 108 equals 10 x 10 x 10 x
10 x 10 x 10. It also equals 6 bels and 60 deci-
bels. Table 8-1 shows the general relationship
between dB and gain ratio.

TetBLE 8-1

dB and Gain Ratio

Gain Ratio Factor No. of BELS No. of dB

1,000,000 to 1 108 6 60f

100,000 to 1 108 5 50

10,000 to 104 4 40

1,000 to 1 103 3 30

100 to 1o2 2 20

10 to 1 101. 10

It should be remembered that decibels can
be expressed either pesitively or negatively.
In other words, an amplifier that amplifies the
input 100 times has an amplification factor of
100 to 1, or 102, or +20d13. Conversely, if an
attenuator reduces the level of a signal by the
same amount, it is said to have a loss of -20dB.
Needless to say, anyone who participates in al-
most any area of quality assurance and Systems
diagnosis requiring the use of equipment and
systems technical manuals must have a basic
knowledge , of the usage of decibels. This is
particularly true when receiver QA checks are
undertaken, especially those dealing with sensi-
tivity, selectivity, and bandwidth measurements.

Single Sideband Seisitivity
MeasUrements

Sensitivity Measurements of SSB receivers
are determine4 ,in a manner 'similar to -that
used for other amplitude modulation equipment.
However, certain considerations must be taken
into account When measurements are performed
on this type of equipment. For example, the
frequency stability requirements of, SSB equip-
ment operating in the high frequency range are
on the order of 0.2 to 2 parts per million.
Frequency errors greater than 30 Hz can cause
voice transmissions to be unintelligible with
certain signal-to-noise ratios. Intelligibility de-
creases with an increase in frequency error,
even with a high signal-to-noise ratio. When
frequency conditions are simulated for the sensi-
tivity measurements, this same degree of
accuracy is still warranted. Thera e, proper
measurements for single-sideband 'receivers
should incliide the use of test equ pment de-
signed for use with this type of commuation
equipment, or test equipment with an accuracy
equal jooto, or better than, the accuracy to be
maintained in the receiver.

CW and Facsiraiole Sensitivity
Checks

(1;',

Sensitivity chedits and measurements CW
(A-1) and facsimile (A-4) are essentially the
same. In basic front panel setups for determin-
ing their reception sensitivity, you, should set
the BFO to ON and the receiver 'audio gain
at maximum. If the tone control positions are
not specified in the receiver technical manual,
tone controls should be set for maximum audio
range. The signal generator is to lre geed un --
modulated. Following initial adjustments stated
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in the technical manual or on the MRC, the
carrier is then applied from the signal generator,
and the input siva voltage is adjusted to pro-
duce a +20dB output, signal-to-noise ratio (10Q
to 1). The receiver sensitivity, in terms of
input signal voltage, is -then read from the sig-
nal generator voltage calibration. ,Many ref-
erence levels may be used, bit the 20dB
relationship should be maintained.

Voice Modulated Sensitivity
I Checks

In determining voice-modulated (A-3) sensi
r-tivity, a carrier Of 400 Hz mist be applied

at 30 percent' modulation. T 113 RF gain control
should be set at maxim= with AGC ON and
the BFO OFF. All other controls should be set
as indicated for CW reception with the ex-
ception of the AF wain control. After consulting
the applicable technical manual or MRC card
and the modulated output of the signal gen-
erator applied,' the receiver output should be
adjusted for +10dB ratio of signal-to-noise
(10 to 1). The receiver sensitivity is then read

. froip the signal generator voltage calibration.

FSK Sensitivity Determination

4

Reserve Gain Determination

"Reserve" gain for all types of reception May
be determined,by measuring the ratio of noise
output at standard gain (the gain condition used
in measuring Standard sensitivity) -to noise out-
put at maximum gain, provided that maximum
gain doss. not cause an output overload.

It should be noted that there is also a gain
variation with a change in frequency bands. The
response to the input signal will not be the
same froin band to band nor will it be the same
from point-to-point in the same band. This
variation over each band may be determined by
adjusting for standard &JR (as for sensitivity
nieasuremente) at thighhigh frequency end of
each band and then noting the input signal volt-
age required at various frequencies over the
band to produce the same input.

Receiver Response Curves

Every receiver has: a series of amplifiers
and detector circuits that both reduce the sig-
nal to an audio or IF level and
signal as necessary. Each receiver-
circuit is made up of
and, though similar, h
tics all their own.

t
ier

separate electronic parts
ye operating character's-
ne of the characteristics

of separate amplifier circuits is that no two
amplifiers will amplify or respond, to the same .

In an FSK system, the receiver, frequency- signal in exactly the same way.
shiltikeAng circuitry, and the teletypewriter must It is possible to determine the enact way
all .oroerata satisfactorily to produce proper copy that eacli amplifier inside a receiver will re-
in FSK operation. If the receiver checks satis-' act to, a series of frequencies within the range
factorily' for CW operation and sensitivity, oily of the rece Ver. It is also possible to obtain
the additional switching for FSK receptiCn and a, -visual splay of the reaction of separate
any special FSK filters located inside the re- amplifiers to the same frequency bands, thus
ceiver could produce poor FSK operation so determining their "reeponse, irves".
far as -the receiver proper is concerned. There- A visual response curve may be produced
fore, the receiver may be checked for FSK sensi- by applying an output/signal from an FM signal
tivity by initially checking its standard CW ,) generator to the ileeiver circuit being Checked
sensitivity. If this proves to be normal, switching and employing an oscilloscope as an output
to -FSK operation will allow the output and indicator, (see -4 re 8-4). The FM signal from
audio levels to checked to ensure that they the generator wi usually' vary at a 60 Hz
meet the requirements of whatever type of rate about a center equency.
audio frequency FSK converter is employed. The original FM. signalris changed in passing

th.7ough the amplifier so that the output signal
from the amplifier consists of an FM signal
which i$ amplitude modulated. The resulting
"envelope" appearing at the output will appear
on the oscilloscope screen, but only after being
"detected", because the output of the amplifier
is varying at an RF rate and cannot be seen.
However, after detection, only the modulation re-
mains, and .this appears on the oscilloscope in

The output which the receiver produces for
an IF converter in FSK operation may be checked
with an electronic voltmeter capable of good
accuracy at th'e IF with a range of 0.001
volt to at least 1011ts. The receiver and
converter technical manuals should be consulted
for standards of receiver output in this case.
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Figure .8- . Equip ment arrangement for deter-

mining response curve.

the form of the response curve of the amplifier.
(See figure 8-5). The detector polarity deter-
mines whether .a positive or negative output
occurs on the visu presentation; the output
response =rye will appear inverted, if the out-
put is of negative polarity. However, the re-
spon curve may be used in-Arhichever position

app s at the output of the detector. Since,
,for equ ' deviations, the positive and negative
portions of the envelope are symmetrical, it is
necess to observe only one side of the n-
velope.

Receiver Selectivity and
Bandwidth Measurements

'electivity is the property w1iich4renables a
,receiver to discriminate against;transmissions
other than the one to which,..4t is tuned. The
term "overall selectivity" usually refers to the
frequency-seleetivity-of a receiver as measured
from (and including) the antenna' to .the input,
of the final detector. It does not normally in-
clude any elements of the audio signal because
most of the selection and rejection of input
sign already been accomplished by the
time .audio, stages have been reached.

\

AMPLIFIER
RESPONSE

I I

1 I I I
INPUT
SIGNAL

Figure

I FM
SIGNAL

COMPOSITE DETECTED
SIGNAL SIGNAL

8-5. Typical amplifier, ,response

Thy.-bandwidth of a receiver defines the fre-
quency ,range over which the amplificqon is .
relatively constant. For most receivers, the
bandwidth represents the usable portion- of the
modulated intelligence. Selectivity and bandwidth
measurements can be made witlf similar test
equipment and connections,, such as those shown
in' figure 8-3. Automatic vi)lume control is nor-
mally turned OFF _ and .the volume control is
set to maximum for these, measurements. The
signal generator is set' at the receiver fre-
quency and mod/lated in accordance with test
instructions. The RI gain control' should be'
adjusted for a convenient reference level on the
voltmeter, or as specified. The signal generator
output is then varied in accordance with test
instructions. It is emphasized that test pro-
cedures may vary accorditg .to whether the
receiver is Considered a arrow7band" or a
"wide-band" receivers and technibal manual
step-by-step procedures should be very care-
fully followed.

Cross-Modulation Tet

A- cross-modulatipn test is, in a sense, a'
selectivity test. However, it has the advantage
of determining the effect of "interfering" sig-
mils with the automatic volume and gain con-
trols fn' operation, which is the situation that
will norrnally be encountered during receiver,
operation. This test requires the use of tWo
signal generators. One signil generator is set
at the frequeftcy to which the receiver is tuned,
while the other is 'tuned away. from the test
frequency in order to reprefient the Interfering .
signal. (See figure 8-64 This tec e qua has the
advantage of simulating- the conditis e that exists'
when the receiver is tuned to a. station close
to another strong signal that interferes with
primary communications. It is a valid test be-
cause practically all receivers must be abld to
properly function with interference in the crowded
frequency spectrum.

f The cross-modulation test gives no inrriu a-
tion concerning the attenuation of a desired

,signal in the presence .of a strong interfering
signal. 'this type of apparent signal loss occurs,
when the combined strength of the desired sig-
nal and the interference. is sufficient to cause
overloading of the receiver, or, in the "Case of
a poorly designed automatic-volume control
(AVC) network, to cause. a reduction of the

76.1841 _output. Therefore, in conjunction with the cross-
curve. modulation test, we have what is referred to as
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a."blocking interference" test: A blocking filter-
ference test uses the same basic equipment
configuration shown in figure 8-6. Basically,
this test is plotted0 on an output versus fre-
quency graph using )Te outputs of signal gen-
erators and 2 fr rri the cross - modulation
test. Generally speaking, the straighter the line
on the graphic plot, the less the attenuation,
(See figure 8-7 for a typical blocking-interference
graph).

,Squelch (BilenCer) Circuit
Measuremeints

jiriih frequency receiver circuits inherently
haves& -high noise level 'hen no signal is being
received. During_ comnrigations, where a re-
ceiver is tuned to a specific frequency for long
stand -by peripds in anticipation of signals that
may appear at any time, the continuous roar
of noise is highly annoying to anyone an the
vicinity of the receiver. Tharefcre, it is de-
sirable that a squelch (or silencer) circuit be
incorporated to silence the audio output during
these periods when no signal is being received.
The squelch circuit works in conjunction with
the audio amplifier to block the received inter-
ference in the form of noise or low-level sig-
nals froni interfering stations.

The Aceived signal level necessary to op-
erate the squelch circuit in a receiver is called
the receiver's "squelch characteristic". In an
AM receiver this characteristic may beoleter-
mined by first making the equipment connections
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Figure 8-7. Typical graphical plot'' A'esults

of a blocking interference test.

shown in,figure 8-3. The signalignerator should
be set to L39 percent modulation at a frequency
of 400 Hz. With the signal generator RF out
put set for zero, the receiver output should be
noted; ite,ahould be essentially zero. Gradually,
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the signal generator RF output should be in-.
creased until the squelch circuit ogerates. Op-
eratioti of the squelch circuit is indicated by

sudden increase in the radio receiver output.
The RF output of\the signal generator required
for the operation of the squelch circuit may be
recorded as the squelch characteristic of that
receiver.

Tuning Dial Calibration

Tuning dial frequency calibration can be
checked against any known standard, such as
WWV or WIA'VH. Some receivers have built-in
Crystal calibrators which give signals spaced
"throughout the range of the receiver. A
heterodyne frequency' meter may also be used,
the output which may be fed to the receiver
antenna terminals. With any of these means,
the tuning dial error should be carefully ob-
served. If the error is excessive (more than
±1 percent) and shows a definite progression
with frequency, the receiver may require. re-
alignm ent.

m-up Frequency Drift

z. k..hangge'Viliteb: -oreoktr,,:while the
er Is warming up mac be measured by

setting a heterodyne frequency meter to give
a.A000 Hz beat note output from the receiver in
the CW mode of operation. This is done as
soon as the receiver is- 'turned on. Thep, as
the receiver drifts, the frequency voter is re-
adjusted to produce this same beat note. When
the output frequency becomes essentially stable,
the total frequency drift is indicated by the
difference between the final and original fre-
quency settings of the frequency meter dial.

COMMUNICATIONS TRANSMITTER
TESTING

Because ,of the necessity to match the out-
put of transmitters to their respective antennas,
the operation of a transmitter is usually more
complex than that of a receiver. Like receivets,
there are many tests and measurements to be
made in order to ensure the proper operating
condition of transmitters. Most of these checks
are on a maintenance level and are performed
by qualified repairmen. However, there are
some tests and checks that operating person-
nel can make in order to ensure continuity of
communications. Most of these tests and checks

are covered by the PMS requi ments and are
fairly standard.

Because of the power involved when a trans-
mitter is operated, the most vulnerable part
of its operating circuits are the vacuum tubes.
The operating procedures for most radio trans-
mitters call for continuous tuning and retuning,
and PA stage tube currents are usually meas-
ured by Meang of front panel meters. By peri-

roording these output readings, the
cumulatiA re rd bears the same relationship
to the transpitter that 'a sensitivity check do s.
to the receiver. Whenever the emission of a to
falls to 80 percent of normal rating, it shout
be'replaced. Large PA tubes also have a tend-
ency to' fail when stored for long periods of
time. Therefbre, they should be rotated with
tubes of the same type in spare storage so
as to maintain three sets of large tubes in
good condition at all times.'

Ventilation and dust conditions present a
`greater problem to transmitters than they d9
to, receivers, primarily because there is.' more
he t to be dissipated. Dust forms a film which
abs rbs moisture and lowers the insulation re:-
sistance of circuit bompOnents. In so doing, a
"flash-over" or "arc-over"' point of potential
can develop between two components closely lo-
cated to each other. This arc-over is in the
form of a charge of electrical energy flashing
from a negatively charged point of electrical
potential to the less negative point (the point
now covered with moist dust). Therefore, clean-
ing periods must be initiated and regularly fol-
lowed. These periods will vary for different
locations. Insulators must be wiped, corroded
metal parts cleaned, and arc-overs repaired.
It is possible to detect poor contacts by inspect-
ing for evidence of overheating. When overheat-
ing is found, these contacts must be thoroughly
cleaned: It is also important that transmitter
antenna connections be regularly inspected and
cleaned.

During periods of radio silence, the proper
tuning bf transmitters)jpresents a problem be-
cause. an appreciable amount of RF energy must
be prevented from radiatihg. By previous tuning
of the transmitter through a great number, of
operating frequencies with acdurate logging of
all the dial readings, the need for operation dur-
ing radio silence is eliminated. Many technical
manuals also have a Heti-06f approximate front
panel settings that correspond to transmitter
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frequencies. Normally, through intelligent inter-
polation, between-frequencyi settings can be
closely arrived at.

Frequency Measurement

Transmitter frequency measurements are
necessary ibr reliable Operation and compliance
willa communications regulations. These regula-

' ,tionti concern self-generated multiples of the
selected frequency (called harmonics), sidebands,
and tolerances allowed for the assigned fre-
quenby of transmission.

It
A method of frequency measurement sorn-

monly used in transmitting spaces is the 4p-
pliCation of instated frequency standards.
Normally, these installed standards are a
combination of a ,series every stable oscil-
lators that may be hooked up to the transmitter,
as convenient frequency referenCes. Often, one
frequency standard may ser ce all receivers
and transmitters located in a communication
apace. This piece of equip ent may also be
referred to as a standard frequency generator.
A good example of a standard frequency gen-
erator, normally installed as a reference frevft....,g.

dard, is the AN/URQ-9 shown in
8-8. The reference frequencies are pro-

ough the output jacks located on the
front peel of the standard (lower-left of fig-
ure 8-8). Patch cords can be connected. between
these jacks and the input jack desired on the
transmitter front panel. From there, the 410-
quency selected from the AN/URQa_APan be
used as a referenile in conjunction with What-
ever transmitter oscillator it was intended for.,/ r._ .

-Another method of frequency measurement
a the "heterodyne frequency meter method".

e method employed is similar to that used to
ro-beat" a receiver for calibration. Bas-

ically, the frequency to be measured ist "beat"
,against the output signal of the frequency meter
internal oscillator. Many heterodyne meters also
incliide an tenna for receiving a radiated sig-
nal. Assurnin that the instrument is placed
near enough to source of the signal whose
ffequency is to be measured, this provision
eliminates the' need for a direct `connection
between the frequency meter NO the source
to be measured. Using-this metWd, set-up and
operation instructions 'must be explitly followed
and the calibration consulted for ploper inter-
pretation of the frequency meter results.

7tput Power Measurements

Man feel that reduction of 'power does not'
necessazkly decrease the 'operating range sig-
nificantly. Therefore, the precise measurement
of power is unnecessary.. Pis is a false as-
sumption..

n
sumption., A change in the wee wott may
result from altered o ra col s that
are capable of causing an eventual equipment
breakdown unless remedied. Additionally, power
measurements are often the surest way of deter-
mining whether the overall performance of a
transmitter is no al and in general accord
with the specific s of the rnamiggurer.

In the MF to VHF r in communications,
relative power output readings may be obtained
from the front panel meters that are part of
the equipment itself. These meters may_ be in
the form of RF wattmeters or in the form of
current meters and voltmeters in the final
PA stage. Also, the transmitting antenna tuning
unit normally has an RF wattmeter located
its front panel. Comparison between the tr
mitter and tuning unit wattmeters may refle
a difference between the output of the tran
mitter and the input of the antenna. When fin

A stage -voltage and current relationships are
used, the formula for power (P = IE) mustpe
used.

Another check for power output of some
communications transmitters is obtained fibm
direct xveaciings of ammeters, calibrated to indi-
cate powv. This type of ammeter is connec
in series th the antenni output terminals d
will give an accurate in cation only when the
antenna 'imped4ce its at a value- for which
the meter ' has en calibrated. An application
of this method is to substitute a dummy an-1
tenna for the anyuckna proper. If the meter is'
calibrated to indicate current or voltage, power
can be accurately determined by the relation-
ship: P = PR or P = Ea/R, where:

160

P Power output
R = Resistance of the dummy antenna
I = Effective currant
E = Effective voltage

Power measurements in the UHF and VHF
ranges use indirect measurements. These meth-
ods normally convert RF energy Alto another
form of enemy, such as light or Nat. (Direct
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1 -

Figure 8-8. AN/URQ-9 Frequency Standard.

metipds of measuring RF power are not ef-
fective at the higher frequencies.) One indirect
method is the "lamp-load" method. This method
involves the use of a series of incandescent
lamps as a dtunit'y antenna for the transmitter
(Ire figure 8-9).

As power is applied from the transmitter,
the lamp bank will begin to light brightly. An
illumination meter is arranged so that it can
measure the brilliance of the lamp bank. Then,
the lamps are disconnected from the transmfger
output and connected to a variable a.c. or d.c.
power source. This variable source is used to
light, the same bank of lights to the same bril-
liance. A wattmeter may then be connected to
ckitermine the required power necessary to bring

4filights to the same brilliance.fThis power
sle equivalent to the transmitter °output. The

impedance of the bank of lights should match
the output impedance of the transmitter. Also,
the wattage rating of the lamp load must be
greater than the power being measured.

Transmitter Neutralization

Transmitters normally use rather large vac-
.uum .tubes in the RF amplifiers of the output
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stages. These vacuum tubes normally operate
at a high level of efficiency and accomplish the
desired result: Reliable communications. How-
ever, in every RF amplifier vacuum tube, an
inherent problem exists that must occasionally
be minimized. This inherent problem is known
as "interelectrode capacitance". Interelectrode-
capacitance is the unwanted capacitive react-,
ances caused inside the vacuum tube by the in-
ternal elements of the tube itself: The cathode,
grid, and plate, as well as the other elements
in multielernent tubes.

/As the operEagg freq ncy of an RF arnp-
lifivr is raised,-tRe interalctrode capacitance
becomes large enough to cause a feedback sig-
nal that is degenerative in its nature. This
degenerative feedback can reduce the effective-
ness and efficiency of the amplifier tube and,
therefore, the transmitter itself. The procedure
used to correct this inherent characteristic of
vacuum tubes used 'as RF amplifiers is known
as"neutralization". Neutralization procedures are
normally discussed and described in detail in
the transmitter technical manual. There are any
number of neutralization techniques involving just'
as many types of test equipments that may be

1 r'J
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au toM ati c ally , semiautomatically, or manually
from one circuit to another khat is, received
at an intermediate point 'anOtretransmitted to
one or more points. Teletype eircuits may also

16
used for interchanging information in a con-

er sational manner.
r

Radio teletype systems involve a long- series
or,_chain of individual equipments, each of which
must be, iw4,,pt at peak efficiency to produce gat-
isfactory OpVirttion. Antennas and frequencies
must be wisely chosen,...receivers must be op-
erating at peak efficiency' and well tuned" and
converters must be operating perfectly. Tele-
type transfer panels Inust be understbod and
adjusted for proper line conditions. Teletype
machines must be kept in top mechanical con-
dition.

76.124
Figure 8-9. Block diagram of lamp-load
method of indirect power measurement.

used to carry out the process. These test speci-
fications should be followed on a step-by-step
basis; otherwise, the process will not be valid.

TELETYPE SYSTEMS
TESTING

Teletype systems serving 'fleet and shore
establishments include shi.pboard and station
equipment operating in conjunction with wire or
radio circuits or a combination of both. Com-
paratively simple facilities may be characterized
as teletype circuits rather than systems when
the teletypewriter stations are directly con-
nected. A system is made up of numerous com-
ponents, including station local lines, main
transmission and retransmission circuits, mul-
tiplexing, terminal and repeating equipment,
switchboards, and branch circuits extending to
oulying localities.

Messages may be sent directly awn,. a sta-
tion to one or more distant stations over fixed
circuits or over circuits involving one or more
switchboards. Messages may also be relayed
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Radio teletype has proven to be a time
and labor saving device. The greatest speed
is obtained by the use of tape transmission
which provides a steady flow of message traffic
at a constant 60 words (or more) per minute.
This is far above manual circuit operator speed
and capacity. As in other systems of message
handling, standards of quality have been estab-
lished to provide dependable service. The stand-
ard 'measure of message service quality is
the number of errors per given period of time.

Radio teletype is subject to distortion due
to propagation conditions. Weak and fading sig-
nals, however, may be copied with good quality
by intelligent selection of antennas, careful at-
tention to proper adjustment of receiving,equip-
ment; and correct usage of converter/comparator
equipment. Teletype machine dependability is
controlled to a great extent by the-quality of
the preventive maintenance, applied.

Under favorable conditions and service, a,
steadily used machine should perform for six
months or morel without a breakdown. Noimal
wear to moving parts will eventually force the
machine to fail if it does not receive(an- over-
haul after this period of use.

Signals, are produced by the operation of a
teletypewriter keyboard similar to that of a
typewriter, and the corresponding characters
are typed in page form or on tape by printer
mechanisms at both the sending and receiving
stations. Signals may also be sent by the use
of a punched tape prepared by another device
called a "perforator" which has a keyboard
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that is' so similar to that of typewriter.
Signals ceived from a transmitting station
do not ne essarily have to be printed in page
form; the may printed on a perforated
paper tap by m ans of a typing reperforator.
Some typing re rforators are furnished with a
keyboa'rds6. that it may 'be'used for the trans-
mission of messages, especially for tact 'cal
communications. The paper tape is u'ed to pr
vide a communications teletype si al by feed-
ing it through a device known' to co munications

_personnel as a "transmitter-distributor". The
-following is a discussion of basic teletypewriter
testing.

Teletypewriter Operational Speeds

There are four common teletypewriter op-
erational speeds which are expressed in words
per minute (WPM) or operations per minute
(OPM). The operations per minute are exact
ratings since they are, based upon the time
intervals required to send the various intelligence
pulses contained on a teletypeWriter tape. The

`-OPM are 368, 404, 470, and 600. Their cor-
responding WPM are 60, 66, 75, and 100, re-
sepectively. Presently Navy teletypewriter
equipment operates at speeds of 60, 75, and
100 WPM,

Teletypewriter Signals

Signals originated within the teletypeWriter
are transmitted in the form of d.c. pulses
,called "marking" and "spacing" impulses. Bas-
ically, a marking pulse occurs whenever current
is flowing and a spacing pulse occurs wheueve,r
no current is flowing. The alphabet, figures,
and functions of a teletypewriter correspond to
a particular sequence of punched perforations in
a teletypewriter tape. Therefore, whenever an
opOrator depresses a teletypewriter key, a me-
chanical selection of punched perforations cor-
responding to that 'key is selected. Figure 8-10
shows a perforated teletypewriter tape corres-
ponding to the various keys that may be de-
pressed when a teletypewriter is operated. Also
shown are the corresponding upper-case functions
for communications and weather teletypewriters,
(far-left of figure 8-10). Holes in the perforated
tape correspond to marking impulses; whereas,
no perforated holes correspond to 'Iihe spacing
impulse. As shown in figure 8-10, a 5-unit code
is used for each character. For example, the
letter "A" consists of two holes and three

no-hole functions. Therefore, the letter "A" al-
ways has the first two units of the code per-
forated and the laSt three nonperforated. The
small holes between the 2 and 3 units are
"sprocket" holes designed to allow the tape
to be mechanically fed through a transmitter-
distributor. Th length of tine between each
pulse is 22

A further inspection of figure '8-10 reveals
hat O additional impulses are transmitted with

eac h aracter. 'They are the "start" and ?stop"
impulses. Notice that the start impulse is al-
ways. spacing (no-current is flowing) and that the
stop impulse is always marking (current is flow-
ing). The start impulse allows the relays in
the rectving printing mechanisms to start trans-
lating the coded impulses at the same time that
the transmitting mechanism sends the selected
character. The stop impulse, on the other hand,
ensures that all receiving mechanisms stop
their rnechanicEiLioperations at the same time
that the transmitting teletypewriter has finished
sending its coded signal.

Types of Transmissions

There are two general types of wire tele-
typewriter circuits; d.c. and carrier. The d.c.
type of circuits are used for the shorter .dis-
tances,' including extensions within stations and
branch circuits to outlying communications
spaces. Carrier teletypewriter circuits generally
comprise the transmission circuits for long find
medium distance communications on land lines.
Wire teletypewriter circuits generally will fur-
nish dependable and accurate service if reason=
able standards of circuit layout and maintenance
are adhered to. Although padio transmission
provides a high degree of flexibility for point-
to-point communications from a station to any
one of aflarge number of stations, wire tele-
typewriter circuits are overall more dependable
becals,t they are not subject to the variable
conditions in the atmospheric medium and the
possibility of accidental or intentional jamming.
However, remember that wire-lines are im-
possible between fleet and shore activities.
Therefore, radio-teletypewriter. is more prey-
alent in naval communications than wire.

In radio teletype system transmission
impairnIent may occur in the form of displace-
ment marks and spaces (time distortion), in
variations in strength of received signals,. and
in occasional obliteration of the received sig-
nals by interference. For operation in the HI'
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range over radio circuits using sky-wave trans-
mission, it is generally desirable to use diver-
sity operation. Thus, signals may be received
simultaneously at two or more locations sepa-
rated by several wavelengths (space diversity),
or each signal may be sent and combined at
the receiving station (frequency diversity). Where
space is a limiting factor, two different adjacent
antdnnas, such as vertical and horizontal, or
differently oriented horizontals, may give some
improvement by providing what is known as
"polarization-diversity' \reception.

The limiting length o a teletypewriter cir-
cuit, either wire radio transmission, is
considered to be tha oint at which a signal
becomes so weak th it is incapable of actuating
the receiving app atus properly, when cilstortion
of the teletypewriter pulses ,i. excAsive, or
when t e received signal stren h is too low
to ov ride the interference. Usually, circuits
are xtended by inserting "repeaters" before the
limi ng length is reached. These repeaters
autor atically retransmit the r3:>;iv-id steals
practically perfect form if they have not suf7
fared a large amount of distortion which would.-
cause errors in the teletypewriter copy.

pe,Basic Keyboard and ga
Transmitter Tests 1),

Since all teletypewriters respond to the same
fun Lions and operations, they can all betested
for specific operations. However, you must bear
in mind when performing basic checks that the
response of the various units comprising tele-
typewriter systems is different from unit to unit
for the same test or function.

Observation of teletypew4er eqUipment dur-
ing operation is usually the'litost test performed
on all units. For the keyboard, printer, and

.4 tape transmitter, transmitting with the receiver
converter-compfxrator set on "tune" will pro-
vide a close continuvus loop for testing pur-
poses. A to spould patched into the testing
channel with the*ape tr litter instead of using
the keyboard. Tape trans itters generally op-

/rate at a constant 60 WPM and provide a
ore rigidlest of the receiving printer.

Test, tapes may be prepared on the keyboard
of a rep4 (orator machine and connected end-to-
end with t ansparent tape to provide a continuous
test signal. Many good texts are a. ble for
the test tape, the chief requireblien ing that
it contains all the functions and characters used.
The letters "R" and "Y" are commonly used

It*

as the test text because they require the se-
lector unit to reverse all its codelpulse com-
ponents.

Using the keyboard of a teletypewriter 4s
a good test but not a conclusive one. For e*
ample, if the motor of the machine is of the
governed type, it will be possible for the speed
of the motor to be too high or too low and still
work with its own keyboard. Both are kept in
synchronism by means of the main shaft gears.
If a machine will not copy an incoming signal,
check the machine first with its own keyboard.
If it passes this test, try sending to it ,Jrom
another machine or tape transmitter known to
be in good condition. If it passes this test,
the machine is operating satisnictorily, and the
incoming signal or the keyer'in the converter
is at fault. If it fails ither test, the machine
needs attention.

Range Selection

A good test for etermining the "range"
of a teletypewriter is performed with the letters
"II" and "Y". The angefinder pointer is al-

-..ways located on the f nt panel of the machine
ilo\ clear view and mar ed. Alternately print the
letters R and Y while slowly moving the range -
findr pointer toward the lower end of the scale
until\ printing errors occur. Note the position
of the pointed Check the upper limit of the
range by moving the rangefinder pointer toward
the upirr end of the scale until errors are
printed. Note the position of the pointer again.
Then set tile rangefinder at the midpoint, of
these two e4Kemes. Print the, "test sentende"
or text to check the selection process. The
range under local test conditions 'with a well
adjusted teletypewriter shaiiild be 80 points;
however, a 70 point range is accbptable.

TELETYPEWRITER DISTORTION

Fundamentally, there are three types of dis-
tortion which adversely affect the fidelity of
teletypewriter signals. These are bias, fortuitAus,
and characteristic ,distortion. re -11 il-
lustrates these an ether fen-11s f distortion.
They'are defined as Follows:

(1) Bias DiStortionl The uniform lengthen-
ing or shortening o$ the mark or space ele-
ments, one at the expense of the other.

(2) Fortuitous Dist rtion'- The random dis-
placement, splitting,- a d/or breaking up of the
mark and space elenien
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TOTAL DISTORTION

SYSTEMATIC
DISTORTION

FORZUITOUS
'DISTORTION

The character selecting switch of the test set is
set to transmit either "R" or "Y". The ad-
justable test set then is set to the desired
percentage of bias and end distortion; this
control is usually set for 35 percent.

Causes and Effects of
Bias Distortion

BIAS
DISTORTION

CHARACTERISTIC
DISTORTION

END
DISTORT ION It is important that the radio operator or

supervisor realize that bias distortion is the
UNIFORM lengthening or shortening of the mark
or space element, one at the expense of the other,LINE

CHARACTERISTIC
EQUIPMENT

CHARACTERISTIC as shown in figure 8-12, parts A through E.
DISTORT ION DISTORTION These show that the total time allocated to one

mark and one space 'never changes, on
76.126 length of the 'mark or space element changes.3'igure 8-11.Components of Teletypeniter If the mark is lengthened, then the space willDistortion. be shortened by the amount that the mark is

(3) End Distortion - A special type of tele-
graph signal distortion created or sting pur-
poses. It has the effect of advancing or delaying
the end of each marking impulse with respect
to the beginning of the test cycle.

(4) Characteristic Distortion - Tha repetitive
displacement or garbling peculiar to specific
portions of a signal. There are two types of
characteristic distortion. Line characteristic dis-
tortion and equipment characteristic distortion.

(5) Systematic Distortion - Periodic or con-
stant distortion, such as bias or characteristic
distortion, whithi is the direct opposite of fortui-
tous distortio4.

ti)(6) DO Dist rtion - The total of all forms
of signallI stor n is cumulative and is known
as total (ii: tortion. A signal in one link of a
teletypewr r transmission system may have
tone. kind of distortion at that point and another

;kind of distortion in another link of tie system.
However,, the signal could actually, have less
distortion at the distant- receiving point due to
the canceling effect of the various types of
distortion upon each ogler.

You can determine the amount of distortion
that the teletypewriter selector unit can tolerate
by using a common signal distortion tester designed
specifically for this type of test. If. the test
set or teletypewriter is equipped with governed
motors, the motor speed must first be adjusted.

lengthened. If the above described distortion of
the mark or space elements are not uniform
and repetitive, some other form of distortion
is taking place.

Bias distortion can change from one hour
to the next o4 with one adjustment of the equip-
ment to another; however, there are only a
few places in a teletypewriter transmission sys-
tem capable of producing bias distortion. A
detuned receiver will produce either marking
or spacing bias. In addition, any drift in the
transmitter or receiver f equency control equip-
ment may produce this di rtion.

Changes in speed o sending equipment,
thougiit detrimental to the 'fidelity, of lythe tele-
typewriter signals, cannot produce bias distortion
even though cerdin types of distortion measur-
ing Aquipment will indicate bias distortion when
spe,Qd contr2,1 is the real problem. AArhenever
transmission speed increases or decreases, the
mark-space elements will be )changed equally
in 'length; therefore, the bias distortion could
be zero--15a .the total time for one mark and ,one
space will be, shorter or longer.

ik There are several ways of calculating bias
distortion. 'ale method most often used is the
ratio between the normal mark or space and
the amount the mark or space has bwn length-_
ened or shortened. This means that if\the Inakk
element is one-half longer than it should be,
it would be considered a fifty percent (50%)
marking bias; at the same moment, the space
element would be shortened fifty percent (50./0).
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A
X-Z

B

X IS GREATER
THAN Z

C

X IS LESS THAN

0

ALL144.-S TRANSITIONS
ARE DELAYED EXCEPT
THE STAR

E

ALL MS TRANSITIONS
ARE EARLY EXCEPT
THE START

F

G.

31 22 22 1 22 22
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3 4 5
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START
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STOP
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2 4 5
START
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START
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START

TIME MILLISECONDS --03 I

START
.

I 22
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Figure 812.Normal and distorted Teletypewriter Signal.
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Causes and Effects of
Fortuitous Distortion

Fortuitous distortion is caused by many
things: Fading, multlilath transmissions, atmos-
pheric noise, power ,line 'induction, battery
fluctuations, poorly soldered electrical joints,
lightning, ty keying contacts, and many other
random di bances.

Part F f figure 8-12 is an example of
fortuitous distortion. Clearly, the various ele-
ments of the signal are not uniformly length-
&led or shortened, as was the case for bias
distortion. The displacement is random and un-
even and will have no discernible,pattern.

Causes and Effects of
Characteristic Distortion_

A definite amount of time is requilked for the
line current to change, from a marking to a
spacing condition or vice versa, in a teletype-
writer wire circuit. The4ime required some-
times is greater than the minimum time interval
between transitions (the end of one character
and the beginning of the next) in the signals.
Some transitions then must occur while the
current is still in the process of changit from
the previous transmission.

Line characterisVc distortion is basically
the distortion .,,c,iaused when the length of the
received signal imulses are affected the
'presence- of changing current transmissions in
.wire circuits. 'The amount of lide characterlstic
distortion is dependent upon the m de of
the cone tion. When the received im ses are #,
shortened due to line characteristic distortion,
the conditioh is known as "negative ' line char-
s° ristic distortion, When the recbi impulses
ary lengthened due to line characteristic dis-.

tion, the condition isi*known as ".poSitPze"
liA' characteristic distortion. ,T 's line Aar=
acteristic distortion is sometimes revealed as
marking or spacing Apia's on, dome_dAitortion
measuring equipment because it produces an ef-
fect- similar to bias. The most reliable and,
effective way to eliminate line characteristic
distortion i ire circuits to operate the
circuit with wh'

(\
t is referral!, to as "polar".

operation. In a teletypewriter circuit, this means
that a marking impulse occurs\ whenever cur-
rent flom.6 in one direction and \a spacing im-
pulse occurs whenever' it flows in opposi
direction. This minimizes the time lag due t

the current to no-current transmission for marks
and spaces. Instead, we have a current-to-current
relationship, only of opposite polarity.

The contrasts between line characteristic dis-
tortion and the distortion caused by bias are as
follows:

(1) The effect of 1441e characteristic distortion
depends upon the length of the impulses trans-
mitted. The effect of bias is independent of the
length of the impulses.

(2) Fdr a given length Of impulse, the effect
of line) characteristic distortion is independent
of whether it is a marking or spacing impulse.
The effect of bias is always opposite on a mark
to what it is on a space.

(3) Line characteristic distortion is ielatedto
the amount and arrangement of the capacitanCe,
inductance, and resistance of a wire circuit.
Except in neutral operation, these factors do not
affect bias.

(4) Bias is caused by unecitial marking and\
spacing line current, conditions which do not
affect line characteristic distortion.

(5) Line characteristic 'distortion normally
varies only a small amount from* day to day
on a wire circuit. Bias may vary from ho
to hour.

Equipment char*c_teristic distorts n is the
repetitive displement or srupti peculiar
to specific io of a si al and is normally

(caused by maladjusted or dirty contacts of the
sending and receiving 'equipment. An example
would be the repeated splitting of the third
code element iof a teletypewriter signal, -

in part G of figure 8-12.
. s r.

It is, important that *a communications op-
erator or sdpervisor be able to separate Aar-
acteristic distortion from other forms Of
distortion., If it ca,n be established that onlY
a certain portion oi portions of the signal is
disrupted' he can inwediately eliminate the

,4tire system between the. sender andceiver
and know thai the sending equipfnent -is' the
cause of the digtortion.

By comparing part A with part G orfigure
8-12, it can be seen thgt the signal is suffering
from a split - element oh the third code element.
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If this happens repetitively, it would be classified
as equipment characteristic distortion. If it/
happens only once over an extended period, it
would be fortuitous distortion. On suitable dis-
tortion measuring equipment, part G would be
displayed as two transmissions in this elemertt;
one, approximately 50% late and,, another about
6551ate. Equipment characteristic distortiOn can
be introduced into a system at the sending end,
replikting point, or receiving point.

Causes and Effects \of
Speed Ptoblems

I-

In start-stop teletypevfriter transmission,
there is the problem of synchronizing the speed
of the teceiring equipment with the speed of the
sending equipment, character by character. It

'is is for this:raftson that t143 teletypewriter stops
at the end of/each character. Many meter-type
distortion Measuring equipments will read speed
problems as bias distortion; however, bias and
speed distortio are two,' different entities,. If
a signal ''i1. s- ca sed to he sent at a faster kr
slower speed, i does not mean that the sig-
nal is biased. It means that the total time for
one,mark and one space is shorter or longer,
but their z9ark-space. ratiNts unchanged.

Spied, o teleprinter signals can be varied
in sevbral ways. The most common one is that
the motor governor fails or is maladjusted.
speed variations can also be caused by slipping
clutches on internal mechanical devices of the
teletypewriter. The overall effect of off-speed
operation in the/start-stop teletypewriter trans-
mission is to cause' the later elements of the
signal to be more distorted than the earlier
portion of the.signal.

-4:

Distortion
Multiplex

When more rirtlioteletypewri cirpuits are
required than existing available jregi ncies al-
low, the additional circuits may 'e prOVIded by
using the principle of electronic time division
multiplexing. The terns "multiplexing" means

combining of several sign,als into one com-
posite signal, transmitting it f m one terminal
to another, and then breaking 0 n the

signal int6 th original si The com-
posite signal produce m/ulti-pt_ g is often
referred. to eiss a MUX'si al an tipluing
equipment aeMUX equipment.

, ..0

1E19

In the 60 WPM teletypewriter system, a
conventional 7.42 unit code is Used. To achieve
this speed, the teletypewriter impulse shaft makes
one complete revolution in 163 milliseconds to
send one character. With each revolution, the1
start pulse and the five selecting pulses are
22 milliseconds, and the stop pulse is 31 milli-
seconds. If four complete characters are to be
transmitted in. approximately 163 milliseconds ,

instead of 'just one character, the time re-
quired for each new character must be con-
siderably shortened. This is accomplished by '

the MUX equipment, which compresses each
transmitted oharacter into a time Reriod of
40 milliseconds. This MUX equipment accepts
four 60 WPM teletypewriter channels, converts,
the intelligence received on each (nhannel to a
new 5-unit code' (plus a sixth pulses) of^ shorter
duration, and retransmits the total intelligence
sequentially to a single wire or radio-circuit.

At the receiving lo tion, the -MUX signal
is applied to the receivi equipment which op-
erates in synchronism or cycles at the same
speed as the transmitter. tt is essential that
the signals be in phase; Sometimes) mp-phase
effects produce distortion. When ierference
disrupts a received MUX circuit, all -channels
will be similarly affected. Diffic Ries experi-
enced with an individual MUX channel cannot
be attributed to interference. Therefore, unless
the interfering signal is of a puling nature wad

disrupted.
of the rpceiving MUX

just /one or two si: d will be
all Charmers and

not justI
(.

identical in keying speed (synchronized) to' that

Scattered reflections of multipath propaga-
tion causes signal distortion and fading And
generally 'have their greatest' effect on MUX
signals. The condition is normally of short
duration,.. and -no compensation or corrective'
action tle'reqdifed. Howevert}-heof ,a fre-
quency nearest the maximtb-n ,u able frequency
(7VIUP)will often help In offsetting the effects

*of this Qondition. Reduced channel operation will
sometimes improve signal quality, but this 'should
be done only as a last resort.

a

Cryptographic operation can be either syn-
chronous or non-synchronous. .Non-synchronous
cryptographic operation depends on character
count integrity', while synchronous cryptographic
operation achieves character count integrity with-``
out requiring that each -character transmitted is
received. In non-synchronous operation, the same
number of teletypewriter characters must be
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received at the distant end as were transmitted
by the local transmitting equipmynt if the non-
synchronous equipments are to remain in the
"SET" condition. The SET condition can be
construed to be the "ready to operate" con-
dition. A receiysci teletype character may be
garbled with ng effect on this "SET" condition.
This is calla.d character count integrity and is
a basic reqarernent to remain in, the set con-
dition.' In synchronous cryptographic operation,
the synchronous equipments will remain in set
even if the teletypeWrite't character count is
,interfered ,wit*, since each of thetynciikonous
equipments is ,kept' in phaSe by s Os;vn fre-
quency standard. The synchronous quipments
do not depend upon the satisfactory tr smission
ajd reception of each character for their op-
eration.c,'To Lrnake certain the lines are satis-
factory for use and that excessitve distortioirdoes
not exist, bias and distortion checks are made,
back-to-bliCk circuits are used, and standard test
tapes and proper procedures are used for on+
line testing. Teletypewriter 'test sets ax16
ployed with self-contained oscilloscopes whi
measure the amount of distortion, line polarity,
current,, and speed so that all pertinent factors
may be evaluated. Thus, the various typigt/of\
distortion peculiar' to teletypewriter equipment
can 'be measured without inter ting service
on start-stop synchronous telefppewriter sig-
nals. A

avoid aboard ship and in -any area where many
transmitters and receivers are located in prox-
imity to one another. Additionally, signals .ar-
riving at a receiver from a distant transmitter
are usually weak and can be interfered with
easily by nearby transmitters. A

Every transmitter radiates small amounts
gf energy at many frequencies other than its
fundamental carries- frequency, and each receiver
is responsive to signs of 'massy frequencies.
other Irian the desired'strong signals from two

,

ne transmitters-operating on different fren
encies may heterodyne in a receiver to pro-6-

duce into ference. These spurious radiations '
and re p ses greatly increase the number of
fr q cies at. which^ interference can occur.

)(ample, when transmitting and receiving
close together, iiikerf9rence
in receivers tuned to fre7
a strOng taansmitter car-

MUTUAL INTERFERENCE
PROBLEMS

In a communications system, the number of
radlq circuits employed may necessitate the
use many/transmitters and receivers in the ,

same general locality. The selection of fre-
quencies to avoid mutual interference between ,

communication equipments be9omes In pasingly
more complex as the proximity and/ number
of equipments is in*reaSed. While it i possible
to reasonably estimate the ffequencies at which
interference lik4ly to occur, it is impractical
to try to acutely predict the seriousness of
interference - specific frequencies. The in-.
fqrrnatiori given in the following paragraphs will
-aid you in your knowledge of basic interference ,,
problems and logical means of reducing them.

Transmitter-To-Receive,
Interference

jTr ansm itte 1.z-to- receiver
ajor type of interference

interference is a
that is cliffictint to

quenc
Bier b
corres
mit

as are locate
esult, not only

s near that-o
ale in receivers tuned to frequencies'

onding to the weaker spurious trans-
adiations.

Antenna °cation__

Much of the in rIerence that occurs when
transmitting and re8 ruing antennas are kocated
close together disc ears when the intensities
of interfering signal are. reduced by -simply
eparattg the trans itting and receiving an-

nas. Another meta) of reducing interference_
t \hore communication tions is to provide

s krate sites for transmitting and t'ec,eiving
ante as. Separations of-rite_ gulch as 5 miles
are t, uncommon where trillasmitter outp
of 400 watts and above ice involved.

- Mutual interference can e)dst betw'een com-
munication equipments operatifig in w dely sepa-
rated frequency bands if thesb.eAtrp ents are -

in close proximity to one Another: Fo example,
high-frequency transmitters-emit spurious radia-
tions at many tunes the assigned operating
frequency, and these radiations may cause inter-
ference in very high frequency receivers. lo-
cated nearby.

,

As an alternative to space- attenuation
means of antenna separation, the directi
characteristics of santennas are used to adv
in reducing mutual interference.- Also, where'
th4 transmittting and receiving antennas Are
located near eat other, consideration is given
to the usage of hip structures or the. natural

al,.
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contours of the area to- provide antenna isolation.
"terrain shielding "., as/it is called, is satTis7
factorily employed in many locatiOns aboard
ship where the orientation of..the antenna 'radial'

. tion patterns permits such an arrangement.
When space Cs not provided to separate

a
tr s-

or with obile equipment, for example, c rtain
mting tic!, receiving antennas, as aboard ship

types Qf interference cannot pe sp easily elimi-
nated: With numerous transrnitting and receiving
antennas separated by only: a few hundred feet
or so, tie number of interference possibilities
incieaseg' to' such lan. extent that the solution
of ,the operating frequency assign-inept problem
becomes very difficult. If such a situation cannot
gossibly , be avoided, it is then essential to
understand the equipment characteristics re-
sponsible for the interference. This will aid
in selecting initill operating frequencies that

wwill ha Ara! prospect of reasonable success
whe operations are begun.

Spurious Transmitter Radiation ''.

. Spurious transmitter jracliations account for
much of the transmitter to receiver interference
when transmitting'and receiving, antennas are
located' 'in close proximity to each other. Most
of. the [Sower in the output .of a transmitter is
In the operating carrier frequency and the side-
bands. Howev&i, a small amount of power
always prespt at.the self-generated frequenci

_,that -are exact mUltiple-T-75T ,the fundament
frequency' (h monics). Harmonic radiation -i
undesir4lty. RI the interferencestEadpoint, as
well the power loss and lowered efficiency,
as a result of them. The design of a transmitter
usually incorporate sleatures which hell!) to elimi-
nate, or at least suppress, these harmonics.

Because 'of possible harmonic radiation from
transmitters, guy wires which support antenna
masts should be divided into insulated section,
the lengths of which are not harmmically 'relat
to. the operating frequency. Failnre,to observe
this practioe leads. to re-racliabion of spurious'
harmonics from the, length of/the guy wire.

. Since. Ne. frequendies of tie spurious out-
puts are different for different operatilig carrier
frequencies, it is apparent that the number of
receiving channels Which may be interfered with1
increases with the number of transmitters in
operation, as each transmitting frequency will
be -'accompanied by a series of spurious radia-
tions. Spurious transmitter radiations can also

fDe, caused by cross modulation between two
Iran' ern Ater S.

Cross Modulation

When an-u desired 'Signal feeds through into
an operating, circuit so that it interferes diVith
the circuit or 4modulates it with interference,
the effect is known as cross mbdulation. Cross ,
;modulation also results when two transmitt)AN
are very close toga:hen. When the antennas o;'

_transmission lines of two transmitters are lo-
cated near ch other, ilF voltage 4rom one
transmitter ay:, be impressed across the output ,

of thq other. ; ),

,

----,,, ..

In ference of,,this type shculd\ not prove

rated from. the transmitting antennas; s e the
serious, the .receiving antennas are w'-'' e sep`a-

spurious- frequencies are highly attenuated.
Another method of reducing cross modulskliOn is
by separating the, transmitting antennas them-
selves, 6ne from the other. Ae sarne.applies
for the .receiving antennas. Also, reorienting
transmitting antennas so to take/ -advantage
of their directional char teristics and radia-
tion patterns helps redu e cross ,odulation.

.
Seceiyer-To-Receiver

'Interference

Spu ious receiver radiations accifint t for much
of the receiver-to-receiver interference. This
type of interference is not usually serious but
m ethnics be considered in situations ere:
receivingahtennas are closely grouped. or hen

/.receivers are' connected to a common an nna.
Almost without exception, communication r'e-

"vers. are of the superheterodyne .type.. The
fu amental or harrnonic frequencies of, the local, ",
o cillator in one receiver may reach the input
of a nearby receiver through several signalpathe,
the most important of which is probably,,,through
coupling between the antenn used in conjunction
with the receiver ".

r71

tee

In some cases, several receivers operating I-
on different frequencies may be connected to,.a
common antenna in iyhic case suitable' isolation.:_.
between the receivers, ustbe provided, or the
operating frequency each receiver oho* so
that local oscillator rddiation does not present.'
an interference problem: _A multi-coupler is often
used to reduce the effect of local oscillator
radiation and afford some isolation Cs the sev-
eral receivers. )
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Reduction of Transmitter
. Radiation

fn.* checking for .transmitter radiation, the
only really satisfactory indicating instrument is a

. sensitive receiver or a panoramic adapter. A
panoramic adapter AS a test instrument similar
to a spectrum analyzer that can visually indicate
existing sidebands or interference around a-,

carrier7"Radiation checks should be made into'
a durniny 'load of the proper power and imped-
ance rating and should be inadi on all fre-.
quencies that are to be useditin transmitting.

. Naturally, the reduction of unwanted trans-
mitte4 radiation can be best accomplished through
props t design procedures. One of the preventive
measures considered very -important is the ef-
fective "shielding" of components and stageS
within the transmitter. .To be effective, a shield
roust 'completely enclose:1.'0*i circuit or stage.
This, total enclosure may be a physical or elec-
trial one. That is to say, shields may be in
the form of a metal box enclosing certain com-
ponents, or they may be in the form of an elec-
trical potential designed to counteract atlendency
of the circuit to radiate- minute poitiOns of
RF eneigy from its components. Unjortnnately,
ordinal' metal beices and cabinets 'do--not. pro-
vide total shielding, singe such openingsdas lids
and holes for` running Connections allows leakage.

A primary requisite for good shielding is
that all joints must make good electrical con-
nection along their entire lengths. A small slit
or crack will emit a surprising -amount, of RF
energy; so will holes; such as, those used for

. mounting meters. On the other hul, small holes
"do not impair the shielding greatMt'ird, a limited
number of ventilating titles 'may be used if they
are small (not over 1/4 inch vin diameter).

. .

Most wires used in transmitters today ern-
'ploy shielded wires between power supplies and

/ "components arid at all connections' Where prac-
teal. A shielded Wire is simply one that has
a "braid" inside the outer jacket to provide
.a means of preventing spurious radiations due
to skin effect and to enable .a ground potential
to be placed atVach end of it. For example,
the wires used 'to connect a.c. or d.c. to the
socket connections for a,vacuum tube are ?nor-
-mally shielded- by connecting the braid of the
wire to chassis ground at each end of the wire
run,' and at ,various points ip between. Meters
are normally enclosed in shielding covers, the

.

meter connections being made with shielded
wire. cable and control cable run are now',
mall.), made with high quality shield-4 cable
thus preventing inductive interference with other
cables in close proximity.

ANTENNA FIELD STRENGTH,-
M EASU REM EN TS

Field strength is the effiictive value of the
electric field intensity and is measured in micro- '-
volts or, microvolts per meter. Field strength
measurements are normally taken only from one.,,
particular side of an antenna. Thus, the only
way to estimate overall anteorui field strength
is to take a series of measurement& at four
points and average them out. The four 'points.
would be made at the front, back, and two sides
of the. antermai% .giving you an omnidirectional
average of overall field strength.-

The field iStrength produced by an 'antenna,
is proportiOnal to the current' flowIng
Those parts" of the antenna that carry the most

, current, as a result of standing Waves, ,have
rnthe most radiating effect. Yield strength eits-

'...urementa should not be confused with directivity
band gain measurements. Although they-are closely
linked and each affects the other, they are meas-
ured differently and mean different' things. The
dir4tivity of an ,antenna is determined froin an
aggregate Collection of data from all points of
the antenna, giving us a general picture of the
way in which the antenna radiates the RF energy
fed to it.. The power gain of an antenna is the
measurement of the directivity of the antenna
under test as compared to that Of an ideal
(isotropic) antenna.

172

When making these measurements, many dif-
ferent types... of test equipments are available
in different ranges of frequency coverage. These
radio test sets, field strength meters, and radio
noise meters can: be used. to measure either
relative or a.bsalute magni s of field in-
tensities produced by an .,exc ,,transmitting
antenna. The information obtai d from field
strength measuremients can 14), us ttg to deter-
mine antenna efficiency, directivity' characteris-
tics, and spurious radiations. When you use
field intensity measdring quipment, you must
remove objects k,or per near the radiating
source or the meter beca e they will cause
reflections which result, in/erratic mete....r read
ings. .1 .
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SINGLE SID EBAiN,Ili. (SSB)
TESTING ,,..,f

Transmitter output monitoring and accurate
traninnitterNrequency adjustment are even more
important in SSB than in AM applications. Not
only. must the SSB transmitter be adjusted to
operate wi1/4thin tolerances specified by the using
services, U,it, it must also beadjusted to operate
Within its own strict tolerances becaute intelli-
gibility of, -the reproduced. SSB message de-
pends upon such adjustments.

rMethods used for testing or performing pre -
ventiyp Maintenance on an SSB 'transmitter will

lightly for different equipment applica-
tions. For example, some installations haire
special test units incorporated into the overa41
system configuration. These test units, often
referred to as "distortion measuring equip:-
ment", are usually designed for the specific
applications where° used and provide a means
for making such measurements as distortion,
gain, frequency. response, noise, and modula-
tion level. U no .such equipment, is provided,
suitable individual test equipment (signal gen-
erators,- voltmeters, oscilloscopes, etc.) can
be used for making the test or perfming the

The following is a discussion' of SSB
testing.

N.
RF-Carrier Oscillator

In Single-Sideband Suppressed Carrier (SSSC)
4 systems in which no carrier is transmitted with

the signal, a carrielbie inserted at the receiver
to correspond to tie one supprqati at the
transmitter. This locally generated car er must
be at exactly the safne frittuency a's'the car-
rier that was suppressed 'the transmitter if
,he demodulation process 1% to be 'performed
properly. Consequently, Alt proper operation
of an SSSC system, the ocal carrier, oscil-
lators in both the receiver ar;1 the transmitter
must' operate, at the same frequency at all
times. Therefore, the importance of stability
and accuracy of frequency adjustment of the
local carrier RF oscillator omits equivalent
circuit cannot be stressed too strongly. Nor-
/1411y, preventive maintenance checks are man-
datory to ensure, the proper operation of; the
carrier oscillator and,associated circuits.

When performing PMs concerning frequency
of the carrier oscillator, an extremely accurate
signaltgenerator or direct-reading frequency

173

meter can be used. To properly check and ad-
just this circuit, it is deCessary that the ac-
curacy of the test equipmerit eqltialor,preferably,
exceed the accuracy of the circuit being tested.
Some of the signal generators and frequency
meters used in AM applications do not meet
the strict requirements of single- sideband sys-
tems. Test equipments and instruments specifi-
cally deigned for single-Sideband applications
should be Used whenever available. Also, suf-
ficient warm-up time should be allowed. for all
test instruments to ensure stable operation.

Whenever checks show that the Carriet
cillator is in error, the first step in correcting
the situation is to check and adjuSt the re ated
voltages that are applied to this circui is
can usually be accomplished through the tise
screwdriver adjusted rheostats or potentiometers
located in and around the carrier oscillator
Circuit. Accurate voltmeters should be used to
m 'ese voltage checks- and adjustments..In--'
c rrelir voltages applied to this circuit are a
major;_ Source of oscillator frequency errors.
Whenever_liAtube change is made in, the oscil-
lator circuit, the voltages should again be checked
and adjusted to the recommended values.

After the 'applied voltages have been adjusted,
the frequency of the oscillator can then be prop-
erly adjusted. This is always done n accordance
with technical manual and mainten e standards
manual instructions. The final adjust ent to car-
rier oscillators is normally the setting of the
output signal voltage to the level prescribed by
the equipment manufacturer. Precautions
stressed in the technical manual should be
strictly. observed for proper adjustment of the
RF carrier oscillator.

Balanced Modulator Adjustments

The ,primary -purpose of aiy balanced mod-
ulator circuit is to produce the Sidebands of
the RF carrier and to suppress or reject the
..carriel. Most balanced modulators are designed
and adjusted to- achieve a carrier suppression
of approximately 35 to 40 dB, If a carrier is
transmitted with the SSB signal, its level is
normally redUeed 10 to 20 dB below the level'
di the sideband signal.

A' certain degree of balance-is .".built-in"
to a balanced modulator circuit by the equip-
ment design. This involves the choice of tubes,
components, and circuit arrangement. To com-
pensate for changes in values of components
"due tb 'environmental and operational conditions,

f6
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;

separate balance controls are usually incor-
porated into the transmitter. These controls
are usually very easy So reach when necessary
in performing PMs and making minor adjust-
ments.

'The first step in adjusting a balanced modu-
lator. is. to. check the circuit operating voltages.'
Normally, this can beoaccomplished through the
built-In test jacks or through front panel meters
d&signed to indicate' the various basic operating

. voltages associated with that circuit. If vacuum
tubes are replaced in the balanced modulator
circuit, care should be exercised in determining
that the replacement' tube matches exactly the

be removqd. This may sometimes necessitate'
,E) a basic realignment of circuits. in SSB eqUip-

ment,

Basically, carrier balance can be adjusted
by -applying a test tone from an audio oscil-

r to the SSB exciter circuit (usually located
near the balanced modulator proper) and

eu ling air AM receiver to the output (as shown
in figure "8-13). The test tone coming from the
oscillator should be very stable and distortion
free with a means of controlling its frequency
and amplitude. Any suitable-AM receiver with
the proper frequency range can be used.

After-a sufficient warm-up time, the carrier-
level control of the recei should be turned
to its minim im po,-,ition Sothat no carrier is
applie,d to the signal through carrier-reinsertion
circuits. A suitable test tone is then applied
to the exciter. If the balanced :modulator is un-
balanced, the' AM receiver should tre able to
receive the signal. The "balance" ,control is
then adjusted for tone output from the
receiver. This is normally a very simple ad-

1 justment and should be done in accordance with
step-by-step procedures contained in'ehe equip-

\ mbritlechnical manual.

AUDIO

OSCILLATOR
1-111.

SSB

EXCITER
--4111.

0

AM

RECEIVER

76.128
,FigAre 8-13.Basic equipment setup for car-

rier balance adjustment.

Sideband Filters

The purpose of the sidgband filters in an
SSB transmitter is to pass only the desired
band of frequencies with a minimum of dis-
tortion and loss. Filter characteristics are deter-
mined primarily' by the filter design. and are
usually permanent once the initial design is
completed. Notl only is it desirable to pass a
certain band olArequencies, but it is equally
important that all frequencies outside this de-
sired band be attenuated sufficiently so that
they do not appear ,at the output of the trans-
mitter. This is very important. dual-channel
SSB systems where two intelligence signals are
transmitted on oaRosite sides of a suppressed,
or reduced, carriff.

As a general rule, the communications op-
erator should not attempt to adjust sideband
filters. The necessary features are made and
sealed in during the construction of most filters,
especially chaechaniCal ones. Attempts to adjust
mechanical filters should not be undertaken under

Toy
conditions. Crystal filters may adjusted

Tby technicians only; no operator show attempt
to perform4these adjustments.

The importance of the sideband fil s in-
regard to the over-all performance of a single
sideband transmitter cannot be overstressed.
Therefore, strict adherence to the technical
manual's instructions Concerning sidebandfifters
is essential. Normally, sideband filters should
simply be replaced by the operator if doubt
exists as to their usefulness.

174
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"Two-Tone" Testing In SSB

The' most widely used method of testing SSB
transmitters is the "two-tone" test. This test
involves the application of two separate tone
signals, to the, input of a system or circuit
and observing .the results on an oscilloscope,
spectrum analyzer, Or some other incicpan ng
device. The two tones should be equalcit
'nude and have a difference in ,fre
about 1000 Hz. Typical examples of two-tone
waveforms during test are shown in figure
8-14.

This tet, often an SSB PM--ean be performed
usi eithe an RF or audio oscillator, which-
evf14 is applicable to the test being performed.
Basically, what is done is that two test signals
are appliecto the transmitter input. The balawed
modulator/is deliberately' slightly tinbalanied
allow a portion of the carrier to "feed through".
Care should be exercised to ensue that the
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TWO-TONE TEST
OBSERVED ON

OSCILLOSCOPE
(A)

TWO-TONE TEST
OBSERVED ON

SPECTRUM ANALYZER
(B)

76.129
Figure 8-14. Examples of ideal two-tone wave-

forms during test.
4b

amplitudes of the two tones axze. maintained
constant. Upon completion of the two tone test,
the carrier balance should be reset and ad-
justed to ensure that it is at the proper point
for operation of the equipment.

SSB Signal-To-Noise
Measurements

The signal -to -noise ratio, usually given in
dE, is defined as the value of the signal to the
value of the noise in a particular application
and.- is generally a function of 'the bandwidth
of .the overall transmitting system. In cages
where impulse noise is to be measured, the
ratio is usually expressed in terms of peak
values. In random noise measurements, toot-
Mean-square values are used.

To determine the signal-to-noise ratio of
a system, it is necessary to measure the output
of the system, using an output indicator both
with it without a test tone. In all cases,
the e bspment technical mnual should be con-
sulted for the exact procedure to use in checl$-
ing a particular system.

Peak Envelope Power (PEP)
Measurement

There is a direct relationship bettyirn the
maximum power output of a transmitter land
the amount of "distortiop that is permissibly, in
the system. For this ressdn, the power output
rating of a transmitters usually given in terms

' of the maximum power that can be lielivered

,

with respect to a specified ,amount of distortion
that can be tolerated. U no value of distortion
'is specified, it is understood that the distortion
will be kept( within limits considered to be
acceptable for`the system.

The power output of an SSB. transmitter is
usually given in terms of peak envelope power
(PEP). Peak- envelope power is equal to the sum
of the .amplitudes of the sideband components
and the pilot carrier. The measurement of PEP
is usually made .using the two-tone test pro-
Ceku'e with -the carrier turned "ON",.. Figure-
8-r-15 shows one method of measuring the ,PEP
of , an SSB transmitter.. U an oscilloscope is
used, the reading sought is normally peak-to-
peak. If a voltmeter is used, the reading sought
is normally root - mean - square (rms).

Another rating som mes given to SSB trans-
mittersmitters is called "pe sideband pbwer, (PSP)".
It ie similarto pe envelope power except
that the measurement of this power is made
with the carrier 'turned "ogF". In this way,
the, ansmitter power is' applied to the side-
ban s and none is applied to the carrier. .

' "Talking Power" ig a term also often used
i reference to SSB transmitters. Talking,power
is defined as the portiOn of the transmitter out-
put that carries the intelligeneie of the message.
Since only the desired sideband is radiated in
SSSC systems, the talking power and peak side-
band power of such systems are clOsely re-
lated. A,As., the carrier suitression increases;
the amount of available Sideband Tower (and

AUDIO
, -

OSCILLATOR

#1

COMBINING

NETWORK

AUDIO
OSCILLATOR

#2

76.130
Figure 8-15.Basic equipment setup for meas-

uring Peak-Envelope-Power (PEP).,

SS8
TRANSMITTER

T0"0.1SCOPE.
----I. OR

VOLTMETER
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the talking power) Will increase. If the carrier
is suppressed completely; the total output of
the transmitter will be applied to the sideband
signal. Therefore, complete carrier suppression
in SSSC is desirable.

SSB Transmitter Monitoring

Transmitter monitoring simply means the
checking of a tranSmitter to determine the Eluality
of its transmission. Some Atransmitters have
separate monitor panels or units built into the
system to provide a continuous check, of the
transmitter while it is in operation. The.monitor,
panel; or unit, samples. voltages iar currents
at different points in the . transmitter to as-
certain that particular, Circuits are functioning
properly.

Oft, preventive maintenance checks require
the use' of built-In or front panel meters and
reanitorinr units. Other times, test equipment
173 necessary, used separately. To prevent po-
tential hazards and equipment damage, it is
important, to observe all precautions pertaining

test equipments, 3specially oscilloscopes,
cause of the high voltages present in all

transmitters.:
9 ,

SSB Receiver ,tiffintenEuice
Techniques

Proper preventive maintenance and basic
tests and adjustments of a single- sideband i'le-
ceiver should, include the use of test, equipment
designed for the purpose whenever possible. IF
this is not possible, test equipment should be
used with an accuracy equal to, or exceeding,
the accuracy to be maintained in the, Jeceiver.

Two factors must be borne' in mYnti in the
) Choice' of test equipment for p.reventive main-

.'- tenance or -basic adjustment of SSB receivers:

The close tolerances required of the re-.
ceiver oscillator frequencies.

(2) The sharp bandpa of SSB 'receivers.

Signal generators designed for' single -
sideband applications are presently in use and
available in every work center. Barring their
availability, frequency meters or standard ref-
erence oscillators with a known accuracy may

° be used tor basic- adjustments. The, reference
used should have an accuracy at least equal to,
or greater than,' the circuit to be adjusted in
the SSthe Preferably, the accuracy of

equipment used to adjust receiver oscillators
should be greater than ten-to-one.

COMPUTER EQUIPMENT
TESTING

More and more, computerized equipments are
being utilized in communications systems both
afloat and ashore." Autoinated and satellite com-
munications systems are relying more heavily
on computers at each stage. of development.
NatuAlly, with the advent of.these more complex
and exacting equipments, maintenance and proper
upkeep requirements increase in importance.
Therktfore, a basic knowledge of computer types
and -simple blocklunctions becomes necessary
in order to obtain "ground-leyel" information
about the requlpments that we will be using as
advances are made.

CompAgypes

A computer may be a small unit Consisting
of a few circuits, or it may be a large complex
equipment involving thousands of circuits. There
are two general types of computers:,.

(1). Digital

(2) Analog

The digit
operations
aqpition"..
One of several methods, but it is not considered
as overall accurate as the digital type. Large
computers which require a high degree of ac-
curacy are normally of the digital type.

computer performs mathematical
a process knoWn as "repeated
analog computer may use any

Analog Computers

Analog computers re used primarily for
such applications as detertnining the altitude of

:targets that are detected by radar equipme
and solving specific type ofathematical equa-
tions for design talc ions. Such comp,uterS
are usually comiSosecr ming, multiplica-
tion, differentiating, and .1 grating Circuit's.
Altdough analog computers are not considered
accurate enough';' orlinany applications, they
are capable of utilizing voltage and current
values., and changing those values int0.'digttal
form. Conversely, analog computers may use
these values digital form and, convert" them
into voltages or .currents to otei:ate., front ,panel

12 6
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controls and indications. Naval communications
systems utilize digital computer circuits more
than analog.

Digital Computers

The basic sections of a digital computer are
shown in figure 8-16. These block representa-
tions perform the input, output, memory, arith-
metic, and control functions. All data enters
the elemputer through thee input section, where
it may be converted to, a digital form and placed
in a storage device. The memory section ac-
cepts this dita at Specific intervals and places
it in the Roper storage location. Two paths
lead out of the memory element: One to the
control section and one. to the arithmetic sec -
Lion. Instructions are transferred from the

rrpemory to the control section,, in-which they
decoded and certain ,commaiids are set

up for operationof the computer.'

Input

The input ._section accepts informatiOil;in
various forms and converts it to a form. Oita
can be used by 'other `sections of the compUter.
Input information is applied to computers' by
*many different meithods: punched card readers,
magnetic tapes,' ploper tapes, typewriters, tele-
typeWrIters, and radiotelephones.

1*

INPUT.

HOUTPUT

t

CONTROL

MEMORY

ARITHME1.14,

Figur 8-16. Block dihguTICM of
compute r.

76.131
basic digital

41#

Control

The control section generates signals at the
proper time to cause a desired action to take
place within the computer. This is normally
accomplished by decoder and other switching7
circuits and devices. The control section keeps
track of the instructions that are to be decoded .
and may perform part of the decoding. In ad-

-- dition, this section ,synchronizes all sections
of the computer.

Memory °

The memory section stores information until
it is needed by one of the other sections of the
computer. Memory devices 'are assigned "ad-
dresses" did the appropriate address is specified
in the computer signal when information, is
needed or is sent to be stored. It is iron')
this section that stored information such as

- that used in the Navy AUTODIN system is

Arithmetic
Addition is thivAlifsic operation of the arith-,

metic seCtioti sea ,tirgital computer; other arith-
'matte *ftuictions are simply -Variations of the
audition functi Foi example, multiplication
in the arithmetic section is simply a repetitive ad-
dition. The arithmetic section is used to store

° or transfer the results of a computation.
Output

The results of th computer. operation are
f to the output for e er 16cal or distant
applications. Some exampl of outpiir- units,
are teletypewriter line printers, card punchers,

/and magnetic tapes such as thOse used in the
Navy AUTODIN communication system, paper
tapes, frequency counter 4. cathode-ray tubes,
and radiotelephone secure systems. In 'other
words,, the output of a computer may vary
widely, depending upon its use and what it has
been "programmed" to do.

TER LITY9Ati R
ASSURANCE T HNIQU ES

To meet renability requirements and Pro-,

vide efficient operation, special preventive main-
tenance techniques have been developed for hake
and small computers. Most maintenance for com-
puter circuits involves the simulation of actual
data fed to the Computer -Age% very much like

*
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the tests that are performed on telatypilwriters
with tegt tapes. Naturally, the type of test
determines the type of quality asauranc in-
formation fed to the circuits for internal cir-
culation. There are also "marginal checking"
circuits in digital computers. These types of

'circuits are included in computers to detect
aging ckf circuit parts before \fa4lures ocdur.
4riis is a valuable preventive aid that is not
provided in normal, non-computerized equip-
ments.

Digital computers as well as analog com-
puters may be "programmed" for checks. These
programs provide an overall check of all com-
puter circuits. In addition to these special tech-
niques, normal preventive maintenance
procedures can be carried out in accordance
with proper 'instructions with available test equip-
ments carried for that specific purpose.

Basic Programs 3

A "program" is a series of instructions
which control the operations of a computer.
Each instruction is used to cause some action
which is a part of the overall task that the
computer must perform. Therefore, aninstruc-
tion may be considered to be the basic build-
ing block of a computer program.

An effifient program makes full use of the
instru8tions which are available to accomplish
the task in the shortest possible time and uses
the least number of instructions. Computer pro-
&aims are usually developed according to "time"
or "number". In other Words, if time is
portant; maintenance and,quality assurance pro-
graina normally use instructions of shor ration
utilizing many checks. On the other h: time,

. 'Os relatively unimportant, mitntenance pr. r FM) S
liorrhally do A. great numbe, of things akd cause
the ocomputer to run through the same program
more than once.

4t. 4 0
Maintenance Programs

A maintenance program provides a ugh
and rapid method for. the detection of allures
in a special section' of the computer. This type
of overall maintenance checi is very, flexible

.And efficient. A program can be changed when
the computer or auxiliary components are
changed, awl the program can be constantly
improved. Ntrmally, no extra test equipment is
required since the Computer circuits are used
to perform the test. Testing by means of a

S

maintenance program also results in the com-
puter"puter circuits being used in a more norm
manner than when test equipments are used.

Maintenance programs are divided into three
main classes:

,(1) 'Reliability
(2) Diagnostic
(3) Utility

Maintenance programs that are used to detect
the existence of errors are called reliability
programs. Reliability programs should be ar-
ranged to check as Many compbter circuits
as possible.

Mainteunce programs .that are used to lo-
cate 'the !a-limits in. which -compAter malfunc-
tions originate are called "diagnostic" programs.
An ,effective diagnostic progrEun locates the
'source of trouble as closely as possible. Actu-
ally, in many cases, reliability .prograins have
diagnostic features, and diagnostic programs
have reliability features. For convenience, a
program is called either a rateability or diag-
nostic program depending on it& intended em-
phasis.

Utility programs are used as aids for both
operational and maintenance programming pro-
cedures. This type of program is used to print
out information from storage devices within
the computer memory section. It is also used
to transfer maintenance programs into the com-
puter memory section.

Reliability Programs

Reliability programs are used in both pre-
ventive and corrective maintenance tests to
detect circuit failures rapidly and to discover
failures that may occur only under particular
operating conditions: In order to detect such
failures, it is necessary to use 'reliability pro-
grams which check logical operation, paths of
information flow, ability 'of a computer to per-
form all functions, execution of instructions,
etc.

Reliability programs check either the lygical
functioning of an entire ,computer section or the
logical functioning of individual circuit groups
within a section. vVhiOhever method is 'used,
it is assumed associated circuits which
were not directly Checked by the program, are
ih satiSfact 7 operating conditiOn. 'Phus,, these
pfograms be considered to fa
categories: :First order and Bead:m(1 o
order ,reliablltey programs' check th

r 1'76
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ofewan entire- Ilkirnpiter section, while second
order programs check the operation of assem-
blies or circuit groups. In most cases; first
order programs are merely a cofibination of
sevefal-lecond order programs.

A reliability program provides a good or
bad indication regarding the ability of the tested
computer section or circuit to perform its
operating f nctions. in the event of a failure
indication,e failure may be in- the area being
checked or in another area that has been as-
sumed trouble free. Diagnostic maintenance pro-
grams should then be used to locate the source
of trouble.

Diagnostic Prograrns

To be efficient, maintenance programs for
diagnostic applications must enable you to nar-
row the area of the problem down to the smallest
area or number of circuits. This is done by
employing the following area checks:

(1) Increasing area
(2) Decreasing area
(3) Overlapping area
(4) Large area

The most effective method will depend upon the
particular type of computer being tested.

4.A. maintenance prbgx;axn using the increasing
area check initially tests a small number of
circuits. If a

operating
indicates that all tested

4ciebuits are operating properly, successive
checks are run in which progressively greater
numbers of circuits are added. By this method,
circuits which are found to be operating cor-
rectly, are used to check ,Other circuits. This
proiess is corrtihued until all circuits that can
be checked by a maintenance program have
been tested.

A decreasing area check is used by .initially
checking a large number of circuits- with the
maintenance program. If trouble is detected in
a large area, additional checks are made of
successively smAler portions .of the equipment
until the stages affected by the failure are not
included in :the test area. You are then able
to determine the defective stage. If the check
of a large area reveals no error, the remain-
ing- large areas of the equipment are checked
until'. the trouble is detected. In miry cases,

, iroxible can be located m re rapidly by this
procedure than by the increasing area method.

I

1-

The overlapping area check is an efficient
method of locating, trouble Within a small sec-
tion of the equipMent. The routines of this
type of maintenance program overlap each other.
Thus, a failure is located at the overlapping
portions of the routines which indicate the pres-

. (vice of trouble.

A large area check is used whenever an
effective maintenance program for someemall
sections of a computer cannot be devarbped.
A maintenance program can then be used only
to detect the general aro, in which the mal-
function occurs. When t1112,general area is lo-
cated, conventional troubleshooting by qualified
technicians will be necessary to find the cir-
cuit in which a failure has occurred.

"Halt" Instructions

The "halt" instruction causes the computer
to stop executing instructiont under program

, control. However, any operation which is in
progress at. the time the ,,halt instruction is
decoded will be completed first. For exampr
if information is 'being read into the rpqmo
from a deck of punched k UTODIN
cards will be read before copputer. halts
even if the lhalt instruction-As fssuedjupt after
the reading operation began.

Clear and Add Instruction
..,

The clear and add instruction is. used to
enter a quithtity from th memory section with-
out changing the sign or agnitude of the words.
This instrisption is n mally used when it is
desired to begin a type of addition problem. It
clears the necessary circuits and transfers the

`necessary information according to address,. and
the addition is accomplished in the propertseec-
tion of the computer. ._

179
1.

Add Instruction

This instruction s similar to the clear and
add instruction exce t that it dqes Wt pro-
yide for clearing the circuits befkre'The,,ad-
dition process begins. It should beinoted that
the add instruction can cause an overflow if
the numbers added together ars sufficieistly
large., If this happens, the rest4 inVithe final
analysis, ispeaningle*e.

. 4t" c
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Full Store Instruction

The full store instruction is used.to transfer
information into the4)emory area specified by,
the address portion of the instruction. Thus,
the results of any operation performed by the
titithmetic section are placed in the memory
section for future use.

DIAGNOSIS AND ASSURANCE
LOGIC

*
The basic element, so often overlooked in

many areas of system diagnosis and quality
assurance, is a logical approach. The terns logic
simply means "the system or principles of rea,-,
Boning applicable to any branch of knowledge
or study". That is to say, besides the absolute
precaution and proced-`6 applicable to pre?
ventive maintenance, system troubleshooting, or
corrective maintenance, there is a "gray" area
where we apply .,common sense and reason.

s When you 'have gained an understanding of
the fundamental theories of operation of the sys-
tems and equipments you work with and operate,
you will be well prepared to present an educated
opinion as to the cause of a problem, potential
or real. To do this, a senior radioman with
many years of experience is not itecessary.
From an operational standpoint, anyRNISN or
HNI3 Should be able to capably handle the ,pro-
cedures applicabl to proper monitoring and
basic remedial ac ion, when necessary. Armed
with this knowledg of the equipment you op-

. erate and the systems over which you have
control, you can functionally test and diagnose
in an orderly and professional fashion. This
orderly manner of approach is further enhanced
by logic and common sense.

.. In any situation involving diagnosis, thb first
step is recognizing trouble symptoms. All com-
munications 'pquipments are designed to do a
sppcific job 'or gPoup of jobs according to the
requirements established by the- Navy and the
equipment manufacturer. This demands that a
certain type of performance be obtainable at
all tithes., Quality assurance in the form of
preventive maintenance is performed in order to
maintain the various communications,equipments
at peak or near peak operating condition. How-
ever, when ...PAls and other QA acts do not
aaccomplish t4s, t first, most important step
i symptom recogni, ion.

Since a trouble symptom is'a.result of some
undesirable change in equipment perftrmance, we

somesmust have ome standard .of J ornial performance
01111r4

,
4

to serve as a guide. By comparing the present
performance with the normal, you can recognize
that a trouble symptom exists and make 2. de- J.
cision as to just what the symptom is. Fot ex-
ample, the normal sound from a superheterodyne
receiver is a clearly understandable reproduc- -`1

tion of the transmitted voice. Barring atmos-
pheric interference, if the transmission is
received garbled and unable to be understood,
the operator knows that a problem exists some-
where between the antenna and the receiver
output.

Evaluatiorrof Equipment
Performance

During the process of doing their assigned
Ljob, most communications equipments yield in-,
formation which an operator can either see or
hear. Electrical information to be presented as
sound must be applied to a loudspeaker or a
headset. For a visual display, the information
must be applied to an oscilloscope or me r..
Normally, these.displays are built into the equiti.-
ment. For example, the"plate*current meters on
the front panel of transmitters -monitor the RF
amplifier stage. During tuning and operation,,,
this meter (or meters) has .a certain amount
of monitored current that is considered ex-
cessive, too low, or within_ operating limits. By
knowing the normal display,,,y'ou could detect
a potential problem by recognizing a variation
from the normal.

Even if the audible or visual information; is
pregent; the equipment may not be performing
normally. Whenever the equipment is doing\ its
job but is presenting the operidor with informa-
tion that does not correspond with the desired
specification's, the performance -is said to be
':degraded ". Such performance must be -cor-
rected just as quickly ,,as an equipment, failure.
Therefore, it is imperative that all operators
have a thorough knewledge of all front panel
adjustments and indications concerning their
equipment.

Use of Operating Controls

Operating controls are the controls* which
the equipment. operator must operate in odder
to supply power; tune, adjust, selec.t, eti. by
their very nature, operating controls most pro-
duce some sort ofAchange in equipinent_condi-
tions. These changes Indirectly affect Other
circuits and components inside the equipinent-
chassis. he information displays will enable

180 -g:
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you to "see': the changes which take place
when the controls i are manipulated. Control
manipulation can cause detrimental effects as
well as desirable ones. By manipulating them
in, an ,improper manner, you- can .create
re problem in the equipment over a period of

Mime.: Also, tulle*: you observe the proper pre-'
cautions and opeiating habits when attempting,"
to diagnose a trou symptom, even more
damage can result.

e
eters placed on the front

panels oi_ cominunic dons equipment serve as
an aid in determining voltage and current values
at crucial points in the equipment circuitry.
Opera ng controls should never be adjusted
so tha -these meters exceed their maximum rat--,
ings.

Inc
duce
ment
of inco

ill n

Recording Data .

641Proper diagnosis cannot lysccomplished
unless the observed indications--Cange completely

evaluated. This means, t.he indications are eval-
uated., in telation to one another as well. as in
relation to the overall operEition of the equip-
ment. The easiest method for accomplishing this
is to have ail data handy for reference by re-
cording the information as it is obtained. This

- will ena-ble you to properly diagnose with all
information at' hand. It will also enable you to
check the equipment dr group technical manual
and compare 'the information with detailed de-
scriptions if this is ,pecessary. By recording
all control positions "and the associat,ed meter .

and indicator information, you can quickly
produce the information and check to see if
that is Correct as well as put the equipment in
exactly' the operating condition that you wish to
test. Whenever the adjustment of _a control has
no effect upon the symptom, this fact should
also be recorded. The information may later
prove to be just as important as information
that directly changes the operating status of the
equipment.

rect operating control settings will pro-
apparent trouble symptotn. The equip- -
y be operating perfectly, but because

rect settings, tie information displays
correspond to the ected performance.

Operators of communications equipments must
have a thorough knowledge of all front panel

,operating controls for this reason.
Often, there. are certain other precautions

associated' with- specific types of equipments.
This is very often true of communications equip-
ments. For example, many CRTs have a bright-
ness control, sometimes .called an "intensity"
control. This control should not be adjusted to

.0 produce an excessively bright spot on the screen-
of the CRT. Repeatedly doing so will decrease
the life of the tube. Many receivers and
converter/comparator grou'ps have C RT displays.
When they _are used often, yoli will notice a
"barned" spot on the Jace of the screen that
takes the shape of the signal usually routed
through that Particular group. Normally, this
shape will be in the form of a frequency-
shift keyed teletype signal.

Another precaution concerns the adjustment
of range selector switches on any type of in-
dicating meter. Improper range selection during
preventive maintenance procedures and during
operations often results in either improper read-
ings or meter damage. A Iciowledge of the circuit
changes that take place when you adjust a con-
trol will enable you to think ahead. of each
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step you take in diagnoses and to anticipate
any damage which might ;,.result,. Remem r,
you can save a lot of unnecessary time by
ercising care when you are at the controls.

Use of Functional
Block Diagrams

Communications equipments and groups are
subdivided into functional units. Each unh ac-
complishes a specific- function. The units are
interconnected so that the individual functions
will be performed in the proper sequence to
accomplish the overall operational function of the
set. There is no indication in the block diagram
as to how each function is accomplished, ut
to an operator, this is not important. By kno
ing the functions of the various units making
up the equipment or system,,trouble symptoms
can very often be . localized without having to -
utilize the aid of a technician.

181 1



.
V CHAPTER 94

.t0AMVi%iiCAtiONS ANiZATION,

\

t. 4. Naval oomituttoation must 'always be
ready to shift to the requirem nts of wartime. Our
peacetime organization and training must be ca-
pable of making this shift with a minimum of
ohlutges. Without this proper transition, our
fleet would be 'essentially helpless and vital
information necessary to defense. would never.

destination. It is for thilvtireason tat
we have a well- defined communications structure,
with respOnstbilities assigiied to -each element,-
from the Chi& of Naval Operations (CNO) down
to the individual units of the fleet.

In order to present a more cohesive effort
in the event 'of war, the National Communibations -

System (NCS) was established. The NCS provides
a .unified governmental system which links to-
gether the communication facilities andoompo--
vents of the various federal agebcies. Essentially,
it would be correct/ to say that the efforts of all.
branches of the federal government,' both civilian
and military, are part of the overall NCS, even
though each department and branch has its
individual organisation, methods, and proce-
dures.

THE NAVAL TELECOM-
MUNICATIONS SYSTEM

The word "telecommunication" is de-
fined as "all types of systems in which electric
or electromagnetic signitla are used to transmit
information 'between- or among points". The.
Naval Telecommunications System (NTS) is com-
prised of all the terminal, transmission, switch-
ing, cryptographic, and -control devices us for

$ the transmission of operational informatio in the
Navy. The NTS provides electrical and tical
communications from the Commander i Chief
and naval commanders to and don through all
naval forces under their command. It s }ould be
pointed out that the NTS is used primskily for
the exereise of command and control over the
Laval operating forces, not necessarily the shore
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establishment. Most of the shore establishment
is served through the Defense Communications
System (DCS): Naturally, there is an overlapping
portion of each system; each including the other
*here neceesary.DThe overall mission of ..the
aril. telecommunications -system is to provide
ACT 1paintliin -reliable, secure, and rapid tele-
cbrnthunications, based .on war requirements to
meet, the needs of naval command, facilitate naval
a-diilthistration, and satisfy the Joint Chiefs of Staff
approved requirements of those DCS facilities
a5 assigned.

Operational direction and management
control . of the assigned elements of the NTS
is the responsibility of the Commander, Naval
Telecommunication-Command Head qu ar t e r s
(COMNAVTELCOM). In 1t1 aval Communication

ties of each of the 011114uide e' whetherv,

COMNAVTELCOM dlyerinines the r sibili-
ous commE

they are fleet commanders or commanding of-
ficers of ships. For ,example, direction and
control of all naval broadcasts, ship-shore,
and other direct fleet support telecommunications
is assigned 45 the Fleet Commanders in Chief.
That is to say that all Pacific Fleet naval
broadcasts 'are under the operational direction
and control of Commander in Chief, Pacific
Fleet (CINCPACFLT). The same applies
to Atlantic Fleet naval broaddasts; they. are
under the, operatio direction and control of
the Commander `fir,- Chief, Atlantic Fleet,
(CINCLANTFLT). The fleet commanders in chief
are then responsible for the adequacy of com-
munications fn.' order to satisfy the needs of
their Despective fleets. They, in turn, will assign
broad communications responsibilities in the form _
Of their fleet operational orders (OPORDERS)
that will be complied with at every leVer down
to and through individual commanding officers
of operating shit§. The commanding officers
of all affected commands will utilize only those
portions of the fleet commander's OPORDER that
affect them, with regard 'tb foommunications.
In this very simple yet direct manner, the NTS

4r



Chapter 9 COMMUNICATIONS ORGANIZATION

is admiigstered at every operational level in
_%the fleet* according to that ship's mission and
vcommunications need.

The Never Tele o mimic Eitioz113 Compand...,
is composed of tee f' owing elifinents: o,

(1) Naval ' elecommunications ,Commind
litadquarters and Syff (COMNAVTELCOM). -

(2) Naval COM unications Stations (NAV-
COMMSTAs).

(3) Naval Cominunication Units (NAV-
COMMUs).

(4) Naval Radio Stations (NAVRADSTAs).
(5) Naval Communications Technical Groups

' (NAVCQMMTECHGRUs).

Naval Communication stations
(NAVCOMMSTAs)

..-- A NAVCOMMSTA ommunications
station with a primary reap ility4for 'com-
munications in a large, specific area. It includes
all communications facilities and eqUipment're-
quired to provide essential fleet suppOrt and
fixed communication services. For example,.
NAVCOMMSTA, Diego Garcia serves a large
geographical ,area of the Atlantic as well as a
large ,arsii of the eastern United -States. It also
includes facilities and eqUipments necessary to
interface with all otter NAVCOMMSTA-s or com-
munication units On all -bairal communications
matters.. Another example would be NAVCOMM-
STA, Stockton; CA,

Naval Comfnunication
Unit (NAVCOMMU)

or "R", designating "transmit" or "receive".
'For example, NAVRADSTA (T) Jim Creek,
,Washington if, a cornpOnent of NAVCOMMSTA,
Stockton, CA tut is physically located a. con-
siderable distance from it.

ey

Naval Communications Technical'
-Groups (NAVCOMMTECHGRUs)

A NAVCOMMTECHGRU is. not a part of
a NAVCOMMSTA or the basic communications
structure. Technical groups, are usually created
on a. "need" basis ate, are in support of a
particular mission or function. For example,
NAVCOMMTECHGRU, Itio De Janiero was formed
to support the missions of the American ernbasey---_
there as well as other functions important to
the national and naval interest.

q's

DEFENSE CQPIMUNICATIONS
SYSTEM (DCS)

The Defense Communications System
(DCS) exists, to 'support the three military de-
partments (Navy, Army, Air Force) and other
Department of Defense..activities. The circuits
that make up the DCS are government-owned
or 'leased and are point-to-point circuits that
are long-haul and world-wide. It Combines into
a single communications system many of the
elements of the three m litary forcds, The Navy
DCS facilities are all a hors with the.pxception
of the National Ernergen Command Pasts Afloat
(NECPA) facilities.

Although the NTS and the DCS are two
different communication systems (fleet and

bore, respectively), they are constantly inter-,
A NAVCOMMU is a.telecommunications d. Fbr example, as often happens a naval

facility that is assigned a limited, 4r specialized sage originated aboard ship and destined for
mission. A NAVCOMMU is much /smaller than a shore activity will leave the ship over the
a NAVCOMMSTA in terms of _personnel an NTS, but final routink is accomplished over the
facilitiyea end is. identified according to its DCS circuits of .the Navy. NAVCOMMSTAs and
geographical llocatfort fox' example, NAVCOMMU, NAVCOMMUs, are the points where message tAf-
CHRISTCHURCH, Nelk Zealitnd. fic is transferred betweeri NTS and DCS circuits.

The interface between the NTS and DCS is
Naval Radio Station - always provided by the shore communication
(NAVRADSTA) s facility.

- A NAVRADSTA is ik component of a
NAVCOMMSTA, even though it,,may be physically
located some distance from the NAVCOMMSTA.
A NAVRADSTA is classified as ei.ther, a trans-
mitting or a receiving station, depending upon
the function it performs. Therefore, NAVRAD-
STAB are either suffixed by the letter "T"
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Defense Communications
Agency t3CA)

Operational, direction over the DCS is
accomplished with the Defense Communications,
Agency (DCA). With reference to the DCS, the
DC-A must ensure that the system is operated
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and improved so as to meet the continuing loftg-
haul,
nece sexy. - .,,

. _ ... A 'functions unde the,manageinent-

. 4, dir:. 1° Who is appo s , the Secretary
of Defense. The Director, is = a -general,

. or flag rank officer. and has s esponsibilitP
of coordinathig tbil combined odrnmunicationg
elements of the three militaryvforces.

to-point requirements that bedoilie-

THE DCA CONTROL_
. COMPLEX

` The DCA operates a communicationscon-
trol complex that consists of a number of oP-
erationali control Centers.: The focal point for
all of the operational controrcenters is the DCA
operations: Center WCAOC) located in Wash-
ington, D.C. (See figure, 9-11)0.The operation&
center maintains andklisplays the status of the'
world-wide DCS.. Figure 9-1 provides a pictorial-
view of the World-wide DCAOC complex.

Information is presented on display panels
covering all data required to intelligently analyze
and control the world-wide system. When dis-
plays indicate a need for operational instructions
to' correct problem sAhe operations center super-
visor issues them by telephone or teletypewriter

-,to the appropriate activity. The center's control
area contains a series of operator Consoles with
computer access. Throug,h., these 'consoles, the
supervisor can obtain and display
information to. assist in systems diagnosis and
decision making.

Area Communications
Operations Centers (ACOC8),

In addition 'to the central operations cen-
ter, there are two area centers called Area
Communications Operations Centers. These
area centers are subordinate to the operations
center and report to it. heir purpose is to
exercise operational dirge over the DCS
components in their geographical areas. They
accomplish this inmuch the same manner that/
the operations center controls the entire world.

reports to the appropriate area center.. Each
-DC'S station in any of the three military branches
is under the circuit direction' of a designated
ACOC or RCOC.

NAV44. COM1JNICATION
AREAS

Naval communications is organized so that /
fleet and force commanders will hue optimum-
communications no matter where they operate._
This is partially accomplished through the divi- .

sion of the world into comm oh areas.

The world. is divided four NaVal
Communication Ayeas (NATCOMMAREAS):
EASTPAC, WESTPAav ATLANTIC and MED.
(See. figure 9-2.) All communications activities
within any of these geographical areas are or-
ganized to operate under the direction of a
master station. The n3astat station exercises
coordinationand control of all naval canimica7
tion system fleet- bioadcasts, ship-to-sII. l5re, air-
ground, and othec taiptical 'circuits within the
NAVCOMMAREA.: robs r station is known
as the Naval Communication res Master Station
(NAVCAMS). There!.! o r_NAVCOMMSTAs
or NAVCOMMUs within the AVCOMMAREA that
are called alternate NAVCA S. They coordinate
control of communications under the direction 1

of the NAVCAMS.

Regional Communications
Operations-Centers (RCOCs)

Subordinate to the area centers are. the
regional' centers, called Regional Communica-
tions Operations Centers. These centers take
Care of fhe DCS within their own region ac-
cording to their oivn needs, and makes status

SHORE COMMCCATIONS
DEPARTMENTS.

A NAYCOMMSTA or NAVCOMMU may
be comprised. of severalfunctional components,
depending upon need. Basic organizatiOn and
functional duties may vary depending upon, the .

station unit mission, but there are general duties
common to the components of each. These duties
deal with the Naval Telecommunicatiqns Center/
Message Center, Fleet Center, 'Technical Control
Facility, Receiver Site, Transmitter Sfte.

°

Naval Telecommunications
Center/Mee/sage Center :

A Naval Telecommunications Center or
Message Center ,is a separate organizational
entity whidh provides rapid communications serv-
ices to -several naval comman& andalactivities..
Referred to as an NTCC, it is ertittThlished to
provide a message service where a need exists
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Chapter COMMUNICATIONS ORGANIAZTION

due to a large voltuwof message traffic. An
NTCC is not a physical part of a NAVCOMMSTA
or NAVCOMMU, but does relieve them of message
responsibilities to certain commands in high
traffic volume areas.

NTCCs also relieve afloat communications
personnel of many watchstanciing requirements by
assuming a ship's message traffic guard whenever
they are berthed in their area. This part of
.the NTCC's service is called the .Shore Based,
'Message Service System (SBMSS) and ioutilized
in areas of high need, for example, where a
large number of ships are berthed. The duties
and responsibilities of NTCCs are .listed in
NTP 4.

4leet Center

The fleet center is that cganizational
entity which provides an interface betireen shore
otAd afloat communication systems. Typical sys-
tems and circuitry associated with Fleet Center
operations include NAVCPMPARS, Fleet Broad-
casts, Full Period Ship-Shore Termination, Pri-
mary and Secondary Ship-Shore, Fleet Flash
Nets, Air-Ground Circuits, Electronic Courier
Circuits, and those circuits required for co,

-ordination ;Purposes. The fleet center also op-
erates maritime and aeronautical distress and
public service circuits.

Technical Control
Facility

Technical Control is the focal point of
the communications departnient ashore. From
here; all inter-patching between the various
divisions is accomplished. Technical control is
also the central. monitoring point for all transmit
and receixe- circuits. The transmitters looted
at the transmitter site are keyed from this
facility and all corrective actions dealing with
systems diagnosis or quality control are initiated
here. Basically, the technical control facility can
be thought of as the master switchboard and moni-
toring station for the entire communications de-part.
Cryptographic Center

The crypto center provides all of -line
crypto service and assigns appropriate routing
of encrypted traffic within the command. Thp
crypto center also provides message processing
and accountability for TOP SECRET message
traffic.
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Navy Commercial
Refile Facility

-

The Navy Commercial Refile Facility
provides interface between U.S. Government
telecommunications systems and commercial
systems (domestic, foreign, or international).
It is here that all' necessary commercial com-
munications billing, reporting, and filing take
place.

1

Receiver Site

The receiver -site is equipped with the
necessary facilities and equipment f receive
radio frequency energy and convert.it into sig-
nals that are routed to the Technical Control
Facility for further processing. The basic work-
related functions include- receiver tuning, DC/
Audio patch manipulation, quality monitoring of
received signals, and antenna control.

Transmitter Site

The transmitter site is equipped with the
necessary facilities and 'equipment to radiate,
radio frequency energy. The information to be
transmitted is received from the Technical Con-
trol Facility in the form of analog or digital
data. The basic functions of the transmitter
site include transmitter tuning, DC/Audio patch
panel manipulation, quality monitoring of trans-
mitted signals, 'and antenna switching.

SHIPBOARD COMMUNICATION
ORGANIZATION

Not all ships have a communication de-
partment. NWP designates the types of ships
in which there is a Communication Department..
In ships that are not so designated, communi-
cations personnel are assigned to the Operations
Department. Regardless, the communications
functions' are the same. \The shipboard 'com-
munications organization is structured so that
all assigned tasks and functions are carried out
and fulfilled. Senior enlisted personnel may be
assigned the duties normally assigned to officers
whenever sufficient numbers, of officers are not '\
available to fulfill assigned billets.*

Commanding Officer

At all times and uncle all circumstances,
the ship's commanding officer is responsible for
the communications of his ship. The only exception

rj)
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to this is whenever a flag is. embarked on-board
and the communications functions of the ship

ye been assumed by! the flag. However, even'
commanding ,officer- must-assuine 're-

ponsibility for proper internalsharidling of mes-
traffic within true' ship.

mmunication Officer

The ship's communication officer is re-
sp nsible for the organization, supervision, and

rdination- of the ship's exterior communi-
Oa ns. Additionally, the oommunication officer
is esponsible for the management of related
inte nal systems. The communication,- officer
m us be cogniiant of all .cammunications an-
nexe to Operation Plans affecting the mission
of t ship in order to advise the commanding
officer on such matters.

Radio

commas
organizi
ensure
tions. Be
tions offi
cornmuni

icer

he radio officer is in, Charge of the
cations center. He is responsible for
g and supervising his personnel to
curate, secure, and rapid communica-
ng responsible to the ship' s cornmtudc a-
er, the radio officer prepares the ship's
ation plan which includes proper allo-

cation -ec quipinent for operations; preparing and
maintainin the communication watch, quarter,
and statics bill; conducting the communications
training p gram; and preparing Standard Op-.
erating Pr edures (SOPs) for the communica-
tions cente On small ships, the communication
officer and -the radio officer 'may be one and the
same.

CMS Custodiak-

The C mmunication Security Material
slodian (CMS) is responsible to the commanding

offi for man ng the command's CMS account
in acc rdtmce th the instructions contained in
CMS-4. It is hi responsibility to advise the .

commanding offi er on the status of'the account
at all times on matters concerning physical
security and han

SHIPBOARD OPER.1/2.TIONAL
ORGANIZATION

The function of a ship's operational or-
ganization consists of message processing, okrOitit
.operation, technical control, data probessing and
operation, control' of voice circuits, and opera-
tion of satellite circuits where installed. Need-
le Si3 to say, the corn binededforts of the operational
organization performed in 'various spaces on
the ship simultaneously. The following is a die-
cUssion of the duties atnd responsibilities of Bomb
8f' the key billets within this organization.

Communication Watch
Officer (CWO)

The CWO is responsible to the communi-
cations officer for ensuring that the ship's com-
munication capabilities are exploited to the fullest
in accordance with,the mission of the ship. He
is responsible for all incoming and outgoingtraf-
fic within the ship's communication organization.

.ensures that all messages, transmitted or
received, are handled rapidly and accurately
in accordance witkeodsting regulatiOns. The CWO
ensures compliance withexiatingcornmtmications
directives and monitors the .performance of the
on-watch personnel and spaces. For a detailed
listing of all of the duties of the CWO, consult'
NTP4.

Senior Watch
Supervisor (SWS)

When assigned; the SWS' is the senior
. enlisted man on watch in communication spaces.
He is responsible to the CWO for all, com-
munications. The SWS notifies' the C WO -on all
matters in hisarea of responsibility of an urgent
or unusual nature. The SWS examines operational
logs and .monitors equip-no 'aligtunent and op-
eration as *well as direc g -necessary action
to prevent or overcome message backlogs. hi
addition to the required duties listed. in NTP 4,
the SWS is also responsible for any other duties,
assigned by the CWO.

Main Communication
ing of CMS publications. Supervisor

Stowage of CMS publications as well as drawing,, . '5

correcting, and d troying therm are: als6 the,-
responsibility of th CMS Custodian. He is also
responsible for the submission ofp' all reports
concerning the acc nting for and the issuing
of any CMS publicatio e.
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I :The main° communication supervisor is
responsible to the CWO. ands SWS for super
vising message'processing and circuit ope:ration.
He directly supervises all Radiomen on watch
in the message processing center. He is also
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responsible for notifying the C WO and SWS.on
all matters in their area of responsibility of
an unusual or urgent nature.

TO Clinical Control
Supervisor

The technical control supervisor ensures
that quality monitoring and, control procedures
are employed '01 all syStems in use. He also
maintains the bo d showing pertinent
information relevant to, equipMent, pets, and
circuits iii.("tise. The h-control" supervisor
directly. supervises personnel assigned' to
tee hni/e/al contr and transmitter room
spaces.

COMMAND SHI
COMMUNICA CiNS
/
/ The term "Flagship Communications"
/could be =erted for,"Commandship Communi-
cations" d would mean the same thing.: Either
term, used, means that a group, squadron,
Or dilon commander is embarked onboard,
ther making that vessel the "flagship"; or
"co, andship". In flagships; the embarked corn-
m:
"co,-

asetimes jurisdiction over communica-
4,ffs' functions. The flag communications officer

4; then responsible for the ship and flag corn-
unication-s requirements. However, the internal

routingof message traffic remains the responsi-
bility of the ship on which the flag
is embarked.

When a flag is embarked, the ship's1'
communication officer, communications watch
officers, and enlisted communications personnel
may be ordered by the flag to additional duty
in the flag communications division. These per-
sonnel shall' be directly responsible to the flag
communications officer, for the operation of the
flag communication functions. The ship's' com-
munication. officer epprts to the flag corn-
Anirdcation officer and is the contact officer
for matters pertaining the handling of ship
and staff message traffic. ,r

OPERATION ORDERS
(OpOrders)

Operation Orders (OpOrder t) care direc-
tives that are issued by naval, commanderS" to'
subordinates for the purpose of effecting co-
ordinated execution, of an operation. Operation

orders are prepared in accordance with a stantt-
ard format,. as set forth in NWP 11, Naval
Operaiional Planning.

An operation- order, consists of a basic .

plan made up of the beading, body, and endino:
The basic plan, contained .in the body 'of the
-operation order, is kept very concise and lacks
detail. The more detailed inform'ation pertain- ,

to the various departments. aboard ship are
contained in the added enclOsures, called annexes
and appendixes, l'Ae annex of most concern to
Radiomen is the Communications Annex. The
communications annex,, along with its associated'
appendixeS and tabs, elaborate on the -many
details to lie considered in the planning of
communications for any particular operation.
It is in this annex that Radiomen find all of
the applicable circuits, equipment, frequencies,
etc., that will directly'concern them.

To provide uniformity, each communica-
tion annex of an operation order for 'U.S. Navy
operations is prefaced by a standard paragraph
which reads: "Communications in accordance.,
with effective editiOn of NWP 4 and appropriate
Joint, Allied, and Navy Departipent publications".
In the event that an OpOrder does not inclUde
a communication annex, a Comniunication Op-
eration Plan (CornOpPlan) is proMulgated sepa-
rately.

COMMUNICATIONS
MATERIEL SUPIORT

s

In order to maintain communication 'fa-,-,
cilities and equipment in peak operating condition,
proper materiel support is indispensable. With-
out it, the mission of the communications C01:11r
plex, and thereby the naval mission, would be
severely impaired.

Preventive Maintenance '

Preventiie maintenance is a program
of systematic 'inspection, to- determine thd con-
dition of equipment and to detect substandard
perfcirmance." The Standard Navy Maintenance, ,

and ,Material Manage.rne'nt (3-M) System is a
program designed to:laid* in attaining and main-
taining optimum fleet,readiness through effective
use, of available resources. The ,3-M system
is comprised of two 'areas;

4

1. The -Planned Maintenance' System' '(PMS)
2. The Maintenance Data Collection System

(MRCS)

/ (1J189
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The Planned Maintenance
System (PMS)

PMS deals with planning, scheduling, and
resource. management in order to provide, un-
interrupted equipment performance within its'
design characteristics. The PMS system provides
each department with the means'to plan, sdhedule,-
and control maintenance in accordance with
routine schedules. PMS pertains to preventive
maintenance rather than corrective maintenance.
The basic tools of the PMS system are:

1. The Cycle Schedule
2. The Quarterly Schedule
3. The Weekly Schedule
4. Maintenance Requirement, Cards

(MRCs)

The Cycle Schedule'is a visual display of
preventive maintenance requirements based on
the ship's entire 6verhaul cycle. It is from this
overall schedule of preventive maintenance that
the Quarterly Schedule is made.

The Quarterly Schedule (sometimes re-
ferred to as the "long- range". ,sch ule) is a
visual display of preventive mainte mice to be
accomplished during the current and up- coming.
quarters. The Cyclean d two Quarterly Schedules
are contained in a holder called the "Maintenance
Control Board" and is kept up to date by the
communications division department head.

The Weekly Schedule is a visual display
of the preventive maintenance to be accomplished
ddring the current week. It assigns specific
preventive maintenance tasks to specific per-
sonnel to be accomplished on a specified date.
The communications division 'leading petty officer
assigns the work and records its completion
on the weekly schedule.

Maintenance Requirement Cards (MRCs)
define the preventive maintenance to be ac-
complished in sufficient detail to enable personnel
to perform the tasks without difficulty. Listed
on MRCs are the enlisted rate, time, tools,
parts, and materials required to perform the
preventive maintenance task. Applicable safety
precautions are also contained/on the MRCs.
When assigned a particular Maintenance task,
the person involved simply takes the applicable
MRC and performs the -task according to the
directions contained on it.
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THE MAINTENANCE DATA
COLLECTION SYSTEM (MDCS)

MDCS provides a system of dodumenting
man hours expended, material expended, and
equipment downtime. The MDCS is- utilized only
when corrective maintenance is performed. Ship-
board Maintenance. Action, Work Request, and
Deferred Action forms are used to document all
necessary information when MDCS is used. The
Shipboard Maintenance Action form is a docu-
ment used to record PMS and other preventive
maintenance actions, with the exception of daily
and weekly PMs. the Work' Request is a docu-
ment used to request outside assistance when
corrective maintenance is beyond the capabilities
of ship's force personnel. The Deferred Action
is used to report corrective maintenance actions
that are deferred due to ship's operations, lack
of repair parts, or a requirement for outside
assistance.

All material expended on maintenance, and
the cost of such materials, must be documented
and reported in the MDCS. One of the two
forms used to document the expenditure of
matefials NAVSUP 1250, a five part document
used to obtain repair parts. NAVSUP 1250 is used
by ships not having automated supply records.
NAVSUP 1348 is the document used to obtain
repair parts on ships having automated supply
records. The MDCS is \further detailed in the
Maintenance and Material:- Management- (3-M)
Manual (OPNA V 4790.4).

REPAIR PART
SUPPORT

Prompt, efficient repair of inoperative or
malfunctioning equipment is dependent upon ade-
quate repair parts support. Each command has
an allowance of spare parts on-board as recom-
mended by the Consolidated Shipboard Allowance
List (COSAL) or, in the case of shore activities,
the Electronic Repair Parts Allowance List
(ERPAL). These allowance lists at adjusted to
a prescribed range and depth of s dked parts
based on the usage rate of the equipment. The
usage rates are obtsiined by correct reporting
of failures as preficribed by the 3-M stem.
As new part stock level requirements a deter-
Mined, thee command allowtince'list wi be up- ,
dated. Spare part support for ships in overhaul
-is provided by the Supply Overhauj. Assistance
Program (SOAP).

Logistic suppbrt for the cailnunication
complex includes the effort to ensure that
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consumable supplies are available when required.
Consumable supplies are those items such as
paper, pencils, log and record forms, teletype
ribbons, and cleaning supplies that are used in
daily Operation. An adequate supply must be
maintained to prevnt interruption of communi-
cation center operation.

The supply department records stock
levels for all items maintained in the command's
supply system. These stock levels are based on
the rate at which the material is used and
indicate a 90 day supply.. When the items drop
to two-thirds of the 90 day level, they will be
reordered in sufficient quantity to raise the
supply back to the 90 day level.

Establishing Stock
Levels

The eommuniCation.organization must de-
termine its own stock level requirements for
materiel and provide this information to the
supply department. This information is then
included in the overall requirements for the
command. Accurate past usage is the best guide
for establishing these levels. However, it is
equally important that the requirements for
future operations be reviewed to determine if
ch ges to these levels are indicated. For ex-
amp , the stock levels for a ship scheduled for
overha may require reduction, whereas the
levels generally require an increase if a ship's
operation is scheduled. Stock levelS must be
reviewed at regular intervals to ensure that
adequate' supplies. are on hand when required
mil, ati)the same time, to ensure that a surplus
does n t accumulate. Excessive amounts of sup-
plies for day-to-day use must not be kept in
communication spaces. The supply department
should be promptly notified when changes to the
basic logistic support requirements aranecessary
as this ensures that adequate levels are main-
tained for changes in equipxbent utilization or to
comply with new procedures.

NAVAL WARFARE
PUBLICATIONS LIBRARY
(NWPL)

The "NWPL" is the label assigned to
that group of communications and tactical pub-
lications that are designated as part of the
command's publication allowance. These pub-
lications contain required procedures, signals,

ti

and other information of an operational or mis-
sion essential nature and may involve safety,
The Naval Warfare Publications Library (NWPL)
provides for .'the central administration and
maintenance of these publications. These publi-
cations are prorrfulgated by CNO and include:

1. Naval Warfare Pullications (NWP Series)
2. Naval Warfare Information Publications

(NWIP Series)

3. Fleet Exercise Publications (FXP Series)
4. Allied Tactical Publications (ATP Series)
5. Allied Exercise PubliZations (AXP Series)
6. USN Addenda to Allied Publications

7. Miscellaneous Allied Publications (AAP,
AEP, AHP, ALP, 'AMP, and APP
Series)

The objective of central administration of
naval warfare publications is to assume that these
publications are correct and readily available for
their intended use. This necessitates a basic
library file out system and, signature custody
as required for classified material. Some naval
warfare publications contain information which
is necessary for the proper performance of
individual duties and important for individual
professional development. Therefore, naval war-
fare publications must be readily available for
use by individuals with a duty related need or
a general professional need for the in-
formation.

Naval Warfare Publications
Custodian (NWPC)

Responsibility for the management of the
NWPL is assigned to an officer or senior petty
officer. This assignment is a collateral duty
and the person so assigned is known as the
Naval Warfare Publications Custodian. He is
responsible for the overall administration and
security of the NWPL.

The NWPL "Clerk" is a person ad
by the NWPC. The clerk is resporitible or the
upkeep and maintenance of the library. He main-
tains all records and receipts in central file,
orders all necessary publications and changes,
and enters all necessary changes and amend-
ments to the publications in the NWPL. The
clerk reports all matters of concern to the
Library Custodian.
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NWPL Administration

As a librarY. the NWPL issues publica-
tions to holders and short term users. A holder
is a person who Nits 'a permanent subcustody
of a publication under the central control of the
NWPL. The holder is responsible for maintaining
the publication, entering all necessary changes
and amendments, and providing adequate security.
A user is a person,who checks out a publication
for temporary or short term custody.

Signature custodyand disclosure records
for classified material is maintained tts re-
quired by OPNAVINST 5510.1. Signature dustody
of unclassified publications is not reqUired; how-
ever, the records of the NWPL-should proxide
an up-to-date location of publications which have
been issued to holders or checked out to users.
Where signature custody is not required, .a lo-
cator card may be . used in place of a catalog
card to check out publications to users.

Maintenance of
the NWPL

In maintaining the NWPL, several basic
files are used. One is the Custody File. The
custody file contains a catalog card (shown in
figure. 9-3) for each naval warfare publication
on allowance or on board. The purpose of this
file is to maintain an up-to-date record of the'
holder and location of each publication in order
to facilitate the entry of timely and proper
changes to the publication. The catalog card
can also be used as a custody card and a de-
struction record. When used as a record for
security purposes, it shall be retained as re-
quired by OPNAVINST 5510.1.

The Administrative File contains Copies
of all correspondence, in chronological order,
pertaining to naval warfare publications. Included
in the administrative file is the Change Entry
Certification form (shown in figure-9-4). his
form is filled out by the holder' of the applicable
publication. The administrative file is sometimes
called the "Transaction File". The retentio
period\ for material in this file id two years.

The Publication Notice is aprinted no
giving a brief summary of a new publi tion
or change. It is included with each hardback
copy and is furnished solely fog, routing by
the NWPC and shall be destroyed wheo no longer

useful. These notices keep all cognizant per-
sonnel informed, of the changes to naval warfare

.publications.
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Procurement of Tactical
Warfare Publications

Tactical warfare publications are stocked
in the Cognizance Symbol "It' stock points.
Reactivated and newly commissioned activities
and shipeoare automatically furnished an initial
supply of publications in the quantity stipulated
for such commands in the Requirements List
of Naval Warfare Publications for the Operating
Forces or the Naval Shore Activities. When
referring to NWPL publications, "long" or
"short". titles are used. 'A long title is a _
descriptive word or phrase that identifies the.
subject matter, of a document or the type of
device "it is, for example, "Basic Operational
Communications Doctrine't. A short title is a
brief, identifying combination of words, letters,
or numbers applied to specific items of ma-
terial. For example: NWP 4.

NWPL Binders

Binders for U. S. tacti al w
lications hay, been color cod cording to
security clasEification. This color code is:

Secret RED
Confidential YELLOW

Unclassified BLU

All NATO publications have or will have a
white binder regardless of security classifi-
cation.

Entry of Changes

The timely and ac ate entry of changes
to NWPL publications to ensure
accurate, up-to-date I rmation as well as
information continuity. Changes to NWPL pub-
lications are the responsibility of the clerk.
However, often changes are so numerous that
all communication personnel become inVolved.
It is the responsibility of the NWPL clerk to
ensure that all personnel making changes to
NWPL publications are informed as to the proper
manner of .doing so. Among the things that the

1 9J
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&ARCH ENTRY CERTIFICATION
OPNAV 507012 (kV. I-75) ,

RETURN TO NAVAL WARFARE
PUBLICATIONS LIBRARY

/SNORT TITLE COPY NO. CHANGE OR CORRECTION -

REMARKS' .

,

r .
, t

,

I certify that the above change or correction has been entered and the list of
effective pages Wi$ checked aglinsr the contents of the basic publication. and the
superseded pars and residue of the change were returned to the Naval Warfare
Publications Library. i
NOTE: Missing pages or other de fects,shouldi be reported to the REMARKS

'space above. 's
SIGNATURE

.

°1
ENTRY DATE

.

PART 2 :.:I
SHORT TITLE

v

1
.

(COPY NO OR CORRECTION

vk

,

.t ,

.
vt

....--4
.

chcige or correction and certly that this
Within ilye (5) working days and that the

to the Novo! Warfare Publications Library.

REMARKS b'
I

,,
I acknowledge reteopt of the above

change or correction will be entered
superseded pages will be returned

SIGNATURE DATE--

PART I S 'N 0107-LF-050-7060 ' . WI 51

Figure 974. 76.134
Change Entry Certification
Form *.

1

clerk and 'all hOlders must be aware of when
changes are entered are:

Check the change Foreword or Letter of
Vromulgation for the effective date of the change
and ensure that the publication to be corrected
is effective.

\,
2..Completely read the specific instructidts

contained in the change or correction` 6efore,
beginningtiut entr3c.

3. Use any dark ink, EXCEPT RED, for
pen-and7ink entries. Red is not visible under
red night lights used at -sea...

4. Lengthy pen-and-ink corrections 'should be
typed in on a pasted-in cutout: (All superseded
matter should be deleted in ink prior to inserting'
the cutout).

11: 5. Use flaps when no, room e sts for IL

cutout. (When used, fl s -should be attache.d.to
the bit:1r side of the e.)

6. For pasting, use rubber cement or mucilage
in lieu of glue or gummed tape.

7. After pen - and -ink corrections, a notation
should be made in the margin adjacent to the
entry, citing the source or the correction, e.g..,
"Alcom 7-76"..

conducted and receded
Upon completion of entry of page chas,

a page -check shduld be
in the "Recoid of Changes aridCorrections".

Cprie tions to.,NW
promulga,*r-d bxy message w
guiles rani disseminati

essage cor ections (NM
s basegrarn MCs a
esig-nation fed

number indit sine s

L publioations are
h -the material re-

. These numerical
5) are 9ormally sent

assigned a two number
Ef slant Sign. The first

quenti al gum ber of the
messtcco ction ,to the original or revised
Aublica n, the last number is thepririted change
which will incorporate'-the material. For ex-
ample, NMC 7/3 is the 7t message c6rrection
and will be incorporated unto the 'publication by
printed change number 3.

h-To-Watch
rt. tory

For positive control of IffPL publica-
tions, a "watch-to-watch inventory should be

(s.
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used. The inventory form'at is left -to theatdisr
cretion of the indi dual command. A usable
example is , given in NTP 4. At the change of
each watch, the wa hes will jointly cocidutt

) a sight inventory of every publication. ,Sorne
loose-leaf publications require a page ,check
at t.ti change of the watch in addition to the
sight inventory. The signing of the watch-to-
watch inventory by the relieving watch certifies
that the publications were sighted, the required
page checks were conducted, and that the re-
lieving watchstander is responsible for them.
Any discrepancies should be resolved prior to
relieving of the w I. All signatureS in the
watch-to-watch 'in entory must be in ink;and
the inventory may be destroyed after 30 days
provided they are nO longer" needed. ler, local
reference. If watch-to-watch *inventories are
hot required aboard ship, a daily inventory is
required.

Extracts
.

When _authorized b the Foreword or-
Letter of Promulgation of a ublicativr, extracts
may be ade to dtgsemin to information. Ex-

tracts md1t be assigned aclassification' based
upon their cOntents. In other words, the clas-
sificatio ssigned to an- extract is the thighest
assigned

y.

o the articles, ,'paragraphs, page, or
pages (f m whidh the information is taken.

ReceivIdg New or
Reviled Publications .

When new or revised publications are
received, the Forewbrd and the :U. S.ketter
of PromulgatiOn ,should be checked' for the, ef--
fective status of the publication. The Foreword
shows the effective status of the pnblication for
Allied usage and the U. S. Letter of Promul-
gation for U;S. ,4se. If a revision is promul-
gated -to the publication. that is effective for
U.S. but not for Allied, particulyir care should
be taken not to destroy the evious edition
until the new revision is effective for .allied use
as well..
BASIC COMMUNJC
CENTER FILES fr

Maintaining accurate files and records
0rid obgerving proper procedures contribute to

an efficient' shipboard /or shore `communication
orgariization.It should be noted that differeont
ships and stations may do basic things in slightly

ry

r

'different ways, it all must conform, to the
necessities spelled' Out in communications op-
erating instrudtionS and NWPL publicatiTsothat
'apply to these procedures.

Every message handled by a shi4 or
station is 'placed 'in one or more. files. Some
files are maintained by all ships and stations,
still others are optional and are maintained only
to fill the need of a particular ship or station.
The following is a list of the basi files main-
tained by all dommunicatioh center

4

1. Communication Center File -Often re7
ferred to as the "ConimCenter file, it contains
8. copy or filler of every message sent or re-
ceived by the.1 command and processed by the
communication cen r. Messages or fillers in
the ComrhCentef .}should filed in date-
time group' (DTG). order to f cilitate speed of
location of messa s. Those eMages that do
not have date-time, groups should be filed behind
messages for the same date.

2. Crypto-Center FileContains ,a copy of
each TOP SECRET or. SPECAT (Sp6cial ate
gory) message and such messages, of any clasd
sifi,cation thaC the command designates for special
priyady. or handling. Messages are filed in DTG
order and may be physically subdivided to comply
with stowage requirements for clasSified matter.
Fillers, for all ,mesSages filed in the crypto-
center file *are placed in the communication
center file.

3. General Message FileContains a copy.
cof all general messages that require retention
by the command. This file is subdivided ac-
, cording; to the individual titles of the general
messages, e.g.; ALNAV, ALCOM, etc. General
message files are filed in serial numbejarder.
Like all message-liiles, the general message
file may be segre4ted according' to security
classification or stowed and -accounted for in
accordance with the highest classilteation mes-
sige contained within it.

4. Broadcast FileContains ai. copy. 'or'
filler. of every message received via the broad-
cas melhod. Segiegated stowage according to
cia4-ifiCation- is not required for this file be-
cause itr is paintained 'sequentially according
ti) broadcast number and destroyed aftel ten

The importance of well k t files and
of cooperation among the varip s- watch, sec-
tions to keep them that way not be "over-
erkp-hasized. Because of repeated reference to
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ft.

previously sent message traffic, all messages
shouldalbe easily anti quickly lodatable. Always
return ,a meseage,. to the same file from which
it was removed :and in the proper order of
filing. When removing a message from _it file,
insert a fillei- in' its place. The Wier should,
list. the True date-time group (TDTG), thp mes-`
sage. qriginator,' information, as to where the
masonic) may be located, and the personal sign
of tip 'person, removing the message from the
file and completing the filler.

Except for the general message" file,
any or all of the communications center files
may 'be combined for ease of stowage, referencing
and filing. The primary condition here is that
separate stowage, be afjorded TOP SECRET
messages, and in most cases, SPECAT.' More
detailed

find
regarding pronei adminis-

lratiort apd retention. periods of cdmrnunication
centerfiles is contained iq isITP#1.

Communications.kogs

A communication log is 4 continuous'
record of everything that happens on a cOm-/
rnunication net or circuit. Lt can also-'be a
record of all, noteworthy events during a tIom-
nfunications watch. e,

It is neyei permissible to erase an entry
in any communication log. Necessary changes
to communication logs ar in de

super vi do"' ti
capping the

log at least once an hour, re-
over-all vtraffic and 7ircuit con-

/

Pe al Signs

A personal sign is ia two or more later-
Identification, usually the person's initials, and
identifies his work on all..logs and records. A
Personal,sign* may be regarded as your ',signa-
ture". l'oar personal sign is never transmftfed
over communication circuits, but 'they are sent
at- the end of each transmission over order-wire
circuits. The chief requirement, regarding per-
sonal signs is that they must be legible.

DISPOSAL OF FILES
AND LOGS

;All communication files, logs, and re-
ports are destroyed .in 9.ccordance with the
provi,sions set forth in SECNAVINST P5215.5'
serieknand gsrp 4. Proper disposal of these
files d logs is a *at and should be con-

, scientiouely. carried out,, when required. The
onjy exception .to the disposal periodicity is
as follows for eSsages:

by drawing a% 1. Messages incident to distress.or
single, distinct line through he original entry Tetain for at least 3 years.
and tndicating the change next to t. The op-

- erste* or supervisor making the change must
initial'. all such changes. It is desirEible that a
log be 'as neat as -posigible and absolutely nec-
essary that logs be complete and totally
accurate.

Supervisor. Log 2-A

The 'supervisor's ,log is normally a
written record of all significant events occurring

6 diming the communications watch. The log covers
an 'entire"' radio day, comMenazing at 0001Z.
Because of the permanent and official natere
of the supervisor's log, onlystandard terminology
mustbe ueed 'for entries. The use of prescribed,
authorized 's abbreviations " is permissible-- an,c1

`allows short concise entries so long as the
abbreviationk are commonly understood. Slang
expressicuis and operator jargon shall- not be
used -in 'log. entries. Depending upon local re-
quirernerits, entries a,re'7,usually mad in the

40-

1
2. Messages incident to \or involyed, in any

claim or complaiat of which\the command has'
been notified Retain for -at least 2 years
or until the co plaint or claim has been fully.
satisfied, whiche er is later.

3. Messages of historical br con)tinuing in
- Retain permanently.

pr
cOMMUNIC ATION
TRAINING REQUIREMENTS -

Wherever you go, as a third or seconct
class RM, you will find a neqessity" to learn
new filings and new m4thbds as kvell as varia-
tions upon, many thing that you already k. ow.
Thus, communication training programs are nec-
essary to ensure that the maximum 'number
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1

'of personnel are sufficiently, trained to handiq
any, and all communications situations, in pea'.ce-\
time as well as com14situations. Never forget,
trai. r i. programs are not designed to simply
take us lime and fill in the working radib
day; they are ,Meant to foster and reinfoce
the knowledge of the individual so that he can
contribute" to the combat 4,adiness of the ship
or station, save lives, and aid the overall de-
fense posture of the Armed Forces;

A command achieves maximum-communi-
cation effectiveness when all personnej ate
thoroughly trained and qualified in installed.
systems. As a third or sec4pd-class tnvolve,d in
the communication ,div ion training; you will
find that the overall rovisions for g "ra14
training and advancerna are contained the.,
division or_deoartmen Long Range Tr illing
Program. Therung Range Training 'Program

'includes all training for all communication per*-
sotinel; both in i.nd out of rate. You will find
that an essentlii plant -of \every training program
is the effectiA cross -tiaining of p sonneYin
functional areas, so that. all Ittdiom n are cfuali-
fied to 'assume, as many:, duties s pO ible in
communication spaces. This is a o plished by
periodically° rotating personnel, -alto g ample
time for basickycheck-out prior to being re-
iodated in that partiedlar job.

..< 4,

Ir

Communication's Checks
and Inspections ,.

d , ..

In addition to communication training .1''''
programs, periodic inspecttons are made of
communication personnel to determine their prc,
fessional proficiency. These checks,,,or inspec-
tions; may be initiated by..the command or they
m ;be initiated by an outside activity. They ---.-

be scheduled or ,Onscheiluled. An example
of. a scheduled check would be the yearly
re iDed visit by ' one of the Naval Security
Group§ (NA VS EC GRU s). An examples of alit un-
scheduled inspection would be a periodic bill
administered by', the Leading Chief to determine-
on-watch readiness aid operator proficiency.
All inspections and checks, usually cover per-
sonnel efficiency and performance in all areas
in' which they ar?trained, circuit operation by...
'communication ,,Wsonne4 and informal kuitzes, $

normally. orart Or" le are normally `a part of
every inspection, r check,- thus requiring' ap- -

plication of supp sed knowledge that- is :,on
pAper".. Therefork whether the Standpopt Of;
at, inspection, or it "real-world" situiti&), dejo. -_
'riving mad um benefit frOm the training pro- ' .

gram aids theinclividual as well as all -others .'
concerned. .

,11
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CHAPTER 10

COMMUNICATIONS SECURITY

14jie many other woids; the word "security"
has More (than one ingining. The general deffi-
nition Of security i@ "the eriegUariiing
of classified ma.terial.and information". Com-

/ municatiotte ,Seourity (abbraviated-COMSEO) en-
Pow Ratifies to.ts general definition and further

6. appiieir-these- general guidelines to the sgcurity
of communications in. ,paYticuliar. In 'the, first-

., pirt of thip chapter, we will talk about security
in general. Later, under its own heading, we
wilt cover Communications Security, its defi-
nition, and how it differs from general security
gpidelihes.

The security. of the United States in general,
and of naval operations in particular, depends
in' part upon the success attained in safeguarding
classified information. Every -Radioman must

-be security conscious'to 'the point that "xercising
. proper discretion in the discharge of all dutigs

Is automatic ^ and not something separate and
apart from other matters. During their `daily
work, routine* Radiomen learn informatic*,-of
vital impoitenoe to the inilitary and to the
nation. Vast amounts of intelligence carried in
messages handled by naval communications pass
through the. hands of Radiomen at ,some point.
Muoh of this data, if available to our real and
pots:Will enemies, would enable them to learn
much of the, strength and intent of U. S. forces
and gather a wealth of technical information
relating to the procedures and Operations of the
United States-Navy.

Radiomen have a two -fold job concelleh' g
securitY.'. T first, of course, is td ,properly.
discharge .orileir duties pertaining to ge5eraL__-
security guidelines which. pertain to everyone in
every official capacity. Secondly,. Radiomen must
also discharge their ,duties in such a manner
ee to protect the integrity' and overall value
of secure communications. Naturally, much of
the message traffic and publications handled and (
studied by Radiomen deal with communications
matters. Their content must be protected because

198

the more an enemy knows' about our communi
cations, the better his chances of deriving in-
telligence from them,. There have beeh,inrstanceS .
in which a potential enemy has obtained valUable
information simply- because those persons guard-
ing it did net fully .underlitand and appreciate
what would constitute information of interest to
a foreign power.

THE DANGER OF ESPIONAG

Most nations, even in peacetime, maintain
.

espionage organizations of varying size and
scope for the purpose of seeking information
regarding known or 'potential enemies. The ac-
tivities of these organizations have always been
among the greatest hazards to security.

Espionage is no longer an undertaking. by
a relatively tew well-trained, isolated spies
attempting to obtain Military or naval informa-
tion from high-ranking officers. It is a masa
effort employed in all fields (military, political,
economic, social, and cultural) by t4ousands of
people in "minor.' 'positionis; SuccessfUl espionage
depends upon statistical accumulatiOn and slow,
methodical cempilation of seemingly insignificant \
bits and pieces of information until the total
of it all tells a story. A single word or phrase
used by someone in a seemingly harmless con-.

.

versation . may prove to be an important piece
in the "jigsaw puzzle" the enemy is putting..
together,

During war or an extreme crisis, an enemy
agent's primary objectives are to obtain and
report as much valuable information as pos-
sible and to assist his government by spread-
ing false reports, committing sabotage, directing
invading forces, crippling key industries and
utilities, seizing communication centers, ex-
ploiting vulnerable areas of defense, and un-
dermining morale. Needless to say, it is not
exaggerated to say that, even in peacetime,
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Chapter 10 COMMUNICATIONS SECURITY

enemy espionage organizations present a serious
threat to a nation's security.

The Navy is a potential source of valuable
information, and unceasing, systematic attempts
to` exploit that source is in constant progress.
Thqi methods thit may Jr used are many and
var ed:' Planting agents within the naval es-
tablishment, photographing or stealing classified
documents, tapping telephones and lines, at-
tacking .codes and ciphers, and analyzing 'corn-
rntudcattons personnel when off duty. Although
bits of information obtained through these means
often appear haimless, they prove to be of,
real value when subjected to expert and purpose-
ful any.lysis combined f with other fragments
of information from various sources. The nec-
essity for unceasing vigilance and maximum
preventive measures on the part of all naval
personnel and Radio/nett cannot be too strongly
emphasized. Security is a means, not ap end.
Rules that govern security of information ,do
not attempt to meet everPconteivable situation.
With a proper command indoptrination,program,
it is 'possible to teach the miiiimum guidelines,
instill proper security attitudes in all personnel,
and obtain a satisifaotory degree of secrecy
with a minimum of sacrifices.

SECURITY CONTROL AND
RESPONSIBILITY

The Chief of Naval Operations exercises con-
trol over all policies relating to the maintenance
of the security of classified matter in the Navy
and Marine Corps. The ,Commander, Naval In-
telligence Command, owing to the close relation-
ship of counterintelligence and preserVation of
security, is the officer primarily responsible
to CNO for the promulgation of policies that
relate to security of classified matter. The CNO
has delegated to the Commander, Naval Security
Group Command (COMNAVSECGRU) the authority
for administering the Navy communications ,se-
curity program.

*In order to provide for the proper indoctri-
nation of all personnel charged with the re-
sponsibility for safeguarding classified matter,
the Chief of Naval Operations has issued in-
structions that are necessary for the proper
administration of the security system. Those
instructions are contained in the effective edition
of the Department of the Navy INFORMATION
SECURITY PROGRAM REGULATION (OPNAV
'INSTRUCTION 5510.1).

SECURITY CLASSIFICATION
CATEGORIES

Recently, a major change was implemented
in the classifying and declassifying of security
information pron,iulgated within the Department
of Defense. The objectives of the new system are
to achieve the following:

1. Less official information wilkoe classified.
2. More official information will be declas-

sified.
3. Classified 'Material will be better pros

tected. t

Each person named as a "classifying au-
thority" is held accountable for the accuracy
and necessity of the classification assigned by
that person. Unnecessary classification andover-
classification is to be avoided. Classification
must be solely on the basis of national security
considerations. Information is not supposed to be
classified in order to conceal inefficiency or
administrative error, prevent 'embarrassment
to a person or department, restrain competition
or independent initiative, or to prevent for any
other reason the release of information which
does not require protection in the interest of
national security.

Official information or material which, re-
quires protection against unauthorized disclosure
in the interest of national security is to be
classified in one of three categories, TOP
SECRET, SECRET, or CONFIDENTIAL, depend-
ing upon the degree of its significance to national
security. No other categories are to be used to
identify official information or material requiring'
protection in the interest of national security,
except as otherwise provided by statute, Defi-
nitions, and examples of each of the.three cate-
gories appear in the following paragraphs.

Top Secret

"Top Secret" refers to that national se-
curity information or material which requires
the highest degree of protection. The test for
assigning Top Secret classification shall be
whether its unauthorized disclosure could reason-
ably be expected to cause exceptionally grave
damage to the national security. Examples of

.exceptionally grave damage are disclosures that
would lead to:

1. Armed hostilities against the United States.
2. Compromise of vital national defense plans.
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3. Comproinise of complex cryptologic and
communications intelligence systems.

This list is not all-inclusive, but it does show,*
the relative degree of information that 'Wou)C1
fall into this category. The classification. of
"Top Secret" must be used with the utmost
restraint.

Secret/

The classification "Secret" refers to that
national -security information or material that
requires a substantial degree of protection. The
criteria for assigning Secret classification shall
be whether its unauthorized `/disclosure could
reasonably be expected to cause serious damage
to the national security,. The compromise of
significant scientific or technological develop-
ments relating to national security would be
examples of "serious damage". The classifica-
tion Secret must be sparingly, used.

-Vbrditential

The classification J"Confidential" refers to
that national security information or material
which requires protection. The test fokassigning
this classification shall be whether its unau-
thorized disclosure could reasonably be expected
to cause damage to the national security.

,SPECIAL MARKINGS

In addition to the three security clagSification
categories, other markings also appear on docu-
ments and Nessages. Among these markings
are such destnations as RESTRICTED DATA,

, NOFORN, LIMDIS, EFTO and FOUO. and
SPECAT. Included in the "special markings"
category are those associated with the Inter-
national Treaty Organizations, such as NATO,
CENTO, and SEATO.

Restricted Data

The term "Restricted Data" means all data
concerning the design, manufacture, and/or uti-
lization of nuclear weapons. Also included in
this category is the special nuclear material
used In the production of energy. Included in
the restricted data category is the term "Form-
erly Restricted Data ". This sub-category pertains
to defense information which has been removed
from the Restricted Data category and cannot

be released to foreign nationals except under
specific international agreement.

NOFORN

The "NOFORN" designation means that a
determination has-been made that the informa-
tion is not 44&)asable in any form to foreign
governments. 753 abbreviation. NOFORN, which
means "No Foreign Dissem", may be used only
in messages and in automatic data processing
of intelligence information. This designation, in
long or short form, is not used ip any other
sense or on other than intelligence information.
The absence of this designation is .. not to be
construed as authorization to disslerninate in-
formation to foreign nationals.

LIMDIS

The designation "LIMDIS (meaning limited
distribution) is used too limit distribution of
copies of such messages to those personnel
specifically authorized to have access to that
information on' a need-to-knoW basis.

EFTO and FOUO

Certain categories of unclassifiethmegsages
must be designated EFTO (Encrypt for Trans-
mission Only) and given cryptographic protec-
tion ,during transmission. EFTO is not used
as prekection for messages containing classified
information; such messages shall be appropri-
ately classified.

FOUO (For Official Use Only) messages
are certain categories of official information
which require some degree of protection for
the good of public interest, but are not safe-
guarded by a classification category in the
interest of national security. There are several
markings combining EFTO and FOUO. For ex-
ample, FOUO information which is to be trans-
mitted outside CONUS is marked "EFTO".
The first words of the text will be marked/
"UNCLAS EFTO FOUO". Bear in mind, however, \
that because informapzon is FOUO, it is not
automatically EFTO, and vice versa. As pre-
viously mentioned, EFTO is a transmission mark-
ing for unclassified messages; FOUO markings

If define a 'certain category of information rer
quiring special handling. Neither is a security
classification; both are special handling desig-
nations. More detailed information on EFTO
and FOUO markings can be founcl..in NWP 4.
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SPECAT

The marking ."-SPECAT" means "special
category" and requires special handling pro-
'eedures in addition to the security classifica-
tion assigned. 'Processing of this type of
information is restricted to only those personnel
authorized to view it as approved by the com-
manding officer, in writing. Types of informa-
tion assignefi this marking can be found in NWP
4.

Markings of Interhational
Treaty Organizations'

Defense information of a classified nature
furnished to the United States or to naval com-
munications by foreign government or inter-
national tre organization is assigned a
classifica n which will assure a degree of
protection equivalent to, or greater than,i that
required by the government or international
organization which furnished the information.
Examples of international treaty organizations
are NATO, CENTO, and SEATO.

In general, foreign security classifications
parallel U.S. classifications. However, many
foreign governments and international treaty
organizations use a fourth security classifica-
tion: "RESTRICTED". Information designated
Restricted indicates in English the name of
the foreign government or organization of origin
prior to the word Restricted. For example;
"UK - RESTRICTED'.' or "NATO -
RESTRICTED ". Materials in this category are
treated as Confidential. Equivalent security
markings as compared to those of the U. S.
are contained in OPNAVINST 5510.1( ).

GENERAL DECLASSIFICATION
SCHEDULE

Unless specifically exempted, classified in-
formation and material is assigned a date or
event on which it-will be downgraded and de-
classified. This downgrading and declassification
is done in acoordance with the General De-
classification Schedule as described in the fol-
lowing paragraphs.

Top Secret

Top Secret information and material is down-
graded to Secret two calendar years after origi-
nation, downgraded to Confidential four years
after origination, and declassified ten years

after origination. For example, a document clas-
sified Top Secret on 2 February 1976 will
automatically be downgraded to Sec t on 31
December 1978, downgraded to. Conf ential on.
31 December 1980, ,and declassified n 31 De-
cember 1986..

Secret-

Information and material originally classified
Secret is automatically downgraded to Confiden;-
tial at the end of, the second full calendar
year in which it was originated, and declassified
at the, end of the eighth full calendar year fol-
lowing the year in which it was'originated. For
example, a document classified Secret on 26
May 1976 will be \downgraded to Confidential
on 31 December 1978 and declassified on 31

December 1984.

Confidential

Confidential information and material is de=
classified at the end of the sixth full calendar
year following the year in which it was origi-
nated. For example, a message originally clas-
sified Confidential on 16 July 1976 will be
automatically declassified on 31 December 1982.

Exemptions From The General
Declassification Schedule

In some instances, certain classified infor-
mation or material may warrant some degree
of protection against unauthorized disclosure for
a period of time exceeding that provided in
the General Declassification Schedule. However,
although the provision is made for such instances,
it is a category that is used sparingly and must
fall into one of the four categories listed in
OPNAVINST 5510.1( ). In addition, whenever
broad categories of Top Secret information are
to be placed into one of the exemption categories,
specific permission must be obtained from the
Director of Naval Intelligence (DNI).

Declassificaticin Markings
on Messages

As a Radioman, you will need to be familiar
with various message markings. Learning all of
the markings and their meanings requires mach
study and experience. However, one of the more
recent changes to message -markings involves
the placement of downgrading and declassifica-
tion markings into the body of a naval message.

201



\ RADIOMAN

Asa rule, e fast line or paragraph o a clas-
sified ssage will show one of the f Rowing

arki s to determine downgrad and eclas=
if tion of that message: ,

1. "Alt' ( )" - For messages iassi
th Advanced Declassifiaation Schedule. F
am le, a ,message bearing the rkarking
(26 May ?6) indicates that' the message il
decl ssified on 26 May 1976. Advanced Decl
Sific tion is used whenever the information c
taine in the message need not be classified fpr
the periods of time specified under the Genern1
Declassification System.

2. "GDS ( - For messages assigned td
the. General Declassification Schedule. For. ex-
ample, a message bearing the marking "GDS(84)"
indicates that t'he message will be declassified
at the end of the calendar year 1984.

3. "XGDS ( ) ( )" - For messages exempted
from the General Declassification Schedule. The
first parentheses contain the exemption category
from OPNAVINST, 5510.1( ). The seeondparen-
theses ,contain- the last two digits of the calendar
year in ,which the message is to be declassified.
The second parentheses are not always used
because it is not always known how long the
material will require exemption from declas-
sification. For example, '"XGDS (02) (84)" in-
dicates that the message is exempted fr m the
General ,Declassification Schedule, fall under
exemption category 2, and will be de assified
at the end of the calendar year 1984.

4. "XCL ( )" - For messages that have been
reviewed and re-marked, and that previously
bore the Group 1, 2, and 3 markings. Examples
of these elder markings are "GP1, GP2, GP3 ".
GP1 and GP2 marked, materials were normally
excluded from automatic downgrading and de-
classification. GP3 material was automatically
downgraded but, not automatically declassified.
Normally, GP1 and GP2 materials would bear
the "XGDS" marking, but because they were
previously marked under the older system, they
bear the marking "XC L". This marking identifies
the material as having been reewed. Thqyi
parentheses identify all Group 3 Material tlitt
has been reviewed and a date for downgrading
determined. For example, the marking "XCI,
(84)" means that the material is formerly "Group"
marked, is GP3 material, and will be downgraded
at the end of the calendar year 1984.

Complete information on the marking and re-
marking of classified massages is contained in
OPNAVINST 5510.1( ).

ed to
e x-

ADS
be
5-'
n-

& 2

General Marking Requirements

Classified documents and m vial which con-
tain identifiable'classified inf imation 'must be
clearly and cdnspicuously m ked. In addition,
special markings such as r1OFORfsl, LI1i4DIS,
RESTRICTED DATA; etc. e 'normally placed
near the classification .m king. Markings. re-
quired for 'classified material serve to inforM
and wain recipients of the- classification as-
Signed, indicate the level'of protection required,
and identify that ,information /which Must be with-
held from unauthorized persions.-

T ,d1a.saiiicatio,n markings of TOP SECRET,
ET, and CONFIDENTIAL Shall be stamped,
d, or written in capital letters (not typing

al e) that are larger than those psed in the
text of the document': inde- when practicable, red
in color.

,

All reproductions or copies of classified ma-
terials, egardlesi of forms shall bear clearly
legible security classification markings and no-
tations in the same manner as -on. the original
material from which they'aie copied or repro-
duced. Ithould be noted here that copying equip-
merit does not always clearly reproduce all -

colors of ink or marginal,images:Sherefore, if
the reproduction process does not Clearly re-
produce the security markings ,appearing'on the
original copy, suchmarkings shall be stamped=
all copies in the same positions and .size re-
quiredfor the original. I

Paragraph markings are commonplace and are
found immediately preceding and to the' left
of the part involved. The symbols ;denoting
paragrapirclassification are (TS) for Top Secret,'
(S) for Secret, (c) for Confidential,. and
for Unclassified. When appropriate, the symbol
(RD) for Restricted Data and (FRD) for Formerly
Restricted Data are used. It is not -uncommon to
see foreign originated information in U.S. docu,.
ments and indicated as such next to the ap-
plicable paragraphs or parts. For example,
"U.K.(C)" or "NATO(S)". ,

Titles and subjects are classified according'
to their content, standing alone, regardless of
the _overall classification of the document. Nor-
mally, the initials of the classification assigned
to a title or subject are indicated in the paren-
theses immediately following the item. For ex -.-
ample, BASIC OPERATIONAL COMMUNICA-
TIONS DOCTRINE (U): Complete informationV:
on paragraph, sub-paragraph, document mark-
ing, etc., is contained in OPNAVINST 5510.1( ).
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AREAS

rent spaces on-board ship,; and .t

areas within shore activity may haw_ v cu yang
degrees of security importance depending upon
their purpose and the nature of the work, in-
fdrmation, Or- Materials concerned. To meet
this 'situation, and, at the same- time, facilitate
operations and simplify the . security system
require the applicaabn of restrictions, controls,
and protective measures commensurate with these
vp.rying-degrees of security importance. In some
cases, the entire area of an activity may have
a uniform degree of security importance re-
quiring only one level of restriction and con-
trol. In others; differences in the relative degree
of security importance will require total segrega-
tion of ship's spaces or activity areas.

In order to meet the varying 'needs of the
different levels of security sensitivity, three
different types of security areas are used;
-EXCLUSION, LIMITED, and CONTROLLED.
These three areas proyide a relatively effective
and efficient baste for applying varying degrees
of restriction de,aling with access, control of
movement, and the type of protection° required._
The various security areas are defined as follows:

1. EXCLUSION AREA - An:area containing
clatsified inforniation or matferial which is of
Such a nature that mere access to the. area
constitutes, for all practical purposes,- access
to such informationor material.

.2. LIMITED AREA, - An area containing
classified information or material and inwhich

warning notices are rendered in both English
and the local, legal, language(s).,

Access Badges

To provide the degree of security required
for 'access to particular security areas,. a pass
or' badge identification syOtem is normally es-
tablished-at each command to facilitate control
of movement. Control of movement within the
area is normally monitored by a security guard(s)
or operating-per-sQnnel by requiring the display
or presentation of the badge ,for that particular
area. -

Access and isseminatiod

In addition to holding a proper security
clearance, the requirement that classified in-
formatibn be limited strictly to- those persons
whose official military or government duties
require knowledge or possession is simply termed
as "need to.know". You will find the term "need
to know" used frequently in communications.
This term should always be evident whenever
you are sclealing, with access to or dissemination
of .classified informejlon or material.

Admitting unauthorized personnel to com-
munications spaces is a topic of major concern
to a..Radionlan., Merely because a person has
a badge does not necessarily mean that he has
access or the -'"need to 'know". This is es-
pecially important since access to communica-
tions' spaces under operating conditions usually
permits viewing of classified operational traffic

uncontrolled movement -would permit access to and equipment. In addition to the much-used
badge identifieation system,,. admission of per-
sonnel to communication spaces is granted only
to those personnel whose names appear on a
proper acpess list. Access lists are posted at
the entrare to communication silacest-lind are
signed arld approved by the commanctifig officer.
Admission 'of persons other than those on the
access list is subject to the specific- approval,
of the commanding officer or his designated
representative.

Persons not on the access list, but who
have been specifically granted permission by
the commanding officer for entry, are escorted
or supervised at all timeswhile in communica-
tion spaces. Though not classified, access lists
are handled with the same degree of security
required fore the particular area to which they.
pertain.

The final responsibility for determining
whether a person is granted access rests- up&

such information or material, tut -an :area in r
which' E1.0c9ss may be prevented by escort- and
ther, internal restrictions and controls.

3. CONTROLLED AREA :cc-An area within
;which uncontrolled movement does not permit
accesti to alissified information or material, and
Whip!), is used principally for providing adminis-

- traTive ,control, safety, or a buffer area of se-
ky restriction for limited or exclusie- .)reas.

the exception of exclusion areas se-
ea are not 'always ed in such a

to determine their relative sensi-
7. r words, controlled areas are not

ed with a sign saying "Controlled
such areas (Exclusion, Limited, Con-

^ tr011eci). Eire normally marked by igns reading
"REST-PICTED AREA - KEEP-OUI - AUTHOR-
IZED PERSONNEL 'ONLY". In areas where a
language other than English is prevalent, the
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the individual. NQ amount of written rules or
° -governing statutes can replace individual initia-

tive and common sense. Finally, rid. one has
'a right to access based solely upon rank or
position.

HANDLING AND STOWAGE OF
CLASSIFIED MATERIAL

Within each command, specific control, and
accountability procedures are established to pro-
vide readily available information on classified
material: Such information indludes what clas-
sified information or material has been re-
ceived, what classified material has been
produced, who has custody, and what disposition
'has been made of the material.-

To control classified information with maxi-
mum efficiency, the commanding officer desig-
nates a Command Security Manager, usually
an officer.. In addition, the commanding officer
usually, appoints a Top Secret Control Officer
(TSCO),. The Top Secret Control Officer is
normally subordinate to the Command Security
Manager. If a separate person is not assigned
each duty, one person may be assigned to per-
form the duties of both. The duties of the
Security Manager and the TbCCY are governed
by the rules outlined in OPNAVINST 5510.1( ).

Handling of Top Se6ret
Material

Although administrative records are main-
tained for each classification Oategory, a more
strict control system is required for Top Secret
material.

Except for publications containing a distri-
butiOn list by copy number, all copies of each
Top Secret document and each item of Top
Secret equipment are numbered serially at t'
time of origination:

Copy No. Copies.

Each page of a Top Secret message not con-
taining a list of effective pages (LOEP) is
numbered:

Page of pages.

Top Secret docuMsents have a list of -effective
pages and a page-check page.

Top Secret documents may reproduced
in whole or in part only with the permission

of the originator or higher authority. All re-
produced copies are-numbered serially and re-
corded with the TSCO so as tomaintain complete
accountability. The copy numbers of reproduced
copies should- maintain a relationship. with the
original document. For thca.mPle,'If a command
holds copy No. 1'2 to a Top Secret. doournent
and reproduces two, additional copies, the latter
might be,: identified as "COpy No. 12/1 of 2
copies" and "Copy No. 12/2 of 2 copieg".

A continuous chain of receipts for Top Secret
material m..ist maintained. Moreover, a record
of disclosure loll. ,Top Secret material, using
OPNAV Form 5511-13, is attached to each docu-
ment that, circulates within' a citnrnand or ac-
tivity. Every person .having knowledge of the
contents of the TS ddcurnent must sign the at-,
tached record of disclosure.

Every command is required to establish
administrative procedures for recording all Se-
cret material originated and ',received. These
administrative procedures as a ,minimum, must
include system of accountability, for Secret m at-
ter distributed or routed within the command.
Additionally, as a rs.:inimum, every command must
maintain alsyste,me which wil(1' provide for pro-
tection of all Confidential material originated
or received.

CUSTODIANS OF CLASSIFIED
MATERIAL

An , individual who has possession of, or is
charged with the responsibility for safeguarding
and Iccounting for classified material or in-
forrnation is referred to as the "c stodian" of
that materitkl \or information. ,Th person is
said to have "custody" of the m terial or in-
formation.

Whenever you are the custv_ n of classified
material, you- are, wsponsibl, - oviding pro-
tection and accountability at , ,,_:s and partic-
ularly fo locking, classifi, aterial in the
appropri security container -never it is not
in use o der direct supervisio.,

Care During Working
Hours

Each individual must take precautions to
prevent access to classified information by un-
authorized persons. Among the precautions to
be-followed are:

1. When removed from storage for working
purposes) classified documents are'-to be kept
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ander constant surveillance and face,down, or
3overed when not in use.

2. Preliminary drafts, carbon sheetb,' plates,
stencils, stenographic notes, worksheets, and all
similar items ,containing classified information
must be either (1) "destroyed by the parson
responsible for their preparation immediately
after they have served their purpose, or (2)1Se
given the same classification and safeguarded
in the same manner as the classified material
produced from them.

3. Typewriter ribbons used in typing clas-
sified material are protected in all respects in
the, samed manner as the hi hest level of clas-
sification for whiCh they ve been so used.
When destruction is necessar , it is accomplished
in the manner prescribed for classified working
papel-s of the same classification. After the upper
and lower sections have been cycled through
,,Ae machine five times in the course of regular
typing, all fabric ribbons are considered un7
Classified. Carbon apd plastic typewriter.ribbons

d carbon paper which have been used in the
roduction of classified information are destroyed

in the same manner prescribed for working
papers of the same classification after initial
usage.

Care After Working Hours

At the close of each watch or working day,
all classified material that must be passed from
watch to watch is properly inventoried and custody
is then transferred to the relieving watch super-
visor. All other classified material must be
locked up. A system of security checks at H
close of each working day is the best meth,
tr, ,,s, re that all classified mate, ,1 held is
pr..)1,,:rly protected. The custodian of the ma-
terial should make an inspection which ensures
as a minimum that:

1. All classified material is stored in the
manner prescribed.

2. Burn bags are properly stored or de-
stroyed.

3. The contents of wastebaskets which con-
tain classified material have been properly stored
or destroyed.

4. Classified shorthand notes, carbon paper,
carbon and plastic typewriter ribbons, rough
drafts, and similar papers have been 'properly
stored or destroyed. As a matter of routine,
such items should be placed in burn bags im-
mediately after they have served their purpose.

Stowage of Classified Material

All classified matter not in actual use must
be stowed in a manner that will guarantee its
protection. The exact nature of security require-
ments idepends on a thorough security evaluation
of loag conditions and circumstances. Also the
degree of protection necessary depends on the
classification category, quantity, and scope of the
material involved. Normally, the type and'extent
of physical protection required are determined
before an activity begins its day-to-day or
watch-to-watch routine, and it is very. likely
that an appropriate physical security program
is already in effect when you report aboard.
Details concerning physic.4 security standards
and requirements which serve as a guide for
determining the kind and degree of physical
protection necessary for classified information
are contained in the' applicable edition of OP-
NAVINST 5510.i( ).

Whenever you secure classified material in
safes, habitually rotate the dial of all combi-
nation locks at least four complete' turns in.the
same direction. If dials are given only a quick
twist, it is possible to open the lock by turping
the dial in the opposite direction. _

All safes and cabinets which contains las-
,

sifted matter that are found open and u at-
tended should be reported to the senior d
officer. Do not touch the container or Contents
but guard them until the duty officer' arrives.
The duty officer then assumes responsibility
for such further actions as locking the safe,
recnl1i fhe responsible person or persons,

ity violation to the com-
oustodian must hold an

,1 the contents of the safe
port any loss to the commanding officer.

C ,binations

Combinations to safes containing classified
material are made available only to those per-
sons whose duties require access to them. The
combinations of safes containing classified in-
formation mist be changed at least every 12
months, unless more, frequent change is dictated
by the type material stored within,, Combinations
must also be changed: .

1. When placed in use after procurement.
2. Whenever an individual knowing the com-

bination is transferred, discharged, or reas-
signed from the element to which the Security
container is assigned, or the security clearance
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Of an, individual knowing the co
*'educed, .suspended, or revoked by
'thority.

3. Wheh the combination or the
the combination has been compromi
security container has been discovere
and unattended:"

The combination of a security cont
for stowage of classified material is
a security classification equal to th
category of classified material authori
stored therein. Records of combinati
sealed in an envelope and-kept on
&antral location designated by the corn
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bination is
roper au-

record of
d or the
unlocked

ner used
assigned

highest
ed to be
ns are
e in a
anding

officer.

IIESTRUCTION OF CLASSIFIED
MATERIAL

__Destruction of\superseded and obsolete clas-
sified material's that have served their p pose
is termed routine destruction. Classified ma-
terial that is no longer requited should n t be
allowed to accumulate. There are specific di-
rectives that authorize the routine destruction
of publiCattons, message files, and certain crypto
materials. These directives. should be carefully
studied and become part of the Radioman's store
of knowledge in order to properly comply in
all cases. Additionally, the letter of prom -
gation of publications often set dispositi n
instructions regarding destruct. ,cquiremen
for that publication. Other materials, such as
classified rough drafts, worksheets, and similar
items, are destroyed as necessary to prevent
their excessive accumulation.

Top Secret, Secret, and ConflAntia/ ma-
terial may be destroyed by burnIM, pu'ping,
pulverizing, or shredding, provided the destruc-
tion is complete and that reconstruction will
be impossible. The most efficient method of
destroying combustible material is by burning.

As a third or second class petty officer,
' you will more than likely either assist in or

supervise the burning of classified material.
Every member of a burn detail should know
exactly what is to be burned and should double
check each item before it is burned. To pro-
vide accountability of the burn bags, the bags
are numbered (or at least, counted) prior to
being removed from the workspaces. The super-
visor of the burn is provided a log or checkoff
list which lists the number of bags to be burned.
At the destruction bite, each bag is checked
off the list as it is destroyed. Tp facilitate
complete destruction tof bound publications, the

pages must be torn apart and crumpled before
being placed in bagS. All material must be
watched until it is completely consumed: The
ashes must be broken up and scattered so that
no scraps e ape destruction. When no incin-
erat(ok is a ailable, which is often the case
aboe ship, class ed material may be burned
in a perfor: d met: drum or container with
a cover of wi e netting.

Shredders ay be sed aboard ships at sea
where incinera acilities are not available
under the following conditions:

1. Tke maximum shred width allowed shall
be 1/32 of an inch.

2. Cryptomaterial shah be intermixed with
at least an equal amount of other material
(classified or unclassified) prior.,-11,4; shredding.

3. The material is then dispOseT:-of by jet-
tisoning at a time ,and. placer where recovery
by hostile forces is consid@fed by the com-
manding officer to be unlikely...

Proper ,destruction of classified material is
accomplishedin the presence of two witn@ssing
officials. 'Witnessing officialS must have a se-
curity clearance of at least as high as the cate-
gory of material being destroyed; and they. must
be thoroughly familiar with the regulations and
procedures lc, tfuguarding and destroying clas-
sified information.

An accurate record of destruction of clas-
sified 'material is as important as the destruc-
tion itself. Proper accounting procedures,
together with accurate records of destruction,
provide official information as to the status of
classified material. Records of destruction are
required for Top Secret and Secret material
and shall be dated and signed by the witnessing
officials unless the material has been placed in
burn bags for central disposal. In that case, the
destruction record shall be signed by the wit-
nessing officials at the time the material is
placed in the burn bags. Records of destruction
shall be maintained for a minimum of two years
after which they may be destroyed.

Emergency Plans

Emergency plans are developed by each com-
mand in order to provide for the protection,
removal, or destruction of classified material.
Needless to say, emergency plans are tailored
to fit the needs of that particular command,
so there is no "right" way of developing 4a
usable one. The primary requirement is that
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r
these plans adequately, provide for rapid and
complete dieDosition of ;the classified material
held by the command. Emergency plans should
be developed to cover three areas of emer-
gencies: 1 4,

. e,

1. Natural Disasterele.g.,hurricanes).
2. Civil Disturbance (e.g., rioting).
3. Enemy Action.

Emergency plans should provide for the pro-'
tection of. classified information and material
in such a manner as to minimize the risk of
loss . of life or injury to personnel. This can
be 'accomplished in several-ways whenever the,
emergency plan is implemented: .

1. The coordinated and expeditious execu-
tion of the plan itself.

2. Perimeter, prefriptructeet."guard" person-
nel at various positionsin affe,cted areas, trained
to prevent the removal" of classified material
by unauthorized personnel.

.3. Periodic review and constructive update
Of emergency plans in order to provide for the
cafety of personnel and classified material.

Whenever the emergency plan is implemented
for the purpcse' of material destruction, you will
normally find the following required priorities
assigned to material to be destroyed:

1. FIQT ,PRIORITY - Communication Se-
curity (COMSEC) material and classified. corn-
Enents of equipollent.

2. SECOND MICiRITY. Top Secret special
access material, thenother Top Secret material.

3. THIRL) PRIORITY - Secret special access
material, then other Seciet material.

4. FOURTH PRIORITY - Confidential special
"access material, then other 'Confidential ma-
terial.

5. FIFTH PRIORITY - ULassified equip-
ment which could be of use to the enemy to-
gether with pertinent .technical, descriptive, 'and
operating instructions.

Fire Plans

.In` addition to emergency plans, a plan of
action in the event of fire is also a necessity.
As with emergency plans, it is imperative that

all communioations personnel familiarize them-
selves with the command "Fire" plan.Normally,
the fire plan include-s provisions for: -

1. Local firer-fighting apparatus and person-
milt° van the equipment.

2. Evactttion, of the area, including whetVie r
to store, or remove classified material Worn,
the area.

3., Admitting outside fire-fl' khter1§0 into the
area:

Precitt%ionary Actions

Needless to say, the fewer,actions necessary
in emergencies, the better off you' are. There-,
fore, all that can be donef befolte an emer-'
gency occurs should be done. For example:

, .

1. All superseded material should be de.
stroyedimmediately after supeission. .

2. Only the winimum amotfft of classified
material should be held!by a command, consist-
ent with its needs. ,

3. Unnecessary material flhouid be turned in. G.
to the issuing agencies.

4. Material should be stored in such a way
as to make' it readily accessible awl easy to
reach for revval during destruction,.

1.,

Sometimes, the commanding officer has been
previously informed of a pending diaster, civil
action, or enemy threat and has ample time to
prepare. In such cases, "Precautionary De-
structions" are held: "Predautionary" destruc-
tions are accomplished in order to reduce the
amount of classified rniterial on hand in, thk
event emergency destruction later becomes Re_971L
essaryft,Destruotion priorities .remain the s:iie
during gIrecautiowy action. However, when pre- '
cautionary destructibn are held, that material
essential to cominuni tiOns must be held and
not destroyed. For e ple, communications
operating procedures and publications that are

----a,,'to become effective in the near future, an tho,se
that are already effective and used on a on-
tinuing basis and are necessary to basic op-
erations would not be destroyed.

COMMUNICATIONS SECURITY
(COMSEC)

Naturally, security guide nes contained in
app4cable publications; su li as 'OPNAVINST
5510.1( ), must' be complied with by everyone.
These guidelines are' minimum standards and
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must he Complied, with, and 'ail other se,curityt prpteo onsiVIA COMPROMISE is said to have/ procedures start there./ . ' o6cAirred. A _dompromise normally results from_j Youi Job often deals in fiery sensitive subject- a violalion of One of the rules and standards
matter that.requkres special security procedures goveined edichof the previously mentionecliareas

precaution p; It is:, fo r. this eason that we of CO
baste, .tom "Commiinications Se. uti.tyl: (COM- t ,Ilt
SEC): the frame Q,rl1, of co ihunibatiOns, _uncle

' Septkity, find many,dlrectibes arid rile're- example, tlr terms "COMSEC Information" andments4hit al specifically with AMmirnictiii,ons _,"cqmsEt Material". COMSEC -Information, 11;-_
ik

, ii, ,material. , : cludes all information-- concerning corprnunica-
.4 Comintulications security is dephed 'as "The tioris securi and all material associated withe pro e ctiOn resulting 'from all'rneasuabes designed the sectir or authe1,6ticIty of telecornm ca-to deny unauthorized persona. information of tions. ; COMSEC llateriarincludes all docvale. which -might be derived .from the posses- devides, equipment, or '-apparatut usedi sion and of 'telecommunications". That tablishing and mEiint4ining secure comdefinition can also he extended to include all tions. Therefore, it can be said th

the -axes- of COMSEC, it, is important So
stand the difference in terminology-rfor

es= ''
unicar

verythingefforts to mislead unauthorized persons in their can be considered "information ", w reas "ma-
- interpretations of , the ,refiults of their posseS:- terial" is relatively phyfilcal de ition.- It'sion and study. ,th sum 4otal, the overall effort may seem o be a fairly insignificant point,to protect( the' integrity lewd validity of ou but in CO SEC there arelvery precise defi-

cc(mmiuirciti on s c ty: iinitions that define Separate categories with nec-com§EC includes: A, -, i ,. . ii\saary .clarity. The categlies of COMSEC are
many mei all deal .with t e sezilr ty of corn -.1. Cryptosecurity. munications or related Most often, the

2, Transmission seduritY. information or the aterial used is highly
classified and an prove very hirmful to the3. Ernission security. national defense, efforts if comprkSiised. More i\ 2 i

, 4. k'hysical security of communications se-
curity materials and information.

The related definitions of the four
COMSEC Ile as follows:

than simply defining the four categories of
COMSEC the related'iterns and categories must

ti

areak0
-,7,.:Y

1. Cryptosecurity - That security resulting
from the provision of technically sound crypto-
systems and their proper use.

2. Transmission Security - That security
ting from all measures designed to.protect

ransmission from interception and exploitation
by,' means other than cryptoanalysfs, (e.g., mes-
senger; approved wire circuits, ordinary mail,
radio).

. 3. 'scion Security - That security which
result from all efforts to deny our enemies
interception and analysis of compromising ema-
nations from cryptoequipment and telecommuni-
cations equipment.

4. Physical Security - That security which
is designed to prevent COMSEC information from
being physically hist,- exposed, or possibly ex-
posed to an unauthorized pekson.

Aaytime an unauthorized person or persons
gain access to classified information requiring

A The CMS system is a system designed to
ensure the proper *distribution, handling, con-trol, and security of COMSEC material used
tb maintain the cryptographic security of
communications throughout the -, naval iestab-
lishment. Consequently, the material governed
by CMS procedures consists .of highly sensitive,
classified material and less sensitive but re-
lated material. With the correoriisage of thiS
system, the integrity and security of COMSEC
material can be maintaned. Procedures govern-
ing this system can tie found in the applicable
edition of CMS 4.

also be defined:A few of 'he items and sub-
categories ire defined and explained in this
chapter, although they are not all-inclusive.
Complete terMs, areas, items, and sub- .

categories can befound in the 'applicable edi-
tions of KAG

of
4, and NAit.P.04. The

following is a 'list Zif definVions and explana-
tionstions involving some of the more commonly
used terms in communications security that
you will use often in your career as a Radioman.

COMSEC Material. Control
(CM/S) System
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Accountability Legends.

4% .

6,
Lt.:

:An accountability 'legend (abbreviated AL) is
a number that is assigned!o COMSEC rfiaterial,
It/ governs ',the :method -.try which that material

in the applicable edition of CM'S 4, the governing
pub for the entir. system. ;

CRYPTO
i

a o an, you
st -accounted for. For example, a piece .and7understapd all' of-' the more detailed pro- .-

sgo material that is assigned the ac- cedures \and processe,s involved in crntographle ..

1 ty legend LP. (written AL 1) is af- operations, These procedures and, associated -

differen ciling procedure with regard - equipments are kover ed by many strict k es

AsA a' m will be required to learn

and

CO
counta
forded a
tc?ir stowage . g. and standards. In or er to later gras
of. COPI9EC material Dearing the accountability significance of cryptographic operations and thecitlekend "4', itten Air"

ti than,

4), AOcountabili leg- importance, you . mUst first understand the de

e

ends, their ,def nitions'and handling requirements, linedkelennents of CRYPT6 and the more Common
are contained in the applicable edition ofrCIVIS usagas in terminology,

Holders

Every command t has

Cryptomaterial

a CMS account is.
as.signed a nurn. ltr ...corresponding to that ac-

By bpipg a command'.;or activity which
has an account number, ,it. means that that
'particular oommansi re6eives its COMSEC'ma-
terial diredtly from national ,and Navy aistri-
butioi source)* However, a "Holder" in the
CMS System is defined as any command or
activity that is authorized to draw and hold
COMSEC material., Naturally, tnce held, an
account number is assigned, to tliat command. -

A CMS "Local Holder" is. a command or
activity whose COMSEC material needs can be
met by drafting the materialfrom a single CMS,
account o a local custody basis. In otheewords,
if a shi drew all of its COMSEC material
from a ce tral account maintained
ron Comm, der, ,the ship would
a "local holder".

A CMS "Responsible User"
someone within the command who
CMS material on a local custody
then responsible for its proper

by the Squad -

then' become

is normally
signs for the
basis and is
handling and

use. For exaIple, the Operations Officer may
need several ,c OMSEC publications to aid in hi
departmental efforts. He would 'receive the ma
terial ,dfrom the CMS Custodian by bfficially
signing for it and, therefote, assuming all re-
sponsibility for it. He is considered a "ret
sponsible user".

Within the CMS System, there are many
terms that are important to personnel who
mainta4n and use the tools of it. The terms
previotsly defined are only a feW of the 'more
commonly 1.Aeci pne Needless to say, time and
space Vrecride listing them all here. A'
thorough discussio of *Etch and every area
and term ;used in the CMS System is contained

,

The 'term ' r,yptomateLal" refers to' gll
material., inclu it, documentS,.devices, or ap-. Ai
paratus, that co"' ains crypto-information.- The
material must further essential to the en-
cryption,

---.

decryptiOn, o authenticgtion of tele-
communications. erYptomaterial, is always
classified and is normally m ked
The term "CRYPTO" is so a security clan
sific Lion; it- simply denote that the mater al,
requires special considetion with respect to-
access storage, anthhanciling.

CryptAre ated Information

C °related information may be classified
assified and is ;normally associated with

cryptomaterial but is not significantly descrip-
tive of it In other words, it daps, not describe
a technique 15r process; a systeib,-or equipment
functions and cap015ilities. Related information is
not marked "CRYPTO" -and is not subject to
the special safeguards normally associated with

ypto-information.,

NIAypto-Information

tl
C
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Crypto-information is alwaysVlk.ssified. This
4`, of information normally coa. .rns the 6n-

tion or decryption process of a cryptosIstem.
It is normally 'identified by the marking
"CRYPTO" and is subject to all of Ahe
cial safeguards required by that marking. '/

eryptosystem
N

The term "cryptosystem" encompasses all
of the assotikited items of cryptomaterial that
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are used ogether to pr vic-le single me,ans
.o encrypti n and decryptio

h
Needle to say, all ite s of a related nature

hat com ne to form a s tem must be given
the st st security. Any failure, whether it
be equipnyant.or operator, which Etdvr sely af-
fects *the security of a cryptosystem, is called
a "cr3goto-insecuriy'v,. 0

C r*stpomaterial- which supplies equipment set-
h, , tinge and arrangements or whic%s used direct}

-in the encryption- and decrypt n process, is
called "KEYING 1VIATERIAL"ii KeyinLmaterial
is afforded the highest prote9leon andNandline
precautions of 'all inform ation-ind material within
a ) cryptbsystern..Keying mitterfal'is always given
priorirty in the event omplementatibn of the

'emergency, plan: whether precautionary or emer--
..,,, gency. t

... -. (.

c.

Cryptoyariables
'.

,, l'
A 'cryptolvail'iable it an element of acrypto-

system that directly iffects the encryption arid
decryption process. These variables ar4 divided
into two types: Primary and secondary. A pri-
mary cryptovariable is the most readily and
frequently changed element of a cryptosystem,.
A. secondary cryPtakfariable is one which per-
mas change of circuit operation without altering
the basic equipment. A secondary cryptovariable
must also be used in conjunction with appropriate
priarrary variables.

.,1

1 -

CRYPTOGRAPHIC DUTY

The commanding officer is the person, re-
sponsible for ensuring that personnel ail
thoroughly trained and certified as qualified for
cryptographic duties. This training may be ac-
comblished thliough formal cryptographic school-

. ing 'or,through "on-the-job" training which irs"
normally provided by the com,pitind's COMSEC

officer. No member the medip , dental, medi-
cal service,' nurse, chaplain, Or h pital corps

'"enay be allikigned to duty that involve proces-
sing ofamessage traffic in classifiedCommunica-
dons spaces.

Operator Requirements
g , \

The COMSEC °filter is responsiblei for en-
.

suring that cryptographic operators receive the
basic training* necessary to these operations,

I
-0

as well as ensuring that they-meet the following
minimal qualifications:

1. That tliey be properly cleare or access
to the mater al with' which they will be working.

2. That they have normal eyesight and Manual
dexterity; '

3. That they are authorized by the command-
ing officer to perform cryptodu/ties in his corn-

and.

4. hat they a .familiar with local crypto-..proce ures.

General and pacific
Cryptosystems

In the course of your cuptographic c)ities,
you 'will sometimesAhear the terms "general" t
and "specitth"- applied to some cryptosystern$.
A genetaechrpVsystern" one which consists
of a basic principle and method of operation
regardless of the cryptomatepials employed. In
other words, regardlms of the types of ma-
terials or elements riaed, the method of Op
ration.' will always the samel whether
ricrypting, derypting, or authenticating.

A specific cryptosystem is one within a gen-
eral system that is necessary and confined to
actual encryption, decryption, or authentication.
These systems are identified by the shOrt and
long titles of their variables.

L.,
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COMSEeDESTRUCTIO/$

In addition to the requizti e ents discussed in.
the effective 'edition of OPNAVINST 5510.r( ),
the °priorities and methods of destruction of
COMSEC material are also discussed at length
in KAG I. and CMS 4. It is because of the ex-
treme sensitivity of COMSEC material that sepa-
rate, more detailed guidelines regarding stowage
and destruCtion are written. As a third or
second-class.Radioman, you will become inti-
mately involved with the procedureslgoverning
both in your daily routine, whether ashore or
at sea, The communication curter destructiOn
plan is usually very detailed and concise, outs
lining destruction' actions on a billet-by-billet
basis.

COMSECDestruction Prio1ritie

COMSEC inaterioii which will need to be de-
stroyed in an emergency can be divided into
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three oategoriei:.

1. Keytng material.
2, COMSEC documentsi,

.
3. MSEC equipments.

The- most( sens4ive, ,af course, is keying
material. "Keying aterial is always destroyed
first,, but in a distinct order, as follows:

1. Supeeded
2, Reserye

' 31Ir Eff;ctiye
.1)The knost sehLtive keying material is that which

has been u*ecl` to encrypt traffic. ,Nor*ally;\
'this keying Material is s erceded, and if 1t'

falls. into *enemy hands, all past traffic ,inter-..-
cepted by bend would then be gubject to obmpro-
.mise and analysis.-

n

Next' in the order of destruction is keying
aterial which will become effective within th

thirty days. After this is accomplished, th
. remaining keying material is then destroye
It should be noted that in lining up, keying m,
trial fortdestruction, Top Secret material should
be placed 'ahead of Secret, Secret ahead of
Cogidential, etc. This applies to all of the cats-

.go es of keying material.
Included uhder the category of. COMSEC

mils, operating ins tions, general pub cations,
are mainten e man-.

such as KAG 1, status publications, ers lists
and directories, ,etc. These documents contain,
useful information concerning the types of crypto-
equipmenth we use, the level of technology we
have attained, and the way our COMSEC op-
erations are organized and conducted.

In emergencies, the immediate goal with .
regard to crypto-equipment is to render the
equipment unusable and =repairable, so as to
deny the enemy a useful piece of equipment.
The Operating and technical manuals for crypto-

'-equiprnents detail the techniques for rapid and
effective destruction of them.

The emergency- destruction of all COMSEC
material and information would be a very 'de-
tailed operation. .Primary in this operation,
of course, is the already-discussed keying ma-
terial. The remaining priorities after the keying
material are treated in detail in the effective

(4 CMS 4 Emd KAG 1.
le destruction plan itself is contained in

the overall "Emergency Plan". The Emergency

Plan should always provide for I one q three'
options, depending uporthe situation:

1. Seturing the material,
2: Removing the material, or .3. Destrring the m terial;' .

When to choose which course, of action should
be stated in the overall plah. For, example, if
there is a local civil uprising i,vmen appears
to be short lived,, destroying w uld
probably not necebeir: y. In tbig situati n,
a to arti destruction of the more sens) -

superseded material might be imfaernented, s e
of the remaining _material removed, 'an the
rest secured. In any- case, th0 'cominan g of-
ficer will pormailyt mplameni the e rgency
'plan. Should the :Situation pr vent cont ct with
the commanding ottipekr, sevei other r ponsi-
ble individuaks-- Such8.13 the CQMSEC haat,
or P.COMSECL Aistodiep are, usually empo ered
to impleMent the emergency

EMISSION. CONTRQ,L ( EMCON)

EMCON is defined as the control of all
electromagdetic radiations. At times,. the ,op-
erational requirement may demand that all elec-
tromagnetic radiations be kept to a minimum,
Consistent with operational necessity. OnCe im-
posed; general or specific restActions may be
added to the EMCON order, depending ;upon the
operational, intelligence, or technical factors for
the area affected.'

The most secure communications methods'
during EMCON reduce (but do not eliminate) -

the possibility of identification. It is assumed
that any electromagnetic radiation will be im-
mediately detected and the position of the an
mittihg ship will be fixed by the enemy. ailed
information concerning the impieinentati n of
EMCON and its degree of adjustment are found,'
in NWP 33.
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MIEACONING, INTERFERENCE,
JAMMING, AND INT,FtIJSION 4

The term "MIJI" is actually comprised of
four different ones. Each term within MIJI has.,
a separate and distinct definition, yith separate
methods of combatting each.. It is a term in-
tended to cover all of ,the basfc types of inter-
ference that you are likely to experience in
a given situation. yy
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Meaconing is defined as the interception
and rebroadcast of bedcon signals. These, sig-
nal, are rebroadcast on the received frequency
to confuse enemy navigation. Conseceently, air-
craft or ground statiQja are, given inaccurate
%parings. Meaconing ie more of a concern to
personnel . in navigational ratings than to you
as a Radioman. However, communications trans-
mitters are often 'used to transmit navigational
signals and . are operated by communications'
personnel who must know how to deal with any

ocommunioaticm- situation resulting from rnea=,
0011114.

Interference is normally -a non-deliberate
intrusion upon. a circuit d may be defined as
any talictricardisturb e which causes undelii-
able responses in ele mud equipment. "Harm-
ful". interfgrence may defined as any emission,
radiation, or tutu tion which endangers the func-

' tiouAng of >a ra o navigation service or radio
communications, service that is operating /in
*adoordance with international regulations. For

* communication purposes, the term "inter-?
ference" ,is that type of terference which
precludes the effective of a frequency. It
capes not include inte at 'is merely
en annoyance.

Jam ing is defined as the delibbsatee use of
electro etic sign/ilk with the object of im-
pairing co unication circuits. The types of
jamming are: '

1. RAndom-ke ed
2. Continuou wave
3...Sweep-till' ugh
4. "Stepped-to es (Bagpipes)
b. Spark
6. Rotary

The methods of jamming may include the in-
troduction of sinflated traffic, random noise,
or a continuous carrier-.

Intrusion is defined as any attempt by the
enemy to enter the U. S, or Allied communica:-
tions systems and simulate our traffic in order
to confuse and deceive.

The more effective methdds of dealing with
each of . the types of interference contained
in the term "lVfiJI", are contained in the ef-
fective editions of NTP4 and NV/Pc33.

AUTHENTICATION

), Authentication is a security measure de-
-0 signed to protect a communications or command

system. against fraudulent transmissions or simu-
lation. In cOmmunicatiOns, only those approved
autfientication" syetems nay be used. ACP 122
sets .forth the situation-0 when authentication is
either mandatory or merely aciVisable.

SECURITY VERSUS SPEED . .

In communications, a variable relatiOnship
e2.dsts between security and speed. For exampleto
in the planning stages of an operation when very
few people are informed as to the plan, security
is paramount. As the time of execution ap-
proaches,, additional personnel must know of the
plan, and preparations cannot be Concealed so
effectively. Then, speed becomes increasingly,
important. In combat situations, the relation-
ship between security and speed will vary, de--
pending upon operation& -considerations: For
example, if it was of paramount importance that
a Top Secret message be sent over non-approved
wire lines in order to facilitate an operation
with minimum loss of lives, the operational
commander might_ decide that the speed nec-
essity overrides security considerations.

NAVAL SECURITY 'GROUPS
(N AVS EC GRU s)

Within the general COM§ ganization,
it can be said that the Chief Operations,
(CNd) has the overall authority for COMSEC
policy in the naval establishment. Naturally,
the COMSEC program is only one of many that
the office of the Chief of Naval Operations must
oversee. Therefore, the specific responsibilities
for implementatibn and administration, of large
programs (such}.8----COMSEC) are overseen by
specific agencies within the office of the CNO.
This particular job is handled by the Commander,1
Naval .Security Group Command (COMNAVSEC-

COMNAVSECGRU reports directly to the
CNO in all matters relating to the implementa-
tion and administration of all prograins relating .
to COMSEC.

Within the COMSEC Organization, commands
are required to, have a COMSEC visit at
least once a year. These visits are held on
an informal basis and provide on-thespot advice
and guidance tocommunications'andnoncommuni-
cations personnel who operate voice radio equip-
ment or handle COMSEC material: Primary
emphasis during these visits is placed upon
identification and correction of common com
munications problems.. Overriding attention is
placed upon-spotting insecure COMSEC practices
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and procedures and alerting personnel to com-
munications vulnerabilities. Thetis COMSEC
visits and administered by the local Naval, Se-
curity Gfoup (NAVSECGRU). A NAVSECGRU
may be a separate entity or may be part of
a nearby NAVCOMMSTA, In any event, they
perform the basic mission of COMNAVSECGRU
in administering- the COMSEC program first
hand. -Requestefor these informal visits are
&mg directly to the appiopriate NAVCOMMSTA
or NAVSECGRU activity. Although COMSEC visits
are onLy required once a year, it is good practice
to schedule them more frequently.

NATIONAL SECURITY
AGENCY (NSA)

Whereas COMNAVSECGRU acts as the prin-
ciple agent for the CNO in mqst COMSEC mat-'
tars, the National Security Agency (NSA) acts
in behalf of the Secretary of Defense. The NSA.
is considered the government's executive agent
in these matters, the primary difference be-
tween them and COMNAVSECGRU being that
NSA acts in reference to all branches of the
Military involved in COMSEC matters.

Although the duties. of NSA and COMNAV-
SECGRU parallel and overlap each other in
many ways, the NSA clearly has a broader base
of responsibility. To outline or list the many
responsibilities would be lengthy and tedious.
Suffice to say, the responsibilities .of the NSA
can be found in the applicable editions of KAG 1
and CMS 4. Of particular importance to corn-
znunications personnel handling COMSEC ma-
terial is the facit.that NSA prescribes or approves
all cryptographic systems and techniques used
in any manner. This includes the doctrine and
procedures governing their operation or use.
It: also includes. any requests for change or
modification to any cryptographic equipments
or prodedures. The NSA also produces or ap-
proves the production of all cryptomaterial used
Joy the departments and agencies of the Up S.
Government.

COMMUNICATION CENTER
VISITOR'S LOG

Normally, entry to a secure communications
space or facility will be limited to persons
whose names appear on an officially promul-
gated entrance (or access) list. Persons seeking
entry must be identified and Shall be admitted
only if their names appear on this list or if
they have been specifically authorized admittance

by` a competent authority. Under no circum-
stances are personnel admitted to the facility
merely because they are known to assigned
communications personnel.

A register (or log) is used to record the
arrival and departure of authorized personnel
whose names do not appear on the access list.
According to the effective edition of KAG 1,
the following column headings are recommended
for visitor's logs:

1. Date
2. Visitor's signature
3. Rank or Grade I

4. Organization Represented'
5. Purpose of visit
6. Signature of authority authorizing visit.
7. Time in and Time out.

PERSONAL SECURITY
CENSORSHIP

Security Violations result from bad personal
habits, security ..indifference (apathy), occupa-
tional fatigue, or ignorance of established regu-
lations. Whenever security violations occur in
installations located in foreign countries, they
become more serious due to an activity's greater
vulnerability to hostile exploitation. With respect
to COMSEC, much could be lost.

If a specific type of security violation is
repeated, it is usually an indication of a bad
habit. Bad security habits are usually the re-
sult of convenience, haste, or a developed pat-
tern of carelessness in the daily handling of
classified infornlation and documents.

No one in the Navy is authorized to handle
any classified material except that required in
the performance of duty. All other persons
are unauthorized, regardless of their grade,
duties, or clearance.

If it is known, or even suspected, that claS-
sifted material has been lost, or that unau-
thorized persons. have had access to it, the).

material is said to be compromised. The seri=
ousness of the compromise depends on the nature
of the classified material and the extent to which
the unauthorized person may divulge or make
use of what he has learned.

A Radioman, or fox -that matter any person
in the Navy, should report any security viola-
tion or compromise to his immediate superior,
or. any .other person in authority. Failure to
promptly report any and all cases .may further
the damage done with the material in the hands
of hostile forces: There is no, way of knowing

213

2 n



RADIOMAN 3 & 2

how many violations have actually occurred,
but were .not repoited, such as, leaving a
classified document on the top of a desk over-
night, leaving a safe open overnight or cun-
attended, or ,discussing classified information
over the telephone using so-called "double talk".
It is for this reason that security training
programs are administered, and a need exists
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for conscientious effort on the part of every-
one. Security should be second nature insofar
as the practice of peiPsonal habits are concerned.
However, second nature does not mean ',with-
ot4t thinking". It behooves ail of us to take
security seriously and practice sound security
habits in the interest of naval operations and
our national security overall.



CHAPTER 11

BASIC MESSAGE FORMAT

There are a wide number of Message formats
used in telecommunicationp, depending upon the
method or mode of operation. For example,
AUTODIN procedlu'es and formats differ from
those Of AUTOVON and AUTOSEVOCOM. There
are also basic" differences between formatting
and procedures involving Radiotelephone and
manual Teleprinter communications. However,
even thcol h_we have many types and modes
of communications, the basic naval message has
a central starting poiht. With few exceptions,
military messages sent via telecommunications
are arranged according to a basic format.

The basic message format is divided into
three distinct parts:

1, Heading
2. Text
3. Ending

Within the heading, text, and ending are sixteen
format lines. Each format line corresponds to
a particular type of subject matter and places
the contents of the basic message in a stand-
ard sequential order. Referring to table 11-1,
we can see which format lines make up the
three major Parts of a basic' message. It should
be noted that format lines are only a method
of placing the contents of a Message in a
standard sequential order; they bear no relation-
ship to the number of handwritten or typed
lines contained -in each format line. For ex-
ample, format line 4, may be ,used for relaying
instructions. but these instructions may total
ten lines on a typewritten message.

HEADING

Whereas the text of a Inessage.might contain
the bulk of the typewritten lines in a naval
roesSage, the majority of the format lines are
contained in the heading (format lines 1 through'
10). The heading of .a message is considered

a message "part" and its associated lines are
called "format lines."
we also have message

In addition to these.
"components.'' There

are a total of six components in a naval mes-
sage, four of which are contained in the heading,
and they are placed in a. simple, logical order
for clarity. The four components that.comprIse
the heading are the:

1. Beginning proCedure
2. Preamble
3. Address
4. Prefix

Table 11-2 shows the message heading, 4ssociated
components, and their format lines.

Beginning procedure

The beginning Procedure component contains
format lines 1 through 4. Ai there are different
methods of transmission, the basic construction
of the beginning Procedure will vary. For ex-
ample, when communicating via TTY, You would

itamitor

communicating
via.

be using plain language address
TTY "routing indicatorswhe

designators
neeestni

via radiotelephone, you would be usingry
are incalls that correspond to the stations you

communications with,

Format line 1 normally' contains handling
instructions and is used only in TTY relay-and
automatic digital networks. Format line 1 will
be greater detail in chapter 13

Teletypewriter Procedure).
elandiumscuTsesleedtypi in

.Format line 2 contains the called station(s)
and any necessary exempted stations.

Formai line 3 contains' the identification of
the calling station. The calling station will pre-
cede its calling designation with the prosign
"DE" (which means "from"), or with the spoken
words "this is." depending upon the method
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Basic
Message
Part

Table 11-1. Basic message format.

Format
Lines

-Contained

1

General
Format-Line
Content.

Used only in TTY

2
at

3EA

I

N 5

G

6

7

separation

9

11

of communication being used. For example, if
are operating a radiotelephone circuit, your

voice call sign is "Scott Key," and' you want
to communicate with a station whose voice call
sign is "Knox Polk," you would say:

'r

"Knox Polk
This is Scott Key',

(Format line 2)
(Format line 3)

d then continue to the next part of yo.u..r trans-
mission.

Station(s) called, &
exem ted s ation s
Prosign "DE" or from
& calling_ station
InstrUctions, e.g;
"T" (rein).
Preced and DTG

Prosign "FM" the
originator of his

-laila II 81- °I'
Prosign TO

11

& action

addressees.
Prosign INFO & the
information addressees
Prosign "XMT", & the
exem ted addressees..
Accounting,sym o , group-,
count or "SVC" service. .

prosign "B " Break

Basic idea of Originator.

Prosign "BT" lBreak

Time-group (where

Offropriate).
Final instructions, e.g.,
Prosign "B" more to follow
Ending sign; (e.g.,
"K" or "AR".

Format line 4, when- used, contains trans-
mission instructions. Transmission instructions
normally tell the called station (format line 2)
what to do Or what action to take with reference to
the handling or forwarding of the message. For
example, the operating prosign ,"T" means:
"Transmit this message to all addressees or to
the addressee designations immediately follow-
ing." If TTY,or CW
prosign "T" would be

procedures are used, the
written as is However,

in radiotelephone procedure, the spoken words
"Relay To" are used instead. To expound on
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Table 11n2. Heading and comPohentd

Part Component Format Li

-1.-

H Beginning
procedure'

. 1

2Er
, 3

4

Preamble 5

0
6

I Address:" 7

N

, 8

9

G Prefix 10

the example already used, your transmission
could be:

"Knox Potk"

This 1S Scott Key

Relay to Abe Linc*Oln"

(Format line 2)

(Format line 3)

(Format line 4)

Then you would r,confinue to the next part of
your transmission. Bear in mind, however, that
format line 4 could' contain any one of a number
of operating gnals or 'prosigns that tell the
called station hat partictrlar action to take
with the receive essage. Prosigns are letters
or combinations of etters that convey frequently
sent orders or In ructions in a standard form.
Prosigns are covered dater in this chapter:

Remember, the construction 'of this com-
ponent varies according to the type of trans-

media used.ed. Instructions for message
preparation in the primary media are contained
in chapters 13, 14, and 15. Explicit and exact
instructions for

the
preparation of this com-

ponent for each of the transmission media are con-
tained in the appropriate procedure publications
(ACPs, NIPs, and JANAPs).

Preamble Component
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FOrmat line 6' contains- the entire preamble
component. Although there are three elements
in the preamble, it is noted primarily as that
part of the message containing the precedence
and date-time grou (including.onth and year,
abbreiriated).

The first element of the preaMble is the
precedence, indicated by the appriapriate pro-
sign. For example: Z, 0,, P, or R, as assigned
by the originator.

The second element, the date-time- group
(DTG), appears as a six-digit number suffixed

by the letter "Z" to indicate GreenVich Mean
Time. The abbreviation for the month and year.
follows the date-tiine group. For example, the
DTG of "0 121314Z JUL 76" indicates that
the message is an "Immediate" (Prosign "0")
and was originated on,the 12th clay, 13th hour,
14th minute Greenwich Mean Time in the month
of July, in the year 1976.

The third and. last element of format line
5, the message instrUcticns, is used to express
specific handling or delivery instructionsdesired
by the communication center of the originator.
These instructions are in the form pf operating
signals. Do not confuse this line with format
line 4, which contains transmission instructions
for the called station. The mesdage instructions
contained in format line 5 are not necessarily
for the called , station alone; they may pertain
to any and all. stations who handle the mes-
sage. It should alsd be.noted that format line
5 contains "execute" instructions when the "ex-
ecutive" method of communications is used. Ex-
ecutive method communications are covered in
detail in ACP 124 (Radiotelegraph Procedures).

Address' Componeht

The addres6 component uses format lines 6,
7, 8, and 9 when the requirement exists. In
other words, format lines 6 and 7 may be:used,
but no requireipent may exist to use the rest of
the format linds in this component (format lines
8 and 9). The lines correspond to originator,
action addressee(s), information addressee(s),
and exempted addressee(s). (See table 11-1.)

Format line 6 is the originator element.
It is identified by the originator prosign "FM"
(meaning "from") and contains the designation
of the orlginating station. ,

2
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Format line 7 'is the ac tion element. It is
identified by the action prosign "TO" and con-
tains the designation(s) of the actiKaddressee(s).

Format line 8 is the information element and
it designated by the prosign "I ." It con-
tains the designation() of the ddressees who
receive the message for info ation purpbses
only.

Forniat line 9 is the exempt td element. It
1s identified by the proSign "XMT" ane/con-
tains th'e designation(s) of the exempt eEl ad-
dressee(sys For example, the action elerrient
may be a collective call sign that encompasses
many stationa. The originator of the message
may want all but two of the stations in the
collective call sign to receive the message
Therefore, the ofiginator would place the names
of the two stations to be exempted from re-
ceiving the message in format line 9.

Ary entire address might' look something like
tife followingf

FM SCOTT-KEY IFOrmat line 6).
TO KNOX POLK (Format line 7)
INFO. ABE LINCOLN (Formatline 8)

PATRICK HENRY

XMT THEODORE ROOSEVELT (Formatline 9)
GEORGE WASHINGTON

Addres§ee designations in the address com-
ponent malt be call signs, address groups, plain
language designators, or' a combination of routing
indicators and _plain language designators, )cle-
pending on ,th9 iflethod of transmission.

Prefix Component /
Format line 10 is called the prefix com-

ponent and contains either the message group
count 'or accounting information.

The accounting information is a combination
of letters called an "accounting symbol:" An
accounting symbol indiCates the agency of U-
nancial -responsibility whenever a messag is
commercially refiled or whenever the me sage
is. one that is originated by an agency .of the
DOD and °destined for a non-DOD agency. For
example, a message indicating that the Navy
has financial responsibility would contain the
word "NAVY" in format line 10.
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The group co
"Gli" followed
dicates the num
example, a 'text
tain the prosi
numerical gro
group messag
is used, eith
or the prosi
must be in
For detaile
ferent acc
fix compo
Communic

Separatio

For

16'4 rov
heading
ending.
sidered

nt appears as the prosign
a number. The number fin-

er of words in the text, For
containing 15 words would con-
n GR15 in format line 10. A
count is required for all coded
Whenever an accounting symbol

r the group 9ount must be used
n "GRNC" (Grodps Not Counted)

luded as part of format line 10.
information on the usage of dif-

nting symbols as part of the pre-
ent consult NTP 9 (Commercial
tions Instructions),

t lines 11 and 13 are the separation
," meaning "break." Its purpose is

de a distinct Separation between the
and the text and 'between the text and the
Remember, the separation is not con-.
a message part or component, but it is

conside ed an essential format line.

TEXT

The
contain
desires
of the
drafter,
Format

. In dr
is desira
and good
must nev
curacy. U
pression c
ambiguous

text is that art of the message which
the though or idea that the drafter

to cbmmunic te. Remember, regardless
umber of lines written or typed by the,
the text uses only one format line:

ine 12.

fting the text for transmission, brevity
le through the proper choice of words
writing tedmique. However, brevity
r be achieved atthe expense of ac-
commOn phrases and modes of ex-
In render the meaning of a :message
r obscure.

The text ust be worded so that it expresses
unmistakably the thought to be conveyed. All
abbreviations, ust be limited to those meanings
which are self evident, or those which are rec-,
ognizable by virtue of long established use.
The following is\ a discussion of some of the
more important requirements concerning the text
of a message.

Classification Line

The classification line is the first line of
the text and immediat011y follows the "TIT" that
separates the heading and text. It indicates the
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*Sear* classification, and when applicable,
Special idling markings, code or flag words,
and the Standard Subject Identification Code
(SSIC).

/tor . use, the three classification desig-
.nators are IIIDENTIAL, SECRET, and TOP
SECRET. TherIcronyms FOLIO (For Official
'Use pnly) and EFTO (Encrypt For Transmission
OnlyT are not classification designators, yet they
are used with the designation UNCLAS in the
cladsification line. The same applies tp the
terms "Restricted Data" and "Formerly
stricted Data" in that they are used with cla
stfiCation designators. The proper spelling and
ipaeing of classification designators are dis-
Played in figtre '11-1. Information regarding
the criteria and handling of FOUO f3.nd EFTO
messages can lie foluad,in NTP" 3.

Special handling Markings

Certain types of messages require special
handling in addition to that provided by the
security classification., These special markings
are placed in the classification line immediately
following the classification. Some of the more
common special handling markings that you will
see are:

1. SPECAT (Special Category)
2. LIMDIS (Limited Distribution)
3. PERSONAL FOR
4, NAVY EYES ONLY

For example: there are two types of SPECAT
messages: Those associated with code vfords
or projects. and those which are delivered only
to a named individual. Therefore, a Secret

UNCLAS

,UNCLAS EFTO

UNCLAS E F T 0 FOUO

C.ONFIDENTIAL

SECRET
TOPS ECRET

76.142

Figuret II-1.Classification spelling and spacing.

message
whose subject *matter deals with in-

formation regarding a' special project entitled
"J'ACAMO" would have :a clasdification line
reading: "SECRET "SPECAT TACAMO."

The other tfrpe of SPECAT message, "Ex-
clusive For," is used whenever sensitive in-
formation is to be passed only to a particular

classification line would then
contain the name of that individual. For example,
a Secret message destined exclusively for Ad-
miral D. R. Smith would read:

"SECRET SPECAT
ADM D. R. SMITH"

EXCLUSIVE FOR

LIMDIS messages require limited distribu-
tion' within the addressed activity. Only clas-
sified Messages qu ify for the special handling
marking LIMDIS. H wever, the classification.is
still assigned accor ng to subject matter. There-
fore, the classification line would read:
"SNE CR ET LIMDIS."

PERSONAL FOR messages are limited to
the named recipient (who may direct further
distribution). In PERSON0.1, FOR messages, the
classification line always shows the name or
.title of the intended reciptent and may show
the name or title of the originator. For, ex;,
ample:

"UNCLAS PERSONAL FOR *ADM R, L.
ROARKE,"

219

or

"UNCLAS PERSONAL; FOR RADM R. L. ROARKE,
FROM ADM D. R. SMITH."

It CisSould be noted. that PERSONAL FOR mes-
sages are used, by the. Navy only and are not
used in messages addressed. f /other than Navy
commands.

The designation "NAVY EYES ONLY" is
applied to classified messages to preclude han-
dling by personnel of the other military services.
For example:

"CONFIDENTIAL NAVY EYES ONLY."

The Standard Subject IdentifiCation Code (SSIC)
is a4ways the last element of the classification
line and identifies the subject matter of the
message. The SSIC is requiXed on'all messages,
with few exceptions, and those messages with-
out them are normally returned to the drafter.
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The SSIC, 8 prededed and followed by twos slash
8108. Fo example: "UNCLAS ,gFir 0 .FOUp
/04168416 /." The SSIC altmys containst num-
,bere corresponding to particular subject matter,
preceded by. the letter "N." Detailed ififormation
'concerning requi-rements for classification line
narkinge are Contained in NTP 3.

I
Passing Instructions

Passing instructions in'a message are typed
consecutively begihning at the left)-hand margin,
one line below the :classification cline. For ex-
ample, a message from CINCLANTFLT NOR-

'. FOLK VA to COMSUBLANT NORFOLK VA,
ultimately 'Intended for a partioular person or
office known by the originatOr might read
"COMSUBLANT FOR MR FRISCH" in the pass-
ing instructions. A passing instruction first cites
the addressed command's short title, then the
office code or individual's name.

Subject Line
%."

The subject line o a message begins at the
left -hand margin immediately following the .clan-
stfication. line (or the passing'instructiond, when
used).' The subject line is not necessary, though
desirable.qt may be omitted in 'tactical messages
(1) when- it would classify an Qtherwise unclas-
sified message, (2) when it would noticeably
increatie the length of 3 short message, or (3)

. When the subject is readily apparent in the Airst
line of the text.

Reference Line(s)

Reference lines are used in/order to avoid
repeating lengthy quotations or references within
the text of,a message. The primary require-
ments for Oference lines are that they be clear
and sufficiently specific. References are lettered
consecutively, one beneath the other. For ex-
ample', the following references would be listed
as shown, immediately folloWing the subject line:

' A. COMSTfBGIIU SIX 092042Z SEP 76
B. COMSUBLANT NORFOLK VA 121156Z

'DEC 76.

Thereafter, whenever mentor.. is made of those
referenees, they would be referred to as "Ref
(A)" or 2Ref (B)," as-applicable.

Indenting

The lassificatio
ject, a reference lines

. #
n, passing instructions, sub-

., :always begin at the
;41eft-han Margin. When necessary (usually 'Air.

graphic clarity), textual material may be in
dented as many as twenty,spades. . .

When the text propt, is begun! (after the,
reference line(s), if u ed), the message may
contain several subjects, 'or several aspects of."
one subject. For ,this reason, textual material
is divided intovaragrapi* and sub-paragraphs
which are numbered and lettered consecutively. ,-
It should be noted that single paragraph mes- -
sages need not be numbered. igure 11-2 is an
example of the usage of the 9 assification, sub-
ject, and reference lines, with proper indentation.
Notice that the subject line is markelUvith the
proper classification, as are the paragraphs and
sub-paragraphs. This is in accordance with OP-
NAVINST 5510.1, that requires, that all elec-
trically Transmitted merages be paragaph
marked for classification. '

sr,

Restricted Data 4

Paragraph Markings

Some types of information a defined as
being ,"Restricted" Or "Fermprly Restricted?'
data. This means that the -information falls
into the several categories of nucleap-oriented-
subject matter in accordance with the Atomic
Energy Act of 1954.

,When such information appears in the text
of a .message, it is necessary to .add the mark-
ings "10" or "FRD" in addition to classifica-
tion markings. For example, if a paragraph
of a message is classified Secret Ad is also
Restricted Data, the p aragr aph. %mild be marked
"SRD." If it wereAronfidential as well as being
Formerly Restricted Data, it would hemarked.
"

$

CFRD," etc. , .
,

Punstuation

220
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Within the text of a message, punctuation is'
used when essential for clarity. Authorized ab-
breviations are used whenever the method of
transmission will not permit the usage of the
punctuation mark as is. Punctuation marks are
transmitted exactly as drafted, dtherwise com-
munications personneljtuat subaitute authorized
abbreviations for the"Anctuation mark. A com-
plete list of .authorized punctuation marks land
their abbreviated equivalents is contained in
NTP 3.
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. 151000Z JUL 76

FM rovsuliscix NEW LONDON CT

TO liAVSUBTRACENLANT CHARLESTON SC

INFO NAVSHIPYD PUGET SOUND BREMERTON WA

ENDING

%MT comsuBRop FOURTEEN
C071100N1SIXTEEN

BT

UNCLAS PERSONAL FOR' RMCM RILEY //N05723//,

FORm 20 ANSWER SHEETS (U)

A. YOUR 150800Z JUL 76
B. NETPDCINST 2020.20A PAM 20 CHG 1
1. (U) MOUNT'WHITNEY FORM 20 ANSWER
SHEETS NOW AVAILABLE AS REQ REF (A).-
2 (U) REF (B) CITES AUTR-FOR LOWER
-my GRADE EXAMINATIONS'IAW SC EDSPEC.

BT

'fir '76.143
Figure 11-2.-- Example of usage of classification, subject, and .reference

t

The ending, the third and last part of a
message, is. another changeable portion. It con-
tains the ending procedure and uses format lines
14, 15, and 16, . .

Format line 14 is the time group element.
(See table 11-1.) When used, this elemeht con-
tains the time group, expressed "in hours and
minutes, plus the zone suffix, For example,
"0830R" vindicates the time in hours and min-
utes in the time zone Ronieo...

Format line 15 is 'called the final instt-uc-
tions. The communications operator may use this
line, to corredt transmission errors, indicate
a pause, execute a message, or indicate mare
traffic for a specific station by the use of pro-
signs, operating signalS, and station designators,
as required. Remember, format lines 14 and 15
May not be used at all, depending upon the
Communication situation.

Format line 16 is called the ending sign.
For voice transmissions, this is the proword-

"OVER ", or "OCT." For CW or TTY trans-
miSsions, it would be the Prosigns "IC" or
"AR."' This f format line is u ed .merely too
indicate the;eild of transmiss

MESSAGE USER
- RESPONSIBILITIES

There are certain responsibilities associated
with the origination of as message. These re-
sponsibilities are separate and distinct ancj)have
to do with the following three persons:

1. Drafter

2. Releaser

3. Originator

Occasionally the 4 responsibilities , may 'ove4ap,

especially if there is one, person serving in -a
dual capacity, For example, the communiea-
tione officeti- ,may draft and release a'message
in certain .

situations,. thus making him both
drafter and releaser.

,
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The drafter is tit rson who aohl
Voiles the nrssage, In cordance
11-, it is tai drafter who is resppns

1 e.:1311er addressing
- 2. Clear, concise Composition

. ,

3. Selection of prebedente
4. EnSuring proper format

. 5. iinsuring,pmper classification

P,.

ly com-
th. NTP
le for:

6. Ensuring application of proper downgrading
and declassification inst;uctiong

-

The, releaser to a properly- designated in-
dividualtto ts authorized to release,-Etmes-
sage f'''-Z..__.trarispl.ission in .the name '4
the command 6.-Faetivity. The releasing indivi'dual
ensures that the drafter has complied with the
requiremghts contained in NTP 3. In addition
to validating the4contenl,a of the message, the
releaser's signature Affirms- compliance with
Message draf ing-instructions. It is the releaser's

for trans-signature th authorizes the mess
'mission.

.tieCorigins..tor is the authority (command or
activity) in, whoSe name the message is sent.
The originator is assumed to be the dommand-

-ing officer oit)tite command or aCtivity.. st
often, the Originator and the releaser
and the Same.' Also, in some cases, th
releaser, and originator can all be e and the

me. For example, if the commanding officer
rafted a Message. for transmission, he would

the drafter as well as. the releasing authority
and the activity .iehoiO-. name the message is
sent.

one
after,

After a message has been proPerly released,.

it is delivered to the Telecommunications' Center
(TCC) for transmission: The date-time group is
normally assigned. here. Proper transmission,
receipting, and 'filing procedures are accom-
plished by the communications personnel.

An important poiht to remember regarding
the date-time group is that it is assigned for
inentification purposes only. It is not used for
any 'Oomputation of message prOdksaing time.

Precedence

The' message drofter indicates the desired
writer-to-reader denvery time through the as-
signment of a message Precedence. Although

the,drafter determines the precedence, the re"
leaser may either confirm or, change it. Preo-

Adente is assigned according to urgenirt
according to the importance of the,subject t-
ter of the text. For example, an administrative
message may be assigned a higher ernedrele
than a message containing Top SecretWo '-
Hon. This would be due to the necessity for
faster action upon, the adMinistrative message,
whereas, the Top Secret message may not. re-
quire fast response or action at all. The follow-
ing is a list of the various precedence categories,
their indicators, and basic definitions: '

Not.
1. Routine - is assigned no all types

of traffic which justify electrical transmission
but which are not of sufficient urgency to re-
quire a higher precedence:
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2. furnish
(P) - is reserved for messages

which essential information for the con-
duct Of operations' in progress. This is the
highest precedence normally authorized. for ad-
ministrative messages.

3. Immediate (0) - is reserved for mes-.
sages relati to situations which gravely af,1
feet the national forces or populace and white.

ng

require mmediate delivery to addressees.

4. F ash (Z) - is reserved for initial enemy
contact reports or operational combat messages
of extreme urgency; message brevity is manda-
tory.

In addition to the four major precedence
categories, an Emergency Colaimand Precedence
(ECP) is used within the AUTODIN. system.
This ECP is identified by the precedencie pro-
sign dy" and is limited to designated emergency
action anddcomman ,,,,-- a coVol messages.

Speed of Service
Objeptiyes

AO-
There are many factors which /may affect

writer-to-reader delivery time. Th e factors
include' types of facilities, types , f systems
used, traffic volume$ relay require ents, mes7
sage length, rium r of addresseep, circuit con-
ditions, etc. The peed of service objectives
listed in figure 11-.3 provide, general guidance.
However, it should iv obvious to all Radiomen
that message traffic is, handled as rapidly as
possible, consistent with reliability and \security.
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Flash

. Chapter

Iftediate I-,

Priority

Routine

CLASSES OP MESSAGES

MeSsages are placed in different classes
In order to /lid administration and accounting,
,especially where tolls and charges are involved.
in general, we have five classes of Ines s:
A, B, C. D. and E,1 Of the five class elk A,
B. and C are government ,messages. Classes
D and E are non-government (or private) mes-
sages-

The. largeet 'volume of message traffic han-
dled, by the Navy is Class A. This particular
class message is one whiah is originated by
Department' of Defense activities and destined
for DOD activities. This includes the Coast
Guard When it is operating as part of the Navy.

Class B traffic is an official message origi-
nated by and destined for U. S. Goiernment
agencies Ober than the'Department of Defense.
When the. )0:last Guard is not considered a part
of the Mr it is considered as fling into
the Class category.

class C messages consist ot tiro ast traf-
fic sin special forms, available to shi of all
nittionalities for example, hydrographic data,
weather, time slatals, etc.. .

Mass D ME ales art piivate messages- for
which the Navy

'.q2 Heete Dolls. This group In-
cludes the radiotelegratng and presto messages
Sent by correspondents aboard ship.

class. E' messages are personal_ messages
to and from naval personnel, handled free of
charge over .41.Sval circuits. Charges are col-
1peted front the sender only when coMmercial
oornmunicatio cornpanies, such as W
Union, 'handl the message over part of its
rou The Cass E message priiilege is

es

used
primarily to enhance morale. It provides a means
of communication on urgent personal matters
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Prosign

0

P

. Figure 111. sy,--;-1-eed of service objective

Speed of Service Objective

As f6st as possible withtn
,objectiVe of less than 10
minutes -

minutes
2
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%3,hpurs

6

,

A

76.144

for personnel at sea and is unavailable hefween
points on shQre within the United States.

ADDRESSEES

Most Aessages have at lea.st one addressee
responsible for taking action on the contents
and for originating any necessary rePlY Ad-
dressees with an
jeCt of

official concern in the sub-
the rnesage but who do not have Primary

responsibility for acting on it, receive theoes-
sage for information. Although an info ration
addressee is usually only concerned indirectly,
with a message.' occasionally they must take
action of some kind within eir own commands.
Some messages have only information addres-

.

sees.

be divided into, types, ac-
.

cordMiengssagtoes "thineway they are addressed, as
follows:

. ,

1. Single-Addres - A ,message having only
one addressee', whi may be' either for action
or information. i- s

2. Multiple-Address - which has

that" the drafter considers at each addressee
irilsesOfsaetchwhatwo or moire addressees

must be informed of all other recipients.
3. Book - A mesa* destined for two or

more addressees bu-t is of such at nature that
the drafter considers it unnecessary that each
addrestsettobe informed otany.other...addressees.

4. Generlyi Message . A message designed
to meet recurring r equirements for the dis-
semination of information to a wide, ,prede-
termined, standard distribution.,

2



Naturally, a at
Watt ef% the four

n. A Multiple
the original 'add Ades, both action and in-

kqkmation, that the originator iucloded.
Bobs messages are normally routed accord-

ing to each addressee's relay 'station, with., all
unnecessary .addressees deIAed. from the face
of u rnesbage prior to ,being Sent to the ad-
dress. ea(s) served by that iiarticular relay sta-V
non.

General irlessages are normally titled
ALCOM, NA p, JAFRUB; etc.), wittr the
indidnting distribution: The. title serves a8 the
(address designator.

plaindress and
Abbreviated Plainciress

. A plaindress iiestiage is one in which! the
Originator' "and addressee destinations amp*

ti externally in the. address component. The plain-
. A offreas message the most commonly used on.

"\ naval circuits. laanically, the plaindress format 1
contains all of the components pf the basic mes-

e' sage except that ,the grew spun miti be omitted.
Referring back to ta_ble 1*10 we See the this
is format line 10 of the basic messagee'lowever,
remember that anytime the text encrypted
or uses' an accounting to denerte financial
responsibility, the group count PrOsign (GR.",
must be included in the prefix component.

the following is antexample of how a plain-
dress message might look if you were&perOng
a ship-to-ship teletpe,cireuit:
Example 1:

Format i se

t

v RALIMIAN 3 & 2

address Message is the
_requires no explass...

as. message will bear all

4

5

&3

6

.7

18

11

1 1.
13

_

Transmission

myr, LE NDRS

N6te that the text is in plain lang'u
accounting data is required; .so the p
ponen1 is Omitted.

Where operational i.equiteinents a of such
a .nature that speed of handling is of pihne
importance, the plaindress message May be
abbrevlated. Ab eviated plaindrese format ig
used very.-extensively in voice communicatidlus. ,
although it may lie used in other formats as
well.

In the abbreviated plaindress form, the initial-
call serves as' 'the address. In ,other .words
it your initial call-up is "ROOSEVELT THIS
IS WASHINGTON" on a r
fo;mat lines 6, 7, 8, and 9
In the bfading However, re

and no
corn

ephone cirCUit,
not appear

em r that
order to have call serve As e addreS
you ) must be in direct communication with tWe
stailori, or stations for which the message is
intended, thereby eliminating the need for format
lines 16 through 9 Also included in the ell-
ments that may bor omitted in abbreviated plain-
dress ,procedure are the precedence, 'date
date-time group, vld group c The following.
is_ an example of an abb vi ter* Plaiddress
roessage as t might appea orr a radiotelephorie
net

Example' 2:
-

Format Lin?

2 & 3

,Tran mission

T

R 270007Z JUL 76

FM USS LINCOLN

TO iTSS POLK

INFO USS KEY

BTC

11

12

VELT THIS IS WASH-
Oki

BREAK

TEXT (PLAIN LANGUAGE)

13 BRE lc_

16 \ OVER

In example 2, the 'originator (WASHINGTON)
.

is in /direct communications with the address
see

Notice that there is' no date-
). Therefore, the call serves

as the s4.
timt group. In iotelephone circuit operation,
it s n&rmal procedure to -omit the date-time
group if there is not an gxpectation of any
further reference to the message. If the origi-

, nator feels that there may be further reference.'
,TEXT.(PLAIN LANGUAGE)" to a message sent_ in this manner,. a date--

time group or a four-digit time group may be
BT added,(Nrmat line 5).

224
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Codress Thurso, Scotland ("GXH"), NA3/COMMSTA Mo-
roc& VCNL"), and NAVCOMMSTA Spain
("AOK").

Call signs for fixed and land radio stations
are listed in ', ACP 100 arid U. S. Supplement
1 thereto, International calf signs assigned .tb
U. S. naval vessels are four-letter N callS and
are used fol all nonmilitary international co.m-
fnunicatiens. For examp , NJFK XS'S .0
John F. Kennedy (CVA 6 .

. Inteinational call signs fbrJ1pN, USMC, and
USCG ,aircraft are composed of 'the N, NM;'
dr NC,- respectively, followed by the laser, fOui

of the' serial or systems command number
411-tifgtittse aircraft.

Alc°d", se message is one sentSmencrypted
Beinging encrypted, it always contains a_

nunierichl gioup count in the prefix. A codrees
niesete contains all the components of the
.basic linetteage format except the address com-
ponent. ithe entire address, component is in-
-dude& Within the encrypted text. This makes
the codress rnessage)a valuable security meas-
ure the originator may employ When.it is
des' le to conceal the identity of the ad-
dress s. so doing, we deny the enemy the
lwcury being able to make inferences from
priginktori dressee traffic patter;110-- that woul
otherwise be revealed, by the use of an ex-
ternal address. Detailed instructions for the
vireparation arid transmissidn,)of codress men-
ages are conta00---In (current ciptographic

regulations and in NTP 4

_CALL SIGNS

Call siiii?"are tetters, letter-number cora-
bthations, or "orie or more proziounceable ores,

sirused chiefly to identify communication ac .'Vities
and for establishing and maintaining cprImunica-
tions. They are applicable' in both mllitary and
civil communiTations and are of several cate-
gories, with sbme belonging to more'than bne
category.

International Call Signs

International call signs are assigned to radio
stations of all countries both civilian and mill-
tan', afloat and ashafe, These call signs are
assigned according to international agreement.
The United States has the first half of the "A"
-mock (A' through, ALZ) anti all of the "K,"
f, w," and "N" blocks. They are assigned as
ollows:" ,

A Block - Army and Air Force

and W Bldcks Commerciarand Private
Stations, Merchant Shil,s

Navy, Marine Corps, Coast
Guard

Naval shore communication stations have
th-ree-letter N calls. For example,
NAM... . . .NAVCOMMSTA, Norfolk. Exceptions
to the three-letter N calls for/naval shore
communication stations are v. S. NAVRADSTA

N Block

Military Call Signs

Iost &y of the Allieq Nations( are as-
,

signed military call signs ih addition to their.
international call signs. When used to address

'messages, military call bAgias are always en-
crypted. Both International and military call
signs are, ii.sted-inACP 43.'4

/ Collective Call Signs
, g

.st.. i
o,.

.
Collective call \signs pertain to two r m

facilities, commands, or units. For ekample,
NIMK All U. S. submarirfes copying this
broadcast. . - , A

Voice Call Signs

Voice 68.11 signs are words or combinations
of words, such as ,"TRIDENT" or "CARD BAY, ""
and are limited to radiotelephone boMmunica-

, dons. Those call signs -located in the Joint
Voice Call Sign Book (JANAP, 119j and in the
Allied Tactical Voice Call Sign Book .(ACE /19)
are only 'for' tactical circuits, n ship-shpre
administrative circuits, phonetically spelled' in-
ternational call signs are' given as ship's vctice
calls. Under certain conditions, ship's names
Are used as voice call signs on local harbor
circuits.

a
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Net Call Signs

-Net call signs represent all stations within
a net. (A net is a group of statit direct
comrnunicati9b....with each other on Wu/non
channel). For example, OVERWORK. . 4 .All
U. S. Navy stations on this 'radiotelephone cir-
cuit.
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ADDRESS GROUPS

Address grdtips are four-letter groups as-
; signed, to represent a command, activity, or

unit. In military communications; they cam be
used In, the same manner as call signs to es-
tablish. and maintain communications. Generally
speaking, call signs and address groups are
used Thy the Navy in exactly the, same way.
Address groups never start with the letter "N";
hence, they are easily distinguishable from naval
radio call signs. You have liearned'the difference
between call signs for naval ships and shore
radio stations. Address groups, however, follow
no dtstinCtiVe pattern, and the arrangement of
the four letters that constitute 'them conveys
nO significance whatsoever.

Afloat commands (except individual ships)
arid shore-based commands or activities not
served by their own communication facilities are
assigned,address groups. For example,

1. Senior commands and commanders ashore,
such the seci'etarie8--of defense and of the

' Navy.
2. Navy bureaus, systems commands, and

district commandants. ,

3. Elements of the shore establishment having
need for direct addressing and receipt of

message traffic (such as weather centrals).

AmDng othe'ruses, address groups facilitate
delivery of message traffic when a communica-
tion center serves so many activities that its
own call sign is insufficient to identify the
addressee.. Address groups are contained in
ACP 100 and its U. S. Supplement. Like call
signs, address groups are divided into types:

1_ Individual Activity
2. Collective
3. Conjtinctiv*
4. Geographiet
5. Address Indicating
6. Special Operating Groups

Individual Activity
Address GrouPS

Individual activity address groups are rep
resentative of a single command or unit, either
afloat or ashore. For example,

DTCI COMPHIBLANT
SSMW - CHIEF OF NAVAL. 01)FitATIONS

(CNO)
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Collective Address Groups

Collective address groups represent two or
more commands or activities. Included in this
group are the commander and his subordinate
commanders. For example,

JTJF - COMSUBRON 14
YQRV - COMSUBRON 16

Conjunctive and Geographic
Address Groups

areand geographic address groups
are !he ntioned together because they are inter-,.
related in their usage.

Conjunctive address groups have incomplete
meanings and must have other address groups
added to them in order to denote a specific
command or location. It is for this reason
that conjunctive address groups are used only
with one or more address groups. For example,
the conjunctive address group "XZKW" means
"all ships present at ." In order
to complete the meaning, it must be followed by
a geographic address group. /4

Geographic address groups are the equivalent
of geographical locations or areas. They are
always preceded by conjunctive address groujA.
For example, the address group: "DEXL" could
represent Newport, R.I.. Therefore, all ship
present at Newport would be addressed: "XZKW
DEXL".

Address Indicating Groups

Address indicating groups (AIGs) represent
a qpecific set yof action and/or information ad-
dressees. Tk6 purpose of AIGs is to increase
the speed of traffic handling. They shorten
the message address by providing a single
address group to represent a large number
of addressees, thus eliminating individual desig-
nators for each address used in the heading.
For example, let's assume that a hypothetical
AIG (AIG '31) is used to address SUBMISS/
SUBSUNK message traffic by COMSUBLANT to
30 action addressees and 35 information ad-
dressees. Since a single AIG (AIG 31) is used,
65 call signs and address groups are .eliminated
from the heading of the message.

AIGs are normally created whenever particu-
lar types of message traffic become repetitive
enough and are addressed to enough of the
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same addressees to .,warrant it.. Among such
messagOtraffic are:

1. Alerts, air defense 'Ivarnings, emergency
actions, etc.

2. Destructive weather warnings (hurricanes,
typhoons, etc.).

3. Notice to Airmen (NOTAMS),
4. Intelligence summaries.
5. Novenient repdri.s.

It should be noted:that an MG will not be es-
tablished for groups of addressees numbering
less than five. Requests for the establishment
of an AIG are sent to COMNAVTELCOM. A
complete listing of AIGs by number, cognizant
authority, and purpose is contained in NTP 3.
A partial listing of AIGs, along with specifics
action and information addressees, may kr-found
in ACP 100 U. S. Supplement 1,

Special Operating Groups

Special Operating Groups (SOGs) are four-
letter groups that are identical in appearance
to address groups. However, SOGs are not used
unless specifically authorized by CNO. A list
of SOGs, together with their associated mean-
ings, is in ACP 100.

Routing Indicators

Routing indicators identify stations in_a com-
munications relay network and are comprised
of from four to seven letters. It is easy to
distinguish routing indicators from call signs
and address groups; routing indicators always
begin with the letter "R." 9

PLAIN LANGUAGE
ADDRESS DIRECTORY (PLAD)

The plain language' address directory (PLAD)
lists the plain language address (PLA) to be used
tt message -addressing for Navy, Marine Corps,

and Coast-Guard activities. The PLAD is included
as a supplement to NTP 3 and is arranged into
three basic sections:

.1. Section Onecontains plain language ad-
dresses. Within this section are several chapters
listing commands alphabetically by long title
abd short title, separatin he Navy, Marine,
Corps, and Coast Guard c mands. There- are
also separate chapters 11 ing U. S. NO-VT*1nd
U. S.' Coast Guard ships.
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2. Section Two contains an alphabetical
sorted list of authorized collective address des-
ignators (CAD) and their cognizant authorities.
A collective address designator WADY is a
single address group which represents a pre-
determined- set of five. or more activities linked
by an operation,a1 or administrative chain of
command. The cognizant authority is the com-
mander of the above mentioned activities linked
together. An example of a CAD,is "ALL SSBN
PAC". with COMSUBPAC as the cognizant
authcirity.

3. Section Threecontains the instructions
for the, use of Address Indicating Groups (AIG)
previouSly discussed.'

Plain La ge- Addresses

The PLAs listed: in the PLAD are the only
,designators authorized for use in message ad-
dressing by Navy, Marine Corps, and Coast
Guard activities. Deviations from PLAD spelling
are not- allowed nor are deviations in spacing
and formatting .t. This is due to automated proc-
essing systems being keyed to PLAD entries,
and these systems will reject any message
which contains other than PLAD entries. The
use of punctuation or any other extraneous
characters is also prohibited. Office codes are
considered to be a form of punctuation, and their
use is prohibited.

Plain Language
Address Spelling

NTP 3 contains all of the accepted long
and short titles to be used when a message is
addressed. Also contained in NTP 3 are the .

state and county abbreviations that are au-
thorized when a naval message is addressed.
The following basic rules are excerpted. from
NTP 3 because of the ambiguity that normally
exists in these areas:

1. The use of any element of punctuation
is prohibited.

2. Numbers from ten through nineteen are
written as such. For example: 'COMSUBRON
SIXTEEN instead of COMSUBRON ONE SIX. -All
other nunibers are spelled out digit for digit,
for example: AIG SIX FOUR, CTG SIX NINE
PT ONE.

3. Cities and towns are not abbreviated.
States and countries ire abbreviated in ac-
cordance with the abbreviations found in NTP
3. Those countries not found in NTP 3 will
be spelled out.
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4. Whenever the words "SAINT," "MOUNT,"
"POINT," and "FORT" are used as a part of
a geographic, location hey will be abbreviated

,.as "ST," y`MT," "PT," and "FT," respectively.
When these same "foF" words are used as a
part of an activity short title, they will not
be abbreViated. f.4

5. When used as part of a task organization,
the word "POINT" will be abbreviated. For
eXample: "TG SIX ZERO PT TWO."

,

, Use of the
\Word "ADMIN"

. The word "ADMIN" is normally used in
Message traffic, between a flag rank commander
and' his staff 'or in messages originated by
the staff and destined for other aef,ivities. For
example, whenever the flag rank compander ig
temporarily detached from the headquarters RP-
pation, the Fro line of a message addressed
to the staff would show the commander's corn
pleti6 plain language address,, and the To line
would show the word "ADMIN" followed, by
the com-nander's complete plain language ad-
dress, as shown in the following example:

FM COMSUBLANT NORFOLK VA
TO ADMIN COMSUBLANT NORFOLK VA

A commander's staff, during his absence,
may use the proword '`ADMIN" in the From
line' of tnes,sages originated by the staff and
destined, to the commander or other activities,
as shown in the following example:

FM ADMIN COMSUBLANT NORFOLK .VA
TO COMSUBLANT

FM
TO

01

AKIN COMSUBLANT NORFOLK VA
CNO WASHINGTON DC'

READDRE SING A MESSAGE

Occas nally, your Command' will 'want to
readdress a message to, other ships, or activi-
ties that Were not included in the original ad-
dress,: Whenever' this is done, the fcillowing
rules apply:

1. All form-it lines preceding line 5 (prec-
edence and DTG) of the original nAsage head-
ing are deleted.

2. No alteration can be made to the original
message frqrn the precedence to the end of
the text.

3. A "supplementary" heading is inserted
in front of the original heading.

4. The precedence indicated in the supple-
mentary heading pertains .to the supplementary
address only.

5. The DTG A the original message is used
..for purposes of reference, reply, and filing.
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For example, assume that 9n receipt of the
following plaindress- message, NRMR read-
dresses it to NEMB for information. Here is the
original mesas age received frOm NDRS:

NR.VI DE NDRS

- 121025Z AUG 76

FM NDRS

TO NRMR

GR32

BT

TEXT

BT

Station NRMR adds his suptilementary head-'
ing and transmits the following to NEMB:

NENIB .DE NRMR

P - 121037Z AUG 76

FM NRMR

TO NEMB

p - 121025Z AUG ,76

FM NDRS'

TO NRMR

GR32

BT

TEXT

l3T

Notice that everything, preceding line 5 of the
original message to NRMR has been deleted
prior to readdressal.
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CANCELLING MESSAGES

Only the originator may cancel a message.
All message directives are automatically can-
celled ninety days following the release date
except when:

1, the text provides for an earlier cancel-
lation,

3. Ending prosigns:

K . . . Go ahead; or,

you and

is
the end todf my trans-
mission

.

response is inviter.

AR End of transmission; no
receipt required.

2. a subsequent message extends the can-Li 4. Paube prosigns:oellation date, or

3 the directive is reissued by the originator
in standard forthat within ninety days of the re-
lease date.

Whenever a message contains time sensitive
information which becomes obsolete by a cer-
tain time, it will be appended' by the statement:
"THIS MESSAGE IS CANCELLED AT (TIME/
DATE)"

PROSIGNS

procedure 'signs, or prosigns, are letters or
combinations of letters that oonvey frequently
sent.orders or instructions in a simple, standard
,format. Although some prosigns may seem to be
abbreviations of their assigned meanings, pro-
signs are -never referred to as abbrekiations.
The following is a complete list of authorized
prosigns.' Whether you are operating communica-
tions equipment on. a circuit aboard ship or
ashore, it, is helpful to have as complete a
commasci of these prosigns as possible. A rec-
ommended method of learning them is to pre-
pare a number of cards with the prosign on
the front and its meaning on the back, and use
them kik self - drill.

L Precedence Prosigns:

Z FLASH.
O IMMEDIATE.
P PRIORITY.
R ROUTINE.

2. Prosigns that identify portions of a trans-
mission:

AA
AB
WA
WB

All after.
All before.
Word after.
Word before.

AS

10

I must pause for a few
seconds.

AS AR I must pause longer
than a few seconds; will
call you back.

5. Separation prosigns:'

BT . Break. (Separates text
of message from head-,
ing and ending.)

(Written in rryc ezi.
sages as a short \
dash) . Separative sign. (Used

to separate certainele-
ments of message head-
ings. Not to be used as
punctuation to rep-
resent a hyphen or dash
in message texts.)

II

- 6. Prosigns always followed by one or more
call signs and or address groups:

DE
FM
TO .

. From (in call).
Originator's sign.
The addressee desig-
n at ions immediately
following are addressed
for action.

INFO . The addressee desik-
nations immediately
following are addressed
for information.

XMT
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Exempt. (Used to ex-
empt addressees from
a collective call or ad-

, dress.)
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7, prosigns - used in .transmission instruc-,
'tions of a message:

T

G .

F

.. Transmit, this message
to all addressees or to
the addressee designa-
tions immediately fol,-
lowing.

Repeat this entire
transmission back to
me exactly as received.

Do not answer.

8. Group count prosigns:

GR plus nu-
merals ,
GRNC

. . Group count.

. . Thegroups in this mes-
sage have not ,been
counted.

9. prosigns used

IX ...
. .

with the executive method:

Action'' on the message
or signal that follows
is to be carried out
upon receipt of "Exe-

,cute."

IX Plus 5-second
,dash ... .. "Execute" carry out

s

, 10. General:

AA ....

the purpose of the mes-
sage or signal to which
this applies.

Unknown station.

B More to follow.

C Correct.

EEEEEEEE

EEEEEEEE

HM HM HM

EMI ...
INT ...

Error. (At least 8 Es.)

AR This transmission is
in error. Disregard it.

...
Erliergency silence sign.

Repeat.

Interrogative.

I)
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J

NR

R

Verify with originator
and repeat.

Station serial number.

OPERATING SIGNALS

I received your last
transmission satisfae:
torily.

Like prosigns, operating signals provide
minioation operators With a brief signal
conveys .a much longer expression and w
require greater cirout time if sent in its lo
form. However, unlike prosigns, operating
nals are comprised of three letters and
with either "Q" or "Z." These operating s
enals nuiseeda tiino every

except
r form of electrical to

xcept radiotelephone. In
radiotelephone, "PROWORDS" are used inst
An exception to this rule is made when ,a m
sage containing an operating signal is relayed
by radiotelephone; then the operator will transmit
the group phonetically.

ACP 131 contains a listing ctftll Q and Z
signals that are authorized for use by naval
communications operators. You should study.

carefully
are familiar with those operating

A C P 131
operator,

so that you, as a communica-
tions

that may be used when communicating
with civil stations, Allied Nations, other naval
ships, etc. Generally speaking, "Q" signals are
for use between Civil Aviation units or civil
international units; whereas, z" signals are
primarily for use between Allied military uunistsa
Naturally, all Q and Z signals may used
between U.S., naval units because all naval
units should hold, . ACP 131 as a basic(' part of
`their shipboard communication publication al-
lowance.

at
uld

387 .Use of Operating Signals

Operating signals may be used in one of
two ways: As a question or as a statemeht.
Placing the prosign "INT" before an operating
signal places it in the form of a question.
For example, let's assume that USS ABRAHAM
LINCOLN (SSBN 602) is having trouble corn-
mUnicating with USS JAMES K. POLK (SSBN
645) and inquires as to whether POLK is being
interfered with. (See example 1.) .
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Example LINCOLN asks:

NNBD 'DE NOKB IN.T 'QRM

POLK ans4vers:

NOKB DE NNBD QRM K
, .

In the preceding example, NOKB,esked NNBD
if he is being interfered With :13y) using thed op-
eriating signals I7I 7r QRM. QRM, When preceded

means "Are you being interfered with?"
means "Interrogative." NNBD answered

'by saying that he 'is being interfered with. The
. use of the oPgating signal QRM by itself means
"I being interfered with."

me signals mast be accompanied by 'a nu-
merical suffix that completes? amplifies, or
varies the basic meaning. For example, an op-
erator may want to know what the strewth of
the transmitted signalri is at the receiving sta-
tion. In order to find out, the following trans-

ission' 'Could be sent between LINCOLN and
LK:

xample 2:

NNBD DE NOKB INT QSA K
POLK answers:
NOKB DE NNBD QSA4 K

In eicample 2, NOKB sent "INT QSA," which
Means: "What is the strength of my signals?"
NNBD answered: "QSA4,"- which means: "The

;Strength of your signals is very good."
In communication with non-military stations,

the prosign "IMI" after the Q sigray.1 is used
ian not

i
enreirrof INT the Q signal to give

Unless y are encrypted, operating sig-
nals: posiblic no security and must be regarded
as the equivalent: of plain ldnguage. Operating
signals sent on approved wire circuits that
are properly 'cleared are got considered com-
promising. Also, operating signals sent on ap-
proved on-line circuits are considered to have
been encrYPted-

MESSAGE CATEGORIES
. .

Naval comications enable naval com-
manders to make their wills known and, as such,
113 the voice of command. Naval messages speak
for and wit! the authority of the commander
who originated them.

All messageS, whether classified or
not, contain privileged information.' No person

itled to knowledge or possession of clas-
r or unclassified communication solely
irtue of grade, position, office, or clear-

is e
sifie
by
anc ; a need to know mat exist. The contents
of all-..ottler personal and commercial mes-
sages handled by naval communications are re-
vealed only e person(s) , addressed and the
personnel wh nst handle , them at the naval
telecommunicat *center (N CC).

Commercial mess a:Vs' concerning death,
serious illness, injury\, etc., will be processed
with adequate precautis in order to prevent
their contents being disclOsed to the addressee
in a rash manner. Normally, `local amplifyi
instructions clarify these particular meth

It is important to remember that the are
many types and categories of naval messages.\IEach type or category receives different treat-
ment -with reference to intern routing and
distribution. However, there are `Certain cate-
gories of message traffic that are common to
most Radiomen. These message categories are
usually similar in format and are recognizable
on a repeating basis. When not similar in for-
mat, they are usually3recognizable by content.
Although space precludes a total discussion of
all the various message 'categories, the fol-
lowing it313. discussibn of the more obmmon ones.

General Mespages

General messages provide a standard distri-
bution to a large group of addressees and re

identified by a repetitive short title (e.g., At-
NAV, JAFPUB, etc.). The types of general
messages, from whom they originate, and their
distribution, are found in Appendix A of NWP 4.

All commands to whom general messages are
distributed are considered to be action ad-
dressees however, it is command responsibility
to determine what action, if any, need be taken
upeg receipt of a general mess§g,e. Those gen-
eral/Messages which are.of suffidient operational
importance to warrant immediate delivery to
forces afloat are sent on fleet broadcasts; those
which are not are handled via the "Basegrarn"
system (discussed later).

Although general messages have .a wide,
standardized distribution, every command re-
ceiving a particdlar one may not have any

Action to take. However, all commands are re-
quired to keep a continuous numerical file of
all general messages that they are on the distri-
bution list for and .ireceive. Consequently, the
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general message files Contain every general
message received during the calendar year,
in numerical order. The general message files
are separate from all other, filies and are b-
divided according to identifying title or type.
The faloWing example dhows what wcfuld be

typical heading on a co
of general message:
P 170805Z AUG 78
FM $EC NA V WASRINGTON DC
TO ALNAV
BT
UNCLAS //N01600//
ALNAV 08/78

morly received type

In this example, the ,line immediately prior to
the subject line is utilyesit to- inform the reader
that this is the eighth ALNAV message of 1978.
The title "ALNAV" indicate's this message is in-
tended for wide distribution throughout the Navy.

General messages are cancelled in the fol-
lowing .lays:

1. The first general message of a calendar
year lists those messages of the previous year(s)
(by nutnber) which remain in effect. If neces-
Sary, interim cancellation messages may be
sent at other times during the year.

2. An individual general message may in-
clude its own cancellation date within the text.
Additionally, a subsequent message of the same
series may cancel a message.

3. General messages which do not have a
yearly cancellation message and are not assigtied
particular cancellation dates are automatically
cancelled after 90 days. Normally, messh6es of
this type are included in the Navy Directive
System (NDS).

Basegrams

General messages that are not of sufficient
operational importance to warrant immediate
delivery to forces afloat guarding the fleet
broadcast are called "Basegrams." The pur-
pose of the basegram system is to reduce the
volume of message traffic transmitted via, the
fleet broadcasts in order to keep the broadcast
available for vital traffic.

Afloat commands can obtain the missing base-
grams that were not sent via the fleet broad-
cast from basegram authorities. A nategram
authority is a shore commander who is re-
sponsible for proN,ding plain-text copies of base-
graft's to afloat forces operating within his
area of responsibility. The basegram authority
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maintains a stock of plain-text copies of gen-
eral messages applicable to forces afloat for
pickup upon their arrival in port. ,

The originators of general messages may
assign the designation BASEGRAM when ap-
propriate: The word BASEGRAM is the first
word of the text immediately following the se-
curity classification, Those general messages
designated 9.s basegrams will carry the op-_
eating signal "ZFP: (17gram) in the mei3-
sage instructions.

American Red Cross
Messages

The American Red Cross may use the fa-
.

cilities oftnaval communications, free, of chayge,
for sending and receiving emergtncy and ad-

:nistrative traffic as prescribed in U. S. Navy
.Regulations. However, in each case this priVi-,
lege is subject to the approval of the com-
manding officer who may refuse to extend this
service if it would prove detrimental to naval
ddministration or operations.

Red Cross messages are handled 'as Class
13 traffic and are normally in plain text. Most
Red Cross messages are assigned a precedence
of ROUTINE; however, critically important ones
may be assigned up to IMMEDIATE over naval
circuits. When the Red Cross is assisted during
a civilian disaster, message traffic may be
given equal precedence with military traffic
over naval' circuits at the discretion of the
senior officer present at the scene of the
disaster.

As a rule, Red Cross traffic is not accepted
if it skannot be handled entirely over naval cir-
cuits. The exception to this rule.4s whenever
emergencies or disasters involving relief occur.

Minimize Messages
c

Military telepommunications systems tend to
become overloaded during an emergency. Nat-
urally, it becomes necessary to reduce unnec-
essary traffic volume in order to clear user
circuits for essential traffic. This reduction in
traffic is accomplished ,by promulgation (us-
ually by message) of the word "MINIMIZE,"
which has the following meaning: "It is now
mandatory that normal message and telephone
traffic be reduced drastically in order that
vital messages connected with the situation in-
dicated shall not be delayed.',
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A message /ordering minimize consists of
the word "Minimize" followed by the area
affected (scope), reason, and duration of the
mlnimize condition (when knoWn).-Messages im-
posing minimize, mist be brought to the im-
mediate attention of the Communications LPO
and Communications Officer.

During minimize conditions, messages should
not be held for delivery after minimize is lifted.
Maximum effort Should be made to utilize air-
mail letters and speedletters as a means of
delivering trxaffic , observing security precautions..-.

CNO, Fleet Commanders in Chief, and area
coordinatorls are authorized to impose"Minimize
conditions on users of naval communications
systems. Subordinate commanders may impose
minimize over elements of their commands only
with prior Vermission frbm one of those three.

During minimize conditions, FtASH and ,IM-
MEDIATE traffic should be kept to no more titan
100 and 200 words, respectively. Message re-
leasers are also kept to a minimum and are
specifically designated. NWP 4 contains in-
formation pertaining to the types of normal,
environmental, and supply .traffic that may be
sent over normal channels and circuits during
minimize.

Proforma Messages

Proforma messages are messages whose sub-
ject ,matter and sequence of textual content are
preset and connot be changed by the originatbr.
Figure 11-4 is an example of ,a Proforma riles
page,that May be used to recommend either an
urgent or safety change to NWP 11(B). These
are the only two subject areas for which this
particular message can be used.. Notice that
the textual sequence of information follows a pre-
set .format. Whenever an originator prepares
a message dealing with either of the two sub-
jeCts shown, the text must follow the sequenc.e
shown,. including paragraph and sub- paragraphmarkings..

Proforma messages enhance the standardiza-
tion of repetitive message sutiject matter and
ensure less ambiguity in those areas. They
encompass a large variety of messages, such
as Publication Change Recommendations, Ifyciro-
graphic Information, Movement Reports, etc.
They reduce the chance of error through inter-
pretation, a, very important area, especially in
movement _reporting where misinterpreted in-
formation could mean an at-sea collision or re-
.sult in communications personnel copying the
wrong broadcast.

Many proforma messages are computer-
generated. A number of automated systems, such
as the World Wide Military Command and con-
trol System (WWMCS) and those employed in
Tactical Support Centel's (TSC), are capable of
automatically generating messages with varying
degrees of required' message formats. These
types of messages are normally destined for
a commanications central processor designed to
accommodate and route sudh traffic, or they
may simply be processed- direttly into com-
munications channels.

Movement Reports

Hundreds of naval fleet units are deployed
at any one time, For command and administra-
tive purposes, it is necessary to have up-to-
the-hour information on their location. The
dissemination of movement reyort information
is the function of the moyemenf report system.

The controlling agency of theentire movement
report system is the Movement Report Control
Center at Washington DC (MRCC WASHDC).
For reporting purposes, the world, is divide,d
into zones, and each zone is controlled

zones are
by a

movement report center (MRC).
further ,subdivided into areas. Ea;,,'.1 area iSk
cont ..)-ed by a Movement report office (MRO).
A movement report center may receive infor-
mtion on movements all over the world, but
movement report offices have information on
movements in their area of responsibility only.

Prior to deployment, a ship sspds a move-
ment report message which state k time of de-
parture, destination, route, speed of advance,
and any' other information required. The---xnes-

'Nage enters the system thrOUgh,..! the ,MAO or
NIRC controlling the ar,,ea in which the ship is
located. The NIRO, or NIRC then disseminates
the infoiimation to military and civilian activities
with an official interest in the location or move-
ments of the vessel, Such actsiv. intieees include

r'

ities. These
I in accordance
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supply Inters.
cast station;
moyement rep
with NWT 7.

(2" Messages

plied Nations have navigational warning sys-
tems that are used primarily during wartime.
Certain portions o' these sykems are used to
promulgate classified information of a sensitive
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4

FM ORIGINATOR
TO NAVWARCOL
INFO CNO '

CINCPACF LT or CINCLANTF LT
, NAVAL SAFETY CENTER

NAVTACDOCACT
(Others as required, see Figure 1 in NWP 0 )

11

CLASSIFICATION//N03510//

URGENT CI-4NGE RECOMMADATION FOR NWP 11(B)

or

SAFETY CHANGE RECOMMENDATION FOR NWP 11(B)

N

A. NWP 0
B. AS REQUIRED
1. IAW REF A, URGENT (SAFETY) CHANGE IS RECOMMENDED
FOR NWP 11(B)

2. PAGE ART/PARA. NO. LINE/SENTENCE_
r FIG. NO

3. EXPLAIN WHAT WRONG NOW.

4. PROVIDE EXPLICIT IN.$1113,\ UCTIONS HOW CHANGE SHOULB
READ.

Figure 1174. .Example of Proforma message.
76.135
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nature that the enemy would have 'trouble ob-
taining on his own, such as information con-
cerning minefields and channels through then:
These classified portions of Allied navigational
warning systems are known as "Q messages.
Information concerning the "Q" system is found
th AHP 1. Occasionally, the "Q" system is used
in peacetime fleet exercises at the discreti3n
of the officer conducting the exercise (OCE).

Service Messages

Service messages are short, concise mes-
sages between communications personnel. For
communication personnel, such rnessakes have
the authority of an official communication and
are to be accorded prompt attention. If action
requested in a service message cannot be ac-,
complished within a reasonable time, the sta-
tion who originated the wrvice should be so
notified. Service messages are normally as-
signed a precedence the same as the message
being serviced. .

la he number of topics that a service mes-
sage may deal with are many, but youwilt,
find that most deal with such things kgcor-
rections, repetitions, broadcast re-runs, mis-
routed or_jnissent messages, etc. Primary to
remembe is that a service messes should be
promptly dealt with and retained
regarding it has been complet
good practice to either attach
the message proper when it is filed or mark
the file copy with the DTG of the servfce(s).

Requests for information through service
messages should be kept to a minimum consistent
With reliable communications to avoid over-
loading circuits and to protect security. Re-

Member, careful attention to detail and the
employment of pro-per operating techniques by
communication and crypto personnel will do
much to reduce the number of service messages
requ

all action
d. It is also
he service to

rvice messages are normally prepared
in abbreviated plaindress format and may be
assigned sequential reference numbers. The
service message number will immediately fol-
low the abbreviation "SVC" in the message
text. If tsed, sequential service reference num-
bers may continue throughout the calendar year.
When you are replying o a service message
received with a refers ce nurricer , the text
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of the reply should ake :reference to the num-
ber. For exaniple,

UNCLAS SVC ZUI SVC
RUEDCSA1234 1921600

The preceding example is a service message

message with a reference numb& of 02ta 5, Oc-
inviting 'attention (ZUI) to a previous

4secrovisicRe

rvice message
ewssilagl see wahbiborhevtniaetsiohns:casionlrlY

Our ServiceSs In Reply."
"Cite

0245

The texts of all service messages begin
with an indication of security

abbreviaUon SVC,
as the first4ord

°u1nlethses

text followed ,by the
service message is one requiring

special handling. For example,

UNCLAS ',SVC

4:1/ or,

SECRET SPECAT SIOP ESI SVG

If a service message uotes the textual con-
tent of ,a classified " message r refgrs to the

teeixatsusai91 contented , the service message mist be
message in a manne which reveals

assigned the same classification as the clas-
sified message being serviced.

Trace r '.:ssages

Tracer determine hemessages are seic
reason for inordinate deli-, lie delivery or
non-delivery of a rn, ssag _eviously sent.
Tracer action continues on a station-to-station
basis until the cause of delay has been deter-
m:ned. Upon receipt of tracers, each station
should examine its records for the time of
transmission of the message being traced. This
information is compiled and transmitted with

to the station
action to the preceding station and

tion which originate d the tracer. Any
station which caused the delay or non-delivery
will cite the reason and a resume of corrective
action in the report.

Tracer action requests will be initiated as
soon as the discrepancy is discovered but no
later than 30 days from the original time of
transmission. In-station records, files, logs,
and tapes will, be retained beyond the thirty
(30) day limit if a tracer action is in progress
prior to the expiration date. Detailed information
concerning tracer action can be found in JANAP
128.

4.
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'nation Request Messages

Terminatiot request m ssages are used to
:r.,.eitablish a ca-retrit with notWhehi;ehsetiviteirostation on

limited or full-time ba. s
desire of the commander making the request.
A termination request message is sent to the
NAYCAMS in whose area the ship is operating.
It the ship has a requirement -for-a
termination, it will be assigned a routing in-
dicator by the cognizant NAVCAMS. NTP 4 con-
tains. Complete information pertaining to
termination requests and their formats.-

Communications Shift
Messages

Cpmnaunications shift messages are sent
itheneyer you shift from one broadcast to another.
The messages normally e.ff ct ashift to another
broadcast starting at 000
are shifted, an overlap iod before and after
the effective time is obserTed to 'ensure con-
tinuity of traffic. .

4' Shift messages are sent to the NAN/GAMS
of the communications area or areas from which
the old and new broadcast (riginate, Stiift
messages are normally made
togooperational consideratio
deployment of
/wide neces a a cone e(1:, to i t

a shift at a tune other than that indicated by
the Mbvement report. Information rezarding
communications shift m2ssages and their fZ.rmats
are contained in NTP 4.

z. When broadcasts

nereay Owing

JCS Emergency Action,
Messages

JCS Emergency Ad
contain key instructio
high-level au ority and
mats (profo a). Such messages are transmitted
via various c munications systems and nor-

- madly carry FLASH precedence. They are vital
messagesr of an extremely time-sensitive nature,
and rapid processing is mandatory to obtain
the fast reaCtiop required by their content, t'S'age
and handling prcicedures are of higher classifica-
ti6n and 'have been promulgated by the JCS
to those who have a need to know.

4

n Jessages (EAMS)
,1or information from
v'e predetermined for-

Submarine heck Reports

Submarine Check Reports a e used to ensure
alines. They aresafety accountability of sub

assig d an automatic prAcedence of IMMEDI-
ATE and can be identified by the word "CHECIVI
as the first word of the text. (See figure 11-5.)
If received for handling and further relay, these
types of messages should be given expeditious
treatment. Delays and non-deliveries can re-
sult in the initiation of SUBMISS/SUBSUNK pr9-
cedures. The 4`TWQ FOUR" contained in the
text of the message in figure 11-5 indicates that
the submarine is on a''24-hour check schedule.

Message Cancellaticais

In naval communications, many typ es of ns
s have self-contained cancellation dates.

ystern, are ptomatically cancelled after 90
ers, such as ,those in the Navy

In any
m

allnleitms specifically extended.
dc7ses
nator ,ha6 the authority to Cancel a message. "Un-
less

be remembered that only the origi-

less , the process is self-contained, this is
-accomplished by drafting and releasing an entirely

separate message that refers to the message
to be c-a,LICeiled,

SECTION I, SUMMARY

236

Section I has been an introduction to-loatc
message format, procedures, and type It is
by no means all-inclusive in these areas of
naval communications. However, the information
presented in these ,basic area's, coupled with the

0 190810Z AUG 76

FM

TO

INFO

BT

U! LAS

USS FRANCIS SCOTT KEY

COMSUBRON SIXTEEN

C MSUBGRU SIX

OMSUBLANT NORFOLK VA

HECK TWO FOUR SUBMARINE FRANCIS SCOTT KEY.

76.145
Figure 11-5.---F,m4ple of typical submarine check
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Air

detailedmore Procedu'res kind pa5allel infor-
mation contained in JANAP 128, 14TP 3, and
lofTP 4, form the biSis of a sound, working
knowledge of format and procedures. Section
IT Of this chapter will present the formatting
and basic procedures 'relating to Optical Charac-
ter Reader (O,CR) Messageform DD 173.

SECTION -I?,
OPTICAL CHARACTER READER

MESSAGE FORM DD 173

One of the princip-al objectives of the auto-
mation Program

in
Navy telecommunications is

the elimination of routine, human functions which
are most prone to error. Many message proc-
eSping functions h ve been automated through
the introduction of 4lectronic devicet . whibh are

dorm operations formerlyPrOgr rne d to
performed by communications personnel. One
such devIce is the Optical Character .Reader
(OCR) Which raidly and accurately transcribes
a typevVraten Outgoing message into' a language
compatible with computer processing. The two
major processing systems which employ OCR
equi ent are the Local Digital Message Ex-
ch (LDMX) and the Naval Communications
P ssfing .and Routing Systetn INAVCOMPARSL
mess ges to be processed theugh these sys-
tems by a, OCR must be 'typed on Joint Mes-
sageforrn DD-173, using a typewriter with an
OCRE 0410 character set.

GENERAL INSTRUCTIONS

Joint Messageforin DD-173 is available
through the Naval Supply System in- two colors,
red or light bl

ubt us
The color a particular ac-

tivity is ietermined by the type of
OCR eclui Pale, use by the serving telecom_
municattons ce ter. Locally reproduced copies?
of DD-173 c not be used as they cannot
processed by the OCR.

Letters and lumbers

ABCDEFGHIJKLMNOPQRSTUVWViZ0123456789

(/.. Period
1 Comma
? Question Mark
/ Slant
{ -Left Parenthesi

Right Parenthes /

Minus, Hyphen or Dash
31( Blab ,,

Symbol s

Special equipment, as discussed in SEcNAv._
'Instruction 10460.0B, is required for typing
DD-173. It ,Is essential that the typewriters and
carbon -type ribbons specified in this instruc-
tion be used. Also, it is essential that type_
writers be Well Maintained to ensure production
of dark. clear clwacters. In addition; only
certain letters, nurrnbers and abstract symbol
can be used in typing DD-173. (See figure 11-64

Colon
Dollar siso
ApostroObe
Semi -Colon

Ampersand
Quotation Mail(

- Hook
Christmas Tree

a

I

76.146
Figure 11-6.'Authorized charadter set' for

DD-173 messageformi

DD-173 Alignment
,.;

DD-173 messages enter,the tele
Lions system through an OCR whi4t,
Med to process certain groupee
at specific locations on-the igiessageforrn. If' '
the form is Misaligned,,before typing, or if the,,
spacing or Margins 4:19 not conform, to program-
med requirements, then the OCR will not find

the telecommunications system.

at the designat loca-
tions and the message Will not be enters into
the correct characters td

There are two extended horizontal kin'
the upper left and right hand margins of
173 which must be used as guides
proper alignment. (See

of the
figure 11-7.) prior to

?typing- any pat
in the typewriter carriage so that a typed ch r-
acter will , print between these lines. .Ling
self-adhesive correction tape, cover over the

to forWarding for release. Once the alignment
to,>align the form priortyped characters used ,.

has been made, do not realign the form. Do
rem the typewriter. for

corrections th
not remove then ,form

to realign.

Spicing and Margins
-4 ,...

All typing entries in the header lines, ad-
dress component, text, and distributiont block
must/ be double spdcecktbeTypineentries below
the /distribution b1btk low the second heavy
line, shown in figure 11-7) may be sirtgle raced.

ornrriUniCaL
program-

characters

D-

237
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6

S

3

2

1

0

JOINT massAcurromm
Is

SECURITY cLAssuricATIot.

UNCLASSIFIED
..emi

010.01

..A,,,.

0791830

LAW CLOS cic YOR MESSAGE CENTER / COMMUNICATIONS CENTER 0i

RR RR UUU ,
ATE-777HE MONTH

SOON MESSAGE HANDLING INSTRUCTIONS

mow COMNAVTCLCOM WASHINGTON DC .

CPO WASHINGTON DC ,
, \

IIUNCLAS //N02320// .

ALIGNMENT SPACINt AND_MARGINT

A. NTP 3 SECTION 02 '-

1. THE ARROWS ABOVE POINT..TO THE PAIR OF HORIZONTALfLINs WHICH
i .

MUST BE USED AS ALIGNMENT GUIDES FOR DD-173 MESAGEs.
i (/

2. PRIOR TO TYPING ANY PART OF THE MESSAGE, ADJUST.THE FORM* IN THE
_ .

TYPEWRITER CARRIAGESO,THAT A CHARACTER WILL PRINT BETWEEN THESE I
.,-.,

LINES. THE CHARACTER MAY BE COVERED OVER WITH CORRECTION TAPE OR

LEFT INTACT. Jo

3. ONCE THIS ADJUSTMENT HAS BEEN MADE, DO NOT REALIGN THE FORM.

DO NOT REMOVE THE FORM FROM THE TYPEWRITER FOR CORRECip So- THEN -1'

ATTEMPT TO REALIGN .

4. THE ARROW BELOW POINTS TO THE FORM LENGTH GUIDE. THE LAST LINE

OP THE TEXT MUST NOT BE BELOW THE LAST NUMBER IN THE SERIES WHICH

IS O.
._

1:

D1sTN, . 'A

TYPED NAME TITLE OrrI5IE SYMBOL PION[ DATE

SMITH, I(52, 824,61, 16'ApR 7'

SPECIAL INSTRUCTIONS

DCNTC- 7-------- __-_

,-/a TYPO NAME. TITLE. OFYICE SYMBOL AND PHONE
J.F. BINLEY, ICOS, 82461

roce%------15---ENCILtkVITr J.1.. */ ----- ATE, TIME OROUSIONTORE T

DD " 173 ((xi?'Jul , 3 3/m0102.ot:1,36w 0 7 0 623 312

Figure 11-7. -7Proper alignment,,eppacing and margins.
.

la t
be set at 0, the left, margin at 6, and the right ; ber in the series, which is . 1

For margin, the typewriter paper guide should line of the text must not below tl?e
t

76.136

margin at 75. These margin settings allow 69 % 1 f'
spaces or characters pet line maximufn, and Typing Errors.
this limit must not be exceeded.

'typing errors cannot be erased. If a typing
At the lower 01hand side of the form,

there is a series of numbers which act as the

form length guide. (Ste figure 11-7.) The last
215

11#

error is made in the headerlines, it can be
corrected using self-'-adhesive correction tape
or the correcting functionf-unction ofe IBMSelectric\ , )

4

1

1



Chapter 11 BASIC M ESSAGE FOIVVIAT

. II typewriter. If a typing error is made on anK
Other part of th sageform, it can be cor-
rected using either of e, two methods already
mentioned, or it can struck over with the

'abstract eymbol "blob" (see figure 11-6), and
the correct character then typed in' the fol-
lowing spice.

,--7- 14iADERLIIES
--., -

Headerfines are located at the top of DD:.178
Messageforra. The following is a brief discussion
of their basic usage. ,

.

Page Block
(

-The Page block contains four numeric char-
acters divided into two sets, A single page
'message would ,contain "01 of 014' in the Page.
block as shown, in figure 11-8. Multiple page
messages are numbered sequentially according-
to an estinuktterrrEof the total page lengh. For
example, the t page .of an estimated' three-
page message -would be numbere' "01 of 03,"
the' second page "02 of 03," eta. If the page
length is' estimated- incorrectly, it is not neces-
sary to renurnbAr the ettire message. In such
A case, it is necessary only to make the, actual
number of Pages tally with the total typed on
the last two pages. For example, if a previous
Page is numbered "03 Cif, 05" and page 04 is
the. actual 'last page, the .previous page must
be renumbered "03 of, 04" and the last page
-numbered "04 of 04." Mer previous pages

.-do not ,,have to be changed. (See figure 11-8.)

Time Block
. . .

This block contains the Julian 'date and time
. the message was typed. The' Julian Calendar

sequentially num rs the days of the Year be-
- shining with 1 Jan ary, and each.day is numbered

consecutively tli after, (i.e., 1 January is Julian
001 and 1 Feb ary is 032). Time is express

In Greenwich can Tinfe (Z). The entire blo
requires seven numeric characters. (See figur

. 11T18.)

Precedence Block dis

The precedence typed in the, Action and Info
blpoks must each be two letter codes, as shown
in figure- 11-8. The precedence typed in the
Info block cannot be higher than that typed in
the Action block. If there- are no information
addressees, repeat the Action precedence in the

info block. The following is a listing of the
acceptable two letter precedence codes:

Precedence

Emergency
Flash
Immediate
Priority
Routine

Clais Block

Two Letter Code

YY
'zz

. 00
PP
RR

The entry this block 'mist be a fOttr-
character security redundancy code, as 'shown
in figure 11-8. In the event of. readdressal
messages and retransmission requests, the se-
curity redundancy code- of the .readdressal or
rewest- must equal that of the original mes-
Begot The following is a list of the four letter
redurftncy codes:

Classification

Top Secret
Secret
Confidential

Unclassified
Unclassified EFTO

Speqtat

.

Fou*kf

Letter
Redundancy Code

TTTT
SS9S

CCCC

UUUU

EEEE
AAAA

It should be noted that the Content Indica=
tor .Code block (CIO, LMF block, Date, Ti
block, and Month and Year block are left-lila
On the second and subsequent pages of a multi
ple page message, the Classification block i
left blank.

Book Message Block

A book message is one which is de ined
for t o more addressees but is o such
a nat re that the originator ',considers at no
ddres ee need or should be informed of the

other ddressee(s). To indicate that a mes-
sage typed on DD-173 must be. handled as a
book message, the operating signal "ZYQ" is
inserted in the 'Message Handling Instructions -
blcicic, To indieate that a message may be handled
as a book message but need riot be,, the op-
erating signal "ZEX" is. inserted in this block.
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RADIOMAN .& 2

6
S

4

3
2

0

'0

. JOINT NIMINIAGIEFORN
SICIN117 CLASSIPICAPION

UNCLASSIFIED
PA X= !II_""' HINICSOINCI LM/ CLASS CIC I'M" M CS WEN/ COMMUNICAHONS CENTRO ONLY

ACT pee
RM Rif 'UMW

OATE.TMC

4W01'151106561
MillISAOS HANDLING INSTRUCTIONS

MMW COMNAVTELCOM WASHINGTON DC .

,-To, CNO WASHINGTON'DC .

.

UNCLAS //N02320// -

HEADERLINES

A. NTP 3

1. THIS FIGURE ILLUSTRATES CORRECT CONSTRUCTION AND TYPING OF

HEADERLINES AS DELINEATED IN REF A
, .4

2. THE HEADERLDOETRIES ILLUSTRATED ARE FOR A SINGLE PAGE MESSAGE,
. ...

or ROUTINE PRECEDENCE, WHICH IS UNCLASSIFIED, AND WAS TYPED ON'THE

186TH DAY OF THE YEAR
mii,
AT 0856 GMT.

.
!

.

.....

.

.
.

DISTIC 4

. , 74 :

..

'

.

TYSO HAMS. Tal.S. O/ /ICS SYRIDot. .TONY 19A7[

N.V. SMITH, IC52,82461, 16 AUG 77
SPICCIALiNTRUDTIONS -,

-DCNTC .,

..At.,,, . .

I
11

..

i

'PPM) NAME. TITLY. O/ / ICS SYMOOL AND PHONY

J.F. BINLEY, IC05, 82461
isoo...uou

,

TerAitgnctir"
OATS HMS GROUP.

DD ,711, 173 (6") I/N 010100 I.110.0

Figure 11-8. Headerlines constructions.

In either case, the Book Message block is left "
-blank.

Multiple Nage Messages

There is a limit to the number of
pages which can be used in the prepara-_.
tion of DD-173. NAVCOMPARS is capable of

240

* USOPO J11211.1112

1,

76.137

I
9 t

processing a 99 page message, Sand LDMX is
capable of processing a 40 page message. There-
fore, users whose entry to NAVCOMPARS is
through LDMX and users whose messages are
processed only by LDMX are limited tb 40
page messages. The DD-173 form is used for
the first and alYsubsequent pages .as there are
no "continuation" pages used to supplement the

A

2 Ai-



Chapter 11 7-BASIC .MES*SAG.5 FORMAT

basic form. When the Messageexceedes the
99 or lo page ml mum, respectively, a new
inessage.must be ori nated.

AlletOle page me sages will result from
two conditions: First, when the number of ad-
dressees exceeds the number that can be typed
on one page (nineteen), and secondly, when the
text exceeds the number of lines that can be

6

S,
II

3

2

I
0

0

typed on one page. For multiple page mes-
sages, on the second and all subsequent pages,
only the' Page, Time,. and Classification blocks
need be filled in on the header lines. (See
figure 11-9.) The, printed "FROM" and "TO"
designations should be typed through. It should
also be noted that multiple page messages are
never stapled together. If it is necessary to

JOINT MCSSAGEFORM
SECURITA CLASSIFICATION

UNCLASSIFIED
PAGE .

02 OP 02

4:1::::: :2.::

1641044

itCTED:g LM/ CLASS CIC FOR MESSAGE CENTER/ COMmUoNXTIOTISECE44NT0E4HONnLyT,

BOOK MESSAGE HANDLINO INSTRUCTIONS

THIS FIGURE IS 4No4X:AMPLE OF THE SECOND PAGE OF A TWO PAGE MESSAGE

THE DD-173 MESSAG;DFORM IS USED, AS BOTH A FIRST'PAGE AND A
,

CONTINUAT4 PAGE FOR MULTIPLE PAGE MESAGES WHEN USED,AS A

CONTINUATION PAGE, LEAVE ALL HEADERLINE BLOCKS BLANK EXCEPT FOR

THE PAGE AND DRAFTER OR RELEASER TIME BLOCKS: THPPRINTED FROM

AND TO PROSIGNS ARE TO BE STRUCK"' OVER AS REQUIRIED THE SECURITY

CLASSIFICATION BLOCKS ON THE TOP AND BOTTOM OF THE FORM MUST BE
40

FILLED IN.

U
s

,
Th' .

.

4P ,

/

DIIITN: t.

. .

TYPED NAME. TITLE OFFICE SYMBOL NONIT OAT(
A

, d

SPECIAL iNSTRuCT,ONS

E

: TYPED NAME. TITLE OFFICE SYMBOL AND PHONE

SIGNATURE ---,
0

SECUIRITv CLASSIFICATION

'UNCL,ASSIFIEn
DATE TIM( GROUP

DD ,T,r1, 173 (OCR)
UN010100,WW * U SOP* J In*, 2

Figure 11-9. Example of the second page of a\multiple-page message.

241
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fasten them together prior to release or trans-
Mission, use a. paperclip.

CONSTRUCTING THE
ADDRESS 1

OCR-equipped, automated message processing
systems route outgoing traffic based on a scan
of the addressees . in the address component.
Becatise of this, it is necessary that the com-
mand short titles and geographic locations typed
in the address component correspOnd exactly
to the: titles and locations stored in the proc-
essipg system's memory. The phrase. used to-
denote a command's short title and location

t-togIther, used for message addressing, is "plain
::language address" (PLA). The supplement to
4 NTP 3 Jontains the Plain Language Address Di-

rectory (PLAD). The PLAD is dllsting of approveel,,

sea. Plain language* dresses typed in the
Navy and Marine Corp:iplain language addrei:::

address component must conform to those con-
tained in the PLAD. Do not add any characters
or any form of punctuation.

From and To Lines.

?-7-- The originator's plain language address must
begin at tab 'stop 26 and may not extend through
tab st6p 76. It. must be remembered that you
start the DIY-173 at Zero(0), and the "tab stops"
referred to are' merely the numbers' on the
numerical scale reading from left to right on
your typewriter.- The originator's PLA cannot
-exceed fifty 'characters or spaces. A continu
tion line cannot be used. (See figure 11-10

The action addressees'. PLAs mast begih
at tab stop 26 and may extend to tab stop 75.
(See 'figure 11-10.) Unlike the From line, con-
tinuation lines can be used for action, info, and

. exempt addressees when their PLAs are longer
than fifty characters or spaces.

, When using a continuation -line, type the
first fifty characters or -spaces on the. first
line; then . at tab stop 31 of the next double
spaced line, type the remaining characters.
This procedure can be repeated as many times

- as necessary. Do not use any form of punctua-
tion to indicate that the ttLA has been broken
between two or more lines. Succeeding ad-
dressees begin at tab stop 26..

Info and Exempt Lines

The first information addressee must be
preceded by the prosign INFO on the first

.
spaced. line.. beloiv . the last aotiod ad-

dressee: (See figure 11 -10.) If /here. are no
action . addressees, type the first information
addressee on the TO 'tine, preceded bk the
prosign In both cases, the prAeign
begins at ',the lab 'stop 11 and is typed onljo
once. AltinfOrmation addressees' plain language
addresses (PLAs) begin at tab' stop *26. If more
than one line is required* for an addressee'S
PLA, .. use the continuation procedure already
discussed for action apreseees.

To exempt addressee's, type the prosigt
"XMT" on,,the first, double - spaded line below
the last addressee, startike at tab 21,
Then, starting at tab stop 26, list the full

,'plain languitge addresses of the, exempted ad-
dressees, as shoWn in figure .11-10. If more
than one line is* required for the .PLAs, the
continuation' line procedul\e is as that used for
action and information addresses.

242

2

Transmipn B
Other Means

. .

Action or information addressees who have
received or who are to *receive the message
by other than electrical 'means mist be pre-
ceded by the ok)erating signal "ZEN," followed
by 'a ant tsign immediately before the PLA,
The ratir% 'signal "ZEN" begins at tab go;
26, slant at tab stop 29, and the PLA at
tab stop 30. The responsibility for ensurini
delivery to those addressees designated "ZEN"
by the originator; as well as the method (31

very, is assumed by -the originator and not
the telecdmmunication center..

CONSTRUCTING THE: TEXT

The first line of the text, which is the Clas-
sification line, begins one-: double spaced line
down from the last addressee, if the text begins
on a new page, it shciuld start on the From line
of the nee page. The first line of the tex
must contain the message classification, specia
handling instructions, code or flag words, anc
the SSIC. (See figure 11-11.), .

a

Classification

The first word of the ClassiflOation line mus
be the classification, and this must agree wits
the four letter character security redundanc.3
code in the Class block. Space must be left

LI
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s. -

4
3
2

1

0

JOINT PAIONAGEPORIA
IMMUNITY CLASSFICATION

UNCLASSIFIED
P*01 Oftariti Ow

MILIBASIER THIII.AcT
PRECEIMAKE LMF CLASS tIC FOR C KKKKK /COMMUNICATIONS ONLY

DATE TINA[ y.woe

PP( RR

6

UUUUIickei 0 1 1651345.
M[[[AO[ HANDLING INSTRUCTION

r

Foom:COMNAVTELCQM WASHINGTON DC.

rp,,lEg/COMNAVSteGRU WASHINGTON DC
. e

AIG SIX FOUR

INFO EP MOFFETT PRESIDENT -
...

v

COMMCORP
t .

WASHINGTON. DC1

XMT' NAVAUTODINSCEN ALBANY Gk

UNCLAS , //N02320// '.,'
.

_

ADDRESS COMPONENT

A. NTP 3 t
4

1. THIS FIGUREN4LUSTRATES ADDRESS COMPONENT CONSTRUCTION AND

TYPING. PROCEDURES AS DELINEATED IN REF A PARAS 03.0100 THRU 03.0700.

2'ACCORDING TO THE ADDRESS COMPONENT ILLUSTRATED, THE FIRST ACTION

40DEE RECEIVES THE MESSAGE BY :OTHER THAN ELECTRICAL 'MEANS, TNE

SECOND ADDEE IS A COLLECTIVE, THE, INFO ADDEE IS A.COMMERCIAL CONCERN

AND THE LAST ADDEE IS TO BE EXEMPTED FROM AIG SIX FOUR.
1

.3. NOTE THA-,41,L OFTHE'PLAS BEGIN AT THE SAME TAB STOP {2141, AND

THAT THE.IN.0 BEGINS AT TAB STOP 21, THE XMT AT 22. ' 7

..,

DMTM

TYPED NAM[. TITLE. OFFICE SYMBOL. HONt 6 DATE

J.E. SMITH931 20610, 16 APR 77
. .

SPECIAL INSTRUCTIONS

DCNTC AA
.

.

.
6

W

TYPED NAME. TITLE. OFFICE SYMBOL AND PHONE
W.J. LAYNE, 03, 20648

SiONATURE 4 1
.

95t4tritt lrfrif" DATE TIME ONour

DD ',"!!!!'1, 173 (OCR) 1/N oloz-oo,ecloo

Figure 11-10. ExaMple of the address , component.

between characters in the claq,sificationpiecisely SECRET
as follows:

UNCLAS
UNCLASE F T O FOUO
UNCLAS E F T 0
CONFIDENTIAL

TOPSECRET

* U &GPO J.114/11

J

76.139

Special Handling Markings

Special handling instructions and code or flag
words follow the classification. The special
markings have the same meanings on the PD-173

243
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6
S
4
3
2
1
0

"T"

RADIOMAN 3 & 2

illttumry
40INTMENIA01111110104

mos allne OA Mica VMS LMF CLASS CIC FORM C KKKKK /COMMuNICATIONS CENTER ONLY
AC/ WO -WTI TINE MONTH YR

a_01 11622134.__RA RR
7f4isiS:at HANDLING INSTRUCTIONS S.

!MOW COMNAVTELCOM WASHINGTQWTC 1

.

To; CNO WASHINGTON DC
..., . , r

CINCLANTF467 NORFOLK VA ,

. (

CONIVIDENTIAL //N02320//
. A

CLASSIFICATION LINE AND TEXT {U1
. .

A. NIP 3 .
.

B. COMNAVTELCOM WASHINGTON DC 2108302 MAR 77

{Ck THIS MESSAGE ILLUSTRATES CORRECT. CONSTRUCTION AND4TYPiNG OF

THE COMPONENT.OF DD-173 MESSAGES AS.REQWIRED B' REF i
.

NOTE THE FOLLOWING: {U} ,

.

A. {U} SEQUENCE OF TEXT ELMENTS..

( B. {C} CLASSIFICATION MARKING OF SUBJECT LINE, PARAGRAPHS AND

SUB;PARAGRAPHS. 1

, C. {U} PLACEMENT OF THE DOWNGRADING /INSTRUCTIONS. .

.4...

2 {11} REF.B ILLUSTRATES CORRECT CONSTRUCTION OF MESSAGE

REFERENCES. NOTE THAT THE'COMPLETE PLAIN LANGUAGE ADDRESS AND DATE'

TIME GROUP ARE gTED. . i
$

GDS81 4

DISTR:
. 1.- t .

.

{CONFIDENTIAL FovuurgAT4
DRAFTER TYPE° NAME: TITLE. OFFICE VYMSOL, ANON & DATE

:
JE. SMITH, 33, 20401, 16 APR 77

11:

SPECIAL 1NSTRuCTIONS

'DCNTC
.

AA

;

'I J II'Pi

03----
.

.
f

TYPED NAME. TITLE. OFFICE SYMPOL AND ARCM

A.B. SEA, 1 NT , 20400
SIGNATURE DATE TIRE GROUP

DD

as they would
markings must
as follows:

PERSONAL
PERSONAL
JONES

LIMDIS

0

IT% 173 (acR) . simobs-oouwoo * U.S.O.P.0 .1.121412

Figure 11-11.= Example of the classification line and text.

FOR
FOR RAD

naval message. These
spellitil and spaced exactly

4

SMITH
SMITH FROM RADM

LIMDIS CODE WORK
NAVY EYES ONLY
SPECAT CODE WORD
-SPECAT EXCLUSIVE FOR

76.140

Immediately following, the special handling
markings (if any)- is the Standard Subject Identi-
fication Code (SSIC). This six character code,

244
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11 BASIC MESSAGE FORMAT

Ithioh is derived. from SECNAV rnstruction
0:11 ( )1, is preceded and followed by two

s.0V151 .

Am Instructions and
lijeot Line:

to fildreconesteedructooampnasandeingi,i'lleotrrtrttiitolen:

the code or individual's name. For
.*Sciimple, a Message from -COMSUBLANT to
,C,OMSUBGRI1 SIX could contain the passing in-
struction "COMSUBGRU SIX FOR 94G" or
"uCOIVISURGRU SIX FOR RMCS (SS) SMITH."
:Passing instructions are to be typed consecutively,
hae, ming at tab stop 6, one 'double spaced line
liaraw the classification line,

As shown in figure 11-11', the subject line
begins at tab stop 6, one double spaced line
below the ,classification line. When passing in-
structions are used, the subject line would begin
one double spaced line below the last instruction.

Reference Line and Text

As shown in figure 11-11, the first reference
line begins, at tab stop 6, one double spaced
line below the subject line. If ttiere" is no subject
line, the reference line will at the same
tab stop, one double space below the classification
line or passing instructions. Each ;reference Is
lettered consecutively, one beneath ,the other..
The originator's complete l:1.0A. should be-cited,
then the DTG, month and year.

Textual paragraphs .are pum Bred consecu-
tively, e number followed by a period. When
necess for graphic \ clarity, text lines may
be inde a maximum of twenty spaces.

Classification Markings

(= ) _requires. tharall elee -
*gaily transmitted -massates-"te 715kragrapli

for 4441a elifi cat om When the text of
the . portion of the paragraph is unclas;

reOiled but *tome or all of the sub-paragraphs
claisified, the symbql denoting the overall

classification of the paragraph will be shOwn
imihediately following the paragraph number.
The symbol (U). will be shown at the end of the
unclassified lead-in Portion. (See figurW 11-11.)

Whenever different items information in
one paragraph or sub-paragraph require different
classifications but separation into paragraphs
would destroy continuity or context, the highest
classification will be shown. Single paragraph

245

messages with nc0 sub-paragraphs need not be
marked Pr classification. Figure 11-12 illus-
trates the proper markings used to indicate
paragraph and- sub - paragraph classifications.

Downgrading, and
Declassification Makings

Downgrading and declassification marking
are typed. beginning at tab stop 6, on double-
spaced line below the last, line of he text.
This line will show one of the following:

1. ADS (day, M3, yr) to indicate
declassification Pr date or event ear
the General Declasgification guidelines.

2. GDS (date) for General .Decla
Schedule .guidelines`..

3. XGDS (number of exemption
(last two digits of the' declassifidatio
indicate exemption froin the Gene
sification Schedule.

4. XCL (last two digits of declassification
year) for classifications based ottformer Group
1,, 2, 3, or ungrouped material; t
MESSAGE ItEADDRESSALS

When a message is readdressed on DD-173,
the header lines are prepared as already dis-
cussed and in accordance with NTP 3 instruc-
tion's. The activik readdressing the, message is
the originator or the readdressal, and its PLA
is 'typed on the From line. The action, info,
and exempted Jiddees indicated 'in the ap=
propriate spaces 'as pre iously discussed.in con-
structing the address. Figure 11-13 Jaen ekarnple
of the basic information identifying areadiressal.

A
After the last

Next, skip one
, at tab stop .6, double

space down, and type "
I

Mar64

vanced
er than

ification

ategory)
year) to

al Deolas-

elEssification

Unc)sFor official Use Onl

sified
Fo

CoConfidential
Secret
Top Secret
Restricted Data
Formerly Restricted Data
NOFORN

f

Symbol

(U)-
(FOLIO)

(S)

iRD ) :4

(NFD)
)

$
76.147

Figure 11;12. Classification markings.,
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RADIOMAN 3 82

A.

5

3
2

0

0

JOINT masswayromm tsccunrry CLARIFICATION

.UNCLASSIFIED .,
oaorpOlo Oa'

MILIAS110 TOM.

nouggici LFIF CLASS CIC FOR C KKKKK /COMMUNICATION CENTER ONLY

UUUU
4 Intlr-Marr7VVR"r"nr"

01 001.1142144=
0011 HANDLING INSTRUCTIONS

'wow COMNAVTELCOM WASHINGTON- DC

- TompAVCAMS
\

LANT NORFOLK VA 4
INFO CINCLANTFLT NORFOLK VA

. ,

RADDR 760421 .
.

-.

JCS WASHINGTON DC//1503037 APR 76
. ,

',. .

15,
%

7)'

, ,

.

t
.

,

.

. .

. ,

.

, bun*: .
A

TYPED NAME, TITLE..OFFICE SyMIOOL. PHONE DATE

M.N. SMITH,`. 'b.:152246i, 15 JUN, 77

SPECIAL INIDTRUCTIONS . /

NTsic---- AA --'----, i-CZZ

-It

S:

IF

TYPED NAME, TITLE. OFFICE STMSOL AND PHONE

AI -, 4 6.11

SIGNATURE
r !ECrint'ieat?Tttg

DATE TI GROU

DD ;',21,71, 173 (OCR) 11 /M010100-000.

Figure 11-13. Example of R eaddressaL

space, and t e in the six numeric character
Processing Sequence Number (PEN) found at the
lower left Of the message being readdressed.
(The PEN will be found on incoming and back-
routed meshigesprocessed through LDMX and
NAVCOMPARS.) Next, double space down and,
at 'tab stop 6, type' the plain language 'address,
two slant ,signs, and 'the DTG, MO, YR of the
message being readdrebsed. (See figure 11-13.)

246
J

J413412

4

Classification and Precdie ce

4

176.141

The readdressal request form is unclassified,
HoWever, the four character security redundancy
code entered in the Class block of the readdressal
request form must be the same as the code
of the message being readdressed.

The precedence of the readdressal message
need not be the same as the message being
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4

readdressed. Readdressal messages are formally -155-173 is used properly, communications .pek- 1

releasecklike any other message. ,' t sonnel will find that fewer mistakes, normally-
- resulting in traffic tie-ups and backlogs, are

SECTION II, SUMMARY made., This section of Chapter 11 has discussed_r.

g many of the basic methods necessary to properly.. , . use DD.-173. However, complete details arefound

fed
mid should be carefully studied, in 4Unless it is u properly, the DD-173 mss- in NTP 3

),sageform cannot ealize its true potentia; in the addition to the itiformaHon contained in this , ..
Areas of efficiency and expediency When th section. /4.

,a
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Ashore or at sea, yektr J% as a Radioman
will include radiotelePhofie cOMMunicatIons. Un-

. covered, or non-secure tacit° transmission is
the least secure means. °f cOnlounications, and
radiotelephone is the least recur q of all. Radio-

. telephone communication, Alai an Important part
4 in clay-to-day fleet OPerattema Ztnd in the control

of cclastal. and harbor Aping. It is the easiest,
most conVfnient method. Of relaying real-wor d.
situation tiraffic front ship tO ship or from
shore to, Shi/-mheestfase thero cis- no tape to cut
and send and'iio telliftYPeWtiter'keys to depress..,
All thati is nOessa-ty le it you pick up a
transmitting microplcbne and speak into it..

Unless you are using Oeoure voice coin-
minications equiRtnerit, it twist be assumed that
everything you!. say when using radiotelephone

molts inter bp`ted. The inherent dangers of inter-
o can be grotty reduced by adhering to

tire principles of strict oftetift discipline, Cir-
cu discipline is attained by the proper use of

. radio equipment, adherence to prescribed fre-
quencies and °permit-lig procedures, proper train-
ing, and monitoring. Tne lack of these things
as well as ,baste oegligotice. inaccuracy, and
laxity are responsilale for the violations that
endanger the integrity anti Security of radio-
telephone transmissions.

CHAPTER 12

RADIOTELEPHONE PROCEDURES

CIRCUIT DISCIPLINE ANT) SECURITY

Radiotelephone tranenItsOlons shout be as
short and concise as 1,13esil3le consist t with
clarity. Often, personnel other than train 0P-.
erators use radiotalepfloue equipment. These
personnel should Da instructed in the proper
methods of utilizing the Microphone and equip-
ment as well, as cottoned 10 the ease of inter-
cept of the transmission.

Adherence to preetcriPoti operating procedures
is mandatory. Devotions from these procedures
reateNconfutifon, reduce reliability and speed,

and tend to nullify Security Precautions. Once

4

you are armed with ilifoilmaiion concerning proper
procedures, your initiative- and common sense
can be used to satisfy specific. 'operating re-
quirements. The following. is a list of ntles to
use to enhance proper circuit iAiseiplizie and
transmission security:

1. Do not transmit without proper authoriza-
tion.

2. Do not violate radio silence.
3. Do not transmit on a directed net without

permission.
4. Do not transmit your name or personal

sign.
5. Do not excessively tune and test.
6. Do not use tinauthOrized plain language.
7. DO use authorized prowords.

RADIOTELEPHONE
SECURITY

In additiOn to circuit discipline, proper 'se-
curity precautions must be observed on radio-
telephone nets. For. example,' on tactical' nets,
many units at sea may be required to use clas-
sifi c signs. If the operator does not ex-
ercise an a renessOf the operating situation,
the classified all antic' be linked to the un-
classified call sign for that ship. It is for
this reason that "BEADWINDOW" Procedures
aye been introduced, into radiotelephone p
edure.

Beadstindow is a real-time procedure which
brings to the immediate attention of circuit
operators the .fact _that an unauthorized dis-
closure has occurred. It also serves, to alert
other operators, on the net of the disclosure
and, thus, acts as an educational aid. The long
term benefits from the use of this procedure
are the increased awareness to Proper use of
voice circuits throughout the fleet and, flub
sequently, an improvement in the security of
uncovered Navy voice communications.
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-Beadwindovedures deal with Esse al
Elements of Mealy Information ( EEFIs). EEF
are established by operational commanders and
Identify specific items of information which,
if revealed, would degrade the security of
tart' 0Perations, projects, or missions in the
applicable areas. The considered EEFIs, there-
fore. may vary from operation to operation or
from area to area. Table 12-1 is an extmple
of what a group of EEFIs designated for an
operation might look like.

The Beadwindow technique requires the use
of a code word and number combination which
is transmitted immediatply ,to the unit when
the 100de 'word discloses an EE I. The. code
word .is used"to notify the unit that it has com-mittccom-mitted the disclosure, .and the number provides
specific identity of the item disclosed. For
example, When any station of the net commits
a diSclosure of an EEFI,Ahe net control (or
any station observing the disclosure) will call
the violator with a normal call-up, say the word
."Beadwindow" followed by the number of the
EEFI that has been disdlosed. The reply to the
Beadwilidow message will be "ROGER OUT."
This' method allows the reported uni to take
immediate action to correct the insecure xactice.
n this particular situation, if th c 1 of the

t" control is "Control" and the 1 of the
vio r is ,-,"Key," the report would be as
follow

"Key ,T,,
OVER.

IS Control, Beadwindow Three,

The 'y 'would be: "Control THIS IS Key,,
ROGBA 0 T." .,I should be remembered that
procedural 'violations are not security viola-
tions; therefora they don't fail' into Beadwindow
criteria.

Table 12-1. Examples EEFI

1. Disclosure of impending or intended
operations.

2. DisClosure of patr.ol area boundaries.

*-
3. Disclosure of combat readi ss of sti

or units.

Disclosur of special co
capabili es.

.//

nica0On

IMPORTANCE OF
RADIOTELEPHONE dr,

Poor voice communications, in addition to
creating confusion, reducing reliability and speed,
and nullifying security precautions, canadvarsely
affect the success of the basic mission of the
slip during your present operation.

A commanding officer, regardless of the
mission of his ship, has only one "real time"
means of communicating with his commander-,
and other units of a force: Radiotelephone.
Your ship may' be guarding as mry`' as ten
(10) or more voice circuits, Aac having a
specific purpose and its own particular proce-
dures. Very' few of these circuits will be op-
erated from communication spaces unles's you
are on a small ship (i.e., a submarine or a
destroyer). On relatively large ships, the. Cir-

_cults are handled from the bridge and CIC.

As an operator, yOuv are resplsible for
providing reliable transmitter and rec ver serv-
ices to these remote operating positions. This
entails establishing communications on a net
or circuit before making that net or circuit
available to the remote, operators. If you are
not are of the various nets guarded by your
ship and their purpose, the overall communi-
cations of the ship -will suffer, and the progress
of the operation wiR-be impeded.

It should be obvious that modern,high-speed
naval operations make the ,eiimination of confused
radiotelephone operations An absolute necessity.
A hunter-killer 'force searching 'for an enemy
submarine, for example, is not permitted the
luxury of a 5- or 10-minute delay in executing
a scre,ening signal. This unnecessary delay de-
feats the purpose (speed) of the OTC in utiliiing
radiotelephone. A one-minute delay by an air-
craft carrier pilot in executing a vectoring sig-
nal because he didn't understand the message
could easily result in the pilot's death. A sub-
marine during shakedown operations may risk\
collision with its escort vessel during emergency
surfacing procedures if voiv communications
are not clearly undersiood. 7 t

Wile.deirer possible, use standardpiaseolOgy*:
authorized prowords, and brevity code word's;
They enhance reliability and clarity., Moreover,
variations from standard operating procedures
offer. an ideal situation for enemy deception
o a circuit.
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BASIC ESSAGE FORMAT

.RadiotelePhOne (R/T) employs a 16 -line mes-
sage format. ,(See figure 12-1.) Except when a
bonnnercial or In ivil- Aviation Or-'

, ganization (ICAO) f rmat is used, each BIT
message id prepared in plaindress, abbreviated
plaindress, or codress. By-far the most common
me age form in R/T traffic is the abbreviated
iiigiMress. In fact, sometimes the abbreviated
plaindrelpmessage 45. so abbreviated that its
resembla ce to the- basic message" format is
barely discerniblO. The three .major "Message
parts heading, text, and endingare there, how-
ever. Each' of these major parts is reduced to.
component"; And elements. All format lines do
not necestarily appear in every message; how -
ever, when they are used, the lines will be in
the order indicated in figure 12-1.

Notice that the order of components and
parts shbwn in figure 12-1 correspond to the
order of the basic message shown in chapter
11, BASIC. MESSAGE ,,FORMAT. Notice also
that "PROWORDS," not prosigns are used in
voice coibinunications. These . prowords are
spoken; FM it, is important that you, the op-
erator, be completely familiar with those basic
to the primary components. Table- 12-2 lists
many of the commonly ,used communications
,phrases and words, their associated proword(s),
and explanations of these prowords. through -
out this chapter, prowords are showri in all
capital letters.

The following is a discussion of the lines used
in the R/T message format listed in figure
12-1.

FORMAT LINES
1, 2, 3, AND 4

Format line 1 is not used in radiotelephone
procedure. Format lines 2 and 3 contain the
call, the proword " ESSAGE," and the trans-
mission identification.

The call may take one of the
ing forms:

(1) Full Call -
Washington (station called)
THIS IS

Lincoln (station calling)

follow-

(2) AbbreCiated Call -

THIS IS)

Lincoln (station calling)

Normally, a full cal is used to establish coin-
munications originally. Once communications are
established and no ambiguity will result; an
abbreviated call may be used. To further ex-
pedite voice communications, the proword "THIS
IS"' may be omitted by the receiving station
when the station is responding to a call, so
long as communication conditions are good. Also,
when two stations are in continuous communi-

, cation with each other on a circuit or net.
not shared by a third staticm, the calf may
be omitted entirely provided no confusion will
result and communication conditions are good.

When a collective call sign is used and there
are addressees that are to be exempted, you
do so in the call by the use of the proword,
"EXEMPT" followed by the call sign(s) of the
.station(s) exempted. For example:

Edison

250
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EXEMPT

Marshall

.
--

Lincoln (station calling)

(collective call)

(station exe

i"

ted)

Notice that there is only one station exempted

in
this call -up; however, if there had been more

than onecanesltl-station, they would all have been spoken
prior to the proword "THIS IS."

After the calls transmit the proword "MES-
SAGE" if you wish to indicate" that a message
which requires recording is about to be trans-
mitted. For example,:

Lincoln (station Called)

THIS IS

Washington (Station calling)

MESSAGE (message is to follow)

The transmission- identification is normally
a station serial number - and Is used mostly
in teletypewriter procedure. When used in voice

41
, 4.-441,- -
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PARTS COMPONENTS ELEMENTS

Procedure' a.*Call

Preamble

b. Message follows
c. Transmission

Identification
d. Transmission

Instructions

FORMAT
LINE

1 .

2&3

'a. Precgdence; date- 5

timeggroup; mes-
sage instructions

it

CONTENTS

Not used.
Stations called - Proword E?EMPT,
exempted calls. .

Proword THIS IS - station calling.
Proword MESS5GE.
Proword NUMBER and station serial -

number.
Prowords RELAY TO; READ BACK;'DO NOT
ANSWER; WORDS TWICE; Operating sig-
nals; Address Groups; Call Signs;1
Plain Language designators.

Precedence designation; Proword
TIME: date and time expressed in
digits, and zone suffix followed by
month indicated by the first three
letters, and if required by national'
authorities, the_year indichted by
the last to digits; operating
signelg and proword EXECUTE TO FOLLOW.

Address

N

G

a. Originator's Sign; 6

.

b. A ?on Addressee 7

S gn
c. Information Ad- 8

dressee Sign; In-
formation Addressee

d. Exempted Addressee 9

Sign; Exempted
Addressee

Proword FkOM.
Originator's addrest designatbrj.
O'roword Ta.'Action addressee
designator.
Pioword INFO. Information addressees
designators.

Proword EXEMPT. Exempted addressee
designators.

,Prefix a. Accounting Informa- 10
tion, group count

Accounting
word GROUPS (GRO(1P NO COUNT)

ymbol; group count; Pro-

SEPARATIO N 11 Proword BREAK

T Text
E

X

SEJARATIO N

a. Subject Matter 12 CLEAR,, UNCLASSIFIED, proword SERVICE,
and/or.) nternal instructions as ap-
propriate; thoughts or ideas as
expressed by the giginotor.

13 Proword BREAK

E Procedure . a. Time Group 14

N

D

I

N

G

b. Final Instructions 15

. Ending -Sign 16

Proword TIME. Hours and minutes ex-
pressed in.digits and zone suffix,
When appropriate.
Prowords WAIT.; CORRECTION,
AUTHENTICATION IS, MORE TO FOLLOW,
Station designators.
Prowords OVER, OUT

re 12-1.-- RADIOTELEPHONE (R/T) MESSAGE FORMAT.

251
9 -.

76.148



RAD OMAN 3 & 2

4

Prowords

Ab

ADDRESS GROUP

ALL AFTER

ALL BEFORE

,Explanation

'The group thatf011ows is an address
group.

The portion of the.mesSige to which I
have reference is all which follows

.The'portion of the message to which.I
have reference.is all that precedes

. III
..., \

AUTHENTICATE . 16 station called'ts-fOreply to the
challenge which follows..

AUTHENTICATION IS- The transmission authentication of this
message is

f

'N------.
:

BREAK . I hereby indicate the separation of
the text from other portions of the 4
message.

.

CALLSIGN The group that follo s is a call sign.

CORRECT

CORRECTION

DISREGARD THIS
TRANSMISSION-OUT

DO NOT ANSWER

1

.

You are-correct; or what you have trans-
mitted is correct.

An error has been made in this trans-
.L mission. Transmission will continue
'with the last word correctly transmitted.

An error h . been made in this trans-
mission message indicated). The
correct version is

That which follows is coreicted version
in answer to your request for
verification.

This transmission is in error.. Disregard
it. This prOword shall not, be used to
qincel any message that has been com-
pletely transmitted and for which receipt
or acknowledgement'has been received..

Stations called are not to answer this
call, receipt for this-message, or
otherwise to transmit in connection with
this transmission. When this proword is
employed, the transmission shall be ended
with the proword "OUT."

252

2

Proword Equivalent

AB

BT,

C

EEEEEEEE

C

EEEEEEEE AR

F
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Table 12-2. R/T Proviords Continued

r -Proword

EXECUTE

EXECUTE TO FftLOW

EXEMPT

,_FIGURES

FLASH .k

FROM

V'
GROUPS

GROUP NO CO9NTs.

I 'AUTHEFdICATE

IMMEDIATE

IMMEDIATE EXECUTE

INFO -

I READ BACK

I SAY AGAIN.

I SPELL

I VERIFY

Explanation

Carr; out the purport of the message e
or signal to which this applies'. To be
used only with the Executive Method.

Action on the message or signal which
follows is to be carried put upon
receipt of the proword "EXECUTE." To
be used only with the Delayed Executive
Method. -,. '

The addressees immediately` following
are exempted from the collective call

Numeralsor numbers follovi

Precedence FLASH.

The originator of this,message is
indicated by the address designator
immediately following:,

This message contains the number of
groups indicated by the numeral
following.

- .

The grbups in this message, have not
been counted.

The group that follows is the reply
to your chalIehge to authentieate.

Precedence IMMEDIATE.

Action on the message or signal 13111Ow-
ing is to be carried 'out on receipt
of the word EXECUTE.,To be used only
with.the Immedtate.Executive Method.

Thefaddressees immediately following
are addressed for information.

Tie following is my response,to your
instruction to read back.

I am repeating transmission or portion
indicated.

Proword Equivalent

I shall spell the next word phonetically.

That which follows has been verified of
your request and is'repeated. To be used
only as a 'reply to VERIFY.

253
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IX (5 sec dash)!.

IX

XMT

FM
I

GRNC

.0

IX

INFO

IMI
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Table 12 -2. R/T Prowords Continued ti
Proword Explanation Proword Equivalent

MESSAGE

NET NOW

NUMBER

OUT

OVER

- i

PRIORITY

READ BACK

REBROADCAST YOUR
NET

RELAY (TO)

ROGER

ROUTINE

SAY AGAIN

SERVICE

SIGNALS

A message which nequires recording
is about to folidO. Transmitted
immediately after the call. (This pro-
word is not used on nets primarily
employed for cbnveying messages. It is
intended; for use'wheri messages are
passed on tactical or reporting nets.)

All stations are to net thejr radios
on the unmodulated carrier wave which
I am about to transmit.

Station Seri umb

This is the end o y transmission to
you and no answer is 'required or
expected.

410

This is the,end of my trarismissioripto
you and a response is necessary. Go
ahead; transmit, .

Precedence PReRITY.

Repeat this entire transmission-back to
me exactly as received.

Link the two nets under your control
for automatic rebroadcast.

Transmit this message to alll(dressees
immediately following.

I have received your last transmission
satisfactorily

Precedence ROUTINE.

Repeat all of your last transmission.
Followed by identification data means
"Repeat (portion indicated)."

The message that follows is a service
message.

The groups which follow are taken from
a signal book. (This proword-iknot
used on nets primarily employWfor con-
veying signals. It is intended for use
when tactical signals are passed on non-
tactical nets.)
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Table_12-2.R/T ProwordsContued

Prowor0

SILENCE (Repeated three
or more times)

'SILENCE LIFTED

SPEAK SLOWER

STOP REBROADCASTING

THIS IS

7 Eiff.AN...

TO

UNKNOWN STATION i>

VERIFY

WAIT

WAIT-OUT

WILCO

Explanation yroword Equivalent

Cease transmissions on this net
immediately. Silence will be main
tained until lifted. (When an
authentication system is in force
the transmission imposing silence is
tope auttientticated.)

4r
Silence is lifte4 (When 'an authenti-

cation system is in force the trans-
mission lifting silence is to be
authenticated.)

Your transmission is at too fast a
speed. Reduce speed of transmission.

Cut the automatic link between the two
nets that are being rebroadcast and
revert to normal working.

This 'transmission is from the station
whose\designator immediately follows.

That which immediately follows is the
time or date-time group of the
message.

HM HM HM

The addressees immediately following are
addressed for action. TO

AA

The identity of the station with whom
I am attempting to establish communi-
cation is unknown.

Verify entire message (or portion
indicdted) with the originator and
send correct version. To be used only
at the discretion of or by the
addresseetd which the questioned-,
message was directed.

I must pause for a few seconds.

I must peuge longer than ,a few seconds.

I have,recei4ed your signal, under-
stand i and will comply. To be used
only by the addressee. Since th6
meaning of ROGER is included in that
of WILCO, the two prowords are never
used together.
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T ble 12-2. R/T Prowords Continued

Proword Explanation Proword Equivalent

WORD AFTER

WORD BEFORE.

WORDS TWICE

WRONG

The word of the r ssage to which I have
reference is that hich follows

The word of the,,message to Which I have
reference is that which precedes

S,4
Communication is difficult. Transmit(ting)
each phrase (or each code group) twice.
This proword may be used as an order,
request, or as informatio

Your,. last transmission wariaks corrict. The
cortlect Nersion is

tlt

WA

WB

coAnunications, however, the transmission
identification will be the last element of format
lines 2 i--atie 3 and will consist of the station
serial number receded by the proword "NUM-
BER."

Format 1 ne 4 contains the transmission in-
structions which may consist of prowords "RE-'4
LAY (TO)," '`WORDS TWICE," "DO NOT
ANSWER," or "READ BA C," The use of
these words is explained later this chapter.

FORMAT LINE 5

This format line contains the precedence,
date-time group (DTG), and any necessary mes-
sage instructions. When a date-time grov is
transmitted orally thejAcedence is spoken
(e.g., "PRIORITY"),"" and the DTG itself is
pAceded by the proword "TIME." For ex.-
ample: "Lincoln THIS IS Polk, 'PRIORITY, TIME,
Three Zero One Four Fouf Five Zulu."

Message instructions are not normally re-
quired in R/T messages. When included, they
consist of short awl concise instructions which
indicate the status orlthe message nd remain
with it until the station of destination is reached.
For example, if the message is suspected
duplicate, the phrase "This Message Is A Sus-

cted Duplicate," will immediately follow the
G.

FORMAT LINES
6, 7, a AND 9 "Ik

These format Sines form the address of the
message and are 'recognized by the prowor%

"FROM," "TO," "INFO," and "EXEMPT,"
respectively. Whenever -the originator and the .

addressee are in direct communication with each
other on the same oircuit, the call m y serve
as the address. Figure 12-2 is an ample of
an R/T transmission swing__ ments of the'
heading components (lines 2 rough 9):

FORMAT LINE 10

Thts line is identifier}' by the proword
"GROUPS" and may contain the accounting in-
formation and group designation. Accounting sym-
bols are seldom used on RXT circuitsptialeey
may appear on message's received for relay over

cirts. These accou4ing symbols are a
combinationo of letters used to indicate the agency,
service, or activity which, assumes financial
r\nponSibility for the message;

R/T messages are usually short, and a group
nt is seldom used. If th4 group count, is

sent, the number of groups will be preceded
by the proword "GROUPS" acid will appear
in the message prefix. When groups are not
counted, the prowords "GROUP NO COUNT"
will be used in messages which beEtr an ac-
counting symbol.

256

FORMAT LINES
11 THROUGH 16

Format line 11 contains the proword
"BREAK," and separates the heading from the
text. It is not necessarily used but should be
used whenever confitsion between the heading and
text is possible.

,rd
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r nsmission

L NCOLN

. This is

POLK

MESSAGE

PRIORITY

TIME

THREE ZERO ONE FIVE ONE ZERO

FROM

POLK

TO

LINCOLN

INFO

KEY.

EXEMPT

EDISON

t

(Collective Call),

ZULU

'V

(Exempted addressee from Collectiye Call)

Figure 12-2. R/T message showing all possible elements of the address component.

Format line 12 is the tvtxt of the message
and expresses the idea of the originator. The
ptimary difference between an R/T text and that
of other types of communication is thAt an R/T
text must be spoken. Therefore, it is4of primary
importance for would-be operators to btoroughly
familiarize themselves with the proper phrases
and prowords that re commonly used in com-
munications texts.

Format line 13 contains the proword
"BREAK" separating the text from the ending.
It should be used when confusion between the
text and the ending is likely.

Format line 14 is ueed only when a time-
group is transmitted here and takes the place

76.149

of a DTG in format line 5. For example, some-
times a DTG is .not determined prior to trans-
mission. It, may be omitted in format line 5,
therefore, and sent as a time-group in format
MI6 14. Iliconsists of the proword "TIME"
followed bye time-group plus the zone suffix.
For example, if you are in time zone "B"
and send a time-group in format line 14, it
might be spoken:

TIME

Three One Zero Eight Five Zero

Bravo (Time Zone)

meaning "310850B,"

0.
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Format line 15 contains any final instruc-
tions that are necessary. It is idtritified by
the prowords "WAIT,",9"CORRECTION," "AU-.
THENTICATION IS," or "MORE TO FOLLOW."

Forrest -line 16 is identified by he prowords
"OVER" or -."OLIT." s'Every tran mission 'end
with either "OVER" or __"OUT ' except that
the proword "OVER" may, be- Awnitted when two
stations ar4 in continuouS commUnbaation With
each other on a circuit not shared with "a thi 41,
station. In all transmissions where the prowo.14's-
"DO NOT ANSWER" is used, the transmission
must be ended with the proword "OUT."

CIRCUIT PROCEDURES

There are many procedures associated with
radiotelephone, Much of what is done and said
over ,an R/T circuit has to be a result of proper
techniques and training, coupled with common
sense and experience. There is no logical method
to cover every conceivable situation that may
arise when voice communication is used. There
are many simple procedures that are basic to
R/T and arise time and again on these circuits.
It is these procedures along with their operating
rules that we are going to discuss in this
section of the chapter.

VOICE COMMUNICATION
REQUIREMENTS

Voice communication requirements may be
grouped into two basic categories: Operational/
Tactical and Administrative.

Operational or tactical nets apply to most
voice circuits used at sea, even though some
circuits are often used to pass administrative
traffic. These types of circuits can be sub-
categorized into two distinct types:

1. Short Range
2. Long Range

Administrative circuits may include both short
and long-range communications but apply rn)stiv
to voice circuits used in port.

Short-range operatfonal communications nor-
mally utilize the ITHE frequency spectrum (225-
400 MHz) and low-power, line-of-sight equipment.

1

ls

Because of these frequency and equi ment char-
acteristics, the effective range us y is 20
to , 25 miles' 'This limited' UHF a e offers
no security, nd transmissions are alwayt sub-
ject to enemy interception. Transmissions, how-
ever, are limited somewhat to the local geographic
area, making interception more difficult. On
the other hand, UHF ..communicationS may be
extended in range through the proper use of
relay procedures. ,

More and more, ships must report to OTCs
_

riim long, distances. Long-range frequencies in
he medium and high frdquency spectrum (2 -

1132 Mjlz), therefore, are used. As discussed in
chapter 6, the Propagation characteristics of
these frequencies Make them destrable -for long-
range communications. Further increasing-the
range capabilities of long range communications
are single-sideband (SSB) methods (previously
discussed in chapter 3).

t-*

Administrative nets are normally used in
port. Included in the administrative category are
voice circuits that are neither operational nor
tactical. Seldom is there such a circuit in at-
sga communication plans. Examples of adminis-
tlative nets are harbor common circuits and
tug control nets. Naturally, these nets take on
an operational function during any situation re-
quiring emergency procedures (e.g., natural dis-
asters, civil uprisings, etc.). Circuit require-
ments vary from port to port as established by
the Senior Officer Present Afloat (SOPA). Both
the lift and MF/HE spectrums may be used
for administrative nets.

_,LOCAL HARBOR
CIRC UITS

25H

Voice call signs in JANAP 119 are pro-
nounceable words taken from the English language.
They are for tactical use and are designed to
facilitate weed on tactical radio circuits. These
voice cal; signs, when assigned to specific
units or activities, not provide security of
add re ss.

Administrative shore activities are not as-
signed voice call signs in JANAP 119. Con-
sequently, shipsequently, cannot use a tactical call on
administrative ship- shore circuits. When operat-
ing on ship-shore radiotelephone circuits, ships
may use their international call signs, spoken
phonetically. For example, international call



Chapter

sign NOgB is woken "November Oscar Kilo
Bravo." Also av ilable for use is the pro-
cedure described in the next paragraph.

In U. S. ports and U. S.- controlled ports oVer-:
eas, names of ships serve as voice call signs.

As a rule?,the "USS" prefix, hull designations
and numbers, and first names or -initials of
ships need not be -inCluded in the voice call
unless they are essential for cldrity. The same
is applicable to shore activities on adm.nistr4-
tive nets. The activities may use their adminis-
trative title in an abbreviated form, consistent
with clarity. For example, a Mobile Technical

"Unit 2 may have a voice call of "MOTU" on
an adrriinistrative circuit.

Port authorities controlling local harbor voice
circuits are identified by the word "CONTROL."
For example, if the USS Francis Scott Key
(SSBN 657) is entering port in New London,
CT, its initial call to New London Control in
order td 'check into the local harbor net would
be:

"Control THIS IS Key, OVER."

0

If the Key were to call the Fuel ,Control, their
call would be:

"Fuel Control THIS IS Key, OVER."

Remember that the simplified type of call
is authorized only in L', S. ports or (4 S.-controlled
ports. If a ship is in a port that is not under
U. S. control, it mast conform to the inter-
national practice of using phoneticized inter-
national call signs on radiotelephone circuits.

TYPES OF NETS

There are two types of R/T nets: Directed
and Free. The type of net used is determined
by the operational situation. Regardless of the
type of net used, a Net Control Station (NECOS)
is assigned to monitor the circuit or circuits
and enforce circuit discipline. Enforcement of
circuit discipline, however, is not the only
reason for having a net control station. Some-
times there are so many stations sharing a
common circuit that a net control station is
necessary to facilitate the efficient handling
and passing of R/T traffic. The following is a
discussion of the two types of nets.

Directed Net

In this type of net, Btations -"are required'
to obtain permission from 'the net control sta-
tion Prior to communicating with other stations
in the net. The exception to this rule is When

a station has FLASH traffic to send. Also,
transmissions on a directed net may be ac-
complished in accordance with a predetermined
schedule.

Free Net

Iv this type of net, member stations need
not obtain permission from the net control sta-
tion in order to transmit. A free net, however,
does not relieve the net control station of the

maintaining proper circuitresponsibility for
discipline.

It is common for, both free apd directed,
nets to have a collective call sign. For example,
figure 12-3 diagrams a radiotelephone net that
consists of the following stations: Key, Lincoln,
Polk, Washington, and Roosevelt. For this ex-
ample, assume that the net control., station
(NECOS) is Key. Notice that the collective call
sign for the entire net is "Poseidon."

OPENING THE NET

The responsibility for opening the net for
the first time or reopenoing the net after it'
has been.ternporarily sec red belongs to Key.
(See fig. 12-3.) To accomplish this on a free
net, Key would transmit:

"Poseidon,

Pr:OSE, E 1, I

AS,i r4(,, 11N,1
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.

THIS IS Key, OVER."'

KEY

POSEIDON

FLINC0LN

,Figure 12-3. Radiotelephon

POLK

76.150
e Net.
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After jtfie transmission, all stations answer
alphabetical order:

"Key, THIS IS Lincoln, OVER,"
"Key, THIS IS Polk, OVER," etc.

in Each subordinate station then answers in order,
example:

After all stations on the net have answered,
Key then sends:

"Poseidon, THIS IS Key OUT."

This last'Message from life informs all stations
that their transmissions ere heard and that
he has no traffic for them at he time.

If for some reason a stagy on does not reply
to the collective call withi approximately 5
secondst, the next station wou answer in proper
9equenate. Then, if possible, e delinquent sta-
tion will answer last. lf,,the tation concerned

$s having 'some difficulty that p ents an answer
to the call, it reports in to the net as soon
as possible with the transmission:

"Key, THIS IS (name of stat
Reporting In To Net, OV

At/this time on a f neiTthe stations con-
cerned would go abo he business of trans-
mitting traffic to/ each other, following
a preliminary For example, if Lincoln
has traffic for W shington, it would let Wash-
ington know this w h the call:

"Washington, THIS IS Lincoln, 04E11"

Washington would acknowledge with;

"Lincoln, THIS IS Washington, OVER.t,

Lincoln would then send its trc.

On a directed net, when all comm ications
over the net are to be controlled by net
control station, Key would call the member- sta-
tions and announce that the net is directed. In
this initial transmission, he would request in-
formation on the status of any messages out-
standing. For example:

"Poseidon, THIS IS K y, This Is
A Directed Net, Of What Precedence
And For Whom Are Your Messages,
OVER."
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indicating its traffic on hand. For

"Key, THIS IS Lincoln, I Have
One IMMEDIATE And One PRIORITY
For You, OVER,"

"Key, THIS IS Polk, No Traffic,
OVER,"

etc

After all stations have checked into the net,
Key, would " RbGER" for° the transmissions
and commence to clear traffic in the older of
priority. For example:

"Poseidon, THIS IS Key, RbGER,
Lincoln Selld Your IMMEDIATE,
OVER," *./

When Lincoln has sent and obtained a receipt
for its transmission, net control then gives
permikfAon to transmit to the station with the
nelct highest precedence traffic.

After the initial traffic is cleared, stations
having messages to twsmit to other stations
on the net Must firSt Wain permission from'
net control to dodo. For example:

"Key, THIS IS Roosevelt, I Have
One ROUTINE For Polk, OVER."

Net control would then answer:

"THIS IS Key, Send Your Message,
OVER,"

It is easily seen that circuit discipline is
a necessity. pn fleet operations, whether it is
a ship entering poil or a major fleet exprcise,
voice communications are required. The number
of necessary circuits and nets will increase with
the complexity of tye task at hand and the number
of units participating. Whether the net is free
or directed, therefore, the net control station.,
has a large responsibility, in expeditingnessage
traffic. It should also pe stressed that each sta-
tion is tasked with the responsibility of assisting
net control in the proper passing 'i9ftraffic.
Adherence to proper operating procedures are
communication standards is the only thing that
will keep a net free of backlogs and tie-ups.

4

9
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R/T CIRCT LOGS

Circuit logs should be maintained on all
radiotelephone nets or circuits when practicable.
The circuit log shows a complete and continuous
record of transmitted and received traffic, as
well as operating conditions which occur during
the watch. The log should include such data as
the following:

(1) Times of opening and closing by individual
\stations.

(2) Causes of delays on the circuit.

Frequency adjustments and changes.

(4) Unusual, occu4ences such as procedural
and seeu\rity violations.

(5) Changing of the watch.

When operating °main° s permit and when
there are no .instructions to the contrary, every
transmission heard by an operator should be
recorded, -regardless of the sou e or complete-
ness, This rule applies to all tacti 1, command,
an reporting nets. On others, a odified log

be kept.ma

Some nets may require only a modified log,,
for ready reference. O'n all nets/circuits that
require complete logs, however, auto/Attic re-
cording deices should be utilized in order to
ensure a total record. Time should be auto-
matically or manually recorded at intervals
not exceeding five minutes.

When essage is addressed to or is to
be relayed y the receiving station, the mes-
sage must be written in full on a message
blank. Thus, only sufficient details need be

gerted in the radio log to identify the mes-
sage\. If the message need not he recorded in

ts, full o a message blank, the transmission' should
be rec ded as completely as practicable in
the circu t log.

When opening a new circuit or 'starting a
new day's log, the operator should write or
type in his name and rank/rate or grade in
full. When an operator is relieved or closes
the circuit, heirn lot gn the log. The oncoming
operator then wri s or types his name and
rank/rate or grade in full in the log.

Log entries must not be erased. Any nec-
essary changes re made by drawing a single
line through the) original entry and indicating
the changed version adjacent to the lined out
entry. Such changes shoutall be initialed by the
operator making the change.\

THE PHONETIC
ALPHABET

Many letters of the alpha6et,sound similar.
For this reason, the standard phonetic equiva-
lents of the letters ofolhe alphabet are used
in radiotelephone communications. Usage of
phonetic alphabet saves the many correcti s
and constant repetitions that would other se
be necessary. The followingrlii is the alp abet
with 2a list of its pho)letic a spoken e uiva-
lentg. The capitalized ',portions of the spoken
equivalents are the parts of the word that should

-g' en the greatest 'emphasis when spoken:

Phonetic
Leger Equivalent

A

B

C

D

E

F

G

H

I

1,

ALFA

BRAVO

CHARLIE

DELTA

ECHO

FOXTROT

,GOLF

HOTEL

H<DIA

,JULIETT

1,0

LIMA

Spoken

AL fah

BRAH voh

CHAR lee

DELL to

ECK oh

FOKS trot t

GOLF

hob TELL

IN dee ah

JEW lee ett

KEY loh

LEE mah

VI MIKE MIKE

N NOVEMBER no VEM ber

0 OSCAR O cah
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Phonetic
Letter Equivalerlt

P PAPA

QUEBEC

"ROMEO;

SIERRA

TANGO.

U UNIFOR4

VICTOR

W WHISKEY

X- XRAY

Y YANKEE

ztfitru

Q

R

S

T

RADIOMAN 3

SPoken

Pah PAH

kay BECK

ROW me oh

See AIR rah

TANG

YOU nee form

VIK tah

WISS key

CKS ray

YANG key

zoo loo

When signals 'from haPgal Signal books are
transmitted by voice, names of flags (Alfa,
Bravo, etc.) are used as theY appear in the

-signal books. Difficult words Within the text
of plain text messages tray he phonetically
spelled, using the phonetic alphabet, preceded
by the words "I Apf1--,L.'' WPen the operator
can pyonounce the worcl to he Spelled, he does

. so before and after t1'- Spelling of the word
to be identified. For example, a phrase in a
plain text message alight coOtain the words
"Kisatchie Reservation''. UPori reaching these
two words, the operator 'wo\ild say:

"Kisatchie, f SPELL. Kilo, India,
)Sierra, Alfa, Tango, coarlie, Hotel, lAdia, Echo,

Kisatchie, Reservatiop'' . (rest of tee").

Whenever a text is cornPosea of pronounce-
able words, the words will he fl)orcen as such.
Where a text is encryPted, the groups_are,to
be transmitted by, the phonetic equivalents of
the irglividual letters g-rict withalkt the proword
"I SPELL." For example, the PrIeryPted
"DliSRM" will be spoken, "Delta' Romeo, Sie a,
Romeo, Mike," and counted as coll group.

PRONUNCIATION OF
NUMERALS

Care must be take to- dietillgilish numerals
from similarly proube011ced words. To do 4o,

o

the proword "FIGURES" may be used preceding
such numbers. For example, if the text of a
radiotelephone message contains the phrase:,
"From Ten Companies," there is a possibility
that the phrase would sound like "From Tin
Companies" if spoken as it is written. An op-
erator, therefore, could use' the "FIGURES"
proword when this phrase is reAched in the text
by saying, "From FIGURES One Zero Com-
panies." It should be pointed out, however, that
the proword "I SPELL" could be used here.
For example, upon reaching the same phrase in
the text of a message, an operator could trans-
mit as follows: "From Ten, I SPELL, Tango,
Echo, November, Ten, Companies." When nu-
merals are transmi ed, their correct pro-
nunciation is as follows

Numeral

0

1

2

3

5

6

4,r

8

9

262

_Pronounced

ZE ro

Wun

Too

Three

FO wer

Fife

'six

SE yen

Ait

NIN er

The numeral "OP,
never as "Oh." Decima
"Day-see-mal."

is always spoken as " Zero,
points are spoken as

Generally numbers
digit by digit, exc t that ,,ex
h gands are spoken as 'such. Tthousands

such as Anti-Air Warfar
cedures, where the 'normal pro
merals is prescribed and- this

-.269 4/

ansmitted
t multiples of
ere are special
reporting pro-
nciation of nu-
ule does not

Al
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ipply. For example, in this situation, the number
VT would be pronounced "Seventeen," and not
'One - seven." The following is a list of numbers
true their normal R/T pronunciation:

umber

11

55

1000

1920.

34,000

349,204

Pronunciation

Wun Wun

. Fife Fife

Wun Tou-zand

Wun Niner Too Zero

Three Fower Tou-zand

Three Fower
Fower

DECIMALS, DATES, AND
ABBREVIATIONS

4

Niner Too Zero

The decimal point s oul4 be spoken
7.8. "DAY-SEE-MAL." For e mple, 920.4 would
be spoken as "Niner Too Zero DAY-SEE-MAL
sItcer."

Dates should be spoken digit by digit, with
the months spoken in full. For ample, the
date "20 Septmeber" is spoken as 1Too Zero
September.?

;41

There are sev'eral rules concernin abbrevia-
tions in the text of an R/T messa For ex-
ample, initials used alone or in conjunction with
short titles are spoken phonetically. The phrase
"para A" would be spoken_,as "Para Alla."
Th initials "ACP" would be spoken as "Alfa
Charlie Papa."

Personal initials are spoken-phonetically, pre-
fixed by the word ."INITIALS!" For example,
the name "D.R. SMITH" would be spoken as
"INITIALS Delta Romeo Smith."

Frequently used abbreviations used in normal
speech may 6e used in the same manner when
transmitted via radiotelephone. For/ example,
the word "NATO" is spoken as "NATO." The
ship "USS Canopus" is spoken as "USS'Canopus."

PUNCTUATION

- When punctuation is ,necessary in a radio-
telephone message, it should, be pronounced as
follows:

Punctuation Spoken
ti

Comma COMMA

Period FULL STOP or PERIOb

Parenthesis PAREN/UNPAREN or
OPEN BRACKETS/
CLOSE BRACKETS

Oblique Strok SLANT

Quotation Marks QUOTE/UNQUOTE

Hyphen

Colon

Semicolon

Dash

HY

COLON

SEMICOLON

DASH

Roman numerals must be transmitted as the
corresponding Arabic numerals, preceded by the
word "ROMAN." For example, the Roman nu-
meral III would be pronounced, "ROMAN

USE OF OPERATING
SIGNALS

4
Q

Operating signals are not designed for radio-
telettone transmission. in R/ op-..procedure, op
eratft information 'is norrnialY., conveyed in
concite phrases. It is permissible, however,
to use operating signals, contained in \ACP 131
instead of standard RAT phrases in the follow-7
ing,instances:

(1) Where there :are ,language difficulties.-ve
here is no(2) Where practiciul and where

risk of confusiolf.

263,
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AMIN.

In such instances, operating signals should be
transmitted using authorized phonetic equiva-
lents.

USE OF PROWORDS

Table 12-2 contains a listing of prowOrds
that are authorized for 'general use. Prowords
are used to expedite message handling on cir-;
wits where R/T procedures are emplOyed. In
no case must a proword or combination of
prowords be substituted for the -textual com-
ponent of a message. Between units of different
nationalities, prowords may be replacedby their
equivalent proffigns, where these exist, spelled
out using the `authorized phonetic equivalents.

RADIOTELEPHONE
CALL SIGNS gyro

Radiotelephone , call signs may be assigned
by °PINDER, tactical COMMPLAN, or per-,
manentlyi via a corhaionly-held communications
publication. They may be of -ea permanent or
temporary nature, and they may be internation-
ally usable or locally promulgated. In any event,
the call signs identify Ithe station and are used
to establish communications..

It is' required that a .ship use its call sign
wheh a net is first established or ,when the
shit, is reporting into a/ previously established
net. After this initial contact, an abb 'reviated each natural phrase and interrupt the card
form of communication's may be used, as dis- zrntWientarill to allow the other station to
cussed earlier. Ifa,call sign encryption is -in7 in if neceetary. Ari operator 'should always Li

no more than a simple call -up to initiate.
contact and to determine whether com-
munications conditions are good or bad. For
example, if the USS Abraham Lincoln wants
to contact the USS Geor EWT113hin on a
commonly guarded requency, a e n a. call
would simply tge:

"George Washington THIS IS Abraham .Lincoln,0-VER77--
4

Upon hearing the initial call, Washington'stieply
would be:,

"Lincoln THIS IS Washington, OVER."

At this point, Lincoln would inititate anothet
call -up and indicate that it has traffic to pEit3E1
to Washington. -

To utilize circuit time moreVicientlA, all
messages or their substance should be written
down prior to efansMission. Ttiose messages
which must be delivered bK #he recekving op-
erator to another person or Vshictil are Preceded
by the proword "MESSAGE" should be written
down.

Transmissions should be clear with natural
emphasis on each word expept the prescribed

is also technically
' practicable that th sending erator pause after

pronunciation 6f a numeral.

effect and ,shiptunit n
name ;should be r
sign. or address g
used in this ma
group may be preceded, .by the proword "CAL
SIGN" :Dr "A DRESS)gROUP" aPPlicabl
and as deemed essary.

es appea0 in the text, the to make sure that the -circuit clear berme
aced by the encrypted call initiating, a tranamisSion. If it fir, necessary to,"
p of the ship or unit, When initiate test signals either for the 'adjustment,

evil the call sign or address of l. transmitter or receiver, such ftnals shonyll
no f exceed 10 seconds and sho9ld colnposedi
of spoken numerals -(1, 2, V-btc.) followed 14
the call sign of the station transmitting' the
signals..

t
ESTABLISHING
COMMUNICATIONS

.r
The- procedure for .callin and answering,

n a free `r directed net has already heels"'
discussed. T ere are. times, however, when
you must estab sh communications with a ship
or 'station on to por ary basis for the purpose
of passing .necessary traffic/ This, consists of

264

Sequence of Call Signs

0Ordinartly, call signs and/or address groups
in message headi hould be
phabetical order in t "e farm in
to be transmitted, whether plain or
For this purpose, th4.slant sign (/) an
1 through 0 are consiidered the twerit
throuth the thirty-seventh letter
phabet. When ,abbreviated pall si

ranged in al-
ich they are

encrypted.
numerals
-seventh
the al-

are used
au,



&inter 12 R,ADIOTELEPHONE PROCEDURES

(..._

on a net, the sequence of answering a collective
call should be the same as if ftrfi call signs were
in use, thus avoiding any confusion that may
arise when these call signs are changed from
full to abbreviated.

Signal Strength and
Readability

A sta ion is understood to have good signal
strengtland readability untess the operator is
n tified otherwise. (Queries concerning signal
st and readabgity should not be exchanged
un a one station cannot clearly hear another
station. The standard*hrase used in ,a call-up
that questions signal .strength and readability is
the proword "RADIO CHECK." For example,
let's assurrie-that USS Abraham Lincoln initiates
a call t4 USS George Washington and wishes to
know the status of communication9 conditions.
The initial call would be:

("Washington THIS RADIO CHECK,
OVER."

Upon hearing this transmission satisfactorily
and deArmining that communication conditions
are cleat, Washington would then answer:

"Lincoln THIS IS Washington, ROGER, OVER."

The' omission of comment on signal stirength
and readability is understood by Lincoln to mean
-that the reception is loud and clear. If any
adderse conditions existed that were impeding
Washington's ability to maintain satisfactory
communications, Washington would have used one

asee...(considered -prowords) shown._ ti

For:'examPle, if- thetranstMlbsionf
was),',ri*5t consf&rd satisfactory by Washington, '
the -reply,frikigh Ore been.:

.

shington, WEAK and"Lincoln THIS /AS
TORTED, OVERc"

A station that wishes to inform another
Of signal st ngth and readability will do so by
means of., a ort and concise- report of actual
reception such , "Weak but readable," "Weak
wi interferen ' )etc. Reports such as "Five

r," are not authorized and
sigl strength and qualitybY' 4 42.11'--.

are_nsit- dicati

Good/Bad Communications
Conditions

Naturally, the ideal situation exists when
atmospheric Conditions and biterference_ do not
present a problem to successful communications.
During good conditions, message p s need only
be, transmitted once and,, depend upon the
operational situation, preliminary c Are Arne-
times optional.

On the other hand(condition are sometimes
anything but ideal, which can present a Rrobleni
to an inexperience operator. It should beltand-
ard operating procJadre to any operator to trans-
mit all 'call signs twice wheh communication is
bad or difficult. Phrases, words, or groups may
,be transmitted tSrice and indicated by the luse
of the proword 'WORDS TWICE." Reception
may be verified by use of the proword "READ
BACK." For example; if bad communication con-
ditions exist and Lincoln has a message for
Washin on that reads; "Moor Starboard Side
Tender,' the transmission would be:
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" Washington, W. in n, THIS °IS, Lincbln,
Lincoln, WORDS CE, WORDS TWICE , Moor
Moor Starboar Starboard Side Side Tender
Tender, OVER."

L.

Upon receipt of the message, ashington would
then properly ROGER for'it. To ensure reception
during Gr. municalions donditi s, LIncoln could
have e the above transmiiSi with the pro -.
word " AD BACK," , sent twy ..,This would
require Washington to red back the message
verbatim in words twice forna., thus ensuring
that it was properly received.

Another method of using "READ BA "s
procedure,10-19,,do so without using " DS
TWICE." FOr exarile,- if Lincoln wanted Wash-
ington to read back the message to ensure re-
ceptionception but did not want to use *ords twice.
procedure, the transmission would have been
as follows:,

"Washington, THIS IS Lincoln, READ BACK
Text, BREAK, Moor Starboard Side Tender,
OVER."

K----

Washington would then answer:

"Lincoln, THIS IS Washington, I REA RACK
Text, Moor Starboard Side Tender, vER."

272
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Table 12-3. Prowords concerning signal strength and readability.

(1) General -

RADIO CHECK

ROGER

NOTHING

=

'What is my signal strength and readability,
. i.e., how do you hear me?

-
'

wave received your last transmission
Aatisfa,ctarlly-, The omission of comment:"

.

On signal s rpngth and readabiliV is4Under- 41!'

stq d to mean that reception is loud apd
c e r. If reception is Other than loud and
ear it must be descried with the prowords

from subparagraphs (2) and .04 below.

HEARD 'To be used wh no reply is recefOed from
called statin.

f

(2) .Report of 44

LOUD

GOOD

WEOV

VERY WEAK

FADING

(3)

Strength

.-14/

Y signal i. very strong.

Your signal -s rengfh is/iood.

Your signal s rength i$ weak.
.\

)(Our signal st ength:is very weak.,

\\ AtUimes your s anal
an extent that co
be relied upon.

"'"'

Report. of readability

CLEAR

e READABLE

UNREAD*

\ i
ECellent quality.

Quality;is saiisf:ictorl

1The quality, ,,of yoUr transmissAn is so bad
that ,I cannot read you.

:..,
:,.`

p.

DISTORTED - Having trouble reading you because your
signal is distdrted.

.

.
\

. WITH INTWERENCE
' Having trouble reading you chie to interference.

rINTERMITTENT Having trouble reading you because your
signal is intermittent.

strength fades to such
uous reception cannot
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Satis1d that Washington has properly received
the m ssage, Lincoln would then send:

-
'

"Washington, THIS IS Linciiln, That Is Corrielt,
", 4

In tlie event that the rnfessage had been repeated
habit incorrectly, Lincoln could 'have used the
proword ?"WtIONG," followed by the,. corre
Inn-atom, Washington-. would then repeat -b
the necessary portions, until the message
correctly received in all respects,

ck
as ""

When the "WORDS TWICE" or "READ BACK"
procedure is used, there are `severaVules to
bear-in mind. TirSt, the proword "THM14115'*?, s"
not repeated twit-4,.noi- is the proword "OVER,"
when the "WORDS TWICE" procedure is 4,ised
They are not spoken twice in the original ;trans-
mission nor, in the repeat back version..SeCondly,
the proword "ROGER" is not necessary to
indicate receipt' of the message in the "READ
BACK" procedure. If the message-is correct
in --ittrepeated back version, the phrase that
should be used is, "THAT IS CORRECT, OUT."

In a collective call whorl only some of
the stations represented are to read back, tho
stations should be specifi
t eir -appropriate call 'sig
word "READ LACK." -
aback is, given, only thus
do. so 'will,read back: .th

nsmittig
precedin the pro-

en the orde to read
stations directed tv
rema afi One

'called will keep °Nsiient 'unless diredted-)DAthe
calling .station' to receipt. Whetnot preceded by
identifying call signs; the prow° "READ BACK"
means that. all Stations ary -read' back if
the call is a. collective one.

CORRECTIONS

° When an error is made by a transmitting
operator, fie prowovl '0` CORRECTIO" is

-*The operator' then repeats the"' last
word, group, prowoid, or phrase correctly sent,

Beds with the mes-
that Lincoln made

o Washington. The
ing that mistake is

corrects the er-rod'; and pro
sage. For. example, assume

'a mistake in the message
correct method , for correct
as follows:

"Washington, THIS IS Lincoln, Moor Outilbard
Side, CORREFTION, Moor Starboard Side Tender, "Key, THIS I SAY AGM

cmv R." ", Status, OVER.) '

If the ,errs ; is not discovered until the Op-
erator is some dist'ancl beyond it, the correction .
May, be made, at the end of the message. For
example, assume that p.SS Francis Scott 'Key Iv

is communicating with. USS James 'K. .Polk.
During Key's transmission,' a.' mistake is made
in the time group but is not diseovered.,until.
near the end of the, transmission. The pro-
ceduie *mid be as follows:

"Polk, THIS IS Key, TIME ero gigh T o
Your Zulu, BREAK, Request Status Deep Dive,
BREAK, CORRETION, TIME Zero Eight Two,
'Fiye Zulu, OVEk.1'

REpETITIONS

riren words are .31.1ssed or 'are doubtful,.
repetitions are requated jay stations priortto ,

receipting fot the message. The pxowords inoSt
often' used for obkining repetitions a-re '.'SAY.
AGAIN," "ALL F.FOVE," "ALL AFTER,"
"WOR BE FOREP "WORD AFTER," and."TO."
For ^exampe,---4n the previous. message- from
Key to Polk, as \ume that, Polk misSei the
entire message after- the word "Reques " At
repeiti n Or that-, ortion of the message would,
take the of wing forini.

"Key -THIS, IS 1561k, SAY AGAIN ALL AFTER
Request, OVER."

Key would then reply:

"THIS IS Key, I SAY AGAIN ALL AFTER
Request - Status l Deep . Dive, BREAK, OVER."

r

eIf " the message is satisfactorily receiYeo; 'Polk
. would then send:

"THIS-404),M, ROER, OUT." 1,

The same procedure would also apply 'to usage
of the- proword "ALL BEFOREV

I Another use of tl;te repetition prOtre isf

esti?* that" a particular--Wo-rd be repeated.
T s is donl by, using' either of the two expres--
sione: Prowords "WORD AFTER" a ',$-WORD

B FQRE." For example:
,. .

WORD AFTER

r 267
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Key then replies0

"THIS IS Key, I SAY AGAIN WOrm AFTER
Status-Deep, OVER."

The same Procedure would apply to "WORD
BEFORE" procedure by simply substituting the
prowords.

The use of the proword ,"TO" is as follows:

"Key THIS 113 Polk, SAY AGAIN Request TO
Dive, OVER."

Key would then reply:

"THIS IS key, I SAY AGAIN Request TO Dived
Request Status DeeDive, OVER."

UPon satisfactory receipt,. Polk would reply:

"THIS IS Polk, ROGER, OUT."

It is an important `rule to remember that
when repetitions in the heading:of a radiotele-
Aone message thai:YdOntains From, To, Info,
or Exempt addees arp requested, the prowords
are 'Ahe key to the, repetitions' predure. In

r',,Other words, repetitibns may be requested. for
all of that portion of the heading preceding or
following a- prbword, or that portion between
any two prowords. For example, Key sends the
following message to Polk:
"Volk:. THIS IS ,Key, MESSAGE, PRIORITY,
TIME, Zell° tight Zero Nine Three Zero Zulu,
FROM "Key, TO" Polk, INFO Lincoln, BREAK,
Procee&Naval Ili-Idea-water Sound Laboratories,
RendezvOus SAQAD, I SPELL, Sierra, Alfa,'
Quebec, Alfa, Delta, SAQAD, Representative,
BREAK, OVER,"

Polk misses the' portion of the Message before
the address and, therefore, sends:

"Key THIS IS Polk, SAY AGAIN ALL BEFORE
From, OVER."

key then sends:

Upon understanding the missing portion, Polk
sends:

"Key, THIS IS Polk,10GER; OUT."

The same procedure can be applied to,,all of
the repetition prowords. Just remember that
any, reqUests for repetition must include those
portions- of the heading before, after, or between
the applica'ble prowords.

'CANCELCING MESSAGES

Before theending proword "OVER" or "OUT"'
is sent, a message transmission can be cancelled
by,use of the proword "DISREGARD THIS TRANS-
MISSION, OUT." Fqr.. example, if Key were
in the process 'of. Sending the previous message
and realites that the 'transmission IS being Sent
in' error, the'process Would take the following

,form:.,' .

Proceed Underwater Sound Labora-
tories, DISREGARD THISITRANSMISSION,OUT."

After a message has been completely trans-
mitted, it can only be cancelled by another mes-
sage. Foi- example:

"Polk, THIS IS Key, Cancel-My, Zero Eight Zero
Nine Three Zero Zulu, -TIME Zero Nine. Five .

Zero Zulu, OVER."

Polk Transmits:

"Key, THIS IS Polk, ROGER, OUT." [-

RECEIPT OF A
MESSAGE

No me
radioteleph
A receipt is
"ROGER."
a receipt
of messages

is considered delivered on a
circuit until a receipt is obtained.
edted by the use of the proword

ceiving station can transmit
ch message or after a string

if there is mote than one message
. t>9 to be recei ted for

"POlk, ,THIS iS Key, I SAY AGAIN ALL BEFORE,
From-Polk, THIS ISKey, MESSAGE, PRIORITY,,,,
TIM-E; Zero 'Eight Zero Nine Three Zero Zulu;
OVER." i

268

In a collective, net, when the transmitting
station considers speed of handling a prinaar
Gonsideration, one' station in the net may
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directed to receipt for the message or messages
and no, other stations May answer until instructed

"40 do BO. This,, however, does not ,prohibit
any. atation from :7equesting repetition.

ACKNOWLEDGMENT OF
R/T 'MESSAGES A

An acknowledgment should not be confused
with a reply- or receipt. An acknowledgment is
a reply from an addressee indicating that he
received a certain message, understaffds it, and
cant comply with the contents of the message.
The receipt means only 'that the message was
received satisfactorily. Only the commanding of-
ficer or his authorized representative can au-
thorize 'communications personnel to send an
acknowledgment.

A request for acknowledgment is 'the word
..!Acknowledge" (not a prowOrd) as,#4 final
word of the text. The reply is tb6pattitvord
."WILCO." If the' commanding officer can;acn,
knowledge at once, the communications operAort.'
may receipt for the message with "WItC0",
because the. meaning of "ROGER" is contained
in WILCO. IT the acknowledgment cannot be
returned immediately, the communications op-
erator receipts for the message with "ROGER,"
and "WILCO" is sent later. The return trans-
mission to a requelt for, an .acknowledgment is

ikeither ROGER or WILCO; never both. For ex-
ample, Polk, receives the following transmission
from Key:

"PI, THIS IS Key., Request Special Communi-
cations Training, At ledge, OVER."

A fr
The commileting officer wishes to consider the
request. b re acknowledgment; his operatorsends:.`
"Key, THIS IS Polk, ROGER, OUT."

After dike 'consideration; the' commanding officer
of .Polk 'understands and can comply with the
message. His opeisator then.transmits:

"Key, THIS IS Polk, WILCO, OUT." 11,

VERIF YING AN R/T
MESSAGE 4.,

e

Whtn Pq6ification of a message is revested,
the originating station verifies the message

`26,9
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with the originating person, checks the cryptog-
raphy (if tie message is encrypted), and sends
the correct-version. For example:

"Key, THIS IS Polk, VERIFY Your Zero Eight ,

Zero Nine Three. Zero Zulu-SAY AGAIN FROM"
TO INFO, OVER."

Key then transmits:

"THIS IS key, ROGER, OUT.'"'
N.

After checking with the originating officer, KEY
finds the portign to be verified is correct as
transmitted previously and, therefore, sends:.

"Polk, THIS IS Key, I VERIFY My Zero Eight
Zero Nine Three Zero Zulu, SAY AGAIN,
FROM 'CO INFO FROM Key, Polk, INFO,
OVER."

Polk receipts for the transmission:

"THIS IS Polk, Roger, OUT."

BREAK-IN
PROCEDURE

A station having a message of higher prece-
dence than the transmission in progress may
break in and, thus, suspend that transmission
in the following circumstances:

(1) FLASH messages - The station should
break in ,at once and transmit the message.

(2) IMMEDIATE messages - The station may
break in at once and pass the message. A
preliminary call may be made before the mes-
sage is transmitted, if necessary. On a directed
net,' net control approval must be obtained prior
to transmission of the message.

(3) PRIORITY messages 2 The station should
use the' same procedure as for IMMEDIATE,:
except that only long. ROUTINE messages should
be Interrupted. 's

It should be noted that the break-in pro-
cedure is not employed during the tranemissiottv"
of a tactical, message, except to report, an enetny
contact. The precedence of the message spoken

J.
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three times deans "Cdase transmissions im-
mediately." Silence will be maintained until the
.station breaking in has passed the message. In

follotving example, assume that the USS
Theodore Roosevelt is transmitting a- message
to USS Geore. Washington on a free net and
USS Francis Scott Key, has a FLASH message
for USS ,James K. Polk. Key breaks in with
the following:

"FLASH,FLASH,FLASH: Polk THIS IS Key,
FLASH, OVER."

POLK replies:

"THIS IS Polk,ROGER, OVER."

Key would then proceed with the Flash traffic
and obtain a proper ROGER, thus freeing the
net for further transmissions. After hearing
Polk's ROGER, Was hi ngton re-contactsr
Roosevelt for the remainder of the traffic that
was being sent prior to the break in:

"R oo Bevel t, THIS IS Washington, ALL
AFTER "1

On a directed net, the station wishing to
break in would first obtain permission from
net control. For -example, referring to figure
12-3, assumekthat Lincoln is transmitting a
message to Washington and Polk has FLASH
traffic for Roosevelt. Polk notifies Key (net
control) :

"FLASH, FLASH, FLASH,
Key, THIS IS Polk, FLASH For Roosevelt. OVER.",

Key then answers:

"Polk THIS IS Key, Sena' Your FLASH, OVER,"

Upon hearing the authorization, Roosevelt trans-
mite:

1NTHIS IS Roosevelt, OVER,"

Polk proceeds:

"Roodevelt, THIS IS Polk, 'FLASH, (sent mes-
sage), OVER,"

0.
:-

.

The preceding transmission would conolude aft
Polk had received a proper ROGER for the
FLASH traffic and the two stations that were

broken (Lincoln arid Washington) would re-
establish communications using proper R/T pro-
cedure.

EMERGENCY SILENCE

Emergency .silence .may ,be imposed on a
radiotelephone net only by a recognized, compe-
tent authority. If an authentication system is in
effect, a station must always authenticate a
transmission which:

(1) Imposes emergency silence.
(2) Lifts emergency silence.
(3) Calls stations duyingperiods of emergency

silence. When emergency _silence is imposed,
theta is no receipt or answer for such trans-
missions.

To impose emergency silence; the word
"SILENCE" is spoken three times, followed by
"OUT." For example, refer to figure 12 -3 and
assume that Key (net control) were authorized
to impose' emergency silence. The transmission
would be as follows:

"Poseidon, THIS IS Key, LENE, SILENCE,
SILENCE, TIME One Four Four Zero Zulu,
OUT."

To impose_ emergency silence on a particular
frequency but not necessarily on all frequenciels
used in the net, Key would have used the word-
"SILENCE" (spoken three times) followed by

,a frequency or the frequency designator to be
silenced. "SILENCE" (spoken three times), fol-
lowed by the expression "all nets;" means
"Cease transmissions immediately on all nets."

To lift emergency silence, Key would send the
following transmission:

"-Poseidon, THIS IS Key, SILENCE LIFTED,
TIME One Five One Zero 'anti .OUT."

EXECUTIVE MEAQDIOR R/T

270

The executive method for radiotelephone isr
used when it iNdesired td, execute a tactical
message at t a given. instant, for example, to
ensure that two or more unite take simultaneous
action. Abbreviated plaindreAs format is nor-
mally used for messages at are transmitted

thvia the executive method an re neiltereeltaves
a time group included in the nlessage ending.
There are two executive methods: Delayed 'and
Immediate. ,

,..
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DELAYED EXECUTIVE
METHOD

: A tactical message scnt via the Delayed -
Executive method will carry the warning pro- \
word "EXECUTE TO FOLLOW" in the message
InstapOns immediately preceding the text. The
exe e signal is sent later in the fortn pf
"Standby-Execute," the latter word being the
instant of execution. For example, assume that
Key sends the following delayed executiVemethod
to the collective call "Poseiddn " (Refer to
figure 12-3):

"Poseidon, THIS IS Key, EXECUTE TO FOLLOW,
Fire One Water Slug, OVER."

All stations respond in alphabetical order of
full call signs:

"THIS IS Lincoln, ROGER, OUT."
"THIS IS Waehingtqn, ROGER, OUT."
"THIS IS Polk, ROGER, OUT:"
"THIS IS RooseVelt, ROGER, OUT."

When ready to execute, Key transmit:

"Poseidon, THIS IS Key, Standby, EXECUTE,
OVER."'

The stations would then respond in alphabetical
order of full call signs with:

"THIS IS (station, ROGER, OUT."

In the event that communications are good, Key
can de.signate only one station to receipt for
everyone to ensure that the transmission was
heard. For example, as part ofo the execute
signal, Key could have transmitted:

"Poseidon, THIS IS Key, Standby, EXECUTE
Polk, OVER."

Polk would then ROGER with:

"THIS IS Polk, ROGER, OUT.'1

It shou- be noted that, when considerable
time has elapsed between the ,"EXECUTE TO
FOLLOW" message age the actual execution
message, the text to be 'executed should be

',- repeated prior to the words "Standby, EXE-
CUTE.' -4 should also be repeated whenever it
is only.a portion of a message, or one of several
outstanding "EXECUTE TO FOLLOW" messages.

IMMEDIATE
EXECUTIVE METHOD

1-7

.f

In cases of urgency, the executive signal may
be transmitted in the final instructions element
of the message to which' it refers. The use of
the Immediate Executive Method does not allow
stations to obtain verifications, repetitions, ac-
knowledgments, or cancellations before the mes-
sage .i's executed. These messages should be
in pla,tn language or limited to basic TURN,
CORPEN, and SPEED signals.

When the Immediate-Executive Method is used,
the warning proword, "IMMEDIATE EXECUTE"
is used in the message instructiqns instead of
the, proword "EXECUTE TO FOLLOW." The
text of the signal is transmitted twice, sepa-
rated by the proword "I SAY AGAIN." The
executve signal, is transmitted in the final
instru tions. For example:

"Poseidon, THIS IS Key, IMMEDIATE EXE-
CUTE, BREAK, Shift Your Rudder, I SAY AGAIN,
Shift Your Rudder, STANDBY, EXECUTE, Polk,
Lincoln, OVER."

Notice 'that Key included" both Polk and Lincoln
as "ROGER" addees. Again, this is done td
ensure that the transmission was received by
everyone involved, provided communications are
good. If communications were not good, all
stations in, the net would have to ROGER the
execution. Upon hearing their calls, Pblk and
Lincoln would answer:

"Key, THIS IS Lincoln, ROGER, OUT."
"Key, THIS IS POLK, ROGER, OUT."

AUTHENTICATION

Authention is a security measure designed
to protect a.--communications system. against
fraudulent transmissions. There is more than
one type of authentication system and- the .method
of authentication will vary with the system
that you are using. Authentication systems are
accompanied by specific instructions outlining
the method of use. Generally speaking, there
are two types of authentioAtion:

(1) dhallenge and Repl
(2) Transmission,

Challenge and Reply authentication ocaurs when
a receiving 'station: suspects the authatiCitt, of

271
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a transmitting station and challenges that sta-
tion' to authenticate. In Transmission authenti-
cation, the authentication is self-contained within
the message.

. 4.
ENEMY-CONTACT REPORTING ,

Enemy 'contact 'reports are normally to be
made only once when you are in direct com-
munications with the Offfcer in Tactical Com-
Mend (OTC)0, .a higher authority, or a shore
radio station. Enemy contact reports ire sig-
naled using basic radiotelephone procedure as
modified by chapter 6 of ACP 125. Details of
enemy contact repotting are containedin ATP 1
(Allied Maritime TactiCal Instructions and Pro-
meduree, Vol. I). There.are two conditibns under
which enemy contact reports are made metre
than once:

(1) When "DO NOT 'ANSWER" proc s
are used. (Texts are transmitted twice h 't his
procedure.)

(2)\When the text consists of emergency alarm
signals; .in which case the text is transm'tted
twice, separated by the proword "I SAYAGAIN,"
with a-time group in the ending.

(-14' When in force, authentication should belised
in contact reports. Lack of prc.,- authentication,
however, should not prevent etransrhission or
relay of the message tckiltighe authority'.

Generally' speaking, there, 'are two types ;
contact reports: Initral and Amplitling. mitt
reports, of course, report initial contact or
sightings. 'These should be sent as expeditiously
as possible with immediate, pertinent informa-
tion (type vessel, lotion, basic track, etc.).
The amplifying 'reports contain all of the nec-
essary amplifying information to be fully analyzed
by 'higher authority or command.

CODE AND CIPHER MESSAGES

Code words (such as VERDIN in the text
EXECUTE, PLAN VERDIN) are sent as plain
language words. Encrypted groups such 1ts DRSRM
are spelled phonetically: Delta, Romeo, Sierra,
Romeo, Mike.

The phonetic alphabet is applied to the names
of the signal, flags as well. Signal flags are
combined into code groups that have meanings

.

of their own. DELTA ROMEO ONE, for x-
ample, might mean "Prepare to Hover." Signal
flag A is ALFA, flag B is BRAVO, and so on.
Meanings of such code groups are given in
appropriate signal publications.

As flag signals are sent by radiotelephone,
a Radioman must be able to differentiate between
the two when heard. Here Is how: If the phonetic
alphabet is used, the proword "I SPELL"pre-
cedes it, and each phonetic letter is to be re-
corded as a letter. If you hear "I SPELL"
followed by DELTA OSCAR, 'write it as "DO."
On administrative nets,the proword "SIGNALS"
followed 'by DELTA OSCAR means the groups
have been taken from a signal book and should
be recorded as such. On nets primarily employed
fOr conveying signals, no prowords will be used,
and it may be, assumed that alphabet flags are.
intended.

OPERATIONAL BREVITY CODE

'the duties of an operator require a knowledge
of the special "language" developed for tactical
maneuvering, air control, anti7air warfare, naval
gunfire support, electronic countermeasures,
anti-submarine warfare, and Other specialized
uses. Words, phrases, and abbreviations em-
ployed in radiotelephone for these specialized
uses are called operational brevity codes. -A
complete. listing of operltional brevity code words
is found in the effective edition of ACP 16'5.

It must be understood that ,the wordy and
phrases of the brevity code' provide no com-
munications security. The purpbses of the codes
are to:

(1) Standardize the vocabulary,

(2-44prove the accuracy of the transmis-
sidn,

(3) Spprten transmission

URITY CONSCIOUSNESS

As a final note, REMEMBER that R/T com-
MUtaications is /potentially the least secure of all
radio communications, you must be ever alert
to -avoid disclosure of classified informationwhen
transmitting on radiotelephone Circuits. The
rules and guidelines presented in this chapter.

27,2
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should be carefully studied and practiced on
training nets. A training net provides an op-
orator with experience in a "classroom" sit-
uation without the pitfalls of serious operational
mistakes made through panic or inexperience.
To further enhance proficiency, the operator
should read and study the effective editions
of ACP 125 and ACP 165 in addition to this

a

\

V

p
Jr,
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chapter. Those portions of ATP 1 (Vol. I) that
deal with contact reporting should also be care-
fully studied. Remember, when the sit ion
arises in which the operationa situation is
critical and requires quick ac n, you do not
have time to refer to the applicable publica-
tions for proper procedures and security pre-
caution6.

a1
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CHAPTER 13

MANUAL TELETYPEWRITER PROCEDURES

Teletypewriter (normally referred to as
"teletype") is the primary means of communi-
cation in the Navy today._,Whether you are aboard
ship or serving ashore, the final result of
automated or manual communications ilk us ly
in the form of a teletype printout. In the auto-
mated communications area (AUTODIN, Fleet
MUX, etc.), the communications 'operator need
Only Abe familiar with write-Up and routing/
filing procedures peculiar to that command.
In the manual communications area, however,
the attainment of reliability, security, and speed
is determined primarily by the communications
operator. Whether the operator is physically
operating a ship-to-shore net or cutting a tape
for later transmission; the validity of, that trans-
mission is determined by his knowledge of proper
operating procedures and machine functions.

It is essential that communications operators
be well trained, thoroughly understand their
responsibilities, and be able to maintain circuit
discipline. A manua.4 teletypewriter ;Adis similar
to a. radiOtelephone, net in that chaos can re-
sult wheo proper operating procedures are not
followed. Reliability, security, and -speed are
reduced when-Variati.e prescribed procedure
create conlusion. In chapter, we will dis-
cuss the Laic teletype machine functions, op-
erating instructions, ahid procedures associated
with manual tele e proce re. Detailed in-
formation concer eas, is found in
the effective edition _ 13- 126 (Communica-
tions Instructions,. T: J' l'-:writer (teleprinter)
Procedures):

1y1!1ACHINE FUNCTIONS

Machine functions are important in ,mitnual
teletypewriter procedures because a' manua.,
cut tape may enter a relay system that is au*
matic. In autofnatic relay system's, messages
are rejected or accepted depending upon the*

ti
)

proper placement of certain machine functions
and the,..message component sequence. U certain
functions are wrong and the message is rejected,
a nondelivery results. The machine functions
that are cut into, teletype tapes also play an
important part' in "the efficient operation of the
AUTODIN system (discussed in Chapter 14 of
this-rate training manual). An explanation of
machine funptions and rules for their. use are
given ih the ensuing topics.

SHIFT
.

The "shift" fUnction of a teletype keyboard
is comprised of two distinct actions: Shift (FIGS)
and unshift (LTRS). Operators must depress
the LTRS key when going from upper case to
lower case and the FIGS, key when going 'trod
lower case to upper case. Teletype machines
that are owned or leased for use in naval Com-
munications shift from upper to lower case only
when the LTRS key is pressed. Many naval
messages, however, are delivered to addressees
via co?nrnerical teletypewriter exchange serv-
iee (TWX). The TWX machines shift automati-
cally from upper to lower case whenever the
SPACE bar is pressed, in addition to shifting
when the LTRS key is pressed. There are,eer-
tain basic rules that are observed, therefore.,
to ensure that the "UNSHIFT-ON-SPACE" fea-
ture of TWX machines does not result in errors.
These basic rules (to be followed for tape trans
mission on either a TWX or Navy-owiid tele-,
type) are as follows:

(1) Always press the LTRS key to shift
from upper to lower case on a TWX or Navy
teletype. This has po adverse effect on either
type of machine. For example, if "65764 TRY
MAKE" were a series of groups sent in the
text of a message via a TWX t letype and the
,(LTRS) function was not tire eti originally,
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the groups would be received as 65764 546
.-(3" on a Navy teletype.,

(2) Always preps the FIGS key to shift from
lower case to upper case and also after the
space before each group of figures or upper
case characters in a series. For example, the
set of figures "65764 27896" gbould be sent
"65764 (SPACE) (FIGS) 27896". This procedure
has no adverse effect on either a TWX or a
Navy teletype. This rule applies whether direct
keyboard transmission or tape perforation is
used. Failure to adhere to this rule will result
in the following errors:

(a) As transmitted on a Navy teletype: 65764
(SPACE) 27896.

(b) As received on a TWX machine: 65764
(SPACE) WUIOY.

CARRIAGE RETURN (CR)

The carriage return (CR) function resets
the teletype machine to the left margin of the
paper. Regardless of typing speed during the
cutting of a message tape, the message is
transmitted on circuits that generally operate
at speeds of 100 words per minute. At these
high speeds, the_ .,carriage does not have enough
time to return to the left- margin on a single
CR function. As a- result, the -next charater
wiAprint while the carriage is still moving
toward the left. The CR function, therefore,
is always pressed twice to ensure that the
carriages return properly on all machines.

LINE FEED,ALF)

The line feed (LF) function advances the
paper on _the page. Part of the end-of-meat age
(EOM) procedure includes eight line feed five-
tions to provide space between messages on a

, printed teletype page.

SPACE (SP)

The space function advances the carriage
(typebox) without' printing any characters on
the page. It ie used throughout the message for
spacing between routing information, prosigns,
words or groups, and the like.

BELL SIGNAL

The
tention
typewri

bell signarvis used to attract, the at-
the receiving operator. On most tele-
s, the bell signaLrings when tAr upper

case "S" .key is pressed. Some equipments,
however, have the bell signal on the upper
case "J"---rey. The bell signal is transmitted
as a series of ten characters,' upper case "J"
and "S", as _follows: (FIGS) JJJJJSSSSS (LTRS).

BLANK (BL)

Pressing the blank key has no effect on the
page copy of a message, but it is used to advance
blank tape through the ...Inch block of the tele-
type perforator. The blank function is required
in operating certain cryptosystems but is gen-
erally uftd for tape feed out on typing perforat6rs
and repaforators. Do not substitute "BL" for
"LT RS ".

WARNING LIGHT
at,

Tape perforating equipment is equipped with
a warning light to indicate the, approach of the
and of the typing line. I
MARGIN BELL'

Page painters that are , :equipped with key-
board facilities capable o rating directly
into the ;line are proAded a margin bell
to indicate the a,pproach of t nd of the typing
line. 'ZS 'A'

M.T.iSSE ALIGNMENT

In manual teletypewriter procedures there
are specific machine functions that are necessary
to fact itate the handling of messages and to
align t e receiving teletypewriters. Just, as the
previ usly-discussed functions are necessary
for roper keyboard operation, certain message
alignment functions 10e considered necessary
for the continuity of operation. The following
is a list of basic alignment functions:

(1) All 'message transmissions must be pre..
ceded by five spaces, two carriage retuins,
and one line feed (5SP, 1LF).?After th
end of message (1E0M) funqtions are sept f
one message, the tiext message is preceded
by aye spaces, two/Aar ri age returns, and one
line feed. ^

-
n

(2) The end of line function within the ;n es-
sage is two casliagQ, rettir:ns and one line feed
(2C,a, ILF). This Tioes not apply to format
lin* only.; it applies to any. line. Anytime you

4.!
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prepare to re
begin the !text
two carriage returns

(3) Between page
PAGE 1 to PAGE
is two carriage re
(2CR, 4LF).

(4) The end of mess
two carriage returns,
letter "N" repeated fo

carriage in order to
°I lie, the procedure is
one -line feed.

of a long message (e.g.,
the separative function
ns and four line feeds

e (EOM) functions are
eight line feeds, the

mes, and twelve
letters 12CR, 8LF, NNNN, 1 LTRS). When au-
thorized by separate service instructions, the
end of message functions may be altered, to
require two carriage returns and twelve line
feeds.

(5) No line should exceed-' 69 characters,
including spaces, exoept when L authorized by
separate-service instructions.

MESSAGE 15UNCTUATrON

Punctuation is not used in' manual teletype-
writer procedures unless it is absolutely essential
to message clarityl',...When it is necessary to
employ punctuation, the following abbreviations
and symbols are authorized for use:

Punctuation

Question Mark

Hyphen

Colon

Abbreviation Symbol

QUES

CLN

p arenthe si s
Brackets PAREN

Period/Full Stop PD

Cognms. CMM

Slant/Oblique
Stroke SLANT /

Paragraph PARA

Qu\ otation Marks QUOTE-UNQUOTE

he letter4"X" may be used instead of p.m -
on whenever exact punctuation is not con-

sidered essential, but some separation in the
text- is necessary for clarity, and the se of
"X" is, not ambiguous. The written p etic
eqUivalent of "the letter "X" shoulg.not. sed

.
,

-1,.. 1
1, .

!'h

( )

Amt.'

for this purpose. It is :advisable th com -
cations personnel encourage mes drafters
to encircle symbols for 'periods/full stops and
commas when the message is drat d in free
hand. These -encircled portiOnc more cona
spicuous, and errors are less likely to result.

TELETYPE MESSAGE FORMAT

Messages that are processed and, handled (
via teletype are prepared for transmission iii
either plaindress, abbreviated plaindress, or
-codress form, except when a commercial form
is authorized. Also, there are certain require-
ments placed upon formatting due to AUTODIN
requirements; those are discussed in Chapter
14 of this rate training manual. With the exception
of forfnat line 1, manual teletypewriter procedure
follows that of the basic message format covered
in Chapter 11.

Table 13-1 shows the seqvence of basleman-
ual teletypewriter message liformat and *rui
planatiOn ofeach format line. As can be seen,.
basic message format, radiotelephone format, ,
and manual teletypewriter format are all similar.s
In each area of formatting, the lines.Are
sentially the same, and the order remains un-
changed. pefore going any further, however,
one topic 'remains that hag-not been discussed
previously in message formatting; Fortat line
1.

Format line 3, is used in tape relay pro-
cedures as well as in severta1 modes of A1.1TODIN
operation. Thp various usages of f'ornta line
1 in AUTODIN procedures' are 'contained in

JANAP 128. Detailed- usages of format- line 1
with reference to tape relay procedures ;re
contaiped in ACP 127. The various uses for
format line 1 are as follows:

(1) For "pilots" (message hadling instruc-
tions) when necessary.

(2) For transmission identificatipn
many in the form of channel numbers.

t(3)- For start-of-message (SOM) indicators,
when necessary.°

-'

,

(4) 'For "pilot 'cards" containing special han-
dling instructions in datd communication.

(5) For use, in several AUTODIN modes of
Operation in. accordarice with JANAP 128.

vot
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Call

;Transmission
instructions

Precedence;
date-time
group; mds-
sage in-
'structions

Originators
sign; origi-
nator

. $
Table 13-1.--ManualTeletypewriteiMessage Format

FORMAT LINE

2

3

Designation of
stations(s) called;
(prosign XMT, ex-
empted'calls).

Prosign DE:
designation of
station calling;
transmission
identification
(station serial'

-number)..

Prosign T; op-
erating signals;,
address designa-
tions; routing
indicatort.

5 Precedence pro-
sign; date and
time expressed
in digits, and
zone suffix
followed by
month indicated
by the first
three letters,
and if ,required
by national
authorities, the
year indicated
by the last

rtwo digits; op --
. erating signal(s).

6 Prosign FM;
originators
designation.

277
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_ EXPLANATION

tia? 2 - Contains olescr4ption
stations) called; the
XMT and designation of'

exempted station(s). (Lines.2 and
3may appear as a single typed
line.),It may also contain the
repeated precedence prosign.

Line 3 - The prosign DE; the
designation of the calling
station and the transmission
identification (station serial
number). (lines 2 and 3 may appear

- as a single typed line.)

(..r")

Line 4 - Contains the transmitsion--
instructions and will be identi-
fied by the appearance of the
prosign T,-operating signals,

,address designations; routing
indicators as'required.

Line 5 - Will contain the aRpro-
priate precedence prosign once
and in the-case of dual prece-
dence both will be shown separated
by a space, tbe originator's date-
time group and message instruc-
tions in the form of operating'
signals as necessary.

N_

Line 6 -,Is identified by the ap-
pearance of the prosign FM and
contains the designation of the .

originator which may be indicated
by plain language, call sign or
+address group.



F- -

RADIOMAN .3 & sw,

4 1,

Tab le .13-1..Mannal Teletypewriter Message Format Continued,

FORMAT LINE EXPLANATION.
'

.

. .:
,}

,...,

Action ad- 7 ProllIgn TO; ad-:' , Line 7 -I,s .iidentifiedb the ap-,
Id ssee sign; ' dress design - pearance of the prosign -nd

action od- --, , *ion(s1:. 4 : contains. the designati the
tsees, ./ *- -\'` 'actiori-addresseeW,ini forth

.

101, ,

`.4. of plain language,'addre group(s);
(--.2- 4 -, ) :call,sign.(s); or routing indica-
z. tors.

. AL

Information
addressee
sign;,infor-
mation ad- ,

'drestee_

Exempted:
, addressee

Accounting
information;
group desig-
nation

Subject
matter f

Time group

Prosign INFO;
address desig-
nation(s).

A

9 Prosign XMT;
address desig-
hitiom(s).

10 Accounting
symbol; group
count.

11

12

13

14

Line 8 - is identified by the allt
.pearance of the prosign INFO and
contains the designation of the

form of plain language, address
information- addresseefsil in the-

group(s), call sign(s); or routing
indicators. A. collective designa-
tion or an Address Indicating
Group (AIG)-in Format line-7 may
include informationaddressees.

Line 9 - IS identified by the pro-
sign XMT and contains the designa-
tion of the addressee(s) whd is
exempted from the collective ad-
dress designation, when such
desigriatio40,employed in lines
7 and 8 orN.AIG .useein
Format line

Line 10 - Is identified by the -ap-
pearance of the group count prosign
and contains accounting symbols (as
required) which precede the group
count prosign.

Prosign BT. Line 11 - Separates the-heading of
the message from the text.

Internal in-
structions;
thought or
idea ex-
pressed by the
originator.

Prosign BT.

Hours and min-
utes expressed
in digits and
zone suffix.

278
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Line 12 - Is the text of the mes-
sage and may contain internal in-
structions as-well as the thought
or idea expressed by the originator.

(
Line 13_7 Separates the text from
the ending of the message.

Line, 14 --May contain a time group
expressed in digits plus the zone
suffii.
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Table 13-1.. Manual Teletypewriter Message Format Continued

FORMAJ' LINE

4.

o irmatiogo.

s equire4) .

COcrections
'filing time*;
final instruc-
tions

7 15

Ending silk 16

Prosign CFN;,;
cenf rma tory
material.

Prosigns, op-
erating signal;
necessary cor-
rections; date
separated by
slant from hour
and minutes ex-
presstd in
digits; plus
zone suffix.

Prosign X; AR

BASIC OPERATING INSTRUCTIONS

Basic manual teletype procedures can be
closely, equated to basic radiotelephone pro-
cedures or to the old "CW" procedures. The
primary difference between telephone and tele-
type procedures is the use of abbreviated eguiva-

lents of prowords and separative functions. For
example, instead of using the word,"Interrog-
ative", you would type "INT" on the keyboard.
Instead of. using the expression "This is",
you would type "DE" on the keyboard.

It should be remembered that the manual
teletype procedure is exactl t: Manual. It
is assumed tha the operator ysically op-
eratinga telet keyboard transmitting
the' desired tr is to receagp:tations. Just
As in radiotelephone, radio has certain
,proctodures and requirements that'are necessary
to.*-prbper circuit discipline and security. The
following-, topics are discussions of the basic
omrating instructions that are essential to proper

ual communications. Throughout the re-
der of this Chapter, we will refer to tele-

type as "'WI".
- I

MANUAL C G
AND ANSWERING

,10

II I II

Establishing communications on TTY nor-
mally requires a preliminary call. Preliminary

EXPLANATION

May contain the grosign CFN and
confirmed portions of the message
as necessary.

Line 15 - Is identified- by the ap-
pearance of protign C, operating
signals and c!rrections as rep''
quired; may contain date and time

'mdssage was filed with the com-
munication center; final in-
structions in form of prosigns
B; AS; and station designation(s).

)

Line 16 - Is idOtified by the.
prosign K or AR as appropriate.

calls may be singli, collective, or multiple.
A -ship or station also may use radio call
signs, international call signs, tactical call signs,
collective call iigns, net call signs, address
groups, or theater routing indicators.

Calling

The most common type of TTY call is the-4,
single call, usually made on a ship/ship or
ship/shore °ORESTES net. A single call con-
sists of the transmission of the identification
of the station (or stations) with whom. com-

-munication is desired, the 'prosigh DE, thb
identification of the station calling, and the
prosign K. A single call consists of the identi-
fication of a single station or a collective call
sign representing more than one station. Both
a single and a colleotile call are shown in
examples A and B as follo#s:

Example A: (Single Station)
(5SP) (2CR) (LF)
NNBD DE NFSK K
(2CR) (LF)

gxaxnple B: (Collective Call) In this example,
assume that the call sign HZDQ represents
a collective of several stations:
(5SP) (2CR) (LF)
HZDQ DE NFSK K
(2CR) (LF)

279 (.
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p
ThoSe stations that, are part, of -HZDQ would
then anewer in alphab,etical order.

A 2 Multiple all., consists of the transmi s-
ati n of the stations called, the

identifidation of .,the stators
rosign The eteti, 4en design

sion ide
prosign
calling, and
tibias preceding the "DE" n will be arranged
in alphabetical order,- according to the order
in which they are to answer. The station desig-
nations of a multiple -call also should be ar-
ranged :according procedural form. For=this.
purpose, figures 1, through ti and / (slant Sign)

, are considered the twenty-sevenththroughtliirty-.
seventh letters, of the alphabet. When multiple
calls ELTE) made, care should be exercised to
avoid seParating groups of related call signs or
conjunctive addresp groups which_ are,. inter-
dependent. Fob example:
osy) (2CR) (,LF)
NY SK NNBD NOKB DE HZDQ
(2CR) (LF) =

The stations' would theri answer in the order
called.

When ,multiple calls aremade in which there
are both action and information 'addressees,
the information addressees must be indicated.
This Is done With the operating signal "ZFH2",

'followed by the designation of the information
addressees: For example:.
(5SP) (2CR) (Li') i
NFSK NNBD NOKB DE HZDQ (2CR) (LF)
ZFH2 NNBD NOKB (2CRj (LF)
When all 'addressees are information, the pregi
cedure is as follows:
(5SP) (2CR) (LF)
NFSK NNBD NOKB DE HZDQ (2CR) .(LF)
ZFH2 (2CR) (LF)

Answering

In answering a preliminary call; stations
will transmit the identification of the calling
station,''Itwk prosign DE, the identification of
the answering station, and the -prosign K. FOr
example, HZDQ calls NFSK:
(SSP) (2CR) (LF)
NFSK DE' HZDQ K (2CR) (LF)
NFSK then answers:
(5SP) (2CR) (LF)
HZDQ DE NFSK K (2CR) (LF)

procedures- abbreviated calls may be made 4f
no confusion, will result or tf two stations are
in direct communication with eacifother.,

If a station,fails to answer d proper sequence,
when a multiple or collective call is employed,
the next station waits 5 seconds and then answer's.
The station which fails to Einswer in proper
sequence must then wait Atli all other stations
have answered or haVe had'"time .toi'answgr.

.
_ .

then fails swer within, 5 seconds after all
When a s i iori.fails to answer in sequence and

other station ave answered, the calling station
'hou d initiate a separate gall to raise the station'.
Als , wh,en any station included in a collective
or multiple IS specifically- directed" to. answer,
no other station iriclUderj in that gall may answer
until instructed to do so.

Circuit Test

i'In the event that a circuit, is experiencing
,communi ca7tions difficulties or has just been

paned, .a test may be transmitted as follows:
(5§0) (2CR) (LF)
HZDQ DE NNBD (2OR) (LF)
TEST. THE QUICK BROWN FOX JUMPS OVER
THE LAZY DOG 1234567890 (2CR) (LF)
RYRYRyayitY,RYRYRYRYRYRYRYRYRYRYRY
(2CR) (L 'ff, .K
(2CR) (8LF) ,

.
.

The called station (in this case, HZDQ) would
then respond with an answer that includes an
appropriate operating signal that indicates the
quality of reception: ,,.

Transmission, Ending
.

Eiery transmission should end with the pro-
signs K or AR. When the prosign AR is/Used;
although no station may receipt, it does not
preclude requeits" for repetitions of verifica-
tions, if necessary.

,,,_
..

In duplex Operation, messages being trans-
mitted shotild not be interrupted except _to re -'
spond to received messages cti IMMEDIATE
precedence or higher and only When the pre-
cedence is higher than that of the message
'being transmitted. If a ' string of messages is,
being transmitted by the sending station, re:-
spouses should. occur at the end of-each Ines--
sage whenever*. tosiible. If multiple page
messages are being transmitted, responses should
be made after each page.

After the preliminary calls and answers
have been completed, it should be noted that
the transmitting station will make 2CR and
81F prior to transmitting' the messam. It should
be noted also that; just as in radiotelephone

280
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Message Precedence
1. e

efig

The assignment of preeelence to a message
is the responsibility of thfir originator and is
deteritined by the subject matter of the ieict
and the time factor involved: Precedence desig-
nations are employed to indicate the relative
order in whict a -message of- one precedenOe
designation. is handled with respect IQ-all other
precedence designators. Precedende is indicated
by .the -appropriate precedence prosign and ap-a.
pears as the first element.of format-line 5.
Precedence prosigns indicate the following: ,

(1) To the originator - -the require4 ,speed -
of delivety to the addresiee. c,.

(2) To the communications personnel - The
'relative order of handling and delivery.'

(3) To the addressee - the rgligtive order
it which thezessage should be noted.

Messages having-both -action and ,inforMation
addressees may be assigned two precedenceb,
one precedence for all action`ad eseees and

lower precedence for all informatio address-
ees. Where this occurs, the higher pr edence.
Will appear -first and the tWo precedence pro.-
signs- .will be' separated by a space. For ex-
ample, HZDQ has a dual precedence message .
for POKB and NNl3D:
(5SP) (2CR) (LF)
NOKB NNBD DE HZDQ (2CR) (LF)
O P 101010Z NOV 76 (2C1k) (LF)
FM HZDQ OCR) (LF) e
TO NOKB (2CR) (LF)
INFO NNBD (2CR) (LF)
(Rest of message)

This example indicates that the message is
;IMMEDIATE to NOKB and PRIORITY to NNBD.

Precedence also may be included in the pre-
liminary call. This is indicated by including the

r gn. For example, HZDQ calls NNBD:
appropiil precedence prosign preceding the
ending p

4
.

.

Far,- egernple, HZDQ has FLA§1.1.\traffie tor -

NFSK:.

(5E?) (2Cit)
NFSK DE
Z (FIGS) J2J
(2CR) (LF)

f-

DQ JIJJ.IJSSESS (LTRS)
JSSSES (LTRS) "' -

If a sending station' wants to indicate. a ,
string: of messages to be transmitted_that, are.
of different .preceden,ces, the operating _signal .
"ZBO.," may be used; followed ley the, number .

' of'messagea to be 'sent 'and-their precede
For example;"assurne,.....that 'HZDQ has .tee
messages to send to NFSK thatAre. of different
precedences. The transmission of the preliminary

,

15Ep) (2CR) (LF) .

pN BD DE HZDQ 0 K ..(2CR) (LF)

This example, indicates that.- HZDQ-
MEDIATE traffic. for .N1486. It shbkild' be noted
that-the bell ,signal is alWays transmitted before
and the FLASH precedence prosigii
pre call,' follpwed by the prbsign

call should be as follows:

(5SP) (2CR) (LF) .

NFSK DE HZDQ ZBO3 0 P K (2CR) (LF)

This preliminary- call indicates to NFSKj. that
,FIZIN has 3 messages that are outstanding .

(ZBO3) and their .precedbnces arb..IMivIEDIATE ,

(0), PRIORITY (P) and ROUTINE JR). I-IZDQ
tlien sends the string,of messages We order

'Of precedende.

Break-In Procedure N

When equipment_ configuration permits, break-
in ..proce may be employed tb interrupt the
transmit ni station in order to transmit. . '
higher' precedenoe message or to stog the trans-
mitting station because of equipinent -or- re-
ceiving difficultie If a\, transmission is
interrupted for hir et.precedSnee traffic; it
slichald,, be 'remember- that PLASH 'and IM-
MEDIATE traffic may interrupt traffic of: lOwer
.prededaace: RIORITY:traffic, however; shbuld
not interrupt `RO TINE traffic unless the 11015-. .
TINE traffic is II of excessive length. In any
event, all .precedences are transmitted in the
order received and ahead of all traffic of lower "
precedence.

transmitting station, a series of..s hyphens 'are
. On- simplex circuits, in ordef to stop the

"transmitted as follows:
f

(FrGS )<A (FIGS) A (FIGS) A . . . . etc.
The ierrupted staion will beSinzhedia.te y in-
formed of the reason for "the,:.,kiiter.re Ili?. if 4,
practical. If the interruption is 'for the 2,
of 'transmitting traffic of ;a high.pit
tite interrupted tation," will be so illnforrned;

. ,

,2.81
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and the higher precedence traffic will be sent.
After .the 'interruption,' transmission should be
resumed at the beginning of the line a copy,
in oil ch the interruption was "made, or, if
necessary, the entire .message may be retrans-
mitted.

CORRECTIONS

In ordet to prevent inordinat4 delays in .the!
receipt of traffic, ah operator .should have a
thoroligh knowledge of proper correction tech-

I:Agues. There are several methods of _correct-
ing errors that are made during manual
transmission. Tne 'correct method is determined
by the location of the error. If an error is
made in the text of a massage, the operator
sends. -the error ,prosign "EEEEEEEE", (eight
-ES) after the incorrect word andresumes trans-
mission by repeating the last word or group
transmitted cor4ectly. For example,' "CHECK
TWO FOIJR SUBRAEEEEEEEE FOUR' SUB-
MARINE FRANCIS SCOTT KEY".

If an error is made in the message head-
ing, the error prosign is sent followed by the
last prosign or operating, signal correctly sent.
For example, assure that the operator makes
an error in format line 8 (INFO addee):

(2CR) (LF)
TO COMSUBRON SIXTEEN (2Ct1) (LF)
IFNOEEEEEEEE (2CR) (LF)
TO COMSUBRON SIXTEEN (2CR) (LF)
INFO COMSUBFLOT EIGHT (2CR) (LF)(.. .rest of message. . . .)

When a tape' is prepared for transmission,
two eeparate procedures are ,utilized. When
errors areAmade in preparing "shad" or "chad-
less" tape; the errors may be corrected by
bacikspacing the tape and "lettering out" the
errors by means= of the 'LTRS key. The. LTRS
key punches all fivecharacter columns on
the cutAape and will not print a, letter or num-
ber when triose functions are passed through
teletype TD" (transmitterklistributor). When
direct communication is used, errors may be cor-
rected by use of the error prosign, using the
normal 8Es/ procedure. Remember, howeer;
that when errors are made in the heading of
a message while a tape is cut for transmis-
sion, a new tape mut3t be prepared. This is
a necessity because error-free and sequence-
perfect headings are mandatory in order for
the tape to be passed through automatic relay
systems.

g

End of Message
Corrections

If an operator discovers, an error that was
'committed earlier in the transrnitsion and not
corrected, the error may be corrected at the4,
end of the rnessagik This type *of correction
is ?separated from the final BT by .(2CR) uaty.
and will be preceded, by the prosign C. The,'
procedure is very similar to the "word after"i
and "word before" procedure described in radio-
telephone 'procedure. FOr example, assume that
an operator, has disctivered an error in the
teas and wishes to cori.ett at the end of the
message:

'Text of Message ) (2CR) (LF)
BT (2CR) (LF)
C WA SUBMARINE - FORCE (2CR) (LF)
K (2CR) (8LF)

(4Ns) (12LTRS)

In the 'preceding example, the station trans-
mitting the massage corrected the word after
(WA) "submarine" to read "force", sent the
equivalent of phonetic "over", (K), and con-
cluded the transmission with the proper ending
procedure of two carriage returns, eight line
feeds, four Ns,' and twelve letters. The re-
ceiving operator would then either "Roger"
for the message (R AR) or request further
disposition by use of the appropriate operating
signals. It must be remembered that when errors
in the message heading are corrected in this
manner, the entire element in which the error
occurred must be repeated.

282
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Multiple-Page Message
Corrections

When corrections are necessary in multiple-
page messages which were not corrected -by
lettering out or by use of the error prosign,
the corrections should be mad,11 following the
last textual group on the page where the error
appears, Such corrections are separated from
the last textual word by (2CR) (LF) and will
be preceded by the prosign C. Ilia end of the
page functions, (2CR) (4LF), are transmitted
after the correction, with the exception that the
last gage will be ended with the normal mes-
sage ending and machine functions. In those
instances when the error was not noted prior
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to starting another page, the error 0-should be
corrected at the end of the message.

itequestra FortRepetitions

Whan a receiving station initiates a request
for a ,cOrrAttion, sufficient, ransmission identi-
ficationand such data as necessary should be
used -05 prevent. confusion. For example, if a
word' or group occurring, more than once in
teessitge is used to identify a part of the cor-
rection request, it is assumed by the trans-
Jitting -station that the first 'occurrence of
that word .or group is impliedIf the first'

~occurrence- is not intended, amplifying data syeh
as adjacent words or :'groups must be included.
ftor example, assume that the term "COMSUB-
LANT" is used frequently throUghout the text
of a message, and the, receiving opbrator 4s--
covers an atmospheric garble, in the received
version following one of the usages of COM-
SUBLANT. If the operator . simply asked, for
she word after (WA) COMSUBLANT, the 'trans-
mitting operator would ndt know which usage
the .correction was requested 'for and would
send the word4after the first appearance of
COMSUBLANT in the text. The receiving op-
erator's', request, therefora,, would be better
'served in the following form: .

(5SP) (2CR) (LF)'
NOKB DE NFSK IMI WB TRIlIENT K
(2CR) (LF).

In the preceding example, NFSK is asking NOKB
to repeat (IMI) the word before (WB) TRIDENT
in the text of the message. The word, TRIDENT
appeared after the wordfollowingCOMSUBLANT,
but the receiving operator saved time by,"re-
questing the word before TRIDENT rather than
having to amplify further a "word after" COM-
SUBLANT request.

. Notice the Usage of the operating signal
WI in the preceding example. tie definition
of IMI is "repettt" and is, used whenever a
station desires a repetition of a particular
,message part. If NFSK desired a repetition
of the 'TO to INFO message components, the
repetition request would take the following form:

(5SP) (2CR) (LF)
NOKB DE NFSK IMI TO TO INFO
(2CR) (LF)

K

If NFSK wanted to request a repetition of the
eighth group, of an encrypted message, the re-
quest 'would be as follows:

(5SP) (.2CR).(LF)
NOKB. DE NFSK IMI 8' K
(2CRY(LF) ,

If NFSK wanted- request a repetition of the
entire message 'after the eighth group, the re-
quest would be as follows:

(5SP) (2CR) (LF)
NOKB DE NFSK
(2CR) (DPi .

6

IMI AA0 8 K

Repetitions Involving "BT",

It should be remembered that the separative
sign BT appears twice in the format of a normal
message. It is assumed, therefore, that repeti-
tion requesth involving BT are referring to the
first BT. For example, assume that NFSK sends
the fq40Wing transmission:

(5SP) (2CR) (LF)
NOKB DE NFSK. IMI AB 13T K
(2CR) (LF,)

The meaning can be asstitned to be all before
(AB) the ,first BT. NOKB would.'then retransmit
the entire heading to NFSK.

If NFSK wanted the entire text repeated, the
transmission would take the following, form:

(5SP) (2CR) (LF)
NOKB DE NFSK IMI BT TO BT K
(2CR) (LF)

, This would indicate to NOKB that NFSK wanted
the text only' (format line 12) and needed nO
information that Might 'have been sent after
the second BT ;forthat lines 14, 15, and 16).
If NFSK wanted both the text and the substance
of format lines 14, 15, and 16, the transmission
would have been as follows:

(5SP) (2CR) (LF)
NOKB DE NFSK IMI AA BT K
(2CR) (LF)

.NOKB would then retransmit everything after the

.first BT. A situation such as this one could
arise. whenever 'there are 'so many garbles in
the received copy that it would be more time
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consuming to use '!'word after"-or."word. be-^-
fore" procedure than to simply repeat the entire,
text and remaining format lines.-

Subject To Correction
(SURCOR) Messages'

oa

Occasionally, corrections and renetitions can-.
not be obtained immediately: Messages received
with portions, 'missing or portiOns of:,tioubtful
accuracy should be delivered or lorwarded sub-
ject to` correction .(SUBCOR) if the precedence
is IMMEDIATE or ;higher or the, operational
situation dictates.' In.'local delivery and refuting,
the misfiling or 'doubtful portions should, be ;in-.

dicated by appropriate notation on the face of-,
the mess-4e. Extreme discretion should `be ex-
ercised, however,- in forwarding. Or delivering
transmissions that .are so garbled as to be of
no value: It should also_ be remembered . that
a station ,delivering or 'forwarding a hessage
that is subject to correction is responsible for
obtaining and forwardinkcorrections.

Verifications.

Verification 'requests should be. initiated by
addressees only and may be in the form of a'
service or reghlar message., New' messages
or service messages that reqUestl verificatiOn
are sent only if the message in question his
already been receipted for. Verifications, can
be requested on a real-time basis, as the need
arises on a manual TTY circuit. The ,prosign

-(iterify with the. originator and repeat) can
be used in much the same way as the prosign
C or the operating signal IMI. For example,
assume that NFSK, desires a verification of
the words "SUBNOTE REQUEn"' -'from a line
in the text that read's: "COMSUBLANT RE- ',
QUESTS SUBNOTE REQUEST PROCEDURES BE
IMPLEMENTED." The request for verification
would fake the following form:

( SP) (2CR),(LF)
KB DE '.NFSK J 'REQUESTS TO PlkOCE-

D RES iK
(2 R) (LF)

Afte checking with--the originator and verifying
that the textual 'words in question are -correct
as p eviously transitted, NOKB would initiate ,'
the fO lowing:

(58P) (,2CR! '1
NFSK NB J REQUESTS TO PROCEDURES

i:
SUBN&P#REQUE6T K'
(2CR) '(LF)

NFSK would then end the exchange with

,(5SP),-(2CR) (LF)
NOKB DE NFSK R AR.
('2CR) (LF)

'CANCELLATIONS

.... . . .

.-, A message may be' can led only-
_

originator. When a. Message is in, theip
of: beings transmitted, it may be ancele

.use of the error oprosign E E E E E E
(8Es) and the ending piosign AR. Each letter
of the error sign valet be separated by a spacer
For example, if you d'e transmitting a ,message
and discover that the transMisaion, is tin error,
the proper method 1.4 cancellation .is as follows:

by the
cess

by
E

'AND,PROCED TO POINT (2CR) (LF) I
E'E EEEE E,E'AR
(2CR) (LF)

The 8#s prosign end 'Aft should not be used
to cancel- a transmission after a receipt; has
been- given. For this ptirPoie, a seiviCe mes-
sage 'containing appropriate operating 'signals'
must be used. A-station canceling a transmission
is responsible for any further action necessary
in connection with the message involved.

.

COUNTING AND I
CHECIONG-GROUPS

Confugion can often result if",,an 'operator is
not familiar with-the basic rules concerhing the
counting of message groupi.. T-ae °basic rUlei
are as follows:

(l) Courit text groups, onlY.

ef
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(2) Punctuation and symbols' are, not counted;
unless spelled out or abbreViated.

(3). A sequence of 'characters that is: not
interrupted' by a 'spa se is counted as one group:

(4) The letter ..r, is counted as .one ,group-
when used in lieu ofpunctuatiOn.

(5), The proper names of countries, cities,
or streets consisting of two or more"separate
words should normally be written and counted
ai lficlor example, NEtvLONPON,. SAN-

TLAKEOITY, but wheli wordir
separately, they s'ho'uld trans

and counted as, separate groups. -rn`
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Checking Group Count

There are several msthods of checking group
counts of a message. One method is 'the use of
the operating signal IMI, which means "re-
peat". For example, if an operator wants the
ninth group of a message repeated, the re-
quest would take the following form:

(5SP) (2CR) (LF)
(Station called) DE (Station Calling)
IMI. GR9 K
(2CR) (LF)

In this example, the calling station is s,equesting
that the ninth group be repeated.

Another method is by use of the operating
sigpal INT preceding the / group symbol GR.
When a calling station uses this format,' the
exchange is assumed to be in the form of a
question, meaning "is- the number of groups
correct as indicated"'? For example, assume
that NOKB transmits a message to ,NFSK and
transmits the, group count as GR9 (meaning
that the message has 9 textual groups). Upon
receiving the message, NFSK finds that the
number of groups received does not correspond
to the 'group -count transmitted. NFSK would
question ,the validity of the group count with
the following:

(5SP) (2CR) (LF)
NOKB DE NFSK
(2CR),(LF)

If NOKB rechecks the message and finds the
group count to be correct as transmitted, the
-prosign C would be used as follows:

(5 SP) (2CI) (LF)
NFSK DE NOKB ,C K (2CR) (LF) f

Essentially, NFSK asked NOKB, "is the group
count correct as transmitted" ? NOKB responded,
Saying "that is correct." The primary difference
between /the opera g signals IMI and INT is
that IMI asks epeat, whereas INT places
the query in the form of a question.

Checking Messages
Under 50 Groups

For plain langu. 1"`"-( .iteu text mes-
sages where the. .)es not exceed

-gro,J)s, _Lion repeats the
oriptaal first character

of each word or groups in the text when re-
sponding to an INT. For example, assume that
NNBD makes the following transmission toNFSK:

(5SP) (2CR) (LF)
NFSK DE NNBD (2CR) (LF)
R 151015Z NOV 76 (2CR) (LF)
GR9 (2CR) (LF)
BT (2CR) (LF)
YOUR SORTIE REQUEST APPROVED LAW COM-
SUBLANT OPORDER APPLICABLE ANNEX
BT (2CR) (LF)
K (2CR) (8 LF) (4Ns)

.(12LTRS)

NFSK then questions the group count:
(5SP) (2CR) (LF)
NNBD DE NFSK INT GR9 K
(2CR) (LF)

NNBD checks and finds the group count correct
as transmitted, then transmits:

(58P) (2CR) (LF)
NFSK DE NNBD GR9 BT Y S R A I C 0 AA
BT K'
(2CR) (LF)

Checking Messages
Over'50 GrOuns

.For checking group count on plain text mes-
sages over 50.groups, the procedure is the same
as that discussed for those under 50 groups.
For encrypted text messages with a group count
of over 50 groups, however, the transmitting
Station repeats the original group count and
repeats the first letter of the first,,eleventh,
and every tenth group following them. For ex-

. ample, assume that NFSK sends the following
INT' request to NOKB after NOKB has completed
transmitting a 76" group encrypted message:

(5SP) (2CR) (LF)
NOKB DE NFSK INT GR76 K
(2CR) (LF)

285

NOKB checks and finds the group'bount correct
as transmitted, then transmits:

(5SP) 'R)
NF

(2CR)

29
A.

'76 'BT 1-R 11-M 21-C
-R1 TK
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Notice that NOKB sent the identity of the letter
(lst,_11th, etc.) and the letter itself (R, M,
etc.).

In the preceding manner, the receiving sta-
tion can check to see if the sequence of groups
has been received correctly. After the trans-
mission of the first, eleventh, and subsequent
group letters, the receiving station can then
find where the error lies and can send a re-
quest for repetition of the ten group's in which
there has been a miscount during reception.
For example:

(5SP) (2CR) (LF)
NOKB DE NFSK IMI 30 TO 40 K
(2CR) (LF)

It should be pointed out that the group count of
the transmitting station is final.

TRANSMISSION OF
MESSAGES

Messages to be transmitted should be sent
exactly is intended by the originator. When a
massage is transmitted, abbreiriations should not
be sytstitUted for full words or full words for
abbrbviations without the approval of the origi-
nator.

A station receiving a message is responsible
for the message until a receipt is obtained from
another station or delivery is accomplished.
(Messages forwarded by the broadcast services
are considered received when transmitted.)

It is important to remember that the number
of characters and spabes typed on one line should
not exceed 69. Sending operators should type
the message in such a manner that a long
word falling at the end of a line will not be
hyphenated. In order to prevent hyphenating' a

/word at the end of a line, strict attention must
be paid to the "end-of-line" indicators (warning
light or bell).

MultiplePage Messages

Messages containing more than 20 lines of
heading and text) are divided into pages for trans-
mission as follows:

(1) The number of pages of the message
. in any transmission cannot exceed 5. A

page consisting of part heading and part text
should not count as a textual page.

(2) The first page should consist of not
more than 20 lines and should begin with format

O

line 5, counting from format line 5 of the mes-
sage heading, and continue for a total of 20
lines.

(3) All succeeding pages should contain 20
ines of text, except the last page: which may
contain less.

(4) Correction (C) procedures may be used
at the end oLeach page as necessary. ,

(5) The machine functions between pages
should be (2CR) (4LF).

An important point concerning the proper
paging of messages should be understood. As
stated in condition (1) above, a page consisting
of part heading and part text does not count
as -a textual page. For example, the ,initial
page.should have the heading of the message and,
barring a long list of action and info addees,
a few lines of text. This initial page should
not count as one of the textual pages because
it contains both heading and textual. lines. It
should also be pointed oat that the lines referred
to are not format lines; they are TYPED°11nes.
The first textual page, therefore, should be
one which has 20 typed lines of text, not in-
cluding any element of the heading.
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Long Messages .

Messages which exceed 5 'textual pages are
considered to be long messages. Messages such
as these are divided into transmission sections.
4 transmission section cannot exceed five textual
pages.

Long messages can monopolize circuit time
when transmitted in their entirety. It is some-
times advisable to separate the messages into
transmission sections even though they may be
less than the prescribed length. Transmission
sections should not be confused with crypto-
parts as employed in encrypted messages. Nor-
mally, messages are separated at a convenient
point so as not to destroy the continuity of the
message but not beyond the maximum number
of pages prescribed.

In unencrypted messages, the marking- "SEC-
TION OF " is inserted prior to the. text
or following the security classification, if any.
For example, if. the marking "SECTION 1 OF
3" is used, each additional,transmission sec-
tion should be preceded by an identical message
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binding. The only difference shoul be the sta-
. tion serial number and group cunt (if any)
for that particular transmission ction. The
final transmission section is identified by "FINAL
SECTION OF ."

The following is an example of the correct
method of numbering pages and transmission
sections of a 1600 group message:

(5SP) (2CR) (LF)

NBA DE NFSK NR1 (2CA) (LF)

T (2CR)

O 171510Z NOV 76 (2CR)

FM USS FRANCIS SCOTT KEY (2CR)

TO COMSUBGRU SIX (2CR)

COMSUBRON SIXTEEN (2CR)

COMSUBRON FOURTEEN (2CR)

INFO COMSUBRON'EIGHTEEN

GR750

BT

SECTION ONE OF TWO

(Twenty lines of heading
and text) 1

PAGE TWO NFSK NR1

(Twenty lines of text)

(Note: Succeeding .pages
section should appear as
page is s wn next.)

PAGE FIVE NFSK NR1

(Final lines of text)

SECTION ONE

BT . (

(LF)

(LF)

(LF)

(LF)

(LF)

(LF)

.( 2C R) (LF)

(LF)

(LF)

(2CR)

(2CR)

(2CR) (LF)

(2CR) (LF)
(2CR) (4LF)

(2CR) (LF)

(2CR) (4LF)

of this transmission
shown above. The final

(2CR) (LF)

(2CR) (LF)

(2CR) (LF)

(2CR) (LF)

(2CR) (8LF)
(4N0) (12LTRS)

The second and final transmission
appear as follows:

(5SP) (2CR) (LF)

NBA DE , NFSK NR2

T

0 171510Z NOV 76

FM USS FRANCIS SCOTT KEY

TO COMSUBGRU SIX

COMSUBRON SIXTEEN

COMSUBRON FOURTEEN

INFO COMSUBRON EIGHTEEN

GR850

BT

FINAL SECTION OF TWO

(Twenty lines of heading
and text)

PAGE TWO NFSK NR2

(Twenty lines of text)

section would

(2CR) (LF)

(2CR) (LF)

(2CR) (LF)

(2CR) (LF)

(2CR) (LF)

(2CR)' (LF)

(2CR) (LF)

(2CR) (LF)

(2CR) (LF)

(2CR) (LF)

(2CR) (LF)

(2CR) (4LF)

(2CR) (LF)

(2CR) (LF)

(Note: The succeeding pages of tliis transmis-
sidn section should appear in the manner just
shown. The final page is shown below.)

PAGE FIVE NFSK NR2 (2CR) (LF)

(Final lines of text)

SECTION TWO

.BT

(2CR) (LF)

(2CR) (LF)

(2 ) (LF)

K ifIC, (81_, .r
41.4i (12LTRS)

In the preceding example, notice It the
text, is conveniently broken down into 750 and
850 groups, respectively. Also, notice. that A
separate station serial number is used for
each transmission section, although the date-;
time group and addees remained the same.
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USE OF COMMON
PROSIG/4S

Proper usage of common prosigns can save
circuit time and eicpedite traffic handling pro-.
cedures. It is important, therefore, that TTy
operators have a knowledge of the most used
.prosigns and their basic defifiitions.

The following is a list of these common
prosigns and their meanings:

PROSIGNS DEFINITION AND MEANING

AA All After.

AB All Before.

AR End of `transmission - "This is
the end of my transmission to
you, and no response is required
or expected."

AS Wait -

(1) AS made during a transmis-
sion and without anending sign
indicates a pause for _a few
seconds.

(2) AS followed by AR indicates
"You are to wait" or "I am
obliged to wait", as applica-
ble.

B More to follow.

BT Long Break - "Indicates the sepa-
, ration of the text from other por-

tions of the message or portions
indicated:"4

C (1) C alone means "You are cor-
rect."

(2)

(3)

C followed by identification
data means, "This is a cor-
rect version of the message
or portions indicated."

Always used when replying
to prosign J.

CFN Confirmation - 4"The following
confirms a portion of the text."

PROSIGNS

DE

288
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DEFINITION AND MEANING

From - "This transmission is
from the station whose designa-
tion follows."

EEEEEEEE Error .- A succession of 8 Es in-
dicates that an error has been
made. The er or sign will be
followed by the ast word, group,
or prosign whit was correctly
transmitted.

F

FM

Do not answer - "Statioris called
are not to answer 'this call, re-
ceipt for this message; or other-
wise transmit in connection with

- this transmission."

Originator's Sign - "The origina-
tor of this -message is indicated
by the designation immediately
following."

G Repeat back - "Repeat this entire
'transmission back to me exactly
as received."

GR Groups - GR followed by num-.
eral(s) means, "This massage
contains' the number of groups
indicated."

GRNC "The groups in this message
have not been counted."

HM 1 (Made 3 tines.) Emergency si-
lence sign. "Silence."

IMI

INFO

INT

IX

Repeat.

Information addressee sign.

Interrogatory - Preceding operat-
ing signals and prosigns, INT
indicates that the matter to follow
is in the form of a question. INT
p4eceding a portion of a message
means "Is my reception of this
correct" ?

. "Action on the message or signal
which follows is to be carried out
upon receipt of "EXECUTE."
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PRQSIGNS DEFINITION AND MEANING

K

NR

0

P

R

V

T

rTO

WA

WB

XM'T

Vetjifir and repeat - "Verify the
en4re message (or portion in-
didatid) with the originator and
send correct version."

Go ahead - "This is the end
of, my transmission to you and
a response is necessary. Go
ahead; transmit."

Number.

AA, AB, and AS

Immediate - "The precedence of
this message is IMMEDIATE."

Priority - "The precedence of
this message is PRIORITY."

Recetved - "I have received
your last transmission (or mes-
sages indicated)."

Routine - "The precedence of
this message is ROUTINE."

TransMit to.

Action addressee sign.

Word after.

Word before.

Exempt - "Addressees indicated
by designation immediately fol-
lowing are exempted from the
collective call or address desig-
nation."

Flash - "The precedence of this
message is FLASH."

AA (All After) is used to identify requested
portions. of a message. It is normally used
after IMI, C, and2I. For example

(5811 (2C11) (LF)'
DE NFSK IMI AA BT K
(2CR) (LF)

AB (All Before) is used in the same manner
as AA.

AS (Wait) is used in several different ways.
It can be made during a transmission and-with-
out an ending sign, which -indicates 'a short ;
pause. It can be made with an ending lign,
such as AR, to mean "you are to wait. ' An
example of a short pause is as follows: .

f

(5SP) (2CR) (1,F)

NOKB DE NFSK

R i 221035Z NOV 76

GR15

BT

MOOR PORT SIDE

AS

(2CR) (LF)

(2CR) (LF)

(2CR) (LF)

(2CR) (LF)

(2CR) (LF)

(2CR) (LF)

If the preceding exapple is transmitted as
is, it means that the peuse will be a short one.
If the transmission were .ended with AR, how-
ever, it would mean that the wait will be longer
than a short pause. In any event, the receiving
station is to wait for either a K or AR before
transmitting. The exception to this rule ,would
be whenever the receiving station has a rods-
sage of higher precedence to transmit. If the
receiving station has a higher precedence mes-
sage tb transmit, break-in procedure should
be employed..

B (More To, Follow)

The prosign B means that there is more
traffic to follow. For example:

(551') (2CR) (LF)

NOKB DE NFSK (2CR) (I,F)

R 221330Z NOV 76 (2CR) (LF)

FM USS FRANCIS SCOTT KEY (2CR) (LF)

TO USS ABRAHAM LINCOLN (2CR) (LF)

BT

(Text)

ST

289

296

(2CR) (LEC)

(2CR) .(LF)

, (2CR) (LF)
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UNCLASSIFIED

B

K

(2CR) (LF)

(2C4),(8LF)x.,
(4Ns).(12LTRS)

The atii-ve example \ indicate s to OKB that
NFSK has more traff to send the 'place-
ment of B on\the final i tructions...2%

fo1olve4 by a numeral meankatiVlore- to
follow-, total number of groups transinitted.thus
far is as indicated." For 'example, if NFSK
were transmitting a 190-group message to NOKB,
the procedure should be done as follows:

(5SP) (2CR) (dcF)

NOKB DE NFSK ,(2CR) (LF)

R 221345Z NOV 76 (2CR)

CMS°

BT
cr.

e:_..(First 100 groups)

B 100

'K

(2CR) (LF)

(2CR) (LF) \-

(SCR) (LF)

c (2CR) (LF)

(2CR) (4LF)

In the preceding example, NFSK indicates
to NOKB that the number of groups sent thus
far is 100 and that there- is more to follow.
The K indicates that repetition requests will
now be taken. It is standard circuit procedure
to pause at the end of each 101:1 groups to allow

_ the receiving station time :to request repeals,
corrections, etc.

GRNC (Groups Not
Cfunted) , .

GRNC means,' "The groups in this message
have not been connted." GRNC is inandatory

, in the prefix in0nesi3ages bearing an accounting.
symbol when gr9up8 are not counted. An a-...4-

...es7unting symbol is used to akix fin Cial rer
sponsibility wfien" charges are i ctu.red,
Accounting -Symbols are discussed in etail in
the applicable edition of NTP 9. -

HM (EMergency Silence
Sign).. _

. ,..
Elpergency silence' may be imposed or lifted- Ip the prec

by a station only en authotized by competed to transmitmt
''\

. '- .I 2

UNCLASSIFIED Z97.. ,
.

authority. HM, transmitted; three times, means
"Cease transmissions 4mrpsiliately; silence will
be maintained until' directed to resume."

The silence transmissibn HM HM HM after
a call means "Station(s) addressed cease 7a11
transmissions on this net imineelately." After
a" call HM HM HM followed by a frequency
or frequency designator means ."Station(s) ad-
dressed cease all transmission immediately on
that frequency or that indicated by a frequency
designator."

Emergency silence is lifted by addreAsing
the station(sy, 'concerned"' and transmittini the
operating signal meaning "Vogative" (ZUG) fol-
lowed by HM HM HM.

T (Transmit To)

T, when used, appear% in the transmission
instructions. T alone means, "Station Called
transmit this me,ssage to all addressees in the
address component." For example;

C-

(55P) (2CR) (LF)

NOKB DE NFSK

T

(2CR) (LF)

0. (*R) (LF)"

P ,221405Z NOV 76 (2
(Rest of message) (2

In the preceding e ple othet
. in the transmission instructions tells NQ,KB
to transmit the message to all addees In the
address component.

T, followed by an' address desigoation(/),
means "Station called transmit this message
to th addressee(s) whose address designation(s)
foll " For exarnplej,

.,(55P) (2CR) (LF)

R) (LF)

fitLF)
) )

acement of T

'NOKB DE NFSK

T NNBD

P 2214104 NOV

( Re sto1 ess,age)

(2CR) (LF)

(2CR) (LF)

76 (NCR) (LF)'

(2CR) (81,1?)
(4Ns) (12LTRS)

g example, NFSK is telling NOKB
e message to NVBD,
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T, preceded by a call sign and followed by
an addreiss designation(s), means "Station whose
call sign precedes `T transmit this-me age' to
the addressee(s) whose address desi ation(s)
follow T." For example:

(5SP) (2CR) (LF)

-NAB NNBD DE NFSK
'-ifew

/ )NNI3D T NDRS

N9KB T .NRMC

P 221430Z :NOV

(Rset of message)

(2CR) (LF)

(2CR) (LF)

(2CR) (LF)

75 2CR) (Lly#

(2CR) (8LF)*
(4Ns) (12LTRS)

\ i
after T and prece,ding the call Sign to he ex-
empted. '

There are many uses of the various op-
erating signals and prosigns, and it would be
difficult to foresee each circumstance in which
they would be used. A thorough Understanding
of the° batic rules regarding the use f_ these
prosigns and operating signals' is ssential
to TTY operators and, of.,;course, n hg can
teach proper .upage as experience can. It is
recommended to all -potential operators that
they cthoyoughly read and underetand- the ap-4 plicable 'edition of ACP 126 as well as the ap-
plicalike- procedures`outlined in Fleet and Force
Commanders' directives.

In the preceding example, NfBD and NOKA.are
to transmit the message to NDRS and NI

It should be ppted that when more
lhan one station is called and directed to relay
a message, the transmissl'on instructions for each
such stationmust appear on a separate line.

1
T4t,

,

instructions may be modified by use of
the operating signal ZWL to denote that, no
forwarding action is required to the addressee
designation(s) which immediately follow ZWL.
For eXarnpie:

(5SP) (2C,h) (14A)

NOKfi DE NF

ZWL NDRS

P 221445Z NOV 76

FM NFSK

TO NRMC

NMFO

NDRS

NBIB

(Rest of message)

'\ r1-7\
In the^,reaeding example, NFSK ha /directed
NOKB to relay the message to all of the addees
except NDRS by using the-operating signal ZWL

N.

(2CR) .(LF) . .

(2CR) (LF)"

(2CR) (

,(2CR) (LF)

(2CR) (LF)

,(2CR) (LF);

(2CR) 1LF),

(2CR) (LE)''

(2CR) (8LF)
(4Ns) (12LTRS)

MANUAL SWITCHING
SYSTEMS ;

The difference in switchboard and TTY equip-
ment used by the various nations precludes a
combined.manual switching procedure. The man-
ual switching procedures used by each nation are
contained in the National Annex to the applicable
edition of ACP 126. Por combined working,
local arranitements.must be made for all stetons
to use the applicable calling and-operating pro-
cedure prescribed by the nation to whose'lirwitch-
boardthey are connected.

There are several special abbreviat ns that
should be understood by TTY operators ho are
part of a manual switching system: They are
a,s .

(1) BKD (Booked) - "Your call has been
booked." Used by switchboards' after BOOK
has been requested.

(2) BOOK is if eq*sted- that this call'
be booked." The precedence of the message
ayaiting transbistiop should be included in
the book request. 4t

ENGD (Englged) - "The station called
is 'engaged." a the called station is engaged,
the calling- st ion may then transmit BOOK'
followed by t i e preciedence of the meseage
awaiting trans lesion.

, .

(4) 060 ("Out of Order") - "The circtligs)
Co thirstation calie4 is. outof order.'P

Manual switching systems are engineeedtin such EC manner that each station connected
ite a' switching central switchboard -can . corn=
municate with 'other stations connected to the
same switchboard by manual cross connectloh.
or patching. Although establishing communidatti*

291
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and making and tetrminating conneLons require
a di erent procedure than that required -for
other methods of manual TTY- operation. the
procedure for handling messages throdgh switch-
ing centrals is the same as in other methods
of manual TTY operation. Exceptions to tI4s
are explained in the National Annex to the
applicable edition of ACP 126.

]Placing Calls " o

A stiation operator 'calls the switchboard'
'operator by depressing the "BREAR" switch
'for two seconds. When the answer is received
from the. switchboard 'operator, the$ originating
station transmits a preliminary call indicating
the station(s) with which communication is de-
sired. This call consists 'of the identification
of the called station(s), the prosign DE, the
identification of thei station initiating* the. call,
the precedence prosign, and the prosign K.

the !crIcedence is FLASH, five belhf will".
sour rafter the prosign K. .

After the switchboard operator has corn-

e

corn -
pt

station(s), repeated
the connection betWeen the calling and

c prarrninary Call,

Ff

ti

299

and an answer has been received "by the station
initiating the, call, transmission of traffic will
begins Traffic is transmitted in the same manner
as if there were ne5 switchboards involved.

Recalling And Disconnection

During a connection,' the switchbo op-
erittok rpay, be recalled by depressing t &break
switch for two seconds. When an answer is re-
*yeti from the switchboard, the recalling sta-
tion should immediately transmit the reasOnIfot
the recall.

When the station which initiated the call_
is ready to tdrmate the sta-
tion recalls...ahe switchbo d by transmitt4g4ta
bisoo second beak. To terminate the connecia0n
the calling station transmits the - prosign
the station identificati9n, and the prosign AR.

Occasionally, switching arrangepieents cannot
b.e made through existing trunk annections or
are not consideredpracticable for further switch-
ing. In this event, thmessage(s) ate "TABLED
011:T"eoi.e. passed to a local reperforator or
teletypewritr for onward transmission in the
procedure applicable to that part of the network.
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AU MATED SYSTiMS
.6(

p

center is to dent mespages fro an of the
rs, de rmine their classif ca Ong and

noes, and- relay the. ditessageth!rto the
subscribersY,

Through modern technology, teletominunica-
tions capabilitieg have been improved in many dsubsc
areas. For example, we now have more efficient -prec
modulation techniques and transmission methods.;, add
better error detection,' and correction Coding,
and satellite relay. Thus, the qualitrlind 'speed In :addition to its reliability t%.1TODINi43,

of communications have been9greatly impfoved
in addition to increasing information trans

'capabilities.
, )

In the past, manual. logging, reproduction(
dD3tribution, filing, readdressal, etc., restilted ,,,
in system "bottlenecks." These bottllest /3 still
exist in some areas §f the Naval Te muni-
cations System (NTS) d prevent the realization
of acceptable writer-to-reader times. It Is
through the autotnqion of these functions that/we
are now purs ng Acceptable communications ,
in a modern .dy a:environment. This chapter
covers .basic inf rmation'concerriing majoirt auto-
mated systems that are in use today. , - -

, 'AUTODIN - .... s . ...__,
, .

The utomatic Digital Network (.A.,UTODIN)
is a worldwide, computerized, 'general purpose,
communications system. AUTODIN provides for
the transmission of both rrative and databoth

traffic on a store- - rWard-,basis. The
objective of AUTiOlSIN is to rovide reliable,
secure, and efficient communications`, incorpor-
ating error -detection and the highest speed
transmission equipment availaVle.As part,of the.
Defense 'Communications ,Systerh . (DCS), AUTO ='-\

Agency ( A). 1

DIN is by thg`Defense Com7nications

As a digital network, AUTODIN consists of
switching centers that are . interconnected by
trunk lines. Each center has local lines that
r to from it to each subscrier terminal.
Me ages originating at any of the subscriber
term nalg are forwarded through their switching
centers. the fuhction of the message switching

4. f

9exible. Appropriate interface equiprn nts trans-
late all, inp into a common machine langbage,

'AUTODIN \ s 4-compatible with ''many- different
computer codes, speeds, and media (card, tape;
etc.): Thus, c&tmunications equipment within the
NTS can be integrated into the:AUTObIN systerp.

Ai TODIN SWITCHING
CENTERS (SCs) d,

- The AgEODINr Switching Centers (ASCs) 'are
the,focECI point8 of the entire network. The network
proper is comprised of tivd-iniercOtpected pOr-

-,tiOns: CONUS AUTODIN and Overseas AUTODIN.
Within CONUS the ASCs tiseIeased or contrsiot,
furnishpd equipment, whereath the Overseas ASCs'
use government-furnished equipment.

,.
Input and output demices proVide the 'central

AUTODIN computer with the facilities necessary
for communicating waif the users. Inputdevices
such as card readers and teletyperiters supply
the computer with-the dta and instructions, while,
outpUt devices provide the -means f`o chewing
the data proceed Jay the computer into a form

.. specified by 0 intelligible to the users. The-
selection of inpWoutput devices depends on the
specific use for which a computer is intended.

Generally,. inp4/61.1tput devftes must. meet
two basic requiremnts. First, the devices must
be able to modify all data so that it is acceptable
to the computer during the input phase of the
operation and must be able to piesent data In
usable form 'during the output .phase.t Second;
the devices must operate quickly and efficiently,
ink. conjunction with the computer. Because the
various input/output, devices use code langtutge,/

293

3. '0



RADIOMAN 3 & 2

it is ecessary that you understand the basic
langl' es used. They area as follows: ;

1: Hollerith Code-Standard .punch card:_
language.'

2: ASC II ,Code-7-AmctOcan Standard Code
informations interchange, :eight-level paper tape.

3. ITA #2 Code- American verdion.of in-
ternational rfilY alphabet,: five-level paper tape:

Operational Modes

The following five methods of channel
eration are available in AUTOWNI

1. Mode. I-A duplex operation with auto-
matic error and channel controls allowing in-
dependent and -simultaneous two-way operation.

2. Mpde II-A duplex operation, normally
associated with TTY equipMents, allowing in-
dependent and simultaneous two -way operation.-
In this mode,`"there are no automatic error
and channel controls.

3. Mode III-A duplex operation with au
matic error and channel control but utili
only one-Way transmission. The return direct
is used for error control and channel coordinati

4. Mode IV-71inidirectionar operation (5
only or ;receive ,only) without "error control
channel coordination.

5. Mode' -A duplex operation,_ norm
assoc TTY Equipments, allowing in
pen t and s multaneous two -way transmissi

ng
on
n.
nd
nd

lly
e-
n.

sage receipt is acknowledged through the
e of control characters, and message accpun

ability is maintained through the use of chami
sequence numbers.

Programming

At the start of each AUTODIN message is a
header Containing pertinent information relating
to the destination of the mesdige. Messages can
be sent to 'a single addressee or, if directed

.-by the header information, copies can be sent
to many addressee's. This system saves, time

Figure 14-1. -,Low-speed card cohfiguration.
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Chapter 14 AUTOMATED .SYSTEMS

and communication facilities, since only one
,message is prepared 'by the originator and sent
to the switching center.

The timing system contained in AUTODIN
'equipment briefly connects a switching center
to each terminal in turn. Computer memories
act as reservoirs for the incoming messages
of( each subscriber terminal. The computer is
'programmed to connect each terminal in turn
during a cycle. The computer can service low
and, high speed terminals as well as the'trmic
line (or lines) linking, it to the-other switching
center. Messages which have 'been received in
their entirety are scheduled for (tutput to the
addressee's channel when its turn arrives in the
cycle.

AUTODIN has built-in safeguards which detect
almost any type of hardware or format error.
Additionally, a complete (reference) copy of all
messages that are relayed is kept on AUTODIN
computer tape. A separate copy (called a
"journal") is made of only the address. Using
this journal copy as an index permits the system

R.

to locate the reference copy of any of the
messages. ' -'

DIGITAL SUBSCRIBER
TERMINAL EQUIPMENT (DSTE)

The most Commonly used communications
application of AUTODIN is in the form of Digital
Subscriber Terminal Equipment (DSTE). The
DSTE system' is used in communications
terminals around the world and may be eon-
figured in various forms. For example, the

.system may be configured as a card only terminal
(figure '14-1), as a tape only terminal (figure,
14-2), or as.acombined card and tape terminal
(figure 14-3)..

The various DSTE configurations are linked.
together by the ADMS. The ADMS are part of
the AUTODIN switching centers as well as the
subscriber terminals. Included in the DSTE
are the following equipments:

Common Control Unit

'FigUie 14-2. High-speed paper tape terminal configuration.
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Figure 14-3. High-speed card and tape configuration.

Card Reader

Paper Tape, Reader

Low-Speed Card Punch

High-Speed Card Punch

Universal Keyboard

Page Prier
High-Speed and Low-Speed Paper Tape
Punches

Common Control
Unit (CCU)

The common control unit is the prime control
device in each digital terminal. (See figure 14-4.)
This unit automatically coordinates and inter-
connects full-duplex message traffid. The basic
sending operation consists of the following:

1. Accepting data characters from tape or
card readers;

128.4

2. Accumulating the input characters into
data blocks in the CCU memory;

3. Distributing data blocks to an output tape 128$
or card device on a character basis. Figure 14 -4. Common control unit.
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Card Reader

The carii reader (see figure 14-5) is a message
input device for the transmit operation of the
DSTE. The flow of intelligence is as follows:

1. Messages punched in cards in Hollerith
code are read by the card reader.

2. The Hollerith characters are elec-
tronically converted into ASC II characters.

,3. The ASC II characters are transferred to
the common control unit.

4. The common control unit accumulates the
characters into blocks and sends them to the
line for transmission. NOTE: The card reader
can read cards and transfer data to the common
control unit at a rate up to 1500 words per
minute.

1

Figure 14-5. Card reader.

. Paper Tape Reader'

128.6
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The paper tape,. reader {see figure '11-6)
converts the perIorations in punched paper tape
to electrical, data in the form of ASC II-coded
characters and transfers this, data to the common
bontrpl unit. A front panel .switch provides the
option of reading data punched in either ASC H
or ITA #2 code form. The data an ITA 112 coded
tape is converted to the ASCII bode form required
as an input to the common control unit. The
punched paper tape is stepped through the reader
mechanism one, character at a time in response
to control signals feceived from the common
control unit. The paper tape reader is capable
of reading fully perforated paper tape and trans-
ferring the data at a rate of 1500 words per
minute. A speed limiting switch perrn'ts reading
chadless paper tape and transferring the data
for any rate up to 187.5 words per
minute.

39

*****
Ito sets it

1V---r-".11

figure 14-6." Paper tape reader.
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,Low-Speed
Card Punch

The low -speed card punch (see figUre 14-7)
can be used at a DSTE .either as an
output device or off-line in 'Conjunction with
the universal keyboard (see figure 14L8).

The low-speed punch card accepts data from
the comm,pn, control unit or keyboard in ASC dI
code. _This data is cOnve(ted to Hollerith code
and punched in cards. The punch logic substitutes
an asterisk for any character received in ASC
which does not have an assignment in Hollerith.
The low- speed'' card punch can punch and print
cards at any rate compatible with a common
control unit rate up to 375 WPM (28 cards jier
minute).

'High-Speed
Card Punch

The high -speed card punch (see figure. 14-9)
accepts data . from the common control unit in
eight-level ASC II code. At the card punch, the
datta is then converted to Hollerith and punched
in cards. The punch logic substitutes an asterisk

1

,,oloaktlksko, , ,

r",'

128.10
Figure 14-8. Universal keyboard.

for any chdracter received in ASC II whiCh.does
not have an assignment in Hollerith. The high-
speed card punch supports speeds up to 1500 -
WPM or an equivalent of 150 characters per second
(112 cards a minute).

Universal Keyboard

The universal keyboard (figure 14-8) 'is used
in conjunction with a paper tape punch or a.card
punch. An off-line device, the keyboard affords
the means to prepare messages. fOr .subsequent
transmittal via the appropriate DSTE.

Page ,printer

The page printefr (figure 14-10) can be used in
a digital terminal as an output monitor dr as
an input monitor.

128.8 As an output monitor, the page printer pro-
Figure 14-7. Low-speed card punch. .vides a printout of the data .reCeived at the
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to

Uighzspeed punch.

hit 4nOnitOr, the page printek
re ata transferred to the

various DSTE recede t.f4.
tinter to the input
lfd at the common

Operates at speeds up to
5 prtbseed .tien characters per
charactets per line, with six,

ke printer, can accommodate
tole, single ply paper, multi-

masters, And 2, 3, 4, and
ith.carbons.

3

and low-speed paper Jape
e 14-11) function as on-line
l'paper tape punches can also

4 '

sofa
a

tins 010
.*

Figure 14710. Page printer.
128.12

be used for off-line keypunch _operation in con-
'junction with the universal yboard.,

As output devices, they paper tape punches
accept ASC H coded data froin the common con-
trol unit and enter this data onto pxinOhed paper
tape the form of either ASC H or ITA 42

Altoded characters. In addition, a printer-
Interpreter prints characte'rs between the
procket holes on the paper tape corresponding
to the Punched characters. The high-speed paper
tape punch punches paper tape at speeds up to
1400 WPM. The low-speed paper tape punch
punches and, prints paper tape .at speeds' up ,to
11,75 characters per second and will punch,
w thout printing, up to 75 chara.cters per second.

A unique feature of the paper tape punches
is the, ability to operate the tape punch and
print6r interpreter independently. This perrntts
oft-line printing of previously prepared paper
tape while the punch mechanism remains on -line.

Data communication does not necessarily
solve all workload problems. Along with the
obvious benefits, there are also drawbacks.,Some
disadvantages of the data processing communi-
eatiosysterns, are as follows: c3

1. Limited decision makihg capability oteach
piece'of equipment.
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miss
11 0"

a sissies's,' la
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I

14-11.High-speed and
tape punches.

2. Multiple CallDestined for two or mere
addressees or stations which may be indicated
as ACTION or INFORMATION.

3. General MessagesMessages which have
a wide standard distribution and contain an
identifying title and sequential number.

The AUTODIN system will accept andrprocess
plaindress, abbreviated plaindress, codress, and
data pattern messages. Since all Messages utilize
the basic sixteen line format, the number of
lines used is determined by the selected format.

nitFor example, fOrmat lines 6, 7 8, and 9 are
never shown externally in a codr s message but
are shown in plaindress for . Therefore, the
communications need would dictate the type of
format selected.

AUTODIN TELETYPEWRITER (TTY)

Much of the traffic that is passed within the
AUTODIN system is accomplished via teletype-
writer (TTY). You can consider AUTODIN to.
be an automatic tape relay system when commtini-
cating via TTY. When studying chapter 13 (Manuals.
Teletypewriter .Procedure) , you learned that corn -

2munications via TTY could be accomplished
through the use of direct hard copy, tape copy,
or a combination of both. The AUTObIN syst
is programmed to accept properly cut tap
route them 1 ugh the various switching center
and terminals en route, to their ultimat
destination, and 'produce _a tape and hard copy
to the designated addresses. However, there
are requirements that must be met when headers
and tapes are cut for transmission through
AUTODIN. In this section, we will discuss some

128.13 of the more important points concerning place-
low-speed paper ,ment of elements, cutting of headers, security

requiremecits, etc.

2. Erroneous information is pro8essed as
rapidly as correct information, and errors are
sometimes not as easily detected as with manual.
systems.

3. Exceptions to normal system program-
ming are usually handletCmanually.

Message Types
and Formats

The AUTODIN network will accept the fol-
lowing three types of messages:

1. Single CallDestined for only one ad-
dressee or station.

300

oRouting Indicators

Within the AUTODIN network, a TTY tape is
routed by means of a routing indicator. Routing
indicators are -combinations of not less thah
fOur or more than seven letters. A routing
'indicator begins with the letter "R" or "Q."
The letter "R" indicates that the routing indi-
cator is part of the world-wide tape relay
system. The letter "Q" indicates that the routing
indicator is within a self contained network within
a command or theater.

The second letter of the routing indicator
identifies the nation or international alliance
to which the indicator belongs. For example,
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the letter "U," when used as the second letter,
indicates the United States. The routing indi-
Cator used to denote that the tape is part of the
worldwide network and is destined to a station
in the United States, therefore, would begin
with "RU."

The third letter identifies the geographical-
area, in which a particular station is located
or from which it is served. This is 'necessary,
for relay purPbses because the second letter
may indicate a large nation within which there
are a number of subdivisions or stations. For
exa e, many stations in the United States
are designated, by the third letter "C." There-
fore, the first three letters of "RUC" would
indicate that the tape is part of, the world-
wide .network, destined to a certain geographical
area within the United States. The fourth and
subsequent letters of a routing indicator designate
relay and tributary stations within the tape relay
network. Like the first three letters, the fourth
and subsequent ones may vary, depending upon
location, area, etc.

Message ,Header

is When a message tape is prepared for sub-
mission into the AUTODIN system, there are
certain tape cutting procedures that must be
adhered to, otherwise the fn,ssage will be
rejected' by the ASC. The originating station
is responsible for preparing the message for
.submission into the AUTODIN system, The Mes-
sage Header (format line 2) is the starting
point for the operator preparing the message
tape. Modes I and -III do not require format
line, 1. On terminals in which format line 1 is
required (Modes II, IV, and V), the ASC validates
these elements. The operator twist remember
when preparing the header that it must be
letter perfect. The TTY message header is a
basic 43 position header (see figure 14-12). The
substance of each position on the header is as
follows:

Leader To ensure acceptance and trans-
mission of the first character of the message
header, it is preceded by. at least six blanks
and six letters functions with five level baudot
code (most common), or at least six nulls and
six delete functions with ASC II (eight level
baudot code).

Position 1 (Precedence) The prosign "Z"
(FLASH), "0" (IMMEDIATE), "P" (PRIQRITY),
or "R" (ROUTINE) is placed here, depending
upon the precedence assigned to the .message;
Additionally, the letter "Y" is designated-for
use on bertain time-sensitive command and
control emergency action mesSagu. The letter
"Y" indicates that a message hag FLASH
preemption capability and is designates Erner-
gency Command Precedence (ECP). ECP traffic
will be processed ahead of all other traffic
and will interrupt lower precedence traffie. ,al-
ready in processing within the AUTODIN system.
Precedence is assigned by the originator and
must not be altered by operating personnel.

Positions 2 and 3 (Language and Media
Format) The language and media format (LMF)
consists of two alphabetical characters. Position
2 of the header uses the character whial indicates
the method being used to insert the message
into the AUTODIN system. For example, the
character "A" is used if the device used for
insertion is the ASC II (el baudot code)
and the character el 'audot
code. The ch s the
preferred out; see of
the t,ssage.

Positirm--Li -,sifiCatiOn) The lettel-s...
authorized for use t, ,ndicate degrees of classi-
fication in message headers are as follows:

A Special Category (SPECAT)

T Top Secret
S Secret
C Confidential
E Unclassified EFTO

U Unclassified

Positions 5 through 8 (Content Indicator/
Communications Action Identifiers These posi-
tions of the header are a combination of four
letters or three letters and one number which
are used,to indicate message content and provide
identification for communications handling. A
complete listing of these codes is found in'the
applicable edition of JANAP 128.

Position 9 (Separator) At this point in
the 'header, the operator is required to depress
the space bar and insert the teletype ode
equivalent for space in this position
message tape,
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TELETYPEWRITER HEADER FORMAT'.
LdDER

PRECEDENCE -4

LANGUAGE MEDIA AND FORMA'
CLASSIFICATION, AS APPROPRIATE

CONTENT INDICATOR/COMMUNICATION ACTION IDENTIFIER

`SEPARATOR

ORIGINATOR

'rp

STATION SERIAL NUMBER

SEPARATOR

"JULIAN DATE

TIME FILED

CLASSIFICATION REDUNDANCY

i7START OF ROUTING SIGNAL

ADDRESSEE

END OF ROUTING SIGNAL- _AT

Figyre 14-12. TTY message header (format line 2).
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N. Positions 10 through 16 (touting Indi-
cator) The appropriate routing indicator of
the originating station iSplaced in these positions.

Positions 17 through 20 (Station Serial
rNumber) The station serial number (SSN) of
the sending station is inseFted,here. The SSN
serves two specific ,purposes. Eirst, in combi-
nation with the originator's routing indicator, it
provides positive identification for each trans-
mission. Secondly, in the End of Megsage
validation (EOM) discussed later in this section,
the SSN appearing in format line 15 provides
a means by which the ASCs can check for tie
existence of' straggler messages. The SSN is
expressed in four numeric characters beginning
with 0001 and continuing consecutively tterough
9999. Upon completion of each series, a new
series begins. Orating stations may use SSNs
to identify local activities, channels, or positions
within a station by assigning each desired activity
a specific block of numbers. FOr example, one
station may be assigned numberS from 0001
to 2000, the next station assigned numbers from
2001 to 4000, etc. 10

Position,21 (Separator) This position re-
fquires the same as Position 9.

, Positions 22 through 24 (Julian Date)
The Julian date is die date on which the message
was received from the originator for transmission
by the communications center. The first day
of the,calendar year is Julian 001, and each day
is numbered consecutively thereafter.

Positions 25 through 28 (Time Filed)
The time 'filed is the time (GMT) the Message
was received from the originator by the corn;
munications center for transfOission. Each filing
time must contain four numerical characters.

Positions 29 through 33 (Classification
Redundancy) For security reasons, the classi-
fication designator used in Position 4 is repeated
here. Position 29 is filled with a hyphen as a
sentinel, and the classification design' for in
Position 4 is repeated irk Positions 30 ,thibugh
33.

Position 34:, (Start kIsf Routing and Ad-
diessees) The positions reserved for routing
are comprised of two sect ns: The start of
routing signal and the addre ee routing indi-
cators. The start of routing signal consists of
two consecutive hyphens and will always precede

the first .addressee's routing indicator. Ad-
dressee routing indicateorls are listed immediately
following _the start of routing signal. A maximum
of 500 routing Indicators can be listed in these
positions. If a message contains 501 or more
routing indicators, thus requiring two separate
transmissions, all routing indicators pertaining
td" a given four letter routing indicator will
be on one transm'ssion.

End of Routing Signal The end of routing
signal consists of a period (.), and is inserted
in the position immediately following the last
addressee's routing indicator.

End of Message (EOM) Consists of
normal TTY ending procedure Avhen five level
baudot code is used (2CR, 8LV4Ns, 12LTRS).
However, for ASC II, twelve delete functions
are used (12DEL).

The -message header must be accurately
prepared. Back spacing, lettering out, double
spacing, "Or using twckr or more FIGURES and
LETTERS functions in sequence will cause.the
ASC to reject the message during attempted
' transmission from the originating station: -It
should also be noted thd the EOM validation
appearing in format line 151and the EOM function
in format line 16 must be prepared n un-
interrupted sequence, letter perfect, and ithout
correction.

General. TTY Rules

When a TTY tape is cut for transmission,
the message header should be preceded by at
least six blanks and six le)ters (6BL, 6LTRS)
with five level baudot code or by .at least
six nulls and six delete (6NULL, 6DEL) functions
with ASC If code (eight level). This ensures
acceptance and transmission of the first character") "
of the message header.

8,

When it is determined that a message n6Ust
be commercially refiled, all colon (:) symtiols
appearing in the message text must be converted
to the abbreviation "Ci,N" by the originating
station's communications personnel.

Messages assigned a dual precedence 11

indicate the higher precedence in format 1 ne
2 and both precedence in format line 5. When
a dual precedence of ECP or FLASH an ,.pa
lower precedence is ssigned, the origin ing
station must make separate transmissions. One
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. -9 ,
..transmi ssion,.isjo the station serving the ACTION'

- aldressep(s) velrth the ECP or FLA'SH-precedence
in format line 2. Th other is to the Station(s)
serving the infoliniation .addresSee()' with the
lower-preeedtnce in format line' 5. Only one.

Aransrp!ssron should be made to a station serving
...(botir action and info e.ddreSeees.. i

. 41Bell signals are not ingserted on C'$'111or
FLASH messages becauSe'the ASC ,:. : e erate

.,bell signals automatically to Modes I , 4 .andand
V tribUtary stations: 'Those stations oper ting
in Modes I aitd III will receive' a high prec:eence
alarm. Mode V terminals may receive .eth the
high precedence alarm and the bell signal.

.,...--. .
Tr-ibutary stations most edstrre that tre record

is. made of the time of file (TOF) and the time
available for ,kieliery .(TAD). These times are
to be used viten-message processing times are
,det rmined.

TT Message Lengths "
To facili to reproduction of incoming mes-

sages by d tribution center's, all messages ex-
ceeding

divid' into pa or transmission, beginning
ceeding total of 20 lines of heading and text

with forma . The second and succeeding
pageA arg ientified. by the page number, the
outing indicator of the station of origin, and
the station serial number, as discussed in chapter
13 (Manual Teletypewrier Procedure). For
example:

PAGE 2 RCEDABA0123 (2CR 1LF)

he security classification is inserted after
page identification. The classification will

aye one space inserted separating each letter
of the classification on all classified messages.

FIJANCLAS" will be placed in the page identifi,-
cation of unclassified messages, with no spaces
separating the letterg.

For example:

PAGE 2 RUEDABA0123 CONFIDENTIAL
(2CR 1LF).

qihenever a TTY message exceeds five textual
pages, the' message text is divided into trans-
Mission sections at a convenient point for doing
so. Each section is numbered, and the number
is inserted in laid langtiage at the Deginning of

th4 text following the KassifieatiOn or
abbreviation UNCLAS.

In long encrypted Messages, wirenla trans-
mission section, commences with a new cryi6tci-
part, the desi nation of the cryptopart follows- .
the designation of the transmi sion sertiosp: Also,ni3
when a 'numerical group c,ou Is associated with
an off-line en ted message. and, Indicated, 411
format , li ld the count must indicate the
number o grou0 .11n the text section berg-
transmitted, not the number in the comp te
message. Cry4opart identification is ,included
in the group count; the page id ntificatio and
transmission section are not.

# .Statistical and ,imeteorological messages are
permitted one hundred (100) lines of text without
paging whene er the inch.519D---61 paging
forinationewou disrupt proc4sSing by the user.
However, types of messages -should be
divided into:transmission sectionP if they exceed
100 lines of text.

-Transmission
Identification (TI)

As a. means of maintaining traffic continuity,
TTY terminals (Modes II, IV, and V) will prefix
each message header With a mess-age trans-
miAsion identificatioq (TI). The transmission
identification' is Eonstructed without spaces and
must be accuratay prepared without corrections.
For example, a 'correctly prepared; TI might
appear as follows:

VZCZCJTA (FIGS) 123 (LTRS) (2CR 1LF)

-The elements 'of the TI and their meanings
are as follows:

I. V Ensures that the first character of
intelligence is not lost or garbled.\

2. ZC ZC Indicates the start of the
message.

3. JTA Station/channel designator le
4. One FIGS shift.
5. 123 Three-digit number indicati

sequential number, of transmissions.
6.. LTR ;brit, two carriage returns, And one

line feed.

The station/channel designators will vary for
each channel and, is Ndetex/nIned'by the status of
the originating station. For example, if a minor
relay or tributary station originates a TI to a
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major relay station, the fiPst-tw characterg con-
kiist of the fifth and xth lette \<bf, the station
routing indicator. The third character identifies

,the, specific charnel. Channel designators cbria-
Nnence with the *t r A, progressing .Zhal
betically, and are igned to all con cted
channels. For exat-np tributary station 'ring
?Outing indicator RL TABA will use the d sig-
nator ABA for the first outgoing ohanpel and
ABB, 'ABC, etc:, for each addition* outgoings
channel.

Security Warming

The security warning is providtt as the first
Component of format line 4. The appropriate
operating signal (Z NR or ZNY) is used, fol-
lowed by a classification character repeated
five times. The operating signal and classi-
fication chafacters are as follows:

1. ,ZNR" ULTUttr For o Stine encrypted
Messages and claSsified mess ges that a4trans-
mitted in the clear.

2, ZNY EEEE For unc ossified EFTO
messages.

o

3. ZNY, followed by CC CC C, SSSSS, or
TTTTT, For 'Confidential, Secret, or Top Secret
messages._

4: .,.%11' AAAAA-- For Spedial Category
(SPECAT) messages.

Misrouted Aid
Missent Mes ages

A misrbuted message is one which contains
an incorrect routing instruction. This normally
occurs when the originating com-rrinicationscen:
ter' assigns incorrect routifig indicators during
message header preparation. Misrouted mes-
sages are usually not discoveved un they
reach the communications 'center of th calle
routing indicator. A tributary station in recei

t
of a misroute message should take the f llowing
actions: --,

4

1. Obtaining the correct routing indicator,
if 'possible. ,

2.. Applying a header change to the lsrouted
message and retransmitting to the corr, ctiouting
indicator.

3. Originating a service mess to the
originating station advising of the rer e action
and correct routing\ indioator.

A mis'sent .-message is one thQ.t contains a
Correct Muting indicator but is transmOted to
a station other than\ the). one represented by the
routing ttdipator.....2,4issent mreSsages may be

-caused by an equipment malfunction, ncOrrecti
switching, or operator error. A tributary station
in'receipt of a missent mesSag6 should-take the
follOwing actions:,

I 1. Reintroducing the message into
DIN system as, a-suspected duplicate
after applying a header change.

he 'A UTO-
USN;PE)

2. Forwarkling a routing service message to
the connected ASC citing the complete header,.
time of receipt, and advising that the message
has been protected.

Suspected.Duplicates
. .

When a station has cau. to suspect that a
play ay have been Pr viously transmitted

but definite proof of ansmission cInnot
be readily determined, the message should be
forwarded as a suspected duplicate by applying
a header change. However, if a Oation receives
a message'that is already marked as asuspeoted
duplicate,' the station should file them ssage, if
it was previously received and delivered to
the addressee. If these is no indication that the
message was previously received and delivered,
the message shou forwarded.

-('
Statiops recei g unmarked duplicate trans-

6 missions should irn ediately forward a routine
service messagetto t e iginating staaon, citing
the complete header fothlat of tht duplicated
message including the time of receipt '*of the
original and duplicate transmissions. lithe initial
copy was delivered to the addressee, the Station
should file the message.

... Upon receipt of service messages that concern
duplicates, the originating station should 'take
the followingltions:

1. Check ti:Lammission records 'to determine
the validity-t5? thelduplication report.

2. Ensure in-station procedures are adequate
to guide operattng personnel in the retransmission,
ofmissages that are suspected dtplicates /

equipment checks if equipment malfunc o_n is '

3. Have maintenance personnel acc mplish

suspected to be the cause of duplication.
4. Advise the connected ASC via routine

service. message, IF only one transmission can
be accounted for.

I.
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I
1 ,

An AC receiving notification Of duplicate
transm'i'ssion ,s.houid search its 'records 't to
determine if the' message was received in
duplicate. If 'the melsjage w..as not received in,
duplicate, it iyt st be traced on a station-rto-station
basis to diterm. ine the point of duplication%

A T2TODIN DATA %.

PATTERN MESSAGES

Data pattern tmessales consist 'of, either 80-
character record blocks (card !message') or 'a. images of the 80-character record blocks (Tag-
netic tape messages). The normal data pattern
message 'consists of format lines 2, 12, and 16,
(header, text,'-and EOT). Data pattern messages
transmitted vii message switching facilities arettlimited tii ,500 cards. Additional cards a ,used-
as pilbts' whir are accepted as exce tions
to the ma.xim,im mespage length and will be
accepted by the ASCs. Normally, messages con-
taining more than 500 cards should be transmitted
as two or more transmngsion sections and each
section: assigned a separate!station,serial number..
The message eader (format line' 2) must be
accur ely ered. If the header is'inaccurate,
the m sage ill be rejecfed,by the ASC.

The two forms that are most used in the
AUTODIN data pattern system are the Data
Message Form ( D Forr9 1392) shVwn in figure
14-13, and the essage Correction Notice (DD
Form 1503) sh wn in figure. 14-14. The data
message" form, is designed to provide originators
with information to prepare header card4 for

r

transmission, The mkssage correttion notice
i designed to provkde file c69amunications facility
it a means for notifying driginatar<S mee:-
age discrepancies.,

a 1
Data Pattern LMF

Eaflies, we cauered the preparation of mes-
Sages for TTY Conin niunications. We noted the
use of-language and media formikLMF),desig-
nators ih. the' message header. In data`pattern
message forniat, the most comtnonLVIV desfg-s4
nator isc_ct (card to card). Howevth., the fol-
lowing ENlys are available for use in data
pattern message format:

CT''' (card to tape), CA (card toe ASC
1

(Tape to card), and 4AC (ASC II to card)., For
example, notice th'at' the LMF in figure 14-13
is CC (card to card).

Originated
Data Traffic

. Message originators having ,automatic ca-
pabilities may deliver data pattern messages with*
prepared 'communication header text, including'
complete text -header information '(format line
12), and EOT formats (format e 16) containing
all the necessary information.

Station serial numbers (SSN) may be assigned
o a preallocatetl. basis. The Julian 'date and
tiTnie entered in format line 2 should be within,
30 minutes of the actual time eatibthe message

)
bATA

MESSAGE FORM

ACCOCNCE ri.... I

I

PRIORITY
1 CC IL-/UNCLASSIF'IED

CLSSIrICATON R.

ADO EEEEEE tri. nu, 4 \ 1

NAVAL SUPPLY CENTER, OAKLAND, CALIFORNIA 1
1/ONAILINt

LTC, GS

&:21 ::: fr 465 q

CWINCE STINOL
(RT.

CC -PO -TCCB
022/271q

OWIGOIATOWS IOCINTITKATNINtACS.
MN. sp....No.,.

.CGUSASTRATCOM

-C-8-4-4.1/41 IND

DDBB

NtLIAI.NO OrriCENIL

JOHN J. DOE,
SMARNS

Pertains to Bell and family transportation.
MR COMM. ICATIOPM WOW GU War

°NIG...AVON N MOU T.Nootoc ATOM "
RUCGHUA \

STATION SCRIAL NUMCA .

3792
OAT IMIIT. Mel/

14 1610
TOTAL CARD COUNT

47
ADO EEEEEE ROUTING INOKATON

RUWMFKA
TIM[ TANSANT TEO

. 3331616

SUP on's slow...tent

)71;/Of."1:e
L C ON

CLASSIFIED
..

OPERAT011 S VONATLIRC

e". ,;/)..C;I/teL,

Y'Figure 14 -43. --,Data message fOrVi.
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ND,

MESSAGE CORRECTION NOTIC I

(JANA P 128)

0711

'' 29 Pat( 1-9710
TO Commanding General '

1,1,StAzMy,Sfrat'egielCommunications Command
A M: '9C=PO -TCCIii
Ft. 14wachuqa. Arlikna 85613 C i

:R°* Officer lq,Charge
Data Message Centa.r4USAG

-0.Ft. Huachuc, ArizOna 85613 1
.....

THE ET TT, A0,,H,E, 0, NtE;ScAog Er M AT 5 EF) BEE).. TR ER A., SNMcl its ED. HOWEVERWT : V. Earle 00 I J. 7 THE ATTACHED MESSAGE CANNOT BE TRANSMITTED UNTIL THE,D1SCTREP
ANCIES NOTED BELOW BEEN CORFI6C,T.E.0 t,,

- 4.EGaDary.rfl Ow 71[O,Or NO Lib ..., nu c! rimig NCO 7.
_ auPROalg 11CINO illId mime,' I. ..Fwil,ro9. . ...

LNau4cT 40 mrolo boom.. t No .L.10
.30. \ <--,

P.MCORD COuNi °yaw !..proPar Or CIN o (Hord loctlen) 1. a0Art
'.0.1...r

-..ovat ..o Mao01 Ng, 1_ a r,

,.. --.3: mi .A i0.. --, tmg 00rallf" 'RaCOMO COuNI .11.OPRt 1110Itr IONSUIIMO - .F
CL. 1111.1..crioN iNOCraDCNNot a il,Nion.or t
go, = ..,_ ...9 or rico.. o ma 00.1t11111"

litra i or rourINO 1110NL INGO...NEC!' IC MO WK.,' or 14u ilLilD
CL.1111...cTioN 04,1,0 or NCORMILC T,
oNO.CrlD (No o 9our1,49 IIION1- 01411E0.0w INcorar.o i 01,0..0 ruNCHall

111111110 ',,...."01UNT CD.CrCor Coo( 1NconNwc r on No [Or ALC0.0 °wire° / or UNCNaO C.°11

oft,G,N.,..10,71No it4PiCill INCPPI NI" i
..

[Di PI .000 00" Not C ap,
INFDRIA t.ON ..4.,,.10 ryNcm[11 Or coon

.r riON ilg,,. Numa. Oul,I.CraO (MAO TAPE ONLY) MOT PIRCORD Doll NOT CONTI
OIRCOMO COvN

''
0091[911Ell uNIOKNi1/1-ll

lit 'ION lemtL. NumKr INCO.VIrc iL.,
INcor 1.1[C 11,40.0f. 99999 Oa /L/Nc ioN INVLIO .40099999 [ Nov r1No INDIC,,(0)

.1.-...1N O it INcOwracc 1 [NO Or IiNI.....2.10.;1110NL. WOOING on
iNcowwFct /

/

Data Messageform gives card count as 173; actual card count Is 176.

......

..... ',0.11411Nr!Nowov,INO INOIC row r CO ..... NOICor Cool
(BATCH)
o.N NI, RUCGHaA DDAB
tc 710. .

II 111,11L. NO

4011

OTa rim( ',IL.,

11491610

D

Figure 14-14. Message correction Notice.

is delivered to the communications facility. If
messages are not received by the conirunications
facility within the prescribed 30 minutes, they
shduld be corrected by the communications center
personnel, and the originator should be advised
via the Message Correction Notice (DD Form
1503), shovii in figure 14-14.

Originating stations may identify local
activities, channels, or positions within a station
by assigning blocks of SSNs to the activities
concerned. Blocks of SSNs musi.contain sufficient
numbers to preclude the reuge within one week
of normal message .activity. SSNs assigned in
blocks should be assigned consecutively. When
the entire block has been used, the numbers
should be repeatett beginning with the 'first SSN
of the block.

5107

preparation of Data
Pattern Headers

76.63

Because ASC functions depend on the correct
sequence of characters and elements compitising
the header and EOT 'format, the accurate
preparation of these characters and elements
is mandatory.

The following is a discussion of proper
header format which is shown in figure' 14-15:

Position 1 (precedence) The following
prosigns are used in Position 1:

Z FLASH
O IMMEDIATE
P =PRIORITY
R ROUTINE
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DATA PATTERN HEADER FORMAT
t-

we 'PRECEDENCE +-
,1-

,LANGUAGE AND MEDIA FORMA . n
4.4CLASSIFICATION AS APPROP TE C 04.

e 4.4i

CONTENT INDICATOR/COMMUNICATION ACTION IDENTIFIER
. ,. ' 44 . V

SEPARATOR. '
't r 03

40

ORIGINATOR

TIME FILED

SEPARATOR

-4

0

RECORD COUNT-

CLASSIFICATION REDUNDANCY

START.OF-ROUTING SIGNAL

ADDRESSEE

END-OF-ROUTI-NG SIGNAL."

POSITIONS UNUSED IN HEADER ARE FILLED WITH
SEPARATORS (SPACE)

Figure 14-16. Data pattern message header.,
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NOTE.: The flash preemption capability, desig-
nated ECP, of- the AUTODIN system is not
applicable to data pattern messages.

Positions 2 and 3 (Language and Media
Format) Two alphabetical characters that can
be derived from the current edition of JANAP 128.

Position 4 (Classification) The following
is a list of authorized classification indicators:

A Special Category' (SPECAT)
T Top Secret
S Secret
C Confidential
R Restricted (not authorized for U.S. use)
E Unclassified EFTO
U Unclassified

Positions 5 through 8 (Content Indicator/
Commanication Action Identifier) Consists of
four alphabetical., characters or three alpha-
betical characters and one numerical character.
The authbrized combinations are found -in the
current edition of JANAP 128.

Position 9 (Separator) A space is left
in this position..

Positions 10 "through 16 (Originator)The
appropriate routing indicator of the originating
station is placed in these positions. This field
must contain seven characters.

Positions 17 through 20 (SSN) SSNs pro-
vide positive identification of the message as well
as provide a means for ASCs to check for
stragglers. SSNs are expressed in four numeric
'characters beginning with 0001 and continuing
consecutively through 9999. 'Upon completion of
each series of 9999 numbers, a new series
begins.

1 Position 21 (Separator) A space is left
in this position.

Positions 22 through 24 (Date) Julian
date, beginning with 001, is placed in these
three positions. C

Positions 25 through 28, (Time Filed)
Four numerical characters indicating the GMT
that the message was received from the originator
by the communications center.

309

Position 29 (Separator) A space is left
in this position.

Positions 30 through 33 (Record Count);
The record count- is the total number of 80-
character records in the data message, including
header and EOT records.

Positions 34 through 38 (Classification
Redundancy) Position 34 is filled with a hyphen
as a sentinel, and the olassification designator
used in Position 4 is repeated in Positions 35
through 38.

Positions 39 through 80, as required
the positions reserved for routing are com-
prised' of two sections: The start ale routing
signal and the addressee ',routing fiidicators.

Start of routing signal The start of
routing signal consists of two consecutive hyphens
and will always precede the first addressee's
routing indicator. Addressee routing indicators
are listed immediately following the start of
routing signal. A maximum of 500. routing indi-
cators can be -listed in these positions. If a
message contains 501 or more routing indicators,
thus requiring two separate transmissions, all
routing indicators pertaining to a given four-letter
routing indicator Will be on one transmission. The
first addressee station is identified beginning in
Position 41; additional addressees are contained
in subsequent positions, sepaiated by a space.

End of Routing Signal The end of routing
signal consists of a period (.) and is inserted
in the position immediately following the last
addressee's routing indicator. Unused portions in
the data pattern header are filled with spaces.

End of 'Transmission (EOT) Format
The final record of a data pattern message is
used to identify the originating station and other
associated transmission information to the ad-.
dressee aft'er the header (format line 2) is
strippell irern the message by the communications
fdcility. The EOT is an 80-position record. The
EOT consists of a repeat Of all header information
starting with theprecedence,pictildriig all inter-
vening elements, and ending'with the character
before the start of routing signal. The appropriate
end of transmission (EOT) signals are as follows:

1. In a multiple record transmission (three
or more cards), the EOT consists of the letter
N repeated four times, (see figure 14-16) in
positions 77 through 80 of the EOT record.
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Precedence -

LangUage and Media Format
Classification, as appropriate

Content Indicator/Communication Action
Identifier
Separator

Originator

° .

Station Serial Number

Separator

Julian Date s

4

'Yime Filed

Separator

Record Coun

-4 Classification Redundancy

Separators -4

End -of-Transmission Signal

4

1

I

,; 76.142
Figure 14-16. EOT record format.
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2. The EOT used in aeingle-record message
is a single letter N appearing in the 80th position
of the bard.

Data Message
Retention

Each data pattern message (including complete-
header and text) is maintained intact for a period
of at least 10 days. When storage space or other
operating considerations preclude compliance
with the 10 day retention period, exceptions are
granted on an individual 'basis in accordance
with the rules set forth, in the current edition
of JANAP 128.

After the mandatory retention period, the
.header and text May be separated. The -text
:may be destroyed. or 'diverted to other uses
as-dictated by loc ..lioy. The header is retain*
for a period it less than 30 days as a
communications ord..- Header and text in-
' formation will be retained beyond the specified
retention periods for the completion of tracer or
other investigatiVe actions.

Message Hatching

Message baching, or commingling, is defined
as the storing of. a number of data pattern
messages destined for one geographical location
and the forwarding of these messages as one
transmission, with one header card and one EOT
card. Message batbhing may be used as a method
Of increasing operating efficiency and avoiding.
retransmission of large groups of cards, .or
records, in accordance with the following ,pro-
visions:

1. The messages are addressed to address-
ees. who by prearrangement have agreed to
accept 'responsibility, for separating and/or dis-
tributing the records to the activities of primary
interest.

2. The batched messages are assigned only
one classification equal to that of the highest
classified material included.

--
3. No more than 500 cards or records are

included in each transmission section.

4. A single, general purpose content indicator
code (CIC) is assigned that will accommodate
the general subject matter of the batched trans-
mission.

311

Received Data Traffic

Upon receiving data pattern traffic, comnutni-
cations personnel endorse the header aril to
indicate the time of receipt (TOR). 'TOR is
defined as the time ,of._ receipt of the EOT
record. Those terminals that are automated and
receive printed journal entries indicating TOR
of the message are exempt from this requirer
ment. After endorsing the card with the TOR,
the message . record count should be verified.
If the record count is incovect, a retransmission
should be requested from the originating station.
Those messages bearing incorrect card counts
are forwarded to the addressee "subject" to
correction", and the addressee advised of the
discrepancy. Lastly, the header card is removed
and filed As a communications record for aperiod
of at least 30 days. Complete filing and record
information is found. in the current edition of
JANAP 128.

MAGNETIC TAPE
MESSAGES

. Magnetic tape is one of the principal media
used in Electronic Data Processing Equipments
(EDPE), Magnetic Tape Terminal Stations .(MTTS)
in the AUTODIN proVide for rapid exchange of
large volumes of data in a relatively short period
of time. Terminals in CONUS, which have com-
patible equipment and circuit speeds. and- are
connected to the same ASC, may communicate
directly via HARPS (Hybrid AUTODIN Red PatCh
Service). HARPS provides a direct, subscriber
to subsCriber, encrypted circuit. It uses the
Mine circuit and equipment normally used in the
message switching Component of the network.
Generally,_the operating speed under a HARPS
configuration is 400 cpm (cards per minute)
while normal message switching operating speed
may be 200 or 100 cpma'hose not serviced via.
HARPS communicate via normal message switch-
ing which automatically performs the necessary
speed, format, and code conversions. The basic
mode of MTTS operation with other AUTODIN
tributary stations is either full duplex or store
and forward.

Operating Rules

All received tape reels must be periodically
dismounted and made available for delivery as
scheduled by the receiving activity and system
manager. A magnetic tape reel accepted by the
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communications facility for transmission is
screened and arranged for transmission according
to majority message precedence levels contained
on the reel'. Establishment of transmission sched-
ules is the responsibility of the commands con-
cerned and prior coordination must be effected to
provide for efficient use of the equipment and cir-
cuit time. Schedules are limited to30 minutes per
period. Most facilities establish their own proced-
ures for maintaining reel accountability and en-
suring that message transmission has been
effected. Message header and EOT printouts are
furnished by the message originatorwith each reel
of tape to be transmitted. If a message cannot be
transmitted, the MTTS operator returns the reel
to the originator, identifying the message (or mes-
sages)'that could not be sent and giving the reason
for the nontransmission, if known. Terminal
equipment should not-be used to change message
media format for customer conveniencefor,
example, chanking from magnetic tape to card'
or narrative records.

Operating Precautions

Communications station master records, such
as history tapes and journal records, will remain
within the communications facility until destroyed.
History tapes will be appropriately labeled to
preclude the possibility of their being in-
advertently delivered to addressees along with
live traffic tapes.

Recorded information is very close tothe edge
Of the 'tape. Tape edge indentations caused by
careless tape handling will seriously affect the
accuracy of magnetic tape recordings. It should
also be noted that tape splices are not permitted
in reels of tape used for traffic.

Message Formats

Message formats used within the AUTODIN
require that each message contain a Message
heading, text, and EOT record. The text material
on magnetic tapes may consist of a wide variety
of information recorded in either structured or
nonstructured formats depending upon the type
of associated EDU system. EOT is either
a single N or four consecutive Ns as has already
been discussed. The header, text, and EOT
cards of magnetic tape piessages are always
transmitted in the AUTODIN common language
code (ASC If). This is accomplished by automatic
code conversion logic provided in the magnetic
tape terminal.
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T e text of magnetic tape messages may
be prepared by the EDPE system in 80-character'
data card images, series record images, or
variable length record images. The length of
data records to be transmitted via AUTODIN
may vary according to user requirements. For
general transmission of data throughout the
system, computerized terminals must .have the
capability of transmitting records containing a
minimum of 18 characters and a maximum of
1200 characters. Those subscribers desiring. to
transmit messages containing record length' of
less than ,18 or more than 1200 chartit/Xers
must ensure. that the addressee is capable' of
receiving such records prior to transmission.
Typical line fOrmats of magnetic tape message
records are described in the current edition
of JANAP 128.

Magnetic tape messages prepared for trans-
mission are limited to a maximum of 40,000
charadters (500 80-character data records) which
include the header, textrand EOT records. The
preparation of magnetic tape messages, formats,
routing, contents, and sequence on tape is -the
responsibility of the message originator. nqcs

,,k:

Message and Tape
Reel Accountability

Each reel of tape presented to the. MTTS
operator for transmission will bear a tape
label containing the following information:

1. .Heel number. , .

-2. Number of messages recorded on tape.
3. Highest precedence- used.
4. Highest security classification.
5. Date and time filed.
6. Tape density..
7. LMF used.
8. Beginning and ending SSNs.
9. Time delivered to MTTS operafor.

Each blank reel of tape furnished the MTTS
operator for mounting on the receive tape trans-
port should bezkr A tape label on which the fol-
lowing information' should be recorded 'in the
sequence of handling:

1. A statement that the reel is blank.
2. Reel number.
3. Highest classification ever recorded.
4. Time the reel is mounted on the receive

transport.
5. Time the reel is removed from

receive transport.
the
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Time the reel is delivered to the ad-
dressee.

. Number of messages on the reel, type of
messages, etc., if known.

Al originated tape reels should be retained
for t less than 10 days. The originated tape
reel ust be available to furnish retransmission
or re ubmission of service requests. The 'header
and OT printo4s furnished the MTTS operator
for th originated and terminated traffic should
be m intained as a station communications record
for n t less than 30 days. Other logs recommended
for 'TS operation are the Madter Station
Log aid the Reel Delivery Log. ';

Master Station Log reflects the current
operation status of the terminal equipments
and c rcuits and should also reflect equipment/
Circuit outages, their causes, and the- corrective
Itctions.initiated.

The Feel Delivery should indicate the
reel number and the IfiTne" delivered to the
transmitting operator or the addressee.

(.--

AUTODIN SECURITY

Required security protecti n should be af-
forded all classified traffic tr smitted through
the AUTODIN. As each message ittransmitted
by the originating station, the ASC utomatically
checks and compares the security c assification
stated in the ,header of the m.eseage against
the authorized security level of the i&oming
circuit. Transmission of a message with 13igher
security level than authorized will resfult in
the message being rejected, by the ASC.n
addition( an automatic systerngenerated service
will be transmitted by the ASC to the routing
indicator contained in the originating station
routing indicator field of the incogting message.
The service will advise the originating station
of the possible security compromise. Also, the
ASC automatically checks and compares the
security classification contained in the header
of each message against the security classifi-
cation of each destination. A security mismatch
will occur for each destination that does not
possess the necessary security level, and the
ASC takes the following action:

1. In a' single-address message, the ASC
rejects the message; alarms will appear, at the
originating terminal indicating that the message
needs retransmission.

2. a multiple-address message with at
least one deliverable destination, the ASCitccepts
the message and delivers it to all valid
destinations. For invalid routing indicators, an
automatically generated service is transmitted
to the originating routing indicator advising that
the message needs retransmission:

In-station operating procedures should be
carefully composed and rigidly enforced to pre-
clude inadvertent transmission of clasSified mes-
sages to stations or agencies not connected by
properly .secured circuits or noe.approved for
the security classifications and any special
category or special handling designations of the
message involved. Complete security precalktions
and operating rules are contained in the current
edition of JANAP 128.

AUTOVON

The Defense Communications System (DCS)
Automatic Voice Network (AUTOVON) is a direct
interconnected network between most military
and other Government installations. The network
includes activities in the contihental United States
and many overseas areas. AUTOVON phone calls
may be made either by direct dialing or through
a local operator, depending on what type, of
service is available. Once an installation is com-
pleted in the AUTOVON system, it is referred
to as "switch". All switches are interconnected,
making_ the AUTOVON comparable to a com-
mercial telephone exchange system. Although
normally utilized for voice communications,
future plans for AUTOVON inclunre capability
of switching every type of info ation transfer,
including teletype and data.

TERM DEFINITIONS

The following is a diseussion of commonly
used terms and their deftskitions that are. helpful
toward becoming conversant in AUTOVON
operations

AUTOVON Subscriber An individual or
installation having direct access to an AUTOVON
switch.

2. AUTOVON User An individual or in-
stallation having indirect access into the AUTO-
VON network by dialing a designated access code
or by placing a call through a local private
branch exchange,(PBX).
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;. AUTOVON Access, Line A circuiticon-
necting an AUTOVON subscriber phone directly
into an AUTOVON switch.

4. Conference Call A. call with two or
mere accessines connected.

5. Console A control device connected
an 4UTOVON switch controllotrather access
es and phones in a local area. An example

o this would be a console unit in a local com-
m nd post, switching calls to and from several
de k-phones.

a
6. DiVerse flouting Mi6re than one access

line serving the same installation but routed
over og apNcally separate circuits.

7 ual Homing Connedting an AUTOVON,
terrain :1 to be served by either of two switching
center utilizing a single AUTOVON directory
phone n mber.

8.
that is n
cations us
transmissi

allUse Access Lineg An access line
mally designated' for voice cont-nuni-
but is specially configured forktigital
n, if needed.

,9. M. 'mum Calling AreaGeographical
calling limit imposed on a certain AUTOVON
line.

,10. Off-H. k Service Automatic connection
between Baser rs when a handset is lifted.
This service is normally limited to command
and control or o erational functions requiring
rapid connection. ,

11. Off-Net Caring Official along distance
-\ATiTtwori calls being interfaced to or from local
commercial phones. \

12. 'PreemptionThe act of one subscriber
completing' an AQTOVON call by seizing tele-
communications before OT in preference to other
subscribers' calls. An example of this would be
an IMMEDIATE precedence call preempting a
ROUTINE call that is already in progress.

13. Pre-Set Conference A feature available
to a group of AUTOVON users all wishing to
confer together. This is accomplisked by all
the conference users dialing a prescribed AUTO-
VON number.

14. Random Conference A conference call
established among AUTOVON users on a case-
by-Case basis by requesting connection through
an AUTOVON assistance operator.
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CLASSES OF
TELEPHONE SERVICE

Discussed below are the four classes of
telephone service available on, board military
installations:

1. Class A (Official) This service is avail-
able for tranlaction of official Government
business on Department of Defense (DOD) or
military installations and requires access to
commercial telephone company trunks in order
to properly conduct official business. .

2. Class. a (Unofficial) This service is
installed on or near a military PBX o CENTREX
system and is authorized for pers al or un-
official business. This telephone s 'vice must
have access to commercial' telepho company
trunks.

3. Class 6' (Official Restricted) This serv-
ice is essentially the same as Class Aservice,
except that it does pot have access to commercial
telephone company trunks;

4. Cinss b (Official-Special) This is a tele-
phone seritice installed on military installations
for official business of the Government ,and is
restricted, to special classes of use, such as
fire alarni, crash alarm, or security.

NOTE: Class A users may initiate, outgoing phone
calls for conducting official business in the
AUTOVON network Class 18, C, and D tele-
phones may not be used to initiate AUTOVON
calls. Incoming calls may be connected to plass
A and C telephones or extended, depending on
the configuration and needs of the parent activity.

PRECEDENCE
OF CALLS

All authorized users of voice communications
facilit'es within the Department of Defense are
direc ed to conform to stantherds of the Joint
Unif rm Telephone Communications Precedence
System. The effectiveness of this system de-
pends on the proper utilizationpf the precedence
system by'the user. Each user should be familiar
With the system and the types- of calls assigned
each precedence,. The user should exercise
caution to ensure that his/her call is not assigned
a precedence higher than the circumstance or
information involved. The precedences and their
applications listed below are for joint use and
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are listed in their relative order of priority
in handling:

1. FlashReserved generally for calls per-
tainirig to:

a. command and control of military
forceti essential to defense and retaliation.

b. critical intelligence concerning na-
tional Survival.

c. conduct of diplomatic negotiations
critical toward limiting or stopping hostilities.

A d. civil alert information essential to
national survival (large scale attack).

e. continuity of Federal Government
Functions essential to national survival.

f. critical internal security functions of
the United gtates. .5

g. national or international catastro-
phes.

2. ImmediateReserved generally for calls
pertaining to:

a. situations which gravely affect the
national security of the United States.

b. regrouping of forces in a post - attack
period.

c. intelligence reports concerned with
national security.

d. diplomatic 'negotiations toward re-
ducing or limiting the threat of war.

`It' implementation of. Federal Govern-
ment actions essential to national survival.

f. jituations' gravely affecting the in-
, ternal security of the United States.

g. 'civil defense actions concerning the
population and their survival.

h. serious disasters having an imme-.
diate effect on the welfare of the population.

i. vital information concerning aircraft,
spaCecraft, operations.

.3. Priority =ReserVed generally, for tele-
phone carliii requiring expeditious action by called
parties and/or furnishing essential information
for the conduct'of Government operations.

4. Routine Applies to those. official Gov-
ernment communications which require rapid
transmission but do not require preferential
handling. These routine calls will be handled
in an expeditious manner and in the order
placed.

TYPES OF SERVICE

Within AUTOVON various types of serVe
will provide for -the needs of network vers.

,

, General se
Subec hers

Normal AUTOVON service provides a cap-
ability for subscribers to call other subscribers
on. a worldwide basis for day-to-day low
precedence ,commu`nications. Depending on the
type of service provided in each locality, this
service may`be accomplished by either direct
dialing or through a local operator.

-Besides general ,purpose AUTOVON service
provided through' a local PBX, certain selected
subscriberig are authorized direct four-wire
access to the general purpose network through
pushbuthin four-wire telephone sets (figure 14-17)
installed in their offices. These subscribers
may employ any level of precedence desired up
to and including the highest level authorized for
that unit.

315

Special Networks

Special networks ay be provided within the
AUTOVON. They may ford, privacy' of service
within a specified community of interest by
denying all such network subscribers access* L.-
any of the general purpose subscribers of the
AUT,OVON; or, selected subscribers of the special
netifork may be granted access to the general
purpose network. The trunks used to interconnect
special network subscribers to each other usually
are general purpose trunks and so are subject

3 9

Figure 14-17. AE-023
,504150

ur-wire,subset.
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to the normal operation of the multileYel PreG-I edence preemption System. ('

Off#Hook Service

Certain command, control, and other
optiational requirements are Enet by .provhiolk
af. automatic off-hook service. The equiPmellt la
so arranged that, when the'telephone tostruzlient
is lifted off its. cradle (off-nook), the

immediately` connected to a predesiPEtted
lephone instrument at the distant installatino.
hese instruments cannot be utilized for aby

/ /other purpose, 4nd only the preset instrum t(0)
will be activated. This service' is to
command and lcontrol and operational ,ionsie ions
requiring rapid connection. ,

Special Grade Service
Certain users, such - as data and faeSillille

stations, will have access to specially conditioned
trunks hich provide the required tranerniestori
cepa ity: These users are collectively called
spe al grade users/subsdribers, and the tnAllxs
an other facilities' are sina!larly described 9,0

cial grade trunks and/or facilities.

GENERAL USER
INFORMATION

There is some essential information con'
cerning AUTOVON that every operator or laser
should become familiar with prior to completing
a call via AUTOVON. Local _command policy
will normally be to assure that AUTOVON' le
used only for the most essential official calls
Personal or unofficial call's must not be initNed
into the AUTOVON network at any tams.

,.
Security ,

TelephOne circuits, particularly those rotted
via high frequency (HF) and microwave, Etre
susceptible to monitoring and interception. 'tlie
AUTOVON isrnot secure, and operators andueer0
are remindat that care must be exeraiteci in
accordance wfth established security instructions

, to avoid divulging classified information. "GiIng
hints" or "talking around" a classified.sPiect
'usually leads to trouble

AUTOVON Directory

An AUTVON directory is published Perms
iodically and Itlistributed to all subscribers con-'
netted to respective AUTOVON .switches. Thi0

directory includes general instructions Or
pliving calls over the AUTOVON system, It is
nor designed, however, for widespread dis-
semination at the user's installation. ApVicable
portions of the directory may be locally repro-
duced for internal: distribution, Normally, all
voice subscriber numbers which, are commonly
called by users should be published as a part
of the local telephone directory. A complete
list of AUTOVON voice numbers should be kept
available at each Private Branch Exchange (PBX)
operating position.

AUTO VON

t\Assistance Operators
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AUTO(ON assistance.by an operator is avail-
able as outlined in the current editiod of the
AUTOVON directory to assist the subscriber
in completing calls and also to arrange conference
calls when desired. The primary function of the
-assistance operator is to assist the subscriber
in, the completion of calls, but it is intended
that the assistance of the operator be sought,
only after, the stkbscriber'had attempted a normal
call via the appropriate automatic channels of
the network. Instructions for requesting Various
types of assistatce from the local, AUTOVON
a sistance operator are included in t current

TOVON directory. An AUTOVON assistance
operator may provide such services as
(1) directory service in providing )kUTOVON
nurribersr (2) completinga call that a subscriber
cannot reach directly, (3) establishing con-
ference calls, or (4) receiving trouble reports
if the trouble desk cannot be reached.

Trouble Reporting

Troubles may occur in the AUTOVON network
which'' 'may cause interruption in an existing
call or prevent a subscriber from initiating
a new call. These troubles could exist in the
subscriber's phone, on the access line to the
switching center, in the switching center equip-
ment, or in the trunks between switching centers.
Troubles should be promptly reported' in ac-
cordance with the instructions provided in the
current issue of the AUTOVON directory.

A UTOSEVOCOM

The abbreviation AUTOSEVOCOM means
Automatic Secure Voiee Communications. This
system is not available at all dommands. Some
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't
,of the commands within the AUTOSEVOCOM

system use secure SEVOCOM switchboards and
special circuit& that link these commands to-
gether.' Communication between mmands
'hiked by these ,circuits establis e4 and con-
ducted entirely in the secure m I other
areas, AUTOVON phone 'circuits are utilized
as the audio pathdwith the initial( call-upbeing
made in the unsecure mode. After contact has
been established, the subscriber); switch to the
clastWied, or secure, mode of operation to
conduct their business.°

DEFINITIONS A

Several terms are utilized in the AUTO-
SEVOCOM network. Some of the commonly used
terms and their definitions are listed below:

1. Approved (Circuit A- circuit which has
.been authortted by responsible authority for
the transmission IA plain language of information
of a specific security classification.

2. Authentication A security measure
designed to protect a communications or command
system against fraudulent transmissions.

3. Authorized User An individual, activity,
or organization which has been authorized the
use of a subscriber terminal facility by com-
petent authority.

4. Automatic Subscriber A secure voice
network terminal with the capability of dialing
arid completing a secure voice call without

L'bperator assistance.
5. Cross TalkSound heard in a receiver

resulting from telephone currents in another
channel. /

6. "Go Cipher" The term used to initiate
necessary action to convert the equipment from
plain language to the encrypted mode.

'7. "Go Plain': The term used to initiate
'necessary action to change eqUipment from the
'encrypted mode to the plain language mode.

8. Manual Subscriber A secure voice
terminal requiring operator assistance to place
calls.

9. Narrowband Subscriber A terminal
whose ciphony equipment requires a transmission
bandwidth of approximately 4 kHz.

10. Wideband SubScriber A terminal whose
ciphony equipment requires a transmission
medium : bandwidth of approximately 50 kHz.

11. Nonsecure Mode Unencrypted mode of
transmission during which classified information
may not be discussed.

v

12. 41itary Precedence Designator -7.- A'
word desating the precedence level of a call
as defined in the Joint Uniform Telephone Cony,
int.nications Precedence System.

13. Preemption The act, of seizing. 66m-.
munications facilities befo(re or in preference
to others.

s.

14. Secure Conversion Area The an s:
where a ,wideband to inarrowband interface is
accomplished or a qyptographic-,key change is
made.

15. bscriber,-- The organization provided
with a direct communic tiontconnection between
its terminal facilities Anci:A circuit switching
denter*.

16. TSEC/KG-13 A transistorized, full du-
plex, digital key generator which, with appropriate
ancillary equipment, provides encryption and
decryption of multichannel teletypewriter, data,
voice, and facsimile. .

17. TSEC/KY-3 A transistorized, full du-
plex, wideband single channel speech security
equipment.

GENERAL OPERATING
PROCEDURES

In order to maintain effective operational
service thrbughout the' AUTOSEVOCOM network,
it is necessary for all users ,to-observe proper
operating procedures while utilizing the services
available. The operating instructions found in
the local AUTOSEVOCOM subscriber's directory
contain specific information concerning correct
placement of calls.

Precedence

Precedences ,used via the AUTOSEVO.COM'
network are goveined by the Joint Uniform Tele-
phone Communications Prebedence Syster(figure
14-18). The effectiveness of this system depends
on the personnel utilizing it, and; each user
should exercise caution when considering whether
a call requires a special precedence. It is
improper procedure , to request Or utilize a
precedence higher than the circumstance
requires. Calls of a given precedence will not
normally preempt calls of an equal precedence.
For example, a priority call will not preempt a
priority call already in progress.

317
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tf
Preceddesignators are for joint use and specify ttie relative order in rinich telephone calls

shook; be handled based on the importance (vntent).ot the call. `

Nunerfc
[late gr
Designa r
Application:

Numer
Cate

Des' nator:
- icati on:

1

, .\FLASH -a"' - a 1

r Flash PiecedenCe isreserVed for alerts..warnings, or other emergency. actions having
'p mediate bearing on National, command, or area security. Examples: Presidential

seili4nouncement of an alert; .opening of hostilities; land, air, or sea catastrophies;
intelligeNe reports on matters leading to enemy attack; potential or actual nuclear
accidelltt or incide,nt.;4impleme tion of service unilateral emergency actions prOce-
dures, etc.

5

cal
y: (-,2

IlIMMEDIATE

ImM4diate`prec.edenceis reserved.for,Vital communication.(1) having an immediate op-
.

erational effect on tactical operations; (2) which dirvtly concern safety or rescue op-
erations; or (3) whicbaffect the intelligence community operational role. Elvmples!
Initial vital reportkof damage slue to enemy action; land, sea, or air reports hich must
be completed rift vehicles in motion such as operational mission aircraft; intelligence
reports on vital actions in progress; natural disas r or widespread damage; emergency
weather reports havinipan immediate bearing on ss on in. progress; emergency use for
circuit restoration, use by tactical commtand po for passing immediate operational

Nu
Cat
Deal

Anplic

Namerical
. Category:

Designator:

traffic, etc.

ApPlica n:

3 \-
PRIORITY , ,..

1,--'
Priority precedence esdrved for balls whicoh require prompt completion for National
defense and security, tbe successftil conduct of war `or to safeguard life or property,
which do not require Ilikher precedence. Examples: Reports of priority land, sea, or,air
movement; administrative, intelligence, operational', or logistic acSivity calls requiring
priority action; halls/that would have a serious Impact on military, administrative, in-
telligence, operational, or logistic activities if handled as a ROUTINE call. lgorMally,
PRIORITY will be tpeihighest precedence which may be assigned to administrative
matters for which Speed of handling is of paramount importance. 1,

- rc AP
.

4

ROUTINE

Rouiine precedence is reserved for all otheofficial'communications.

lilt's:
1. Call of any precedence may be pree ted by the application of the FLASH OVERRIDE capability
, available to: (1) the President of the .S., the Secretary of Defense, and the Joint Chiefs 'of Staff;

(2) Commanders of Unified and. Spec" ied Commands when declaring either Defense 'Conditilm One
'or Defense Emergency; and (3) CINCNORAD when declaring either Defense Condition One or Air
Defense Emergency. ' . .. -._.

2. Precedence designators FLASH through PRIORITY will be given preemption rights in the order of
listing.

Figure 14-18. Joint Uniform Telephone Communications Precedence System.
-,

0
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SECURITY
REQUMEML.NTS

Rhysical security at the secui con:
version area of a switching center will
be in ac rdance with , requirements con-
tained in AG 1/TSEC °series. Unrestricted
use of e AUTOSE VOCOM system will
be limit to those, U.S. citizens .pos-
.sessing._ a Irra Secret 'security clear-

ice dr higher.

.t Authentication

. When information up' to and including Secret
is discussed, the AUTOSEVOCOM system Is
designed to be self-authenticating (no. authen4
ticating is required by conversing parties):.
Top Secret conversations must be authenticated
by the call originator, ensuring that the called
party is cleared for receipt of the information
to be discussed. Positive voice recognition may
be used as an alternative auth enticatian. This
voice recognition is a dual responsibility of both
the called WI the calling part.

Violation Reporting

Physical security violations should be 're-.
ported as prescribed in KAG 1/TSECand CMN.
Any user becoming aware of an Inadvertent third

. party connection or hearing cross talk should
report the occurrence to the .switch operator
serving the termination. The user should, give
the operator all known details. to assist in
correcting the deficiency. Thiti report is in
addition to any report required due to inad-
vertent disclosure of classified inirrmation.

MESSAGE PROCESSING
AND DISTRIBUTION
SYSTEM (MPDS)

The Message Processing and' Distribution
System -(M45DS) is a shipboard mi3Ssage switch-

\ ing system which processetr s, logs, and
\internally routes record and al data traffic
to and from receive andlr smit channels. This
system can include twat --Intra7shin terminals
located in principal Shipboard offices and
operating Spaces. When outgoing traffic is
originated .1t.t each- terminal, ith, is completely
formatted, Bleared. for release), logged, a`d trans-
mitted without manual intervention._ The system

. includes a facility control console with a key-
board' display panel for semi-automatic
eirouittequipment accounting and fiequency man-
E4ernent..,: This also aids in, controlling remote
HF/ equipment, telephone sets, a teletype for
ci-cuit coordination, and remote switching for

. ;secure voice ycircuits. The first MPDS system
is installed on board USS_NIMITZ (CYAN 6Q)
'and. is designed to process in excess of 2
messagiis per day.

OTHER SYSTEMS

. The Navy has developed more automated
systems dedicated to enhancing fast, writer-to-
reader time in message handling.' With a more
effective 'speed -of- delivery of message traffic,
the volume of messages thaecan be handled is
steadily increasing, producing efficiency beyond
the dreams' of the early communications pioneers.
Some of the' systems enhancing this speed
service are discussed below.

I

LOCAL. DIGITAL
MESSASE EXCHANGE (LDMX)

Th Navy has developed, tested, and in-
stalled X message handling systems at
several 'locations! to meet the current growth ,,
in data exchange requirements.,°'The MX (is
,a computerized communications syst which,
automates the message processing functions of
a cortimuniCations facility to provide reliabt*
accurate communications and data exchange at
high speed. The LDMX simultaneously transmits
and receives messages over the DCA Automatic
Digital Network (AUTODIN) . and other remote
terminal circuits to provide high speed proces-'1
sing, system reliability, seCuliF communications,
cost savings, and flexibility. The iLDMX system
concept is outlined in figure 14-19 and discussed
below.

High' Speed
Processing

On-line to AUTODIN and other circuits, the
LDMX system automatically receives, identifies,
and files traffic for processing and future refer-
ence. Incoming menages are automatically ar-
ranged by, ,precedence, processed, edited, and

t printed on reproducible mats for delivery. Out-
going. traffio is entered via an optical character
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. tread& (OCR) or via,magnetic tape, paper tape,

or card reader. The system fcirviats the outgoing
message; creates a headorvalidatesithe message
identifiers, preceden nd ,Classification;.
searches system flip to ign correct routing
tdicators; and *range tfie message by
110ecedence for automatic transmission. , This
LDMX system provides high speed communi-,
cations processing to replace the slovak error
prone manual operations. Operating at full
capacity, the system- can process up to 7500
messages per day.
System Reliability

Message processing reliability is greatly
improved by automating message identification

('

REMOT
PRINTER

-,5

76.143
(

c, and header preparation and by providing systern
look-up files in lieu of manual files., By
eliminating most' manual functions and validating,
those remaining, the. system greatly reduces*
mis.routes and nondeliveries. The system works
around the clock 1.kcci provi4es virtually full
time availability. K devices can be switched
from one application to another, and there is a
full range of excess equipment that could be
installed. The system can continue to 9perate
in a semiautomatic or mane al mode if a major
component is inoperable.
Secure CommunKation

All message security fields are validated,
and if a mismatch is detected in the LDMX

a
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A

system, the message is dimIlayed to an router
or an.outrouter for revs and action. Depending
on the.' users require ents video display
terminal (VDT) operators y prevented from
disPlaying sr recalling Top Sec t and SPECAT
messages, _thus reducing, the. pssibility of a

violation.

Cost Savings,
.

BA reducing the dependency on ma al
functions, the LOMX system provides..li ble
and secure high speed. mess proces ing
capabilities that will handle anticipated inereases
in traffic without` increases in manpower' and
equipment. One LDMX system can replace several
manual communications centers and provide
greater accuracy and higher prores sing speed than
the manual systems combined.'

r

Flexibility

The LDMX system eliminates most manual.
_proqessing withdut imposing stringent limitations

on the user; Tailored to meet the unique situations
at each command, the LDMX can be responsive
to 4ndividual command requirements and
variances.

Statistical and
Managethent Reports/2

1 C.

significant featu e of the LDMX Eiy em is
the natural accumulati of statistical\infor ation
and accounting data w ich provides ado rate
.verification of the reliability and perform pct*
'of the system. Message processing dat is
summarized in a series of statistical analysis.
summaries that includes:

1. A bar chart providing an hourly volume of
incoming or outgoing messages.

2. A summaty report showing the number and
Average length of incoming or outgoing messages,
the number of messages delivered to a remote
printet, and the number of various classificatiOns
and/precedences.

3. A listing of service messages sent "and
received.

.1. kt listing with information concerning
duplicated, misrouted, and mist messages.

5. A speed, of service report, giving maxi-
mum, average, and nimum processing times
(by preqedence, c ssification, or selected
originator).

NAVAL QiCoMMUNICATIONS
PROCESSING AND ROUTING

'SYSTEM, (NAVCOMPARrit

. \
'' The Naval Communications Processing and
Routing System (NAVCOM PARS) is an automated.
communications. processing as routing system
whiCh prov der the, interface between,. circuits

fashore .4.htsse serting the fleet.- The NAV-, 4
COMPARE automatically performs the functions"
of maiptaining a redi-ttme fleet locator, servicing
messages, formattin& screening, readdiessal,
and routing. Its prfniary purpose is "to serve
the fleet, although it is designed with LDMX
modules to serve shore pased users, if needed.
NAVCOMPARS has mad the job df a shipboard
Radioman much" easier by _eliminating the re-
quirement to place ,routing indicatorron outgoing
message traffic. There is no longer a r4uire-
ment for ships utilizing NAVCOMPARS to main-
tain ACP 117 on board. The system allows
afloat units to send messages via termination,
ship/shore, or satellite in a tbmodified 4ACP
126" format, which requires the addition of
JANAP. 128 'format lines 2, 4, 15, and 16 to
the normal ACP 126 format. Other -advantages
of the NAVCOMPARS are automatic message
processing, automatic routing indicator V3olcup
and., format conversion, security protection, sus-
pected duplicate checks, automatic file and re-
trieval, automatic reactidn to special operating .

signals, and Visual display of garbles or errors
for operator intervention.

4

Vormat Compatibility
in NAVCOMPARS

In order to obtain the full benefits of% NAV-
COMPARS, the message originator and com-

,inunications personnel must prepare messages
in the prescribed format. If there is an error
in format corittriction, it\ can cause a ml,Ssage
to -be rejected by the NAVCOMPARS, or it
may cause the NAVCOMPARS to reject one of
the addressees.. The format requirements out-

ed in NTP 4 for NAVCOMPARS must be-
fol wed to effect proper' delivery of message
trat

3t1 pc?
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Plain Language
Address Directory (PLAD)

The only authorized source of short titles
and -geographical locations in message ad-
dresSees is the Plain Language Address
Directory, (PLAD). The PLAD is disseminated
and controlled by COMNAVTELCOM as 'a supple-
ment to NTP 3. The PLAD provides authorized
listings Sf approved addresses and is intended
forithe ugr-Of message-d9rafters. Copies df NTP 3
(with the PLAD Supplement) should be dissem-
inated to all users who draft messages within the
comniand. The PLAD` normally contains plain
language addresses for Navy, Marine Corps,
and Coast Guard commands and is updated
frequently by "ALCOM" geheral message cor-
rections.

Message Paging
Via NAVCONWARS

The NAVCOMPARS system is configured to
accept 'Messages with up to 37,000 continuous
characters: With this system, a fleet unit op-
erating directly with a NAVCOMMSTA equipped
with NAVCOMPARS may transmit up to 550'
continuous lines ,of message headings and text
without dividing the message into two sections.
A fleet unit terminated with a NAVCOMMSTA
not equipped with NAVCOMPAR may transmit
up to 100 lines of continuous to exclusive of
heading lines.

SATELLITE INFORMATION
EXCHANGE SYSTEMS (IXS)

The purpose of Satellite Information Exchange
Systems (IXS) is to link subscribers together, en-
abling them to exchange information via a specific
satellite path. Included in the IXS are the Sub-
marine Satellite Information Exchange Subsystem
(SSIXS) and the Common User Digital Information
Exchange Subsystem (CUDIXS).

r7

3

Submarine Satellite
_Information Exchange
Subsystem (SSIXS)

The SSINS has been designed and is being
installed in SSN/SSBN submarines to complement
the existing communications capabilities on board
submarines. It is designed as an extra com-
munications functiOn and does not replace any
existing facilitiesI The SSIXS has two modes
of operation. One is- the broadcast mode, enabling
the shore terminal to send selected portions
of the submarine broadcast files. The other
mode is the query/response (or calling and
answering) operation, Where the underway unit
has the option to transmit and receive traffic
from the shore terminal. Submarine subscribers
will normally utilize the madified ACP 126
format procedures via this smtern. Each SSIXS

t. network can support a community of up to
60 subscribers.
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Common User Digital
Information Exchange
Subsystem (CUDIXS)

CUDIXS is the link control or automated
information subsystem developed to enable rapid
exchange of information between fleet mobile
subscribers and activities ashore. Ships will
be assigned to the CUDIXS network by the Fleet
Commander in Chief (FLTCINC) and normally
will only be active members during operations
at sea; Active network participation during in -port
periods will be authorized only where there are
no local message distribution services or when
specifically directed by the FLTCINC. CUDIXS
is designed to pocess message traffic in modified
ACP 126 format. Since the shore terminal will
automatically convert the traffic to JANAP 128
format, caution should be exercised by the ship-
board operators to follow rigidly correct format
procedures and to utilize correct Plain Language
Addresses from the PLAD supplement to NTP 3,



-CHAPTER 15

. FLEET' COMMUNICATIONS

A commanding officer must be able to com-
municate, whenever necessary with both ships
and shore stations to maintain effectivecommand..
and control of the situation at hand. Commlni-
cations is still and always will be the "Voice
of Command." In this age of nuclear weapons,
guided missiles, supersonic aircraft, and high
speed submarines, top performance is required
of our fleet communicators. Therefore, they
Pust always remain in a condition of constant
reparedness.

The Navy has phased out many of its older
ships during the last decade and has commissioned
many new ones. Along with the modern ships,
many up-dated computerized communications
systems have been implemented.

The information in this chapter may seem
of most use to the "sea-going" Radioman, but
all personnel in the communications community
should be familiar with the information for
preparation for sea duty.

FLEET MULTICHANNEL
BRO.).DCAST SYSTEM

("N" SYSTEM)

The Fleet Multichannel Broadcast (MULL T)
System is now the primary means of deliv ing
message traffic to 'ships. It has replac the
single channel radioteletype system. Th

is keyed by the automated Naval Co uni-
c at ions Processing and Routing stem
(NAVCOM PARS) and is transmitted via s llite,
loty (LF), medium (ME'), and high (HF) fre-
quencies. The "HF component of the MULCAST
is transmttted via several frequencies at the
same time to enable the -ships to pick the best
reception for their location. Through the use
of multiple4 equipment, the MULCAST provides
the opportunity. for the delivery of largequantities
of :traffic with a small number of transmitting

t
stations. The MULCAST provides a linking net-
work to support communications coverage to
all ocean areas of the world.

The ocean areas mentioned are divided into
four Naval Communications Areas (NAVCOMM-:.
AREA), as shown in figure 15-1. Each NAV-'
COMMAREA has a Naval Communication Area
Master Station (NAVCAMS) tasked with the
responsibility of coordinating fleet broadcasts
as well as other communications'circuits.within
their areas. There are NAVCAMS at Norfolk,
Naples, Honolulu, and Guam. acting as NAV-
CAMLANT, NAVCAMSMED, NAVCAMSEAST-
PAC, and NAVCAMSWESTPAC, respectively.

BROADCAST CONTROL

The Broadcast Control Authority (BCA) is
the controller of a specific broadcast. NorTnally,
the authority is under the cognizance of the Fleet
Com-iander in Chief or a Force Commander.
The I3CA directs the implementation of the
broadcast and provides direction and guidance
toward its 'configuration and content. The BCA
may control the broadcast completely, or iemay
assign 'Some responsibility to a subordinate
command.

The-Broadcast Control Station (BCS) is the
activity that eAngineers the broadcast and4elivers
the keying to the transmitting stations. The NAV -
CAMS-- usually assembles the keystreams for all
channels of a broadcast and delivers keying
to the transmitter station.

The Broadcast Keying Station (BKS) is the
ctivity responsible for placing the message

fic directly into the broadcast. Different
tions may operate as BKSs on the same

roadcast, but on separate channels.
'A Broadcast Radiating Station (BRS) is a'

station responsible for radiating a signal from
a broadcast supplied by the BCS and may or may
not be a NAVCOMMSTA.
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BROADCAST IDENTIFICATION

Multichannel broadcast's are assigned des-
ignators for identification. The first, letter of the
designator( identifies the naval bounallinication
area, and dditidnal :Aterii let us know the type
of broadcast it is. For example, a broadcast
beginning with a ."K" originates from The Medi-
terranean Communication Area (Naples), and ari
"N". mans the broid6ast.is from the Atlantic
(Norfolk) Communication, Area. So,- a broadcast
with the designator NM UL is a multichannel
broadcast (M.UL) in the Atlantic COMMAKEA,
and one with a designator KSUB is a submarine

I
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broadcast (SUB) in the Mediterranean COMM-
AREA. A complete list and description df broad-
cast designators cap be found 'in NTP 4.

# A typical miptichannel broadcast (N) system
eonsists of receiving antennas, the antenna multi-
coupler twR receivers (if diversity reception
is .employed), AN/UCC-1 multiplex equipment,

2the. TSEC/KWR-37 and TSEC/KG-14 crypto
equipments, and a teletwe machine for each
channel copied. Vie receivers are patChed to
the AN /UCd -1 via the receiver audio switch- ;
board. The output of tile AN/UCC-1 is patched
via the black DC patch b"linel to the"crypto equip-
ments, and the output of the, crypto equipments
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are patched to the teletype machines via the red
DC patch panels. An illustration of how the
equipment is connected through the patch panels
and switchboards to develop the com-nunication
systein is shown in figure 15-2.

Reception of the multichannel broadcast via
satellite will be discussed later in this chapter.

The multichannel broadcast is, divided, into
sixteen channels. Ships copying the broadcast
are matched to broadcast channels by class
according to simlarities of mission,'task, and
equipment capabilities. Each ship is assigned a
primary channel to copy for traffic and a
secondarg channel to copy for reruns or over-
load traffic. The secondary channel transmits the
same traffic as the primary channel one hour
later. This enables a ship to pick up missing
number's on the broadcast within one hour by
copying the secondary channel. Ships are not
required to copy the secondary channel unless
they miss a broadcast number or unless the
channel is activated a3 an "overload" channel

, for "first run" traffic-If the secondary channel
is activated for "first run" traffic, the noti-
fication message informing operators is :sent

RCVR

PC R

.,===.

FOR OFFICIAL USE ONLY

AUDIO
XFER
SWBD

AN UCC-1

giving sufficient notice via the primary channel.
Broadcast channel alignment is outlined in NTP 4,
Section 2.

BROADCAST OPERATION

The Fleet Multichannel Broadcast (MUL CAST)
is operated continuously and requiPes restart
at the beginning' of each new crypto day and,,also
each time the synchronization is lost. The TSEC/
KWR-37 crypto device is used for the decryption
of message traffic on specific broadcast chan-
nels. It also provides timing for the TSEC /KG -14
on other channels.

A spare TSEC /KWIC -37, if available, should
be prepared for the new radio day b serting

atel lythe new day's key card in the holder ap r
etrri

45 minutes prior to daily restart time. The actual
patching of the new TSEC/KWR-37 should not
!Ake place until about one minute prior to restart
time so that reception of high precedence traffic
is available up to the last minute.

Every Radioman on board should be thoroughly
familiar with the operation of the TSEC/KWR-37.
The operating instructions for this equipment

BLACK
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PNL

---a

TSEC I
KG-I4

TSEC
KG-14

TSEC
KWR-37

TSEC
KG-14

T S EC

KG-14
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KG 14
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.KG 14

RED
DC°

PATCH
PNL

Figure 15-2. Fleet Multichannel Broadcast ("N" System).
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are contained in the piblication KAO-34 (series)
and will provide all 'operating personnel with
helpful hints tO keep your broadcast file up to
date with the least amount of "missing tiumbers ".

BROADCAST SHIFTS

There will be times occasionally when a
ship has the requirement to 'shift from one
broadcast to another. If a ship transits the
Atlantic, for instance, it is not feasible that
the Radioman, will be able to copy the Norfolk
(Atlantic) broadcast during the entire trip without
reception,problems. Normally, there should be a
broadcast shift to the Mediterranean (Ilaples)
broadcast at about the half-way point during
the transit,/

The shift from .one broadcast to another or
a shift off the broadcast should be accomplished
at 0001Z. The broadcast shift\ message should
be sent early enough so that it reaches the
common source file authorities at NAV-
CAMSLANT Norfolk, VA and NAVCAMSEASTPAC
Honolulu, HI by 1600Z on the day before the
radio day of the shift. In the case of an emer-
gency broadcast shift, the shiptshould commence
copying the new broadcast immediately. It should
continue to copy the original broadcast for as
long as possible, or until the originally scheduled
time of the shift occtirs. The notification of an
emergency shift message should be sent with a
PRIORITY or IMMEDIATE precedence. A format
example for broadcast shift messages can be
found in NTP 4, and updated information may be
promulgated by the NAVCAMS Communication
Information Bulletins (ClBs).

BROADCAST FILE

/The
broadcast file contai y or filler

f each message transmitt . received on
e broadcast. The file is stored in accordance

with the highest classification of the information
contained in the file. Segregated stowage by
classification is not required. Broadcast copies,
carbons, and tapes are safeguarded in accOrdance
with OPNAVINST 5510:1 (series) and must be
retained for a period of ten days. Top Secret
messages received but not addressed to an
afloat command should be removed from the-
broadcast copies, and ticklers' should be entered
in the broadcast file in lieu of the Top Secret
message. The Top Secret message should be
destroyed immediately by authorized methods.
The destruction should be certified by two wit-
nessing officials who place their initials next

to the appropriate broadcast serial number on the
check-off sheet. These check-off sheets
exempted from the regulation requiring that
certift9.tes of destuction be retained for two
years but, instead, are destroyed with.the broad-
cast files after ten days. Top Secret traffic
handled by NAVCOMMSTAs for relay or broad-
cast delivery need not be controlled as described
in OPNAVINST 5510.1 (series) and DODINST
5200.1, providing all copies (except the monitor
rofi and monitor reel) are destroyed immediately
after they have served their purpose. Monitor
copies must be marked Top Secret and afforded
appropriate security and storage. These monitor
copies may be destroyed after the mandatory
retention period, with proper documentation.

Missed Broadcast
Messages

If a ship misses broadcast messages, the
Radiomen should make all attempts to obtain
the missing messages from ships in company
or other fleet units via local circuits, visual
means, or messenger. If the messages are not
available locally, then the ship must ask for a
retran' <i In of the messages from the broad-
cast eta )11 The retransmission request sent
by the shit ,alled a Broadcast Screen Request.
The screen request Dis sent "action" to the BKS
and "information" to the appropriate NAVCAMS.

Any unit requesting a retransmission of more
than 25 missing broadcast numbers Must include
their numbered Fleet Commander (e.g., COMSEVr
ENTHFLT, e0MSECONDFLT) as an information
addressee.

A complete copy of missed messages not
addressed to the ship's guardlist need not be
obtained. Heading fillers of heading recaps can be
substituted in place of the complete smessage.
Once an hour, a message summary heading recap
is sent,on each first-run broadcast channel. This
recap supplies the headings of the previous
hour's 'raffle. This is an excellent means ot
recovering messages that may have been missed
during the previbus hour via the broadcast.
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Broadcast
Check-Off Sheets

i'The form utilized as the broadcast circuit
log and destruction sheet (check-off\ list) lists
the number of messages received/tansmitted
via the broadcast and the classification of each
message. The form .also serves as the record
of destruction for the'classified messages'in the

1
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file. An' eiimple bf this form is shown-in. noire
15-3. The form:LE...11a available thrOugh the Navy
Supply Sysfem,,,but it may be reproduced locally
for use.

OTHO BROADCASTS

As previously stated, the most popular means
of message traffic delivery to the fleet is via
the multichannel broadcast. There are ships in
the Navy, however, that do not have the capability
,or the need to y a multichannel broadcast.
The ship may n have the multiplex equipment
installed, or t e assignments or mission of the
ship may requir it to copy one or mare of the
following broad sts.

SINGLE CHANNEL
BROADCAST

If a ship is not equipped to copy the multi-
channel broadcast, then it must be a subscriber
to a single channel broadcast. The single chahnel
broadcasts are (identified by RTT" or "SPG"
preceded by the COMMAREA designator ,letter.
Fbr example, 'the LANTSOAM (Norfolk) single
channel broadcast has the designillikNRTT.

The single channel bro is are keyed
continuously and require cry, aphic restarts
at the beginning of each nez crypto day or when-
ever synchronization is Frequencies in the
LF/MF/HF ranges are assigned to the broad-
casts by thp area, CAMS in, Communications
Information/Bulletins (CIBs). The' cryptographic
eqiiipmentetused on. a single channel broadcast
can. be either the TSEC/KW-37 or the
TSEC/KW-7CR. A frequency shift converter
(usually an AN/URA-8 or AN/URA-17) is used
on the single channel broadcast in lieu of the
AN/UCG-1 that is required for t4oh).multichannel
broadcasts.

The guidelines, concerning service messages,
missing number procedures, stowage and re-
tention of files,, and n format are the
same as outlined previouei r the multichannel
broadcasts.

Submarine Broadcasts

Several frequency shift keying (FSK) single
channel subnia.rine broadcasts (have been es-
tablished to provide a means of communica-
tions from force commanders to theirrtperational
units. These broadcasts are the pri ary, means
of telecbmmunicafions to spbmarines underway.

I .

Broadcast operatiOns and traffic contenre
carefully controlled by the BCA to accomthodate
various, submarine operations. Cryptographic
:start times are staggered to avoid mare than
one broadcast from being off the air at the
same time for cryptographic restarts. Each
schedule begins on a prescribed hour. The first
message is a traffic list (ZBO) to let each
submarine determine the need for further copy.
Messages are repeated three, four, six, or
twelve times, depending on the operational re-
quirements.

A new multichannel submarine broadcast sys-
tem called- VERDIN using minimum shift keying
(MSK) has been developed to replace the existing

''single channel FSK broadcast. Some VERDIN
shore terminals have already been conittructed,

'and more will be completed in the near future.
VERDIN installations on V.S. submarines should
be completed &ring 1979.

Composite Fleet/
General Broadcast

The,- Composite Fleet/General Broadcast
(CMP) is a CW broadcast used by those fleet
units unable to copy a covered broadcast (either
the MUL or RTT). The broadcast is keyed on
a scheduled basis for U. S. Fleet units, pro-
viding narrative message traffic, weather, and
hydrographic messages. v This broadcast also
serves Allied ships and other authorized userp
on a preset schedule. The fleet schedule is
maintained only for fhe use of U. S. and friendly
foreign warships.

Transmissione of fleet schedules consist of
a call-up transmitted five minutes prior to com-
mencement of- the schedule. This call-up will
consist of the called station call sign sent three
times, the prosign "DE" followed by the call
sign of the calling station sent three times, and
the word "FLEgT." An example is as follows:
NERK NERK NERK DE NAB NAB NAB FLEET.

When it is time for the schedule to com-
mence, the same procedures as set forth above
are used, except this call will be ptceded
by a series of eight "Es" and will include
the appropriate operating, sign for the number
of messages to be transmitted (ZBO). An ex-
ample is as follows: EEEEEEEE NERK NERK
NERK DE NAB NAB NAB ZBO 04. After this
is sent, the transmitting station can commence
sending traffic. ir

If a message is received for relay at the
transmission station after the schedule has
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BROADCAST CIRCUIT NUMBER LOG and RECORD OF DESTRUCTION

Retain traffic for a period of 10 days in accordance with
SECNAVINST P5212.5B SubPara 2100(3). DestruCtion
in accordance with NTP 4 01.03.0326 and 02.01.1400

'BCST No. CLASS BCST No. CLASS BCST No. CLASS BCST NO. CLASS

_01 UECST 26 UECST "51 UECST 76 UECST
02 UECST 27 UECST 52 UECST 77 UECST
03 UECST 28 UECST 53 UECST 78 UECST
04 UECST 29 UECST 54 UECST 79 UECST
05 UECST 30 UECST 56 UECST 80 UECST
06 UECST 31 UECST 56 UECST 81 UECST
07. UECST 32 UECST 57 UECST 82 UECST
08 UECST 33 UECST 58 "UECST 83 UECST
09 UECST 34 UECST 59 UECST 84 UECST
tb UECST 35 UECST 60 UECST "85 UECST
11° UECST 36 UECST 61 UECSff 86 UECST
12 UECST 37 UECST 62 UECST 87 UECST
13 UECST 38 UECST 63 UECS, 88 UECST
14 UECST 39 UECST 64 /01,-FeigT 89 UECkT
15 UECST 40 UECST 66 UECST 90 UECST
16 UECST 41 UECST 66 UECST 91 UECST
17 UECST 42 UECST 67 UECST 92 UECST
18 UECST 43 UECST 68 UECST 93 UECST
19 UECST 44 UECST 69 UECST 94 UECST
20 UECST 45 UECST 70 UECST 95 UECST
21 UECST 46 UECST 71 UECST 96 UECST
22 UECST 47 UECST 7%UECST 97 U CST
23 UECST 48 UECST 73,6ECST 98 ST

24 UECST 49 UECST 7 4 UECST 99 UECST
25 UECST 50 UECST 75 UECST _00 UECST

Signature of individual authorizing destruction Rank

Signetur of Witnessing Official

LEGEND

File or Service No

Signatur of Witnessing Official

U,Unelossifid E =Unclossified/EFTO C = Confidentiol S = Secret T = Top Secret

DC. of Destruction

NOTE: This form is not stocked
in the Naval Supply System but
may be reproduced locally.

Figure 15-3. Broadcast circuit log.andrecord of destruction.
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dOm-nenced, the operator should put the mes-
sage into proper format, assign it the next.
Jpen broadcast number, and send it otit on the
schedule already in progress. If the new message
is of a higher precedent than those on the-----`e
schedule to be transmitted, the new message
of higher precedence should be inserted out
of sequential order into the schedule; The broad-
cast number of that message should be sent,
preceded by the operating signal' ' 'ZIA."

After all fleet traffic has been transmitted,.
a "QRU" tape should be transmitted once.
A fleet QRU tape consists of the call sign of
the called station transmitted three times, the
prosign "DE" followed by the call sign of the
calling station sent three times, the last broad-
cast number sent, the operating signal "QRU,"
followed 1531 the prosign "AR." An example
follows: NERK NERK NERK DE NAB NAB NAB
NR 004 QRU AR.

If, at the. time of the next schedule the
transmitting station has no new traffic 'for the.
broadcast, the operator should use the "QRU"
tape from 'above, except the tape should be pre-y,
ceded by a series of eight °"s". As an example:
EEEEEEEE NERK ,NERK NERK DE NAB NAB
NAB NR 004 QRU AR.

The Merchant Ship Broadcast ( MERCAST)
Is used to deliver U. S. Government originated
message traffic to MSC ships and Navy con-
trolled merchant ships in accordance with NTP 10.
The schedules on the MERCAST are a portion
of the Composite Fleet/General Broadcast and
are keyed by a COMMSTA in each designated area
Air ships copying the MERCAST. Detailed in-
formation concerning MERCAST systems during
peacetiml is 'found in publication H. 0. `117,
where a listing of stations, schedules, fre-
quencies, hydrographic data, ice reports, and
time signals are available. ACP 149 contains
the wartime schedules and frequencies of each
Allied MERCAST area.

The MERCAST is primarily a CW broadcast
with a normal operating speed of 25 words per
minute. Speed may be increased up to a maximum
of 29 words per minute after subscribers have .,.

. been notified of the increasing transmission
speed.

Another component of the Composite Fleet/
General Broadcast is the Hydrographic Schedule.
It consists of messages providing hydrographic
information, 'Coast Guard Notices to Mariners
(navigational aids), and Notices to Airmen
(NOTAMS). Normally, they are addressed to
"HYDROLANT" or "HYDROPAC," depending
on the area affected. The call up is sent fiv.e
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minutes prior to the transmission of the hydro-
grapflit schedfile to enable the receiving station
to prepare to copy:

Weather Schedules are storm warnings, fore-
casts, fallout reports, etc. Forecast and weather
warnings provide information such as air ob-
servations required for flight operations. The
schedule and frequencies for these broadcasts
are contained in the COMMAREA Communications
Information` Bulletins (CIBs). The publication
H. 'O. 118 also provides frequencies and area
coverage of non-Navy weather broadcasts. Ships
and bases' with a weather unit on board are
required to copy at least the synoptic schedules
of the Navy weather broadcast for their re-
spective areas of operation. Ships and bases with-
out weather units on board do not have
a requirement to copy a weather broadcast,. but
this is at the discretiod of the commanding
officer or other competent authority.

All messages sent or received on the Com-
posite Fleet/General Broadcast schedules must
be filed in the communications center in date-time
group order.

If any of the Composite Fleet/General Broad-
cast schedules are guarded, covered, or copied,
the operators m'i.st maintain a radio log. This
log is used to record each transmission heard
on the circuit, whether it is addressed to his
station or not. commands may utilize OPNAV
Form 2810-1 (Radio Log) or a locally fepro-
duced form as shOwn in figure 15-4% If a mes-
sage is adaVessed to or rdlayed by the receiving
station, thibmessage may be typed on a message
form instead of in the log, and only the essential
accounting information (timie-of-r,
nator, date-time group), need 1
log. The radio log stiould also re
conditions of the citcuit, opening '1cl clos'
down of the net, causes for tr,, delay:--,
frequency changes, and any unusual circum-
stances noted by tht_operators. As the watch
changes and the oper3tor is relieved, he must
sign the log in ink. This is also a requirement.
when a net or circuit is closed down. An entry"'
mist be made in each radio log at- 'least every
five' minutes. If the operator/on watch is too
busy to comply every five minutes, he mly enter
the essential information later, indicating the
time.

Facsimile Broadcast

The facsimile broadcast is normally used to
receive weather maps transmitted by designated
shore facilities. The system con,* of the

33L

,S



flA15101VIAN 3 & 2

Iv

e \1E

CITE w CIRCUIT
. FIIQUfNCV

.

ANSMISVON

), 4r

t ,

...

GATE PAGE NO

;000%

I A re 1g -4. - -Radio log.

receiving antenna system, an HF receiver. a
facsimile converter, and the facsimile recorder.
KeYi 9g.for the transmission of facsimile bread-
casts is controlled by the local cororriunkatiolis
activity. Facsimile terminal equip/Tient it Pro-
vided to those naval meteorological cifieto that
prepare weather maps for transmiesicri 00 the

earbroadcast and is not physically locateci
the controlling communications facility.

The material transmitted on a facsitn
broadcast is assigned serial numbers 210011
consecutively for each calendar month. For
continuity; the transmitting station shot& prOvide
a daily recapitulation containing a, list 4 that
day's transmissions, showing the time Of each
transmission and the associated serial ntirts'aer.

It is imperative that facsimile transtriitting
stations commence their schedules 011
Prior to commencing a schedule, earn ttAtion
normally should make a preliminarY tett call
for approximately five minutes before the
schedule is j.o begin. After the test call, the
synchronous' signal is transmitted at. least hvo
minutes before the schedule time to enable
the receiving stations to synchron ze their equip-
ment for usable reception.

e

SHIP/SHORE AND
SHIP/SHIP CIRC TITS

76.146

Eajrlier we discussed the principal of the
fleet broadcast and how it is used to deliver the
largest percentage of message traffic to operating
ships. Novi,* "will discuss the means by Abiell
an ,operating ship can transmit its message
traffic ashore.or to .other ships for .delivery or
relay.

Until the early 1960s, the primary means of
communications for a ship was via CW. CW

nsmissions were stable and had a great
capacity for long-range transmission. However,
the slowness of transmission, necessity for
repetitions, the cumbersome security measures,
and the increasing volume of messAge traffic
greatly detracted from the usefulnes of CW,
This led to the radioteletype (RATT) circuits,
which are the priMary means of ship/shore
communications today.

SHIP/SHORE NETWORK

Ship/shore circuits are established b dealt.
nated NAVCOMMSTAs and NAVCOMMU to ac-
cept and relay traffic from afloat commands.
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There are enough of these ship/shore circu.
in .existence to allow a ship while at sea world-
wide coverage for transmitting its traffic. The
send and receive frequencies for each COMMSTA
or COMMU are promulgated by the NAVCAMS
of the particular -NAVCOMMAREA by the Com-
munications Information Bulletins (CI Bs). The
normal spee-d of operation on U. S. ship/shore
circuits is 100 wor,ds per minute. For operations
with NATO,or other Allied stations, the operating
speed may differ due to limitations of equiprnint.
Normally, detailed operating procedures for
Allied circuits can be found in fleet commander's
operation orders or in ACP 176. Primstry fleet
ship/shore circuits are cryptographically pro-
tected (on-line) single channel radioteletype cir-
cuits permitting random access for a fleetunit
to transmit traffic. These circuits improve the
capacity, speed, and security of ship/shore com-
munications. These cryptographically protected
circuits are normally referred to as ORESTES
circuits (covered by a TSEC/KW-7CR equipment).

ORESTES circuits can be operated in the
duplex, semiduplex, or simplex mode of operation,

/de nding mainly upon the amount of equipment
avai le. In' full' duplex operation, each station
transmit on a different frequency, and both
'can trans it at the same time. (A station sends
on one frequency and receives on another.) Semi-
duplex is an operation which* is duplex at one end
of the circuit and .simplex at the other. Semi-
duplex operation still requires two frequencies,
except one of the stations cannot transmit and
receive' at the same time. An example of this
situation could be a ship having only one TSEC/
KW-7CR equipment : able. The TSEC/

'1W-7CH ould he us d for both transmit and
receive rpOses on the ship/shore circuit so
the oper for could not transmit and receive
traffic at the same time. Simplex is an operation
providing one channel (one frequency) on which
traffic can be exchanged. All stations on the
net can both transmit awl receive but not at
the same time. The operator must wait to
transmit until the receive function is compltted.
This simplex operation is normally reserved
for UHF and for those ships that do t possesspot
sufficient equipment for duplex or! semiduplex
operation.

Net Control Authority

The NAVCOMMSTA is the net control station
on all ship/shore circuits u.Oess the senior sta-
tion or higher authority directs otherwise. The
net control station will ensure the assignm
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of fully qualified oper&ors to perform duties
as net control on the specified circuits. Positive
and continuous circuit discipline is mandatory
to prevent circuit inefficiency, confusion, or
traffic delay. Idle chatter, profanity, and spurious
transmissions are absolutely forbidden. It is
the responsibility of the net control station to
take corrective action during occurrences of
violations.

Besides the re'sponsibilily for .intaining
circuit discipline, the net 'control station is
also charged with expediting the flow of traffic
and limiting transmission to the essenti9.1 mini-
mum. The net control station must assume the
responsibility of resolving disputes during the
process of message handling and determ'ning
correct action if a procedural discrepancy
occurs. The authority of the net control statio
extends only to net operations within its scop
of authority, and, in this regard, all decisio s
o t e net control station are final. The net

ntrol station does not ire jurisdiction over,
e administration of individual stations within

the net.

Unauthorized Transmissions

Unauthorized transmissions, especially those
of an obscene, indecent, or profane nature,
project a lack of order and discipline in any
net. Such transmissions will not be tolerated
on any Navy circuits. The 'Federal Communi-
cation Act of 1934 states:

"Whoever utters any obscene, indecent,
or profane language by means of radio
communications shall be fined not more
than $10,000 or imprisoned not more
than two years, or both."
As unauthorized and obscene transmissions

are not usually accompanied by a call sign
identification or personal- identifying information,
extra effort is utilized to identify the offending
station. Part of this effort includes' the use of
tape recorders, accurate logs, notes of operator
characteristics, exact frequency measurements,
and direction finders (DF) to aid in proper
identification. The monitoring is performed in
accordance with the applicable OPNAV and SEC-
NAV instructions governing unauthorized trans-
missions via Navy circuits.

Violation Reports

Any afloat unit or shore Station noting a
deviation from prescribed procedures should
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bring' the violation to the attention of the, vio-
elator by thse of Communications Improve-
ment 'Mem randums (CIINIs). In the event of
continuing or flagrant violations, a speed letter
report should be submitted to the fleq
comrnander-in-chief, with copies to COMNAV-
TELCOM, the type comm ti ,ier, and the offending
station..The report sh9uld include a description
of the violation, publication reference, and the
correct date/time of the violation.

FULL DUPLEX FSK.
SHIP/SHORE/SHIP (RFCS)

A full duple* FSK ship/shore/ship radio
frequency carrier shift system (RFCS) covered
by :a ITSEC/KW-7CR provides it with single
channel full-period traffic capability. (FSK means
frequency shift keying.) This ship/shore/shit
system can be cleaAd to hart( - age tie#
through Una- class:!ne:ation of . - :et, Sm-
ships traveling it nompany ppi mally employ
this system in a 1 ..k Group Common net in
winch they terminate with a larger ship (serving
as net control) that, in turn, provides the ship/
shore relay services. Ships traveling in-

.

dependently could use this system, or a modi-
fication of it, for an on -call ship /shore
t mination to transmit their outgoing tr f fic.

ANT
CPLR

RCVR

ANT
TUNER

CPLR OR
m CPLRI-

(

RCvR

AUDIO
)(PER
SwBD

xmTR

,CONY
COMP

.#Figure 15-5 is a plock 'diagram of the full
duplex FSK ship/shore/ship systetn colie.i.ed
by a TSEC /KW -7CR The diagrain shows
basicalIN libw the equipments should be con-
nected to. develop. the system, but, the .block

,?-diagram for yo, t.L1>s p may differ, depending
on ,equipinent or e way your equipment is
wired into the patch panels.

Equipm. ent Theory

The operator's section of each equipment
technical manuals the local source you may
consult to le) n the operation of each equiprnent
used in the primary ship/shore system...Here
we will iffscuss basic iltrnation which can
assist a .Railioman in obtaining the best pet-
formance of the entire system.

\:(,'1 Ti - Some of the transmitter
in the fleet which are 'co

WiLi. -1,1s system are the AN/NUT-2,

AN/WR
AN/UR-32, and the AN/UHT-23. If the

-2 is used, the operator should ensure
the transmitter is in the FSK mode of operation
and tuned to the exact center frequency (cariler
frequency). When the AN/URC-32 transceiVer
is used as the transmitter for this system, the
operator must adjust the transceiver dial fre-
quency (ppperessyd carrier) to 2 kHz below the
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NOTE TwO TSEC KW -7S REQUIRED FOR FDUX OPERATION.
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50.196
Figure 15-5.- Full Duplex FSK Ship/Shore/Ship RFCS,
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assied frequency. To use the AN/UR 3,
<-

the dial freqpency must be set to the *Tier
frequency. biside the equipment is a/ center
frequency (CTR FREQ) switch wiAch nWst be in
the 2 kHz position. This switch is lOcated onqp
of the FSK tonetenerator module. 3

f\,
-,, -

RECEIVERS. In this ship/shore ship sys,-
tern it is possible to use any recei r capable
of demodulating an FSK signal. The 1051/URR
is a versatile superheterodyne rece er capable
of readying radio signalq in the 2 to 30 MHz
frequency range. It can be used as n independent
receiver, or in conjunction with transmitter,
and is basically crystal controlle . The R-1051
uses a digital tuning scheme, but an additional
fine t /ning control provides continuous tuning
between 100 kHz infirements. This receiver
utilizes printed circuit boards and is completely
transistorized, except forAhe RF amplifier tubes.
The R-1051 is desigtiated as standard equipment
for ship/shore ORESTES and is the primary
receiver now used for ship/shore communi-
cations.

CON VERT ERS. The AN/URA-1T frequency
carrier shift converter-comparator group is
used for diversity reception of RATT and FAX
signals. The equipment consists of two frequency
shift converters (a top and bottom ,snit). For
either space' divefsity or. freque cy iversity
reception, two standard Navy rec vers re used
in conjunction with the cony parator
group. In space diversity ope tion, the two

,,receivers are tuned to the sa e carrier fre-
quency, but their receiving antennas are spaced
some distance apart. Because of the required
spacing between antennas, space diversity usually
is limited to shore station use. In ,frequency
diversity operation, the two receivers are tuned
to different c rrier frequencies that are carrying

xidentical in lligence. Frequepcy div sity re-
ception com only is used aboard ship

I
or copying

the fleet broa,cast which is keyed sinbltaneously
on several frequencies. In diversity reception, the
audio' output of each receiver is connected to
its ,associated frequency shift converter which
converts the frequency shift into DC pulses.;
The DC (mark and space) pulses from each con-1
`verter are fed to the comparator. In the com-
1,...ator, an automatic circuit compares the
pulses and selects the stronger of the two
signals. The output of the comparator is patched
to the teletype or the required crypto equipment.
The converter units also can be used individually
with separate teletypes to copy two different
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FSK signals. The AN/URA-17 is completely
transistorized equipment and conststs of two
identical converter units. Each cofivertef has
its own. -oompar9tor circuitry; therefore, a
separate comparator unit is not required.

TELETYPE EQUIPMENT. There are
several different teletypewriters that may 'be
use with this systein. The ,equipment used
gen&rally is a matter of choice for the individual
setting up the circuit. The teletype equipment
that is selected should have its range finder
set for optimum opera,tion. The normal operating
speed of Navy operated teletype equipment' is
60;75, or 100 words per minute. Gears located
on the base of the equipment determine is
speed.

dRYPTO EQUIPMENT.In 1'611 duplex ship/
shore operation, a separate TSEC/KW-,-7CR is
needed for each communication channel. The
TSEC/KW-7CR is a simplex device which can
operate either send or receive, but not both
simultaneously. ORESTES is the mythological
designator for the TSEC/KW-7CR crypto system.
Operating instructions are contained in KAO 83.
The ORESTES system may be used to pass
traffic up to and including Top Secret and is
used by all U. S. Forces and some Allied
Navies. It is the primary means used by the
Navy to pass ship/shore message traffic and
may be used for FSK or tone modulated (TONE
MOD) 'operation. The TSEC/KW-7CR is now
equipped with a card reader mounted on the
front of the gear (the "CR" portion of its'
designator means "card reader"). The. card
reader that was installed in Nlivy TSEC/KW-7CR
equipments in the 1976/1977 time frame now
enables operators to conduct daily restarts at the
new crypto day in a matter of seconds _by
simply taking out the old card and replacing
it with a new card in the card reader.

KEYLISTS.'Ship/shore keylists are issued
in card booklet form, thirty-four cards to a book./
There is one card numbered for each day of
the, month. The extra numbered cards each month
are designated for emergency use, implemented
by the controlling authority of the keylist. The
complete book of key cards may be issued to
operating personnel to be listed on the watch-
to-watch inventory. Each superseded card must
be destroyed within 72 hours of its supersession. .

Covers, instructional sheets, and extra emer-
gency cards should be destroyed with the last'
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operational card in accordance with the guide-
lines set forth in CMS 4 (series).
Traffic Flow

Figures 15-6 and 15-7 illustkate traffic flow
from time-of-receipt (TOR) of messages re-
ceived -on fleet primary ship/shore circuits,

-0 r

FLEET PRIMARY
SHIP/SHORE
OPERATING"'

POSITION
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FLEET CENTER

(ECC)

RECEIVE TERM.
FROM

RECEIVER SITE

t
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SEND
rERMINAL

AUTODIN
RECEIVE

TERMINAL

I

t
MAPU

LEGEND

for delivery to either a NAVCOMPARS or AUTO-
DIN )nterfacing system. Figure 15-6 shows traffic
flow for a non-NAVCOMPARS equipped station,
while figure 15-7 shows the traffic flow- for a
NAVCOMPARS equipped station.

NAVCOMPARS and AUTODIN have becomeK
the primary and often the only means by,which

I
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FLEET CENTER

AUTODIN
AUTOMATIC
SWITCHING

CENTER

SHI /SHORE CIRCUITS

ROU NG FUNCTIONS

LOCAL DELIVERY
MISC. OTHERS

ELE CAL.

A NUA
a

SERVING NAVCOMPARS SITE FOR
PROCESSING.AND FURTHER RELAY
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SAIP/SHORE CIRCUITS.

76.147
Figure 15-6. Fleet primary ship/shore traffic flow for.non-NAVCOMPARS equipped stations.
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Figure 15 -7. Flee primary ship/shore traffi ow for NAVCOMPARS equ'ipped,stations.
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messages received on Ship/shore circuits can
be delivered to addressees and/or relayed to
other NAVCOMMSTA for delivery by broadcast
and ship/shore circuits. The reliability and
speed-of-service of AUTODIN have been proven,
and the automated message handling capabilities
of NAVCOMPARS are further decreasing writer-
to-reader times and manual message processing
requirements.

Messages transmitted on fleet primary ship/
shOre circuits are in modified ACP 126 format.
Due td propagation factors, afloat units may
be required to make multiple transmission's to
enable the NAVCOMMSTA to obtain a complete
message. Therefore, messages may require
further processing (or fixing) by the fleetprimary
ship/shore operators at the shore station to
permit introduction of the messages =into NAV:-
COMPARS/AUTODIN:

Messages (both tapes and page copy) trans-
mitted on electronic courier circuits from re-
ceiver site buildings Must, be in 'correct and
proper format, ready for introduction into AUTO-
DIN or NNV CO MPARS without further processing.
At nonz.NAVCOMPARS equipped stations, errors
in the critital, format line cause the Automatic
Switching' diiftikAp reject the , messages or to
geierate serviCe mes4lages informing the AUTO-
DIN subscribers of errors. At this point, manual
processing, such as tape fixing or service action,
will be required. Other common errors, such
as security \mismatches and errors in end-of-(
message or -elt&it-of-message functions, also
cause messages to be rejected. At NAVCOM-
PARS equipped stations, errors in critical format
lines or security mismatches require ' manual
intervention and service action at the NAVCOM-
PARS Visual Display Terminal (VDT), which
unnecessarilyldelay message traffic.

SECONDARY SHIP/
SHORE CIRCUITS

Secondary ship/shore is a CW, unclaSsified
circuit, terminating with U. S. Navy or other ,

underway ships on assigned frequencies. Ampli-
fying proCedures on the use of CW and its

, elements are located in ACP 124, ACP 121,
ACP 1./31, ACP 100, and ACP 113. Familiarization
witk- these publications is important for all
prospective CW operators.

As an unclassified circuit, secondary ship/
shore coq only pass classified messages after,
they have been off-line encrypted. Otherwise,
circuit operatic' t procedures , are very similar
to these cif tke primary ship /shore, circuits.

3
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The NAVCOMMSTA on the circuit is the net
control station and should impose strict circuit
discipline upon all circuit users. All coordination"
transmissions should be brief and to tie point,
using prosigns from ACP 124 and operating
signals from ACP 131 to the maximum extent
possible..'
40"Although the advent of radioteletype circuits
has made the delivery of message traffic more
efficient, the requirement for CW circuits has
not bun completely eliminated. CW communi-
cations is the only way some smaller naval
vessels have available to enter messages into
the naval communications system, Additionally,
many foreign vessels have only CW communif
cations available fore ship/shore and ship/ship
use Also, CW circuits exist as emergency
and contingency means of communications to be
utilized as the backup to ORESTES-' circuits.

The lack of CW use in the fleet has.caused a
continuing degradation of training CW operators.
.Whenever possible, advantage should be taken
of in-port training circuits and formal CW
training to expose nEfw personnel to these circuits.

AUTOCAT AND
MIDDLEMAN OPERATION

At times, certain emission,control EMCON)
restrictions prohibit the ,transmissbon of radio
frequency energy below the 30 MHz range. There-
fore, there is a need for a technique to provide
uninterrupted traffic flow withoutr.violating the
restriction8 of EMCON. AUTOCAT and MIDDLE-
MAN- techniques were deVeloped whereby the
range of tactical UHF circuits may be extended
by relay of the UHF circuit via HF. In MIPDLE-
MAN operation, an - operator in an aircraft copies
the transmissions from the ship on a UHF
circuit and manually retransmits them via an
HF circuit. In AUTOCAT opel'ation, an aircraft
is also used, but the communications equipment
on board the aircraft receives the transmissions
via UHF and automatically relays ten via HF.

AUTOCAT and MIDDLEMAN can utilize three
different types of circuit configurations for re-
teption and relay of UHF transmissions. One
is a voice circuit where some units send and
receive on one frequency, and other units send
and receive on any ,,other frequency. Another
is a voice circuit where all units transmit on
one frequency and reoeive on another frequency.
The third way is a RATT circuit where all
units transmit on one frequency an receive on
another frequency.

-es
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UHF/HF RELAY

The UHF/HF relay, method has been/ developed
to permit long range uninterrupted communi-
cations during periods of hazardous electro-
magnetic radiation (HERO). Typically, when an
aircraft carrier is arming aircraft on board,
HF transmitters must be shut down to prevent
possible detonation of the ordnance. Intder to

maintain its ship/shdre communications, the
carrier transmitsto a relay- ship via a UHF
circuit. The relaying ship then retr.ansmtts the
signal on an HF frequency circti) to aterMinated
NAVCOMMSTA. An example:Thy blolc diagram
of a simple UHF /HE' voice relay circuit is
shown in figure 15-8. On-line may

,be relayed as well Els-voice vtilizin is system.
Specific instriictions for technical procedures in
this system can be found in NTP 4.

ORIGINATING SHIP RELAYING SHIP

REMOTE VOICE
OPERATING
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0
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TRANSMITTER

HF RECEIVER

UHF ."

RECEIVER

O

C-4621/SR
TRANSMITTER
CONTROL UNIT

O
0

REMOTE
VOI.CE
V2ATING

POSITION
AAUDIO

)-
LU

KEY

HF
TRANSMITTER

HF RECEIVER

Figure 15-8. UHF /HF voice relay.
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PIGEON,POST

Another means of---Vesmitting or receiving
message traffic thiring It period of EMCON is
called.,Pigeon Post. This is a term heard often'
throughotit the Navy, but the procedure is seldom
used: Pigeon Post involves physical trans-
portation of messages via aircraft. In this
operation, the messages are prepared in the
form of precut teletypewriter tapes. the tilpes
are cut and placed in bags with an inveriory
listing each message tape. The bags are flown
ashore to amessage center (COMMSTA, NTCC)
via 'aircraft: providing an efficient and reliable-
means of point-to-point transmission. The time
of arrival at the message *nter is the time of
-delivery (TOD) of, the message traffic from
the ori "-ginator.

This procedure requirp advance notification'
to the CO1TICENTER because of the re-
quirements to arrange aircraft flights and eet--,up

,time at the stiore based message center, The
comm inicatio4 center should arrange for a
messenger _tortneet the aircraft and pick up the
traffic froc#14the, ship. After the communications
center has received the messages, the center
should send tiw, ship a message acknowledging
the messages. This message, should provide
the ship a time of delivery (TOD).

FLEET FLASH
NET,(FF&)

The Fleet Flash Net is a duplex TSEC/KW-7CR
covered Top Secret teletype net. It operates
at 100 words per minute. The' net is composed
of Fleet Commanders in Chief,- numbered Fleet
Commanders (COMSEVENTHFLT, COMr
PIRSTFLT, etc), and Task Force Commanders.
Other commands may be designated to subscribe
to the net as controlled by the Fleet:,9pmmander
ri2"Chief.

A command may be accessed to the Fleet
;.Flash Net via landline, cable, or ship/shore

circuit with a NAVCOMVISTA. The circuit may
be extended to the Fleet Flash Net technical
control console where it is connected to, the
other net members. The console is configured
so that the technical control console operator
-can switch" net members into the net after he
receives a signal from the net member. The
circuit is nor"Mal,ly configured so that all stations
on the net receive all traffic sent by all sub-
Scribers, although transmissions may be on
a selective basis, 'depending on the needs of the

-calling station.

',..

The main purpose of the Fleet Flash Nfit is td
provide' communications between operational
command subscribers. Normally; all messages,
transmitted on the Fleet Flash Net are of FLASH
or IMMEDIATE , precedence. However, a'
PRIORITY messag0 of extreme importance may
be sent if circuit conditions peiTnit. Messages
pn the' Fleet Flash Net should contain no more
than fifteen addressees and should be limit
to no more than 150 groups. All transmissions:
on the net are preceded by i. TSEC/KW-7CR
phasing'signal, which is the nal to the technical1

control console operator to prItch 'the calling
station to all other stations on the net. .

The signal-of the calling station will be routed
through all ,subscri4ers of the net and back to
the calling station. This route-back procedure
is known as "hubbing." When the calling station
receives its own signal back on its "receive"

e
TSEC/KW-7CR, it is an irndation that the
proper Connection has n nAde. Then, the
calling station may pr eed with its traffic.
NTP 4 contains more information concerning
the Fleet Flas Net. Detailed information may
be found in NA ELCOMINST C2303.6 (series).,

INTERIM COMMAND
S CHBOARD (ICSB)

The Interim CorAmand Switchboard (ICS0)
is a manually operated interface between- Voice
radio circuits and telephone systems ashore:.
ICSB .(formerly called NORATS) can utilize HF
or UHF .frequencies. Because these frequencies
are open to exploitation or enetny interception,
ICSB ,is restricted to unclassifiedtommanications
of an official nature. Its main purpi5s'e is to provide
voice communications betweennaval commanders,
and their subordinates by ship/shore or
air/ground radio facilities. The switchboards,
are government owned overseas and commercially'

7). leased within CON US,

Interim command Switchboards areinstalled°.
at selected NAVCOMMSTAs, where a call re-
ceived from forces ahoat and airborne forces
can be manually switched to local commercial
lines, AUTOVON, or other voice radio facilities.
If a call is interfaced to commercial ines
'involving tolls, the NAVCOMMSTA transferring
the call pays the cost, using available operations
funds. Only official calls from fleet or airborne
forces received by an ICSB may be transferred
to commercial lines involving tolls. Personal
calls involving tolls are not handled through
ICSB,
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Ship to Shore ICSB

A call on the ICSB is processed according to
the precedence assigned by the originating party.
A ship should initiate a call in the following man-
ner:

t'ICSB '1411S IS (SHIP NAM -2) OVER"

After the ICSB operator replies, the ship then
provides the ICSB opitrator withitheprecedende of
the call, the phone nu ber (if known), and the name
and activity of the party beinkcalled. The ICSB
operator may complete the call on the same fre-
quency as' the call-Up was made or may inform the
ship to switch to a mpre suitable working fre-
quency:
Shore to Ship ICSB.

If a shore activity desires t communicate.
with a ship via the ICSB, th shore activity
should call the ICSI3, and info m them of what
ship they desire to commun cate with. The
ICSB should then send -a message to the ship%
v* the appropriate broadcast informing the ship4
to communicate with th,e ICSB for a call; The
ship then should attempt to communicate via
any assigned ICSB frequency for the corripletton
of the call.

'ICSB Frequencies

area basis .for world-wide coverage. The Chief
of Naval Operations (C NO) has direct control
over the HICOM network: As Fleet Commanders
in Chief, CiNCLANTFLT, CINCPACFLT, and
CINOUSNAVEtR maintain kkositive control over
the, three individually assigned nets. The Area
Control Station is operated by the appropriate
Fleet,Commander-in-Chief,, or the comrnunica-
tioni3- station serving his headquarters may be
assigned the responsipility. In either case, the
operational control remains with the Fleet

Vfmmander-in-Chief.
HICOM Net Membership

The membership of the net can be controlled
by CNO or the Fleet Commander-in-Chief., Num-
bered fleet commanders, designated subordinate,
commanders, aircraft carriers, 'cruisers, and
command ships are required to maintain a
continuous guard on HT_COM. In addition, naval
aircraft with VIPs embarked and ships' operating
independently under special circumstances math-..

a. guard on the net. Any ship, station,-or
activity may be designated to become a member
of the net at the discretion of the CNO If the
Fleet Commander -in- Chiefs.

Temporary Membership
of HICOM

Frequencies for use in the ICSB network
titre assigned by the eognizant Fleet Commander
In Chief and promulgated by the COMMAREA
NAVCAMS in Communications Information Bul-
letiNs If the frequencies are not provided
or not held, they may be obtained via the Navy

.High Oik-mnand World-Wide Voice Network (HI-
COM), primary ship/shore, or a full period
termination. If the frequencies available are
overloaded or not clear enough for traffic quality,
ad4ttiona, frequeqpies can be made available
th-fough coordinatfbn with the NAVCAMS coh-
cerned.
ICSB Security

\ It is reasonable to assume that the ICSB
fquencies are monitored occasionally. There
is no voice security equipment provided in the
ICSB system. It should be stressed to all users,
of the ICSB, therefore, that conversations con-
ducted via this network should be limited to
UNCLASSIFIED information.

NAVY HIGH COMMAND WORLD-
WIDE VOIGE NETWORK (HICOM)

The HICOM is an HF, single sideband network
consisting of three separate voice nets on an

Units desiring to enter the net temporarily
must obtair perinission from the appropriate
control station, specifying the length pf time
'and purpose for lentering the net. All ships,
station, and aircraft must be prepared for
the requirement to communicate via HICOM,
if directed. If equipment is available, it is a
good idea for a ship to reserve one transmitter
and receiver in a "standby" status set on the

- appropriate HICOM frequency to avoid time
delays when the requirement exists.
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HICOM Net Operation

Transin'tter tuning is not permitted on the
HICOM net. The transmitters should be pretuned
and calibraten a dummy load. Final tuning
can be complete during live transintssions,Logs______
should be maintained if a continuous guard or
listening watch is kept. The net may be utilized
for unclassified FLASH or IMMEDIATE prec-
edence operational voice traffic. This may
include ship/shore/ship communications coordi-
nation information in an emergency but only
after other means to effect restoration of the
circuit path concerned have been exhausted.
ACP 125 voice procedures should be employed
on the net. Under normal conditions, the net
should 1;oe notifiedthe control station at least
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five minutes Jior to any impending frequency
shifts. Amplifying rules of a p icular net,
'should be prescribed by the app priate Fleet
dommander-in-Chief.,
HIdOM Security

Due the long period of the existence and
long usige of HICOM the frequencies must be
considered to be general knoWledge available
to foreigii intelligence. Because the frequencies
are assumed to be so well known, references
to HICOM frequencies Pare always. transmitted
in plain language (in the clear). Encrypting
these. well known frequencies would tend to
-cornaromise the code used.

Authentication should be used to preclude
deception. Maxirnurn.upe should tog made of secure
oice circuits insteadof HICOM when these voice
rcuitti are available. Control .stations should

enfor e strict circuit discipline over all trans-
miss ons. T established Fleet Commander's
BE WINDOW p,roceduires must be utilized to

--ensure correct circuit operating procedures.
Call Signs

Shore stations should utilize their JANAP 119
call ,signs on the HICOM net. ShipsOshotfld
utilize/their daily changing signs, except

'. when' White . Pinnacle ' Emergency Action Mes-
sages ° (EAMs) Aircraft should
use their bureau nu ber (BUNO).

A

FLEET WARNING/
_ TACTICAL UHF NET

The Fleet Warning/Tactical Net (277.8 MHz)
is guarded-Continuously by all U. S. Navy Ships,
except'submarines when underway independently.
If ships, are travelkng in a group, the net must
be guarded by at 'least one of the units. Coast
Guardcutters may use this net t
with Navy ships when required.
has proven to be useful in corn
other NavY ships for navigational p

. periods of reduced visibility, partic
entering or leaving port. The Navy also u

'frequency...far, locaLshipishoreiaarbor..co
cations when required.
Uses of Fleet
Warning/Taocipal Net

The Fleet Warning/Tactical Net may be used
in any of the following situations:

u icate
The freq ency
unicating with

oses during
rly. on

s the

1. To establish communications between
surface units or between surface units and air-
craft.
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2: hr. promulgation (by the SOPA) of urgent
warnings of natural disasters.

3. To pass any emergency traffic.
4. To pass opel.atiOnal traffic who

mon oommunicationsnapabilities exist.

Guard and
Operation of Net

Normally, the circuit its guarded on tire bridge
of -a ship, eithef as a loudspeaker watch or with
full transmit capability. Remote positions con-
nected in CIC or main communications may be
activated as ordered. The Fleet Warning/Tactical
Net should be guarded by all submarines that are
surfaced and in visual range of other fleet units,
The net is reserved for operational or emergency
voice traffic. Administrative traffic is not
authorized on the Fleet. Warning/Tactical Net.

FULL PERIOD
TERMINATIONS

A

.
"termination", as used in the cornmuni-

cati yrs community,, is the connection of a circuit
' be een two commands, A full period termination

- I ne that is dedicated and keyed full-time between
tvok Commands on designated frectenales.

Senior operational, commande s normally have
a requirement to maintain a fullperiod termina-
tion. 141jually, criteria for maintaining a full
period, termination are .based on the fact that
traffic mrfy exceed the- speed andv,apability
of a primary ship/shore circuit. These full
period terminations may also be equested and
maintained by other operational mmanders and
individual units during special deployments, exer-
cises, or for training purposes.

Types of
Terminations

4 There are pasically two types of terminations. ,
One is the single channel radioteletype (FSK)
termination. The other is the multichannel,radio-

__teletype (VFCT). termination. Both of these
terminations may utilize radio path transmission
or, if the ship is in port, landline.

340'

Termination Requests

Under normal conditions, the request to
establish a full, period termination should be
sent to the appropriate NAVCA MS at least 48 hours
prior to the desired activation time. If an
emergency commitment exists, the request should
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be sent expeditiously to allow maximum
preparation and coordination-at the terminating
NAVcONIMSTA. The message format for a terml-
natio?! request is outlined in NTP 4, and must
be used as a guideline for the preparation of
full period termination requests. When the reque'st
is received at the NAVCAMS, the ship normally

-is assigned to a Specific NAV°, )1,17.1-3TA by the
NAVCAMS. The NAVCAMS also communicates
with the ship to resolve any potential problems
that may be encountered and coordinate the
frequencies to be used on the termination.

Procedures
After local quality checks have been com-

pleted, the full period termination transm'Aters
receivers should be activated for a test

tween terminated activities. This test shout l\
e prat approximately 30 minutes prior to
planed activation time. The receiving station

ntrols he frequency shifts of the, raimmitting
station t both ends. Therefore, if we have, a
ship a a, NAVCOMMSTA terminated, the Ship'
can instruct the NAVCOMMSTA to shift its
transmitters from one frequency to another.
The NAVCOMMSTA can so instruct the ship
to change its transm!ttin requency if the receive
signal at tige NAVCOM STA is not at traffic
quality. The frequencies available for shift are
provided in a list from theN4k9AMS(normally
Via Communication_ *Inforrnak `Bulletins).. The
circuit operatinctProcedirreQ6I-' a= full.period
termination are'esse ially s' Hal" to those of
a primary, ship sh,oremet. The exception in the
case of full peri derminations is that an operator
does not have t wait his turn' to transmit out-
going traffic with other stations on the net: The
termination is between the ship and a NAVCOM-
MSTA with no one else on the frequency. The
majority of the incoming traffic of the ship will
also be received via the termination instead of3
the fleet broadcast. The ship will be assigned
a seven-letter routing indicator: The first four
letters derived from the NAVCOMMSTA termi-
nated, the last three consisting of the last three
letra of the international call sign of e ship.
Ike ce, if the USS TRENTON (LP 814 ii(NEDG)
is erminate with NAVCOMMSTA

"i14" E PR
(R GSAA), the routing indicator re ship is
"RULGEDG."

Single Channel
(FSK) Terminations

A single channel, full period termination on
board ship should be set up as shown previously

in figure 15-5. The circuit is .ryibtographically
covered by TSEC/KW-7CR equipment. Two tele-
typewriter machies are dedicated to the circuit:
One for transmit and one for receive. The
orypto gear must be tested back-to-back prior
to circuit activation. The shore station must
test Its channels going .to and from the trans-
mitter and receiver sites and check the complete
circuit back-to-back off the air with a test
from the fleet center. The shore station should use
directional antennas whenever possible, and the
technical control facility of the shore station
must keep the transmitter and receiver sites
informed of the position of the ship to provide
proper antenna patterns.

VFCT Terminations

The number of. communications networks in
operation throUghout any given communications
area is increa6ing constantly. Until recently,
each network was required to operate on a
different frequency, s a result, the radio fre-
quency spectrum be e highly congested.

MULTIPLEXING. The multiplex system is
used to increase the message handling capacity
of radio or teletypewriter channels and the
transmitters and receivers associated with them.
This increase in toapacity is accomplished by
the simultaneous transmission of, several mes-
sakte over a common channel. The frequency

nivigion multiplexing teletype terminal employs
a number of tone channels, each slightly dis-
placed in frequency.

TERMINAL, EQUIPMENT. The variable fre-
quency carrier telegraph (VFCT) terminal
normally used afloat on a multichannel ship/shore
full period termination is the .AN/UCC--1 shown in \
figure 15-9. At the transmitting station, the
Signals from the individual teletypewriters, known
as channels, are multiplexed into one composite
signal for transmission. The transmission with
the 'multiplexed channels is known as a "tone
package." At the receiving station, the composite
signal (tone package) is demultiple
into individual signals and distrib
teletypewriters, as required. T
ship/shore configuration utilizing
is known as the "P" system (VF
number of channels is 16 in th

ed (separated)
ed to separate

multichannel
he AN/UCC-)e---
T). The basic

U.S. Navy
frequency division tone multichannel system, but
separate systems may be set up with) fewer
channels, depending on the requirements of the
volume of message traffic. A multichannel VFCT

341 fl
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120.26
Figure 15=9. Telegraph Multiplex Terminal

.ANJUCC-1(V),

"P" system with three transmit and three
receive dhEinnels 'is )shown in figure 15 -10.'
Many other sillustratlitis of ship/shore systems'
are provi n NTPW

Ther,e"Aufe numerous types of VFCTs thdtcan
be ernplVid- on a 'full period termination, all
of which are capable of transmitting and receiving
from-1 to 16 Channels. Among these are the
AN/FGC-60, AN/FCC-67, AN/FCC-56,
AN/FCG-37, and the AN/FCC -38. These VFCTs
provide the means of minimizing the saturation__
of the , frequency spectrum. Therefore, ships
with the capabilities and regtdrements of a
VFCT full period termination should utilize one
whenever Possible.

Circuit Outages
and restoration ,

There will always be occasions (especially
in 'high frequency Operation) when the messages
on a circuit will be unreadable due to propagation
factors. When the messages from a ship, for
example, become unreadable or badly garbled,
the shore station phould log the circuit out
and .notify the ship to stop sending (Q T). The
ship should' then commence sending a test tape.
At the shore station, the technical control takes
over the circuit when it is logged out and has
the responsibility of restoring the circuit to traf-
fic quality. After the circuit has been restored,
(by frequency shifts, tuning, etc.), the circuit

1
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is patched back to the. traffic personnel who
will nditify the ship to resume sending traffic;
Also, the technical control will notify the traffic
section and the ship of the time the circuit
was logged out, the time it was 1pggedback in,
the reason for. outage (FtF0), and any other
pertinent information concerning the outage. If
the circuit is logged out for more than one hour,
a COMMSPOT report is submitted.

COM MST AT/COMNISPOT
Reports

Ships maintaining a f§ill period terminatio*
are to submit COMMSrAt reports by priority,
message at 0001.Z daily, unless otherwise
directed by the Fleet Commander in Chtef or
the NAVCAMS. COMMSTAT1 reports are ad-
dressed for action to the appropriate NAVCAMS
and information to the NAVOOMMSTA on the'
termination] the 'message provides information.
concerning "outages on circuits during the preylous
radid day. The message also includes any broad-
cast outage of more than fifteen minutes, pro=
viding the frequencies copied during each six
hour period of the, day and the position of the
ship at the time of the report.

COMMSPOT reports are submitted, by all
ships when any unusual communications diffi-
culties are encountered. The COMMSPOT
no' nally supplements information ,contained in
the COMMSTAT report. Any" `ship may submit a
CO MSPOT report if a special communications
problem exists. For instance, a- ship expeAencing
difficulty in copying arf broadcast freffue ies
would send a COMMSPOT report to the area
NAVCAMS reporting the problem and pos ible
solutions. Examples of COMMSTAT and CO M-

.SPOT reports are found in NTP 4.

RADIO EMISSION
DESIGNATORS

Radio emissions are classified and symbol-
ized to identify the bandwidth occupied, the
type of mefulation used, the type of transmissibn
used, a d supplementary information. An
emission designator tells what type of trans-
mission is authorized on a specific frecpiency.
The designator is always used in the frequency
usage report which is submitted by all operating
forces of the Navy, Marine Corps, and all Navy
shore activities transmitting on radio frequencies.
OPNAVINST 2400.7 provides detailed information
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concerning the submission of the frequency usage
report.

Below, we use the designator "3A3J" as an-
example and break it down into parts:

3Necessary bandwidth (3kHz)
A Type of modulation (Amplitude Modulation)
3 Type of transmission (Telephony)
J gplementary information (Single side-

suppressed carrier)

The parts of the emission designator are ex-
plained more in detail below.

'BANDWIDTH

For a given class of emission, necessary
bandwidth is the minimum bandwidth sufficient
to ensure the transmission of information at

50.197

the rate and with the quality required for the
system employed. The required bandwidth is
expressed as the first part of the designator
in kilqhertz (kHz). Formulas for finding band-
widths are very detailed and may be found in
Annex A to NTP 6, the Navy Spectrum Manage-
ment Manual.

TYPES OF MODULATION
OF THE MAIN CARRIER

The following is a lijoqf types of modulation
of the main carrier an the symbol used in
the emission designation:

Type

a. Amplitude
b. Frequency (or phase)
c. Pulse

343
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TYPES OF
TRANSMISSION

Here is a list of the types of transmission
thit may be utilized and their corresponding
symbols:

drt

a. `Absence of any r modulation
to carry information

b. Telegraphy,. without lite. use of -

,modulatineaudio freql*cy . 1
c. 'Telegraphy by the on-off-iceyilt, of

a modulating audio fiequency,or audIo
frequencies, or by the on-off keying
of the modulated emission (Special
case: an unkeyed.modulated_emission.) 2

d. Telephony (including sound broadcast-.
ing) -

e.. Facsimile
carrier either
quency modulat

Symbol

intended

modulation of main -
directly or by fre-
d subcarrier) 4

. Tecletvision (vision only) 5
g. Four-frequency diplex telegraphy 6
h. Multichannel voice-frequency tele-

graphy 7
i. Cases not covered by the above 9

SUPPLEMENTARY
CHARACTERISTICS

Supplemental characteristics are added as
the last item of the emission designator. A
list of the supplemental characteristics and
their symbols is shown below:

Characteristic

a. Double sideband
b. Single sideband -

Reduced carrier
Full carrier
Suppresse carrier

c.n'wo inde ndent sigebands
d. Vestigial s eband,
e. Pulse -

AmpliUtde modulated
Width lor duration) modulated
Phase (6-f --Wtion) modulated) F
Code modulated G

At*

°Symbol

(none)

A
H
J
B

Re\)reseiptative
Emissiai Designators

kThe e fission designators listed in Table 15-1
are exa ples of those used by the U.S. Navy.

`IJ
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Some of the bandwidth calculations are now under
study by the International Radio Colastliative
Comnittee (ccia) of the International Telecom-
munications Union (IT U) and will probably be
revised at a future conference.

More detailed information concerning fre-
quencies and their .emission 'designators may
be found in 'NTP 4 and Annex A to NTP 6.

Po e TRANSMITTER AND
RECEIVER TUNING

All transmitters and receivers, should be
calibrated to the frequencies called for in the
appropriate frequency plans. During the calibra-
tion, the antennas should be grounded aild the
transmitter should be tuned through all stages
preceding the antenna stage. When the fins}
tuning is completed using the antenna stage
,(on the air), the lowest possible power ould
be utilized. Usually, it is a good ide that
antenna tuning below 15 MHz be done a nd
midday, and antennas for frequencies between
15 and 30 MHz ,be tuned after darkness. VHF
and UHF transmitters may be tuned during
daylight hours. The operator should remember
to monitor the frequency desired prig to tuning
on it, due to the possibility of interfering with
communications in progress on that frequency.

The frequency of radio receivers (except
crystal controlled receivers) on circuits with
no or few transmissions must be checked with
a fre uency meter at least every four hours.
After alibration, the frequency of shipboard
transmi ers that are not utilizing crystal con-
trolled or stabilized master oscillators and that
are being used frequently shotIld be checked every
four hours. A transmitter not in frequent use
should be Checked each time prior to trans-.
mitting. The frequency meters themselves should
be checked' at least once a week against the
standard frequency broadcast, anal a log must
be maintained for the checks conducted.

TRANSMITTER TESTING

1Transmitter testing aboard ship should not
take, place until due consideration has been
given to the radiation characteristics of the
frequencies being used. Also to be considered
is the power being used and the fact that radio
silence may be in effect. The senior officer
present should control any transmissions made
in port for test purposes.
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DESIGNATOR

OJAI
0.28F1 ,

0.3F1
0.6F1
1.08F1

1'.24F1

1.24A7J
1.7A7J
1.7F1
2.04A2
2.85,,F1

2.8A3J
3A3J
3A7J
3A9J

4F4
';6A3'

76A3
608
6A9B

9A9B

10A3
12A9B

16F4
30F3
36F3
80F9
120F9

a

Note (1)..

Note (2)

Note (3)

Note° (4)

Table 15-1. Representative Emission Designators

TYPE/ f EMISSIONffli

CW Manual Morse Telegraphy r
60 NPM Single Channel RATT
100 WPM Single Channel RATT
60 WPM Single Channel RATT
60 WPM Single Channel RATT

100 WPM Single Channel RAtT

100 WPM 4 Channels SS,B RATT
100 WPM 8 Channels SSB RATT
60 WPM 4 Chnl Time Div RATT
1020 Hz HomerBeaOn
100,.WPM 4 Chnl TimelDiv RATT
TeTtphpny (SSB)
Telephony (SSB)
100 WPM 16eChannels SSB RATT
Simultaneous Telephony & RATT,
Simultaneous Telephony & Data, all SSB
Facsimile
Telephone (DSB-AM)
Tetephoner(DSB AM)
Dual'S5B.M41,It'channel Telegraphy
Similtanebus operations as indicated
for 3A9J ealissidiA

Three 3 kkAptelligente Ch4nnels for
SSB voice; -T. eaphy or Composite- Transmissions
Telephony: AltpTgadcait0 lity
Four 3 kHi) ntelligekkC s.f.or
SSB Voice,'Telegraphy,and osite Transmissions
Telephony (FM Narrow Band)
Telephony (FM)
Telephony (FM)
Multiplexed Telephony (FM)
Multiplexed Telephony (FM}

r1P".

*-

Actual atsig

1 .

PROPER USAGE
AND REMARKS

Note (1}
Note- (2)..

Note (2)
Note (3)
Note (4)
and (5)
Note (4),
and (5).

Note (6)

Note (7)

Note (.11)

Note (11)
Note (11)'
Note (8)
Note (8)
Note .(8)

Note '(8)

Note (9)
Note (1
Ndte (10)
Note (10)
Note',(10)

Note.(8)

Note (11) .
Note (10)

Note (1)
Note.(lo
Note (11
Note (1)
Note ,(

d frequency utilized for' t!Png tr4smiIters; offsetting .

and rounding off pro dures not employe

The AN/SGC- produces 700 Hz and 500 Hz mark/so cp,-tones.

This d nato indicates a radio frequency car r shift of,'+85 Hz
(tots 0 Hz hift) for mark/space signals. Equ Ment limit41ons may
require VLF sho e stations to plaA'the mark sign on the asiigned

al4'When CW
keying is utilized,the mark signal (assigned frequency) is kerdi

The'AN/WRT-2 type equipment produces 425 Hz tones in the LSB and USB to
indicate a mark or a space signal. Therefore, the emission is centered on
the suppressed carrier (dial) frequency with a +425 Hz shift for mark/
space signals. Note that.thesuppressed carrier frequency is the same as

frequenCy and the space signal 50 Hz above the mark

) p
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Note.(5),

Taldip15-1.-presentative Emission DesignatorsContinued

the assigned frequency. The'AN/WRT-2 will be used-only when frequencies,
ending $11' whole kHz are employed due to the inability to tune the
transmitter in other than whole kHz in the synthesized mode.

The AN/URC-32, AN/ARC-94, AN/URT-23, AN/URT-24, AN/WRC-1 and the
AN/SRC-23 type equipment produce 1575 Hz and 2425 Hz mark/space tones
which are used to amplitude modulate the carrier before-suppression.
Subsequent suppression of the carrier, and elimination of the lower
sideband, provides an emission which is centered on the assigned
frequency, -2 kHz above the suppressed carrier (dial) frequency, with a
±425 Hz Ihift for thark/space signals. Note that the suppressed carrier
(dial) frequency ihofild be 2 kHz below the assigned frequency.

Note (6) (1.24A74 This designator is assigned for single sideband, suppreSsed
. .

carrier, amplitude modulated emission with 1.24- kHz bandwidth and is
authorized for multichannel operation for channels one (425 Hz) through
five (1105 Hz)'of.the Navy Tactical-Multi-Channel VFCT systems. However,
the fifth channel (channel 5) will appear extremely,close to the upper
limit of the band clearance. For.mdrst terminations, fourehannels
should suffice, with the fifth channel idled out butovailable for- use.
if required. The suppressed carrier Pow proper radi-411on of this .

emission is as follows: For assigned frequencies ending in whole kHz,.

the carrier is oft-set 1 kHz below the assigned frequency; for assigned
. frequencies ending in .5 kHz,-the carrieris off-set .5 kHz below the

assigned frequency. The transmitter is modulated utilizing USB.operation.

Note (7) (1.7A7J) This designator is designed for single sideband, suppressed
carrier, amplitude modulated emission with 1.7 kHz bandwidth and is
authorized for multichannel operation for channels one (425 Hi) through
eight (1615 Hz) of the Navy Tactical Multi-Channel VFCT systems. The
suppressed carrier for proper radiation of'this emission is obtained)y
.subtracting .85 Hz from the assigned frequency and,rounding offrthe

I,4resultant frequen (.01 through .05 kHz to the next lower tenth kHz.-,''
and .06 through -.d kHz to the next higher tenth kHz). The transmitter'ransmitter
is tuned to the resultant frequency obtained and USB operation is .-.:

utilized.
- -

Note (8) (3A3J, 3A7J, 3A9J, 9A9B, 2.8A3J) A single sideband, suppressed carriep,-,
amplitude modulated emission occupying 3 or 9 kHz of the spectrum.'3A3J
emission is authorized only for SSB telephony. 3A7J emission is
authorized only for multichannel RATT.-3A9J emission is authorized pnly

-,.

for simultaneous transmission of voice and data or data and telegraphy:
(Alternate use of 3A3J or 3A7J emissions is not authorized for 3A9J.-
transmissions.) Frequencies assigned 9A9B emission are authorized for
transmission of three independent 3 kHz intelligence channels
containing voice, multichanneltelegraphy, and composite voice and data-'
or data and telegraphy emissions. If all channels within a particular
composite multichannel RATT signal are not keyed, the necessary
bandwidth actually occupied by the multichannel signal will be
dependent upon how many and which specific channels are used. Only the,

3A7J designator should be lised to indicate multichannel HF SSB emission.
The suppressed carrier for4roper radiation of 3A3J,-3A7J, 3A9J, and

10,
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Note (9)

Note (10)

Note (11)

N.

Table 15-1.Representative Emission Designators Continued

9A9B emissions is obtained by subtracting 1.5 kHz from the assigned
frequency and rounding off the resultant frequency (0.1 through 0.5 to
the next lover whole kHz and 0/6 through 0.9 to the next higher whole
kHz). The transmitter is. then tuned to the freqdency obtained and USB
pperation utilized for 3A3J, 3A7J, and 3A9J emiSsions. Bop upper and

sidebandS are utilized fors9A9B emissions. 2.8A3J is
authorized -only for SSB telephony, occupying a bandwidth of 2.8 kHz.
It is identical to the,3A3J emission except for.transmitter tuning
procedures. The suppriAsed carrie for proper 2.8A3J emissioniis I
obtained by subtractAg 1.4 kHz fipM.the assigned frequency and
rounding off the resultant frequency as deschbed above. The
-transmitter is tuned to the frequency obtained and USB,operation is

.utilized. J
A 4 kHz frequency or phase modulated facsimile ssian. The transmitter
must belotthed 2 kHz below the assigned frequency for\aUthorized
transmission of a 4F4 emission.

_ \

(6A3B, 6A7B, 6A9B, 12A9B) Dual sideband, suppressed carrier, amplitude
modulated emissions occupying 6 or 12 kHz of spectrum..1 6A3B emission
is authorized for two independent 3 kHz voice-channels. 6A7B is
authorized only for two independent 3 kH4 channels radiating.mul hannel "

telegraphy transmission, 6A9B emission is authorized only for two
3 kHz channels radiating composite transmissions as explaihed in he

case of the 3A9J emission..22A9B emission is authorized only for ouruL
independent 3 kHz channels radiating voice, multichannel telegraphy,'
or composite transmissions. The suppressed.carrier for proper
transmission of 6A3B, 6A7B, 6A9B, and012A9B is the same as the assigned
frsequency&

To ensure proper procedures are followed when lransmitters are tuned
for'various emissions," operators must refer to appropriate technical
or oeerator manuals for the equipment being utilized. All emissions
must'bt centered on the assigned frequency. Those emissions which
cannot be-centered exactly on the assigned frequency due to equipment
tuning limitations should bd centered as closely as possible.

ATransmitters ashore should be checke
frequently as is necessary to
ad ustu zed frequencie
tolerances.

as
ec
and

FLEEtk§ATELLITE
COM VI UNI CATIONS

Satellite Communications has' given the Navy
an expotnded capability to meet increasing re-
quirements of command, control, and the support
of its operating forces. Communications satellites
have becoms the primary over-the-horizon,
point-to-point, ship-to-ship, ship-to-shore,

4

.

ctilore,-to-ehip; an broadcast transm'ssion sys-
tems. Navy tactical and strategic cbmmunica-
tions operate in the UHF. and SHF frequency
bands. The Navy also operates ground terminals
in support of the Defense Satellite Communi-
cations System (DSCS.)

Satellite communications will not replace all
existing means of radio commlinications; however;

z it is a major step in modernizing Navy com-
punications and will relieve the navy of its
total dependeiice on HF radio transmissions.

The Navy satellite systems are employed
to the maximum extent possible within the life-
spans' of the spacecraft. Usage of frequencies,

. bandwidths, and power is established on a priority

.347 o.
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basis. The Naval Telecommunications Command
has published specific operational procedures
for the various satellites in NTP 2,

WHF SATCOM
"N"-SYSTEM a

vessels satellite. The receiving system co -
sists of four antennas and amplifier-converter
units, a combiner-demodulator unit, .and a de-
multiple r unit. The antenna and amplifier-

- combiner-demoCiu
converter units aljounted above deck, and the

demultiplexer are
mounted in equipment racks in the radio spaces
below deck.

The UHF shipboard SATCOM "N" system
is similar to the desciiption of the Fleet Multi-
channel "N" Syqem for LF/MF/HF previously
discussed, except for the type of 'reception and
the receiver (AN/SSR-1) used. The function of
the AN/SSR-1 is to receive fleet .multichannel
teletypewriter broadcasts 'which are transmitted".
from a ground. station ,and relayed to naval

ANTENNA
4s - 2815/SS R -I
UNIT 7

AMPLIFIER - CONVERTER

AM6534/SSR-I <-
UNIT I

ANTENNA
AS-281S
/SSR-I
UNIT 9

Receive System
Signal Flow

Refer to figure 15'-11. In thijs pYstem the
transmitted carrier' may be frequency modu-
lation (FM) or phase-shift keyed ( SK) modu-
lation. Selection of the applicable . odulation

se,4

s1:r0;c2t7i PNASE

47-93 1174'019ER

9 MARINER-
OEMODULATOR

u9INDIT-9500/9SR -I

C

-Au--63-347SSR:1--

j
DEMULTIPLEXER
TO-I063/SSR-1
UNIT 6

TG

AN/UCC-I
MODEMS

ITV
DATA
116/

FAULT
SUL131ARV

LARMTO A

( ANTENNA

/SSR -1
UNIT 1

AMPLIFIER-

_2

CONVERTER

44-6534/SSR-I

AMPLIFIER- CONVERTER
411-6534/S5R-1

ANTENNA
AS -2816

'SSR-1
UNIT 10

FAULT
surponny
TO ALA,r.i

Ftgure 15-1 L. Receiving Set, Satellite Signal AN/SSR-1relationship of units.
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mode is accomplished manually by the operator
at the AN/SSR-1 receiver. The receiving an-
tennas ,for ,this system are positioned 'about
the ship in such a manner (normally one in each
quadrant of the ship) that at no time is the
lineof sight blocked between the relay satellite
and one or more of tle antennas, Each amnlifier-
converter is located within 10 cable-feet of
Its associated antenna. The IF signal frcan
each am_ plifier7conveiter is _touted below deck
to e combiner-demodulator. The operating

wer nd -local-oscillator signal are coupled
from he combiner-demodulator to cach
amplifi - converter vta the same twin-axial chble
used .fo the IF signal. Because/of signal path
variat ns, shading, and reflections, the four

(349

IF signals are subject ,td random phase and
amplitude variations. The combiner operation
performed within the combiner-demodulator re-
m:yes the phase variations from eabh input signal,
weighs the amplitudes of the signals for optimum
combining, and then sums the signals. After being
combined, the signal is demodulated and coupled
to demultiplexing equipment. phen the equipment
is operating In the FM mode, .the output of the
combiner-demodulator is. coupled viathe receiver
transfer switchboard to the AN/UCC-I. The re-
maining pOrtion of the system is the same as
that described for the L'FfMF/HF "N" systemyi

For more information on Satellite communi-
cations, refer to NTP 2, Navy Satellite Operatiots.



CHAPTER 16

DISTRESS commucAxoNs,

To promote safety at sea and in thc air,
methods of communication have been develoPed
for use in time of distress. Distress message
traffic is best scribed as all communications
relating to the irr ediate assistance required by
a mobile station in distress: Distress traffic has
priority over an other traffic. An Navy com-
municators should be familiar with distress
signals in order to propSrly evaluate their
meanings and, take appropriate action when
necessary.

If ships sailing independently become involved
in a distress situation, the Radiomen . onboard
1$03uld 'send distress messages on normal
operating encrypted circuits that are maintained

'Arline underway. If t)e need for assistance out-
weighs security cohsiderations, the Navy ship
may send an unclassified distress message on
one of the national or international distress
'frequencies.. When it is traveling in company
with other ships, the ship in distress should
transmit the distress message to the Officer
ih Tactical Command (OTC) who will take ap-''
propriate action.

Naval aircraft use normal tactical or air-
route military/civilian circuits for distress com-
munications. If difficulty exists while these
circuits are being used for communications,
the aircraft in distress should shift to one of
the *rcraft distress frequencies listed in the
following section of this chapter.

DISTRESS FREQUENCIES

Several frequencies in different bands are
designated for the transmission eof distress,
urgency, safety, or search and rescue (SAR)
rriessag. es. All Radiomen must know the specific

jfreilluencies and understand their use.
The following frequencies have Been designated

for use during distress or emergency:

500 kHz International CAlc/MCW distress
and calling.

2182 kHz International- voice distress, safety
and calling.

8364 kHzInternational CWYMCW lifeboat,
liferaft, and survival craft.

121.5 MHzInternational voice aeronautical
emergent

156.8 HzFM United States voice distress
and international voice safeti and calling.

243.0- MHzJoint/Combined military voice
aeronautical emergency and international survival
craft.

During search and rescue (SAR) mIssions,
the following frequenciesAre authorized for use:

3023.5 kHz and 5680 kHi International
Search and rescue frequencies for the use of
all mobile units at the scene of a search and
also for use of shore stations to communicate
with aircraft proceeding to or from the scene of
search. CW or voice emission is authorized.'

123.1 MHzInternational worldwide voice
search and rescue use.

138.78 MHz U, S. military voice search and
rescue on-the-scene use. This frequOncy is also
used for direction finding (DF), ,4

172.75 MHz U. S. Navy emergency sonobuoy
communications and hqming use. This frequency
is monitored by all U. S. Navy ASW aircraft
while assigned to a SAR

28-2.8 MHz Joint / ComBined on-the-scene
voice 'and direction finding (DF) frequency used
throughout NATO.
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Nttfte that 500 kHz is used in times of distress,
and it also is the international calling frequency.
In routine radiotelegraph communications, mer-
chant ships contact each other on 500 kHz ,and
then shift to a "working" frequency. To make
sure that other uses of 500 kHz will not interfere
with distress traffic, two silent periods are
designated. These periods are for 3 minutes
each, beginning 15 minutes after each hour And
15 minutes before eaeh hour (X:15 and X:46.)
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Ship clocks in radio spaces usually have these
3-minute segments of- the clock face paintedl
red to remind operators of silent periods to
be observed. Except for actual distress messages,
all traffic ceases at these times on frequencies
between 480 kHz and 520 kHz. This procedure
is applicable in all International Telecommuni-
cations Union (ITU) regions of the world. (See
figure 16-1.)

The control of distress message traffic on
ajiy of the designated frequencies is the responsi-
bTlity of the station in distress, but this station
may delegate its responsibility to another station
on the frequepcy. In distress cases) involvipg
civil aviation, the control of the distress traffic.'
is the responsibility of the station addressed in
the distress message.

The station in control of the distress traffic
tress frVqueRes4,42.;W_ ikiwpc. silence on

.zliekthe fieEfuehey WPM any station
ferfering with the distress traffic. The form

of the signal sent via CW is "QRT SOS,"

and the, voice signal is "STOP TRANSMITTING
MAYDAA"

DISTRESS
WATCHES AFLOAT

Navy units at. sea have always practiced the
tradition Of maintaining listening watches on
distress frequencies. At a minimum, a listening
watch should be kept on 500 kHz during working
hours. For ships* copying one-operator periods
on a Fleet Composite Broadcast, working hours
are considered to be the same times of the day
the broadcaSt is .copied. For ships watt two or

ore btoadcast operators, working hours axe
onsidered to be continuous. Whenever perslanel

and equipment conditions permit, a continuous
guard or cover should be maintained on 121.5
MHz and 243.0 MHz, with 4...listening watch
kept on 8364 kHz. The commanding officer
of a ship traveling independently or the officer
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in tacticaL command (OTC) of ships in company
should ensure these watches are kept, providing
thqt transmitting and receiving equipments are
available. If the commanding officer or the OTC
believes that maintaining these watches will
interferg with the military effectiveness of the
ship(s), he may exempt the watches. The OTC
of ships in company may also divide the dis'f ss
frequeacies amonglahe ships in his group so that
all frequencies are covered and no single ship
is tasked with the entire--distress frequency
guard.

METHODS OF
TRANSMISSION

The components of distress, message traffic
include the alarm signal, the distress signal,
the distress call, and the distress messag
Figu -2-describes the composition of each
com onent.

A station that hears a distress call must
imme ikely. cease aL.I transmissions capable of
interfering and continue to listen on the fre-
quency on which the distress call was heard.
The call-up in distress traffic is normnlay a
general call and is not addressed tiLlerry par-
ticular station. 1e distress message must tie
repeated at intervals, especially during the
perYods of silence. The alarm signal also may
be repeated, if necessary. There must' be an
interval Of time between the transmission of

e alarm signal and the distress message to
How stations preparing to reply to operate

their transmtters.
Jf a ship or aircraft in distress receives

no answer to its distress message on a.distress
frequency, the message rri:ly be repeated on any
other availaW,e frequency on which attention
may rie attrated. Immediately prior to the
total abandonment of a ship/aircraft and before
a crash landing of an aircraft, the radio equip-
ment on board should be setWor continuous
emission.

ACIKNoWI.FI)GING
RECEIPT

A mobile station (a ship underway) which
learns that ahother mobile station is in distress
may transmit a distress message if the station
in distress is not in a position to transmit the
message. Aleao, a station t at is not in distress
and is not in a position t lend assistance may
transmit the distress messa c. This may be done
when this station has heard it distress message
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that has not been aaltowleclrYed or when the unit
that ihtervenes believes more help is necessary.

Stations that receive a distress message from
a mobile statio which is definitely in their
vicinity mist im ately acknowledvireceipt.
This rule is flex , ep nding on theNinakility
of the transmitter at th receiving station and
whether or not radio s lence periods are in
effect. Care must be taken to avoid interfering
with the acknowledgement transmissions that
are being sent by`other stations.

Stations of the mobile service which receive
a distress message from a mobile station that
is definitely not in their vicinity must- allow__
a short interval of time before acknowled ng
receipt of the message. This is to permit he
possibility of a station nearer to the distres ed
station to answer and acknowledge receipt wi
out undue interference:

The message format for acknowledging rec,ipt
of a distress menage` is shown in figure 16-3.

0 I, I , - UP
VI E SSA GE S

A

Eve4,- _mobile station which acknowledges
receipt of a distress 'message must, on'\the,
order 64 the commanding officer, transmit 'as
soon Is possibthe following information in
the order shown:

1. Its own ide-aification.
2. Its oliin position.
3. The speed at which

t wards the mobile station
ti.e approximate time it will
t e position of the distressed station.

4. The true bearing of the unit in distress,
if -,tVailable, when the position appears doubtful.

I
it. is proceeding
in distress, and
take to arrive at

When the follow-ip message is sent, caution
must be exercised to ensure that the trans-
mission of this message does not interfere with
other stations that are better situated to com-
municate with, and lend assistancett, the statior
in distress,.

CESSATION () E

,DrsTitEss TR A E VIC

When distress traffic has been completed
or when silence on the frequency used for
distress traffic is no longer required, the
station which has the control of the distress
traffic should transmit a message addressed to
all stations, incliating that normal traffic may
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CIOMPONNTS OF DISTRESS TRAFFIC -

Component Description Composition
Alarm
Signal

Precedes the distress call to operate automatic alerting
equipment. In radio telegraphy the alarm signal is
followed in order by the distress call, an interval of
two minutes, the distress call again and the distress
message., In radio telephony the alarm signal (when-.
eiietr possible) is followed in order by the distress
call and the distress message.

ir
_,

'-

CW:
A series of 12 dashes sent in one min-

ute. Each dash is 4 seconds long with
a 1 second interval in between.

Voice:
Two sinusoidal audio-frequency tones,
one of 2200 Hz and the otIter 1300 Hz
transmitted alternately. Each tone .1,p,
250 milliseconds long.

Distress
Signal

Indicates that the unit sending the signal is
threatened bY;grave or imminent danger and re-
quests imme rate assistance. It must be sent before
the call an at the beginning of the preamble of any
distress message.

CW:.
SOS

Voice: (

"MAYDAY"

Distress
Call

Combines the DISTRESS SIGNAL with the call
sign of the calling station. It is sent only on the
authority of the person in, command of the unit
carrying the mobile station. Has absolute priority
over all other transmissions. It must not be ad-
dresspd to a particular station nor is acknowledge-
ment or receipt to be given before the distress
message which follows it is sent. All stations
hearing the DISTRESS CALL must immediately
cease any transmission capable of interfering with
the distress traffic. They shall continue to listen
on the frequency used for emission ob,the
DISTRESS CALL.

CW:
1. DISTRESS SIGNAL SOS transmitted

three times.
2. Prosign DE. .

3. The call sign of the mobile station in
distress, sent 3 times.

Voice :
1. DISTRESS SIGNAL "MAYDAY"

spoken three times.
2. Proword "THIS IS" (in case of

language difficulty DE, spoken
DELTA ECHO, may be used).

3. Call sign or other identification of
the mobile station in distress spoken
thiAtimes. Iv

Distress
Message

IV

,

Gives the details of the distress situation. Must
follow the DISTRESS CAIIL as soon as possible.

-

1. The distress signal "SOS" or "MAYDAY"
2. Name or other identification of the ship,

aircraft or unit in distress.
3. Particulars of its position*, the nature of

the distress. and the kind of assistance
required. ,

4. Any other information which might
facilitate the rescue.

*NOTE As a general rule, a ship signals its position in
minutes suffixed by rio-th, south, east, or west.
separate the degrees. from the minutes. If possible,
nautical miles) from.a known geographic point

latitude and longitude using degrees and
In CW, the signal AAA is LISCCI to

the trut hearing and the distance (in
should be given.

Direction
Finding
Trans-
mission

A transmission sent immediately after the DISTRESS
MESSAGE. This permits DI' (direction-finding)
stations to fix the position. This transmission will
be repeated. as frequently as required. In radio-
telephone procednre the DE transmission is made
only on request.

CW:
Two dashes of approximately 10 seconds
each followed by the-stations call sign.

Voice
Suitable signals as requested followed by
the station's call sign or other identifica-
tion.tion.

Figure 16-2.7-Components of Distress Traffic.
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(

Acknowledging Receipt of a DistrMeage
tw

VOICE

I. Call sign of the station sending the
distress message sent three times.

1. Call sign or other identification of
the station sending the distress mes-
sage spoken three times.

2. Orosign DE.
2. Proword THIS IS (or DE poken as

DELTA ECHO in case of anguage diffi-
culty).

3. Call sign of the station acknowledging
receipt sent three times.

3. Call sign or other identification of
the station acknowledging receipt
spoken three times.

4. Group RRR.
4. The proword 4CEIVED (or RRR spoken as'

ROMEO ROMEO ROMEO in case of language
difficulty).

5. Distress signal SOS.
5. Distress signal.

6. ,Prosign AR.
6. Proword OUT.

Figure 16-3. Acknowledging Receipt of a Distress Message.

resume. If, for some reasoner control of the
distress traffic has been delegated to a station
other than the station in distress, the unit indistress should notify the controlling station
when silence is no longer needed. The station
in control of the traffic should then notify all
other stations that normal traffic may be re-
sumed. The message format for cessation of
distress traffic is shown in figure 16-4.

URGENCY SIGNAL

The urgency signal is used as an indication
that the transmitting station has a very urgent
message .to transmit concerning the sgfety of
a ship, aircraft, or personnel. With the ex-
ception of actual distress signals, the urgencysignal has priority over all other communi-
cations. All stations that hear an urgency signal
must not interfere with the transmission of the
message that will normally follow.

The urgency signal can be transmitted only
on the authority of the person in command of
the ship, aircraft, or other unit that is in
danger. The signal can he sent to all stations
or to a specific unit. As a general rule, the
message following an urgency signal is in plain
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language. The CW urgency signal is composed
of the group XXX sent three times before the
call. The voice equivalent for the urgency signal,
is the word "PAN" sent three times before
the call.

URGENCY SIGNAL
PROCEDURES

A mobile station on hearing the urgency
signal must continue to listen on the same
frequency for at least 3 minutes. If nothing
further is heard during this period, a shore
station should be contacted and advised of the
receipt of an urgency signal. After this noti-
fication, normal communications may be resumed
on other frequencies.

When an urgency signal has been sent prior
to a message addressed "To All Stations"
(CQ) calling for action to be taken by the
receiving stations, a cancellation message must
be sent to all stations when the required action
has been taken.

SAFETY SIGNAL

A safety signal is sent as notification that
the transmitting station is about to send a
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Messiage Format for Cessation of Distress Traffic
.

CW . VOLE

1. DISTRESS SIGNAL SOS. - 1. The word "MAYDAY"

2.

,

Call CQ ("tcOrall stations") three
times.

I

2. The call "HELLO ALL STATIONS" or CO
(spoken as CHARLIE QUEBEC) spoken 3
times.

.

3. ''rosign DE. 3. The prowdrstjTHIS IS" (or DE spoken as
DELTA ECHO in case of language
difficulties).

4. Call sign of the station sending the
message ('sent once).

4. Identification of the station trans-
mitting the message (sent once).

5. Time of handing-in of the message. 5. The time of handing-in of the message.

6. Identification and call sign of the
mobile station which was in distress.

6. The identification of the mobile sta-
tion which was in distre'ss.

7. Operating signal OUM ("Normal working
may be resumed").

i

7. The words "DISTRESS TRAFFIC ENDED"
(In the maritime mobile service use
the words "SEELONCE FEENEE" ("SILENCE
ENDED") instead).

. 8. Prosign AR. ' 8. The pr,oword OUT.

r

Figure 16-4. -7,Message Format for Cessation of Distress Traffic.

message concerning the safety of navigation
or providing important meteorological warnings.
If operators hear a safety signal, they must
continue to listen on that frequency until they
are sure that the information is of no interest
to them. They must also refrain from any
transmissions that may interfere with the safety
signal.

The CW safety signal consists of the group
TTT, sent three times before the call. The voice
safety signal is the word SECURITE (say-cur-
i-tay) sent three times before the call.

MERCHANT
SHIP DISTRESS

Me rcharit ships use SOS procedures in distress
messages to summon assistance during normal
marine disasters such as fire, collision, or storm
but not as a warning of enemy action.

In wartime, five signals are used by merchant
ships to indicate distress due to enemy action.

The distress signals are shown in the following
list:

Class of Distress
Distress Signal

Warship
raider

When Used

WvVvVW On sighting or when
attacked by enemy
warship.

On sighting or when
attacked by armed
merchant stikp
raider.

Armed QQQQ
merchant
ship raids

Submarine SSSS

Aircraft AAAA

Mine

355 ,1
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MMMM

On sighting or when
attacked by enemy
submarine.

On sighting or when
attacked by enemy
aircraft.

On striking a mine.
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DISTRESS WATCHES
ASHORE

44- NA'COMMSTA is known to be "op n to
midlic correspondence" when it is authoriz to
operate ship-to-shore circuits to handle c m-
mercial m?ssage traffic with rn,?rchant shi s.

0

These NAVCOM VISTAs must maintain (as a
minimum) a continuous receiver watch on 500 kHz,
being particularly alert during the silent periods.

All naval air activities that have a VHF/UHF
tower communications capability must guard
121.5 Niliz and 243.0 MHz.
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CHAPTER 17

COMpERCIAL TRAFFIC

Naval communicationsildoes not compete with
p vately owned and operated commers.ial com-
m nications companies. By terms of the C rn-
mu ication Act of 1934, however, the Nav is
authorized to use its radio stations for recepti
and transmission of press messages and private
commercial messa s between ships, between
ship and shore, and between shore stations
and privately oper ted ships whenever privately
owned stations a e incapable of meeting com-

Tnications requirements.
Instructions contained in NTP 9 cover the

handling by U.S. naval communications of all
commercial commnicationis, including official
government traffic-involving tolls, and unofficial
traffic involving or, .not involving tolls. These
instructions are baked pon the International
Telecommunications Con

ration,
Veneva, 1959

and the Telegraph Regu ns, Geneva, 1958.
The Communication Act of 1934, the Western
Union rate and rule books, rules and regulations
of the Feder Communications Commission,
and applic e De rtment of Defense (DOD)
publication and in ructions are other basic
'document 4,se3/41 in pre Ting NTP 9.

The policy of the Partment of the Navy
in the handling of commercial traffiois- that:

"Every effort will be made to provide
tihvi delivery of commercial traffic on
an s soon as practicable' basis. How-
eve it shall not take precedence over

will
livery

official Government traffic,* N
guaranteed delivery nor specific
times be assured or implied,"

,The above statement should be brought to the
att ntion bf all senders prior to the acceptance
of onnner 141 traffic. Ilt

COMMERCIAL
TRAFFIC CLERK

Each Navy ship, station; or activity authorized
to handle commercial traffic' or to receivet .
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petsonal messag r transmission via naval
communications ould designate a commercial
traffic clerk. The commercial traffic clerk is
designated in writh
Usually, the corm
experienced Radio

g by the commanding officer.
ercial traffic clerk is an
ran but is not necessarily

the senior Radioman aboard.

\ The commercial traffic clerk handles all
the, commekial traffic funds and prepares all
reports concerning the traffic. He is not required
to bgr bonded unless it is required by the Com-
mander, Naval Telecommunications Command.
A short summary of duties performed ..y the
commercikk traffic clerk follows:

1. To maintain a complete file of all corn-.
mercial messages acceptbd,- for transmission.

2. To keep a complete file of all inconhing
commercial messages and all official Govern-
ment messages, received frofn sources other
than naval communications, for abstracting pur-
poses: ,

1'-3. To main in and unde stanr all in-
structions and ma als cOncerned w h handling
commercial traffic, including rate - sheets, bul-
letins, publications, nd forms.

)

4.. To collect proper chargeS
funds collected and in his custody.

5. To prepare prescribed rbp
and on time, forwarding them t3
cation officer for review.

and safeguard

orts correctly
the comrnuni-

The duties of the commercial traffic clerk
are perforrined under the supervision of the com-
munication' officer. The comm icafion office
reviews all reports and correspondence prepared
by the commercial traffic clerk, forwarding
them to the commanding officer for signature,
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COMMERCIAL
TRAFFIC FUNDS

Naval commercial traffic funds should be
kept separate from all other funds. The records
of these funds should be inspected monthly,
and upon relief of the commercial traffic clerk,
by, a board consisting of two officers or senior
enlisted personnel. One of the inspecting person-
nel should be from the supply department, ifthe personnel are available. This inspection
Ncaild include an audit of all accounts. and a
verification of the cash balance and rates used.If there is an irregularity in the accounts, the
report of the inspection shoiirds be forwardedto the Commanding Officer, Navy Regional
Finance Center, Washington, DC, via drficial
channels. The report should include endorse-
ments showing what action has been taken or
recommendations, if any.

Reports showing no irregularities are re-
tained for at least one year. The original copies
of records may be called for `13y COMNAV-
TELCOM or CominAnding Officers U.S. Navy
Regional Finance Center,

The commandant of a naval district or the
commanding officer of a ship, station, or activity
establishes th maximum amount of naval corn-

0,..-rnSrcial traffic funds permitted to accumulate in
the pcIrsession of the commercial' traffic clerk.
Unless ",s. prove by COMNAVTELCOM, however,
this sun may not exceed $100. Accumulatedfunds must be depositied at least weekly with
the supply officer or the disbursing officer.
Only such amount is retained as7is needed to
make change.

When required for remittance, funds so de-
posited must be made available to the corn -``
mercial traffic clerk by U.S. Treasury check,
payable to the order of the Navy Regional Finance
Center, Code FR-FC, Washington, DC, 20371
or Western Union Telegraph Company, as appro-
priate. As explained in more detail later, checksfor Class D messages and Class D messages
entitled to Class E privilege are made payable
to the Navy Regional Finance Center, Checks
for Class E messages are made payable to
Western Union,

V
If the commercial trafpc kclerk is relieved

and no replacement is immediately nominated,
the commercial :traffic funds 'should/be retained
in the custody 9f the supply officer or the
disbursing officer of the command. The communi-
cations officer or a naval postal clerk should not "_
handle naval commercial traffic funds.
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USES OF COMMERCIAL
TRAFFIC FUNDS

Expenditures from naval commercial traffic
funds for the following purposes are authorized:

1. Money order fees
2. Postage for mailing, reports (i neces-sary).
3. Registration fees where the commanding

officer has determined that registered mail is
necessary to protect the reports.

These uses for commercial traffic funds
should be documented on the "Statement of
Account" (NAVCOMPT Form 2065), which will
be discussed later in this chapter.

RE FUNDS
I

A refund may be made to the person sending
J

a non-Government message when the ship, station,
or activity sending th message is unable to get
the message through its destination for reasons
such as circuit break wn, cable break, landline
down, or ship out of ange. A refund is not due
on a message not deli erect bcause of reasons
sue as "addressee deceased", "addressee un-known", "addrssee has moved", or similar
cuses, rUnder' these conditions the carrier's
obligation is considered to be fulfilled.

Copiet/of messages involving a refund shottldbe sent to the Navy Regional Finance Center,
Washington, DC, with an explanation on the
messa form showing the reason for the refund.

COMMERCIAL
TRAFFIC REPORTS

Three abstracting forms are utilized in re-
porting commercial traffic, Each ce is illus-
trated here and discussed more completely lker
in this chapter. The following are the form
numbers, their titles, and a brief' description
of the classes of traffic reported on each form:

1. NAVCOMPT 2065, Statement of Account
Ey(fig. 17-1): this form is required wh re-

mittances are forwarded for Class D.", rivates
commercial messages, press messages, radio-
photos, and Class D messages entitled to Class
E privilege.

2. NAVCOMPT 2067, Abstract of Class E
Messages (fig. 17-2): This form is used by ships
and shore stations originating Class E messages
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da

STATEMENT OF ACCOUNT
(NAVAL COMNUNICAT IONS)
111117T POW 2015 (NM I-NA)

re COMMANDING OFFICER. U.5 NAVY FINANCE CENTER (CODE Rd) WASHINGTON, D.C. 20390

WAVCOMOI 7210-1

,.-

.

a FOR RAP WIN ... OF

!'PORT , ACT: Y 17,4, OR /A ON

u S S. AMERiCA (CA/64,)
OATS EPPARDE 0

/ SE P. 77
INSTRUCTIONS

1
Forwrd in duplicate with remttsrese to N yv

2. NmI CommermiI Trffit Fund. sh11 be forwarded by

Fsnnme Center. Washington. D
i

C 20350 I r
exchange-for/csh U.S. Treasury check when posstile.

CIas 'D" and CI. 'D. entstIed to "E' p imslege

trffic. 3. For further instructions refer to DNC 26.

RECEIVED AMOUNT PAID OUT AMOUNT

CHARGES ON MESSAGES FILED
DURING THE CURRENT MONTH S 2-3 15 REFUNDS

st::

,
FEDERAL TAX COLLECTED

DURING THE CURRENT MONTH 0, moNTN
NOT Cr

11,i(RENCE NUMII,

COLLECTIONS ON MESSAGES
REPORTED ON WHICH

SHORT CHARGE

PREVIOUSLY
NO CHARGE OR A
WAS MADE

0,.,
4.,(A(NCI hUMBfQ

S

O.

ALF, PA., VOUCMIR Huum(11

REMI TT E HEREWITH 1- a. 0
,. c ,c AO, 0.0I . NomEo

8 455 2-
o, / 77 e.t [AA

fp.r.u. AMOUNT RECEIVED s 24- zo TOTAL-AMOUNT PAID OUT 8 2 LI- "a0
l

TAL mmOuNT RUE l VET MUST EQuAL TOTAL AMOUNT PAID OUT ,

) . ,

..

4

,

I
. , r 1 s f y , I l l s Is t su 1 omen, ,I all mono', re/m/sed'and

disbured by me th.E 1.onLS for rho N....I ( ommorrL.I Tssffic Fund

of I h , command. L 1... 'AS" Trs f I tr These is forwarded he rew/t h

remsttnce An the sum rm/urded on .111T for, .

,E., c., ow ,C...,elI reeffIc CI .11

AV )P", ,L0-
.

G.H. Italy Phil
,

.m.I.S. i

mv.txto .C......c...... Off,.

A.B. COOK LT 0511

rogmARDID (Commn4,n, Off.c.,

.4r
D.E.Fairly CAPT USN USN

/t/gastIoss,
(sIgs,//i,/

r)

Figure 17-1. Statement of Account, NAVCOMrkT .Form 2065.
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(tEv. 1-70)

0104LF702-4102
U. S. NAVAL

COMMUNICATION SERVICE'

Abstract of Class "t" metsagis
lot Cossanding Meer, Navy Regional

Finance.Center(alFRIFC) Washington, 0. C. 20390II of ACTIvar

USS AMERICA CV66)
./

Wert)

111VCCMIT 210I

+.16.1Mailm
91""*. ONE
DOING MTN Of

NOVEMBER 1977

A. B. DIRK, LT, USN
G 0

H. E. FLUNK, CAPT, USN

ADDRESSEE
DESTINATION

AT ION

SENT TO

(Call Letters)

DO NOT

USE

NO

WORDS

CREDIT

TOLLS . TAX

DR.

CASH

001E

002E

003E

DICKESON
NORFOLK, VA

RICHMOND, VA

MADISON, WI

JONES

BIRCH

NSS,

NSS

NSS

4,00 4

40 4.00

15 4.75

01.

a

CERTIFICATI14 (Commercial Traffic Clerk)
artily this is a true atatesent of moneys re tired apd- 'cursed byhis ph for the Naval Coesercial Traffic Furii\of his Commansi.tic. era' is forwarded herewith a remittance of

ATURE D. M. SEAMAN t 0;0E.

12.75

4

o

TOTALS 12.75
#.

TOTALS BROUGHT FORWARD FROM SHEET NO.

via

GRAND TOTA).

4.db

4.00

4.75 44

12.75.

Figure`, -- Class E Me sage Abstract, #AVCOMPT Form 2m7

o

12.75

1

5.11011

50,20
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involving tolls and Class D messages entitled
to class E privilege.

NAVCOMPT 2132, 1-1.S. Naval Commanr-
eation Service Abstract (fig. 17-3): This form is
used forY

a. All Class D. mesgages originated by
a naval ship.

ti.' All Clas.-1---0 messages .received and
dVivered on board or relayed by a naval ship.

c. Al Class D Messages originated,
ceived, foarded, or delivered by a naval

tation or activity.
4, All Class A and B messages lin-

chiding of9.cial r iotelephOne messages) .trans-
mitted by' a na 1 ship directly to a diimestik
or foreign corame cial shore radio station.

e. All Class A and B messages re-
ceivetti by a naval ship directly from a com-
mercial shore radio station.

Th above mentioned forms are available
as cogehizant symbol "I" material from the
Naval Supply Centers in Norfolk and Oakland.

Copies of the commercial traffic reports,
as submitted, should be retained in the ship
or.station file at least 12 months.

9

RESPONSIBILITY
FOR REPORTS

whenever
COmmetcial

oMmel
t mcrot.il rts -are required

ges_ involving
are liaadled by a shipl r ' station, during any
calendar month. The- repo,,rtis actirjarepared -by
the. commercial traffic' clerk and Agnhir by the
communications. officer and the'peintrikncl.trig of-
ficer. Iri the case of submarines (except.when on
detached-duty), the reports are submitted by the
tender or submarine base to which the sub-

--NrAiarrice is attached. In the cas of service craft
attached. to a naval district, t
submitted by the /district comma
tiiitubmitted, for subma es and se

,areccordance with the a ,are
_labeled for each subpar-in-4 tor"
originating the t -

Monthly commercial traffic reports should be
mailed under one cover to the CoMmanding
Officer, Navy Regional Finance Center, Code
FR -lam; Washington, DC, 20371. Reports from
naval shipS._ should be mailed by the 5th of the

nth following handling and from naval station's
ana. ctivitieS by the 10th of the month. Reports
of ass D messages and Class D 'messages
entitled to' Class E privilege -should consist

of an abstraot form, one copy of each message
reported, a remittance, and a Statement of
Account. Class E Messages involving toll should
be reported with the use of an abstract form,-one
copy of each message, and the remittance.

Negative commercial traffic reports t3.,e not
required when Class D and Class E traffic.
has not been handed during the cale(idar month.
However, the following statement shbuld be in-
serted on the first line of the next Class D or
Claps E abstract submi 'No Class D (or
E as appropriate) traff c handled' during the
month(s) of .99

SERIAL NUMBERS

All commercial traffic handli 4 naval
communications is assigned serial numbers
for accounting and identification purposes.
These numbers are known as SRS num-
bers. Every commercial message handle-d"
is assigned an SRS nu r by each ship, .
station, br activity inv in the hand- -----..,
ling.

Naval communications statilitts assigo SIRS
numbers consecutively up to 10,000. All' other
Navy activities and shipS assign SRS numbers
consecutrAy, uti'-tO 1,000 on an annual basis,
Ciiiiiiiiencfrig Wilt number 1 on.-1"-a3ary of each
year. When service messages are Sennit i accn;-
merciti message, such service messages are

th% SRS number of the message to which
they .refer, followed by "A" for the first service
message, "B" for the second service, and -so
on. Paid service messages are not affectdd
by this provision. T:he following capital letters
are suffixed to. the regularly assigned SRS-num-

reports are .:,' bers depending on the class of- commercial
Reports traffic being reported:,
craft in

nged and Class of Traffic Suffix Letter - Example
e waft

(radiogram)
(press)
(radiophoto)
(entitled to
the Class E.,
privilege)

{LE), I,

Service message 4.

A
B
D
13

R

E

,SRS lA
SRS 2B
SRS 3D

SRS 5R
SRS

N
SRS 6C
SRS 7E
SRS 7EA

Cc



IAX0111 FM 2132 (1:01)

10w1lAst rum, ,0

U.SNAVAL COMMUNICATIONS kERVIC ABSWACT

ANOTE: Report ail messages sent and received tuck. rig lhone to and
from foreign stetsons. Submit the original report, tea message
copies, original and one cop ._of "Statement of Account, '
(NAVCOMPT FORM 20651 for pers'onAT metAige a end
payable to Comaaodin Officer, by file fifth of each mon Fordetailed instruction refer to ONC 26(A), .4 'a

0

,
0AVCCIPT 2101.1

I

TIFF OE

/
/ OF PARESI!MK 01 im,0'110,0,4cr,,Tv

()Ss PIERIA (c.v66)
*01 glen 01

SEPTEMBER
coup! c.n0or: Air itzitS

AlcCOOK, 0, USN
"" "sQ!Y4tr") .

D.E. FAIRLY, CAPT, USN

SRS

NO.

SENT

rill 121

lb

D

30

40 /0

DATE

a

RECO

(31

ADDRESSEE DEST INAT ION

16115)

t/55 OvER.SE A5 AM CON

TRANSMITTING DATA

(Vie call Itting
0e It l

RECEIVE

gq RCM.

171

SENT

TO

181

,/0
NOT

USE

COASTAL

NUMBER OR if,

OF SHIP

WORDS STATION

CHARGE

1101 1111 1121

TOILS DOE
TOTALCARRIER

AMOUNT DUE

OR

II L CASH

REMI TTtO
53e1'3I

8 11 1 1201

Ilif
Pp,

a
CONNECTING

I

REMARKS

' OR

EXTEN ON

HR STcHU
4 N..z. Cool( /4 483

AUcKLAND,Nz w IT T 16 A U5 ME

uS5 OVERSEAS AM CON

-,-

AUCKLAH /2

87

1.0

1

II

-0-

TOTAL 1 7, e3

Li

ti

Figure 1773,7 U.S. Naval r(cImmunicatiori Service Abstract, NAVCOMPT Forf 2132.

A.

0
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' As-is apparent from 4the above instructions,
one message may bear different SRS numbers
at the various stations handling it.

REPORTSYM 3OLS

The Comptroller of the Navy" has assigned
NAVCOMPT report syMbols to commercial com-
munications reports to aid in handling, auditing,

nd
d
aceounting for these reports. Report-symbols

OhSia the word NAVCOMPT followed by a
titimber. For examtile, NAVCOMPT 7210-1 is the
Statement of ii.bccciunt report. Other report sym-
bols are, given id, separate discussions of each
message clasp. 'ire Appropriate report symbol
must be placedo, tile envelope or cover when
commercial traff, reports are forwarded. It
should also appea, ; oh the abstract form itself/1
More than one port symbol may be used on
one abstract forme

R.

WORD GAUNT-
SYSTEMS

Bans of collectinefeeS for expense
cin ired when commercial communications 'ar

handled, the Navy usestwo systeriis of work_k
count. mestic word `count`count applies to domes c`.`
messages and is based orr domestic rules nd
regulations. International word count is used far
raliotelegramS and internati nal telegra s and
is based on international ru es and regul ions.

Domestic telegrams are ressages ori ated
at and addressed to point/ on shore within the
continental United States, Canada, Mexiccs Alagka,
or S4nt- Pierre-Miquelon Islands,. and trans-
mittedlin domestic form by wire 9..r radio o er
all or part of its route.

A radfotelegram is a 'message originat
in or intended for a mobile station and tra

p

OMMERCIALABSTRACVNG
4

This section pis devoted to a'.knore detailed
discussion, 'of - message classeC d methods of
abstracting commercial, Message's':

/ Of the five "cfasses of rnessAges, Cla4s C
me ages, fqe not involVed coml.` cial ab-
straAngr therefo e, they are ndt iscussed
here.

CLASS/A AND
CLASS 13 MESSAGES !"

Class A and Class B message are official
U S. Goveniment mess s. Clas -A messages
consist of official mes ges of t Department of
Defense. Class 13 comprises officistl messages of
U.S. GOvernment departmentAnd aencies except
for., Department of. D nse mesitrages. Both
'classes are treated tog th r in this' section be
cause of th inh ndling,,abgtractingi

account/rug.
oth Class A and Class p messages are pre-

pare in .joint form for transmission over military
circuits- petailed coverage of procedures' for

messages over military circuitsiic pro-
vided in ft TP 4.

Class b messages .rdquiring comthetcial
refile must always carry, an accounting symbol
to denote the, Government department or agency
espdnsible for payment ofIcomthercial charges. I

en the message is filed with a domestic
cominanieation company, the amounting symbot
is preceded by the Government indioator GOVT.
This indicator _appears the. firV word in the
address. In to oA via. foreign Is
communication companies, the Government In-
dicator is changed to US GOVT.

ng
s-

twitted aver all or part of its route by radio
communication channels of the- mobile service.
International telegrams are messages originating
at or destined to points outside the con
tinental United-States, C nada, Mexico, Alaska,
or Saint Pierre-Mi uelo Iglands; Both. radio-
telegram nd'in rnati al telegram_ s are drafted
in inter rational folrm.

A detailetf, expla a ion of Word count'
NTP 9; he e, it is not

Handling Over Cofnmercial
Communication Syste s

When it is "n ssi.ty to file Or refile Claps °
A or Class B messase with a commercial co
municatipn compaiV, -the following

1. When filed directly with a
comtnunication company by an)origi
the continental United States or d

AL addressee outside the U.S.; mess
via the nearest .U.S. ,military communication

systems is give facility serving the area in which they originated.'
'repeated, hpee. Many examples in NTP 9, illus -' 2. Provided eithei originator oraddre'Ssee is
trate the rules effectively, quowing how repre- not served -by militarycommunications., mUssagels
sentative words and groups are '-counted may be filed directly or reified. with Western 4

ferently according to-their locatigifin a message Union' withouf.ftirt6er transmission do military "
address; tet, or signature. circuits: This rule applies when chargei3 fox.

rules apply

kconirnercial,
tor outgide
°tined to an
es are sent.

363
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delivery to an addressee are the same as (or
less than) Such Charges for delivery from a
designated commercial refile point.

3. When a message is refilled by a shore
station within 'the continental.J.S. and addressed
to a point in the United States, Canada, Mexico,
Alaska, or Saint Pierre-Miquelon Islands,
do ' stic form with domestic word count is used.
The point of actual origin is added to the nig-
na re. --

When a mos9age is reified by a shore
station in the continental U.S. and ddressed
to points outside the -1.1nitied Sta s,. Alaska,
Culada, or Mexico,; or Saint Pier el.Miquelon
Is nds, international form and wo d count are
used. The point of refile is treats as'the point
of origin; point of actual origin i added to the
signature,

6. When,, a message is filed or refilied by a
shore Station outside the coritin ntal U ., inter-
natioilkl form and word count ate:' seci. The
point of file serves as the point ofd origin,
or the point of refile is the point, of origin;
antl, the point of actual' origin is added to the
signature.

F. When a message in joint form must be
sent through a commercial ,communication sys-tem for further transmission . by a military
system'', the message joint formcomplete
with heading is embodied in4he text of the
commercial message. :

17. When a message is transmitted directly
by a Navy ship to a commerc93a1 shore radio
station, international form and word count are
used.

The following is an example of the foal for
a GOVT NAVY Message as transmitted by a
ship to a shore station for refile with a com-
mercial company:

RTTUZYUW litItYED014'70 2921400-UUUU
RUWDSAA.

ZNR UUUUU
R 191400Z OCT 77
FM USS AUSTIN
TO' JOHN N,DOE

,
FOUR TWO TWO QUEENS COURT
ERIE PA

BT
UNCLAS
YOUR LEAVE EXPIRES ON BOARD All NOR-

FOLK VA
0730 25 QC't 77

, BT
41470

i

The precedigi message would be com-
mercially refiled in the 'following form (under-'
lined words chargeable):

CK 12 'WASHINGTON DC 19 OCTOBER 1977
424PME

GOVT NAVY
JOHN N DOE
FOUR TWO TWO QUEENS COURT-
ERIE PA
"YCIUR LEAVE WXPIRES. ON BOARD AT NOR-

YOLK VA 0/30 25 OCT 77
COMMANDING OFFICER

IISS AUSTIN

Abstracting Class A
and B Messages e

Class A, B and ,Official radiotelephone mes-
`sages transmitted directly' to a commercial
shore radro station by a Navy ship must be
reported on NAVCOMPT Form 2132/ (dee fig.
17,0.) This monthly report, symbOl NAVCOMPT
2102.2, must be forwarded to the Navy'Regionifl
Finance Center, Washington, DC 20371. Two
copies of all messages are requir with each'
report. No remittance is made; Aettl ent of
accounts is the responsibility of COMNA TEL-
COM; Reports from ships must be mailed the
5th cif,the month after handling.

Incoming Class A and B messages received
by Navy ships 'directly from commercial shore
radio stations ,are reported on NAVCOMPT Form
2132. Other requirements' are the same as for
outgoing messages explained earlier.

Naval shore stations desimated commercial
refile activities, in ACP nyft A,$, Supp-1 are
required to submit monthly r :rip of all Class
B messages reftled with corn cial communi-
cation companies.eA.Speedle r xtport is made,
but it does not utilize any of the NAVCOMPT
forms mentioned previously.

Reports are mailed directly to the Com-
mander, Naval iTelecomMunications Comm,and
within 10 days after receipt and xerification
of the traffic billing a the commerclal com-
munication company. A speedletter report must
contain the following information in the order
indi cate44

1. ileprort of Class,i3 messages.
2. 41endar, month and year of the report.
3.0. Inclusive ,Claes.B message.,serial .num-

Mrs reported.
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4

The speedletter report must be accompanied
by two copies of each message reported.

One ,eop3-, must be in the mtlitaryform in
which received, arranged in SRS number order,
on metal file fasteners, between cardboard covers,
ari in groups of '100 or fewer messages. These

ers must be labeled to indicate the type of
traffic, the name of reporting station, and the
month add year of commercial refile.

The" second copy of each mesSage must Ie in
the commercial- form in which it was refired,
segregated into packets according to accounting
symbols.

Both message copies must bear complete
transm'ssion data and include the following
information in the lower right corner:

I. SRS number (e.g., SRS 2313).

2. Accounting symbol' (e.g., IN*.
3. Commercial company and city where re-

filed (as Western Union, WASHDC).
v-

4. Commercial service indictor (e.g., NL).
5.. ComMkercial charges (e.g., $1.25).
6. Date and time of refile (as 011300Z

AUG 77).

Copies of service messages reltr to corn-
mercially refilpd Class And BLrn ages must
be forwarded with copit,of the messages to
which they pertain.,

Responsibility for Paymdt

A reporting activity dd'es not collect toll
charges or send remittances when it. fO'rwards
Class A and B message reports. In brief, pay-,
ment for Class i and B messages refiled with
commercial communication companies is effected
according to the ensuing explanation. For Class

\A and B messages transmitted by Navy ships
to commercial shore stations, CNO is respdnsible
for the settlement of accounts. Because pills
submitted by commercial companies often con-
tain amounts for 6their clauses of messages, how-
ever initial payment is Made by NAVREGFINCEN,
`Was t ngton.

Charges for Class B traffic are then billed
to COMNAVTELCOM by NAVREGI4NCEN,Wasie
ingtoh. In turn, COMNAVTELCOM bills other
Government agencies' respcinsible for originat
their Class,- A and B messages involving toll
charges. Thus, naval ccinurfUnications is reim-
bursed for the non wavy messages handled.

Payment is handled differently for Class A
and B Smessages refiled with commercial com-
panies by shore stations. Commercial com-
munication companies bill a refile activity, di-
rectly. The refile station v\erifies the monthly
billing, certifies it as official U.S. Government
traffic, and forwards the certified billing (with

. supporting message copies),_ for payment, to
the local disbursing office of the NAVFINCE
serving the area in which the refiling dctivi
is located..

CLASS D MESSAGES

ss D messages are non-Government
(private.t,ceipmercial) messages handled by naval
communiCations that were received or sent via
commercial' communication companies. Class D
messages include

1. Commercial (private) messages

2. Commercial (private) mes
Class E privilege.

es entitled to

3. f Press and related service messages.

4. Radiophetos/Facsim,le.

Class D messages are always in commercial
form. Handling of Class D traffic by Navy ships
and stations usually is 'suspended or curtailed
in waTtime.

Claps D meSsage are no? accepted, :rans-
,-mitted, or relayed by military communications

When or where it is possible for the, messages
to be handled by commercial means, unless
specific exceptiOns are made.

A Class D message is used when the sender
does not 'qualify for, or the,rriessage destination
does not meek, the restrictions' imposed for
ilass E messages, eig., a message from,or to
an addressee to Manila, Repubric of the Phili-
pines, would be a Class D message.

Commercial (Private)
Mesgsages

Classt*4) commercial (private) messages may
be filed during peacetime by any person, whether
in tile naval service or not, at any of the following
shills, stations, and activities:

.1. All naval ghips at sea or in a port having
no adequate and reliable commexcial facilities'
available. . 446

365
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2. All overseas naval stations and activities
it locations where adequate and reliable com-
mercial communication facilities are not avail-
able.

3. The naval communication stations open tq
public correspondence and authorized to handle
commercial ship-to-shore and shore-to-ship
traffic. . 4

In naval ships, the requirements for filing
commercial messages are as follows;

1. Approved by the commanding officer, or
qfficer designated by him, and duly released."/ 2. File,,d with the commercial traffic clerk
who determines word count and collects the
charges.

Fallowing transmission; the original and onecopy of the message with proper servicing
data entered thereon are returned to the com -.
mercial traffic clerk. for filing and abStracting,

°purposes.
In the &rent there is dot as to the proper

charges to be collected and such charges can-
not be determined by the appropriate operating
signal, the maximum charge is, collected and the
name and address of the sender entered on the
message form in order that proper reimburse-
ment may be made when the account Is audited.

iinte4mational Form

\ A commercial message originating at or
relayed by a naval ship or a,,NAVCOMMSTA
open to commercial traffic is handled in the
internationW form.

.

In the 'loll:owing example of Class D corn-
mercial messages in international form, cha: ik
able words or groups are underscored. A
explanation of component parts is given at the
conclusion of this message example..

ot
PCH DE- NMIB NR1 INTL USS AMERICA/

NMIB CK26 ''
12 1430
BT MP BT
LOUIS COLBUS

.4! 69 EASTTEfIRTYSI
NEWYORKCITY

SELL TEN SHARES CONIPTOMETER AND
TWENTY SHARES PULLMAN BUY. SIXTY
SHARES .MAGkAVOX ALL AT MARKET
ADVISE TRANSACTION DATE BT FORD
COX Aft NMIt3 K

After the call and station serial number in
this example appears the international abbrevia-
tion INTL. Next is the office of origin, USS
AMERICA, followed ,by her call sign. The check
(CK26) consists of the number. of chargeable
Worcht3 in the address, text, and signature. (Re-
member that ch r eable words are underscored
in this examplal In a commercial, message
such as this one, the date and local time of
filing are always given in two numeral groups,
with the date separated. by a space from the
four-digit hours and minutes group.

The m sage address contains the paid ser-
vice indicator MP in addition to the name and
address o the addressee. This parti ular paid

"If service indicator (MP) means that sende
requests delivery of his message to the
dressee In person not by mail or to hone.
More than a dozen different service indicators
are authorized; NTP 9 carries the complete
list. As shown in this message example, the
paid service indicator is the first word of the
address; it is counted as a"chargeable word and
is, included in the CK.

After the text is the sender's name, called
the signaturp Although it is not obligatory to
transmit the signature, when transmitted it is
chargeable and is separated from the text by
thv prosign BT. The prosign BT in this message
appears several times. This prosign separates
the preamble from the paid service indicator,
paid service indicator from the rest of address,

-address from :text, and text from signature.
Prosign BT is never bounted or charged. n ithe
CK.

0'
Domestic Fc4rm

The folldwing is an exampN of the domestic
form of ,Class D message; with the chargeable
wigs or groups underscored:

NR1 CK11 NL NAVSTA ADAK 16 77
1030/AMP

RABER`KIEF, INC.
SEATTLE WASHINGTON

THIS COMMAND WILL NEED YOUV ASSIST-
ANCE IN OBTAINING SUPPLIES PRE-
VIOUSLY DISCUSSED; H. FLICK

The example above reflects that a single,
address and signature are not charged for in a
domestic telegram. Therefore, the check (CK)
will consist of the total number ofswords'in the
text plus any extra matter that may be added
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in the address or signature. The service indicator
provides supplementary inst ctions requested by
the originator, such as DL (day letter) or NL
(night letter), etc. The co ercial communi-
cations companies show the city or town where
the message was filed (originated). The domestic
form has the month and year transmitted in
addition to the date and time. The hour is
followed by "AM" or "PM" and the civil zone
time indicator (E for Eastern time, P for Picific
time, etc.). The normal address of a domestic
telegram is transmitted free of charge. A com-
plete liddress cannot be over-emphasized. The
text of the message and any exes, matter added
to the address or signature is counted and charged
for. One plain language signature is transmitted
free. Coad signatures are charged for. An extra
passing instruction added to the address would
also be charged for.

Charges and Accounting

All messages involving tolls should be prepaid.
Charges for messages comprise the following:

The charges which accrue to land radio
stations. `.-

a 2. The charges which accrue to the mobile
(ship) radio station.

3, The relay charges of the 'trermediate
land or mObile,radio station.

4. The charges for service over landlines,
cable, and special service required by the sender,
if any.

Aftrr the rate-per-word for transmission
over the entire distance involved -has been com-
pi.ited, the charges for the message are determined
by multiplying the rate-per-word by the number
of chargeable words. Special service charges
and taxes, if applicable, are applied and added to
determine the total charge.

All charges' due on commercial fivate)
messages should be collected from the sender
in advance of the transmission. The specific

`'rates for commercial messages change from
time to time and are irtluded in NTP 9,

Rate Requests

The . International Telecommunications and
Radio Conferences held at.,en va in 1959 author-
ized s iphoard stations to rn, e inquiry withotit
9osi doastal stations conce ning proper rates
for me sages for which they do n aye necessary
info r jon. Because Navy ship are not issued

3 IL

commercial , tariff books used for computing
chal:ges for Class D messages, it is necessary
to send a -rate reque4(QSJ or service message)

''44, determine charges on each message.Dperating
signal QSJ (preceded by INT for military usage,
or followed by IMI for operations with commercial
stations) means "What is the- charge to be
collected per word to including
your internal telegraph charge?" As a reply
QSJ means "The to be collected per word
to incl ding my internal telegraph
charge is, francs."

Francs should be used to express the charges
in international 'communications. When the re-
qg st is handled on U.S*. military circuits, be-
t een NAVSTA GUANTANAMO BAY CUBA and

AVCOMMU WASHINGTON, for example, the
tal charges in the QSJ answer should be ex-

pressed in United States dollars. A copy of
the rate request and the reply concerning the
charges on all commercial messages should be.
attached to the applicable commercial message
that is submitted to the Njvy Regional Finance

iCentqr, Washington, DC.

Abstracting
Class D Messages

Class D messages are reported on NANT7
COM PT Form 2132. Whenever Class D messages

'4 originate in your ship or station, the money paid
by senders must be forwarded with the abstract.
The Treasury, check or money .order used for
a remittance must be mad gable to thee Navy
Regional Finance Center,- Washington DC. Actual
transfer of funds between naval communications
and commercial communication companies Is
made by the Navy Regional Finance Center.

A complete Class D message report consists
of the following:

1. Abstract (NAVCOMPT Form 213
2. Copy of each Class D message.
3. Statement of Account, NAVCOMP orm

2065 (original and one copy).*
4. Remittance.

Special attention is directed tolbe necessity
of reporting all Class D messages ha 141
(whether charges are involved or not),-.totether
with any QSJ or service message exchanges.
Ships sometimes mistakenly fail to report Class
D messages received over Navy circuits. Failure
to make these reports*often results in financial
loss to the Government. Such failure to make

.the required report of either sent or received
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messages usually, causes needless correspond-
ence and delay in Settlement of accounts.

Message copies forwarded, with an abStract
must be legible and complete, including full
transmission or receiving data. Duplicates must,
be retained in ship or station files for ,at least
12 months. Message copies forwards id and dupli-
cates retained in files must show any discrepan-
cies in counting chargeable words; an explanation
of del's exceeding 1 hour between receipt and
transmission in relaying, or between filing time
and transmission time; charges. collected, if
any; and other pertinent information' deemed
appropriate.

In abstracting Class D messages, the name
of the point of origin should ,be shown on the

ilabstrAct (Form 2132). 4n the case of communi-
ations with ships (naval or merchant), the
all sign is shown on both the abstract and the

message copyirnmediately following the name of
the ship. The ship name and tall sign are
separated by Crfaction, bar. The report symbol
for Class D message reports is NAirCOMPAT ..:,

-..i.g=.-2101.2:
b.

0
Safety of Life
Messages

There are several special types of authorized
commercial (private) messages listed in Chapter
3 of NTP 9. One of the special. typeeseivorthy

note here is the "safety of life"' message.
1 Safety of life messages are accorded abso-
lute _priority' of transmission. Every office re-

iv,ing a message presented as one relating
the safety- of ,life at sea or in the air should

forward it as such. A safety of life message
identified by the indicator "SVH" both at th-V
beginning and at the end of the preamble. Tele-
graph offices should exercise no control over
safety of life messages. They must be trans-
mitted and delivered at once.

Rates

The charges for commercial (private) mes-
sages are.,, subject to change as protnulgated
by message' cor3'ection8 to NTP 9. To compute

'or
it is alAys advisable to consult. NTP 9

'or obtain the charges via a "QSJ" rate request,
if needed. At 'some commands where b., large
volume of commercial traffic is handled, it
is "advisable:to make a chart listing the type j

of message, the nurnber,of words t hargeable,
and the rate to charge the sender. This is used
for the 'convenience of both the commercial

traffic clerk and the sender in the
of saving time. The chart, naturally,
updated each time the charges are
in NIP 9. This may happen once a
the most.

CL S D MESSAGES
ENTITLED TO
CLASS E PRIVILEGE

interest
must be
changed
year, at

Occasignally, because' of the location of ad-
dressees, naval personnel' are unable to send
a mesea e in Class E fthm, even though message
conten ply in all respects with provisions
for Cla E messages, In other words, the
addressee is at a geographical Ioction other
than the continental "United States; for 'example,
Hawaii; Puerto Rico, Panama, Japan, or Europe.

A category of message known as "Private
commercial message (Class D) entitled to Class,
E privilege" has been established with the-view
of making available to such personnel a modified
version of Class E message. Particular care
must be ;taken in handling this category of

-message and accounting for it to ensure that
it is not o fined and reported with regular
Class E tr fr

Class D messages entitled to Class E
wnlege are ha

in the mes
this expla

ed in international form as s
age exarnple at the conclusionLflf

ation. For identification purposes,
each message carries the.symbol COMLE as
the first word of the ext; COMLE is counted and
charged for as one WOtt4;:aherefore, this type Of
message is at times rgfetred to as a Class Dk,
COMLE. Following is an example of a Class D
tneSsage entitled to Class E'privilege.

.

RTTUZYUW RUHGMIB010 3002000-UUUU=
RUHGSUU. =V)

2NR UQUIIU a

R 21'2000Z OCT 77 t

F VI .USS AMERICA4, s.
TO NAVCOMMSTA HONOLULU HI
BT
UNCLAS //N00000//
USS AMERICAClci8'27 1800 BT LT V
MRS H. E. FLICK
HOTEL HILTON HONOLULU HI
BT 7
CO7iMLE MEET MC IN KANCI

Allf SIX.
1-1,RLEY

'BT
0N4N1N0

RESTAURANTti

368

tr4
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Charges

The charges for Class D messages entitled to
the Class E privilege are collected from the sender
in advance of transmission and include com-
mercial shore station receiving charges and
tolls involved in the landiine or cattle trans-

.

mission to effee't final delivery.
In computing the charges, the handling to

be performed' by naval cominupycations is with-
3-,out charge. The charges collected from the

sender are those charges'involved in the handling
and delivery by a commercial cotrimutiP4tion
company. International' word count applies.

When the message is transmitted to a com-
mercial shore radio station, the coast station
charge and the internal telegraph charge are
collected. When the message is transliftitte&
to a naval station or activity, only the com-
mercial refile charge is collected. In, many
cases, the correct charges' for the handling
and delivery by the commercial communication
company can he obtained by use of the operliting
signal QSJ orgy service message.'

Abstracting N

Ships and stations originating Class
'sages entitled to Crass E privilege are 'required°\\
to subtnit monthly reports Under report symbol
NAVCOMPT. 2101-1 covering all such messages
originated. For this report, NAVCOMPT Form
2067 is used.

Reports of ,Class D, messages, entitled to
Class E privilege are comprised ,.of the fol-
lowing *- -lowing forms:

',
1. The abstract, '2,i)AVVOIMPT,V,91-rrp 067.
2. One copy of eac'VeSsage, shoisdhg corn-

plete transmission da.ta'...A ivlatectirite request..,
(QSJ or Service*i-ness'ageniust be attached
to the nikssage.

3. The statement of account, NAVCOMPT
Form 2065, in duplicate. ..;

4. The remittance, -rifade payable to Navy
Regional Finance Center, Washington, DC.

An additional monthly report is required at
shore stations effecting commercial refile of'
Class I) messages entitled to C ,,,privilege.
For this report, NAVCOMPT FO-Firi '2132 is the

of message is not' reported with the regular
Class E message (to be discussed later) and
that the check or money order (remittance)
is not made payable to the Western Union Tele-
graph Co zany. As we shall see later in this
chapter, ttre check made out to Western Union
is for Class E messages only.

PRESS MESSAGES

In peacetime, the Navy frequently grants
permission for duly accredited news reporters
to go to 'sea in Navy ships' for the purpose of
reportilk naval operations and activities. In
such cases reporters usually are authorized
to file. press messages on board. The same

'privilege, may ilsec,-"stctended at isolated overseas
bases ;where -conin-Srcial communication facili-
ties are not aviWable''.

When correisondents are effiba.rked, equitable
treatment should be extended to all. The command
should ensure that the press messages do not
ovrload the facilities available. Consideration
mist be given to official traffic. Normally, press

e.ssages take precedence immediately tr
perational traffic.
ages should be handle on Ta "first-come,

first-served" basis.

a category, press ,s-

PRESSE and
DPR Indicators

Particular care shouldbe exercised by ships
and stations when they use the indicators PRESSE
and DPR. The paid-service indicator "PRESSE"
is used on all press messages either trans-
mittedtol or refiled with an international com-

Garrier by naval communications.
domestic Service indicator DPR (day pre

-rate): ,followed . by thy' word "COLLECT" or
"PAID" as appitopriate, should be used on press
messages transmitted directly to or from a
continental United States naval station or activity
and handled commercially by the Western Union
Telegraph Company only. The indicators PRESSE
and DPR cannot he- used together in the same
message.

frlarges for
tress Message4

AO 71

prApar form. If the shpre .statioq also handler . It f*,
."regu r" I) traffic during the m@nt , *for 31

. the two reports can be combined.
,Co mercial 'traffic clerks, must

ex:trem 4)caution to ehsure 'that
4

be ace
desireg
' Apr4nciple

4

;.

ble that corresAndent§ not pay
ages when filed, but -payvnt'ff*y

United States ieorresporyikint
So. In the eortas 41f payment, the

."143ils follow the Araffic" is applied

5

.1

t
-
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and the full charges are collected from the
sender. The commercial charges could be ascer-
tained by QSJ or service message. When the
correspondent elects not to pay for the press
message, settlement should be effected by the
Navy Regional Finance Center, Washington, DC,
based on the abstracts submqted by the originating
or refiling station. In international communi-
cations, press messages cannot be sent collect.
However, the correspondent should have the
charges billed to theanewspaper or news associa-
tion to which he is accredited. A United States
correspondent may pay the charges involved in
advance of the transmission.

Press messages transmitted by naval ships
and naval stations over-seas to a continental United
States naval station or activity for commercial
refile by the Western Union Telegraph Company
to a point in the United States may be trans-
mitted "DPR PAID" or "DPR COLLECT,"
depending on the correspondent's wishes. This
wound miian the correspondent can pay the charges
in advance or have the charges billed to his
newspaper or news association. WIwn the charges
are to be billed lo his newspaper or news
'association, the amount of the bill prepared
tily the Navy Regional Firiau.ce Cente'r covers Navy
handling only; the commercial carriers involved
are responsible for the collection, of portion

1. of the tolls,.. On the other hand, if t harges
.\ art paid in advance, the tolls involved inthe total

. transmission are collected from the s&der. Sub-
sdquently, the Navy Regional Finance Centar,

4 Washington, DC .will effect settletne4 h The
4 Western Union Telegraph Company.

The international system of WO nt is
used on all press messages handl naval
communications. The paid service n. icator

'PRESSE, when applicable, is written as the
first word of ttie. address and charged, for as
o e word. The indicator DPR., when applicable,

written in two places: first, in the preamble
wing 4lie CK, and .second, in the address

as he first word of the address. DPR is not
counted or charged for in the 'preamble, but is
'counted and charged for .as one word in the
address.

There. is a stlndarci rate, for press messages,
handled by naval scomrn inications. :\s"this rate
changes from time to time, it is .best to consult
N'rP 9 foe the appropriate charges.

Abstracting l'ress Messages'-

Ships ark! stkilioji handling; press messages
are r sto suefm!t monthly, reports. PresS

- , \ 4-* ° ,
t

4 370

messages_ are reported on NAVCOMPT Form
2132.

The SRS serial nlarnbers assigned to press
messages use the suffix letter P after the
number; for example, SRS 116P. Remember
that, SRakiisiThmbers are used for message identifi-
cation iii abstracting and accounting only. They
are never transmitted.

7

Press 'message
message copies and
to the
Remittanc s are by
order, made payable
Center, Washington,
ships are due in the
after handling; from

Examples-

abstrapts, accompanied by
remittances, are forwarded
Finance Center, Washington.
Treasury check or money

to the Navy Regional Finance
DC 203,1. Reports from

mail by the 5th of the month
shore stations, by the 10th.

The following is an example of an inter-
national commercial form press message for
transmission to any commercial shore station.
It must be noted that international commercial
form press messages are never sent with a
COLLECT indicator.

RTT uzyuw RULYMN00001 3001200-UUUU
RULYSUU,

ZNR UUUUU
R 271200Z OCT 77
FM USS JOHN PAUL JONES
TO NAVCOMMSTA HONOLULU HI
BT
tINCLAS HNO2373//
INTL, USS JOHN PAUL JONES NR1 /C,K95 16

1430 BT
PAGE 1/50 BT...
PRESSE BT
TOKYO DAILY NEWS TOKYO JAPAN'I'IBT
(FIRST* 46 WORDS OF PRESS TEXT, AND 4

"WORD OF SERVICE INDICATOR AND AD-
" ,DRI:Sgriti3T

"NR1.USS 'JOHN' PAUL JONES 1430 PRESS PAGE
2/45 Wr

(RENIAP:1174SVIO MUMS OF TEXT PLUS ME
woke.° GtiATUR BT TARAWA

13T,
iooa

IcNNN

ft '4e i

form.' pres message
mission to any Navy
ta14,,nited States for

an e amble of.a doinestid"
ith naval fiesttding for t14atis-*

here station in the co inen-
eliyery by the Western Union 4
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Telegra Compagy to an address in the conti-
nental tr".

RTTUZYUW RULYMN00001 3001201-UUUU
RULYSUU.

ZNR UUUUU
n 271201Z ocr 77
FM USS JOHN PAUL JONES
TO NAVCOMMSTA NORFOLK VA
BT
UNCLAS
CK 95 DPR COLLECT USS JOHN PAUL JONES

27 OCT 77
115PME VIA WESTERN UNION BT
DPR COLLECT
NEW YORK TIMES
220 SOUTH STREET NEW YORK BT
(PRESS MESSAGE TEXT DIVIDED INTO TRANS-

MISSION SECTIONS IN ACCORDANCE WITH
APPROPRIATE INSTRUCTIONS FOR LONG
'MESSAGES OF.OVER 90 LINES OF TYPE-
WRITTEN TEXp BT TARAWA

BT
4-0001
NNNN.

t4

RADIOPHOTOS

Radiophoto transmission bis between Navy
laesimile units only. Exceptions to this rule
*1st be -authorized by COMNAVTELCOM.

In addition to official Navy pictures and
4graphic material, including those for general

distribution to news associations, Navy radio-
photo services may be authorized for trans-
mission of commercial pictures. Commercial
pictures are of two classes: (1) those for general
distribution to newspapers and news associations,
and (2) exclusive commercial pictures filed
by correspondents and addressed specifically
to newspapers or news associations to which ,
they' are accredited.

Exclusive commercial' pictures are the only
ones for which the Navy chargesfor handling.

--thus, they are the only o evequiringabsiracting
. and accounting.

Exclusive commercia pictures re abstfacted
in the same manner asc press In sages. They
also are ` reported on the sam NAVCOIVIPT
form. Abstracts forWard to NA REG4FINCEN;
Washington sPiould be in led.,,15y the 5th of the.!.
month from ships, by the '10th frcvn shore
stations": and mu t, he -accompanied by a copy
of each viexclusiv ornInerctal pikure trans-
nittect and received.

k7

For exclusive commercial pictures, SRS num-
bers are followed by the letter R; for example,
SRS 24R.

Normally, charges for exclusive commercial
picture transmissions_ are not collected at the
time of transmissionAccounting necessary for
settlement of Navy charges due is performed
by NAVREGFINCEN, -Washington. If the sender
desires, however, charges may be collected
in advance of transmission. In sash an instance,
the rern!ttance and statement of account are
included in the report. The flat rate charge for
a 7- by 9-inch glossy- picture is $30.00.

CLASS E MESSAGES

Class E messages 'age personal messages.
Part of a Radioman's job is to restridt.
routing of such,messages to keep therwer
All communications personnel shodfd be'"
structecit that under no jrcum,stances are
allowed to devulge thcontente ,of. Class E
messages to any unauthorized personnel.

Privilegeif. of Class E rues es are' re-
stricted to the Naval Establish ent. There is
not a, comparable service available"to the Armed
Forces as a whole. The Class E privilege .exists 1

primarily as a morale factor . to .afford naval
personnel at sea or at overseas duty stations
a means of rapid c munications for personal
matters All overse s naval stations and activi-
ties ancNall naval ships are authorized to handle
Class E messages. Continental United States
;stations are extended Class E privileges where
commercial communications are unavailable. In
time of war or emergency, the Class E Orivilege
may be suspended at the discretion of COM-
NAVTELCOM.

Non-naval personnel 'aboard 'maval ships or
isolated overseas areas served by naval com-
munications may be extended Class privilege
by the commanding officer when cciimniercjal corn-,
munioations facilities are unavailable or in-
adequate. The personnel afforded the Class E
privilege should be in one oft.tve fogowing'cate-.
gorles:

. .

U.S: military personnel of other services.
2. Members of congress or ollir important,

0.S.',Governmestate, And municiDal officials,
and their

3. Dependents of U.S', mi tary personnel. ,..
4. 'Retired U4 military 14e sonnel and their

dependents. . 4
4 5. Civil Service employees of tire U.S. d

Government.
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6. U.S. technicians.
7. U.S. media .representatives while em-

barked in U. S. Navy ships.

Refile of
Class E Messages

activity. This example could also apply to non-
'toll Class E messages from ship to ship, station
to ship, or station to station:

RTTUZYUW RULYM1B0001 3001230-UUUU
RULYSUU.

ZNR UUUUU

NAVCOMMSTA Stockton, California'and NAV- R 2712302 OCT 77
FM USS AMERICA
TO NAVSTA GUANTANAMO BAY CUBA
ar
UNCLAS //N00000//
MSG RMC LARRY HOLLINGSWORTH
RECEIVED PICTURES FROM LAST TNT):

LYNDA AND CHILDREN APPRECIATE T1-1E"
HELP, SEE YOU kb&

HARLEY
BT
4 0001
NNNN

COMMU -Washington, 19,L=. are the authorized
Navy, refile points. for Class E messages from
and. addressed to authorized personneLon board
ships and overseas duty stations. There is no
charge for processing these messages via the
naval commInications circuits. Therefore, the
only charge incurred by the sender is that
amount charged by the commercial carrier for
the delivery from the Navy refile point to the
addressee. When transmitted over U.S. Navy
circuits, Class E messages should riot be given
a precedence higher than ROUTINE; except in
the most unusual circumstances as determined by .

the commanding officer. Class E message4 con- It is also possible to send a collect Class E
,Navy Federal Credit Unioh,cerning death or serious illness Sh9uld be refiled message to the

Washington, DC and the Navy Federal Credit 'and delivered promptly, ensuring thairimessages
Union, San Diego. The command sending -thein this category are not unduly delayed. collect Class, E message must be a ship or naval

Non-Toll Class E
Messages

Ther e are several instances where a Class,E
message that does not involve tolls may be trans-
mitted. In t eneral, these are personal mes-
sages handled between ships, .rid from ship to
shore, shore to ship, and shore to shore, when
both the originator and addressee are outside
the c4ntinental United States and in the same
ocean' area. Ocean area, as used here, should
be Interpreted as follows: naval ships, stations,
and activities in the Atlantic, Mediterranean,.
Caribbean, iand *fiddle East areas are con-
sidered 'to be inahe same Ocean area. Ships,

tions; and Iractiqfties in the Pacific, Far East,
Alaskan areas are considered to be in the
e ocean area.

toll free Class E message can be sent
m ship or overseas station to a continental

U.S. addressee as long as the ship or over-,
seas activitiis in direct (point-to-mint) com-
inunications with the shore: statio4 and the cause the. Navy has handled- nd. money.

activity overseas, as outlined above. N P 9
provides examples of collect.Class E messages.;

Personnel on board -ships. and overseas -..
activities may also receive telegrams from a
person outside the Naval Establishment at no cost
to the military pers6n. The originator of such
a message usually p,ends a Western Union tele-
gram to either NAVCOMVIU Washington, DC or 0
NAVCOMMSTA Stockton, CA (depending on the
location of the addressee) for refile with the
correct telegraphic address of the military
person. The correct telegraphic .address,should
be comprised of the individual's name acid rank
or rating, ship or station, in care of the awro- .
priate communication station ocomi-nunVation .-,
unit mentioned above. When the message arrives
at the refile station, the sender hag,already paid
Western Union for the, transmission from the
point of origin to the refile station: The * refile
station hen routes the message to the fleet
broadci' or overseas circuit, for which there
% n9 charge. No accounting or abstracting is
Nce6sary by the commer'cial traffic cPeric be- i

final .deltve6 can be made without'tfie use cif, ,Lt ..
t 4,

cif-nerd/al commdnicatiens: As long as a corn- Toll ClaV, Metsages ;

m..rcial comparti is net involved in ' ery ' - ,,.* Tir,, st, - t,- . P.--..there is,tro charge. foil the Navy circuit routi 7 .: A ;. toll Class E message lt one htandied: .,
I The follOying is an example of a' non-toll par Tally by a commercial ca*iber.""Thig type

Class E me,ssaemfrorn' a natal to a naval of message, is sui?:* to-1. **-because the re,file
)

. t. ii.

!`'e..
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o
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station, must trairtfer the message to Western
Union for delivery to the addressee. The two
naval communications activities authorized to
receive and:, refile Class E messages com-
mercially with Western Union are NAVCOMMU
Was "ington, DC and NAVC07,IVISTA Stockton, CA.
If th originator is inthePacific Ocean, Far East,
or, laska area, Class E messages should be
addr ssed to "NAVCOMMSTA CLASS E REFILE
STO TON CA" for relay to Western Union. If
the riginator is in the Atlantic, Mediterranean,
M' die East, or Cariftean area, the Class E
messages should be sent to "NAVCOMVIU CLASS
E REFILE WASHINGTON DC."

. Class E messages may be sent as "telegrams"
of "overnight telegrams." Telegrams are full
rate messageS and are accepted for immediate
transm:ssion with a minimum charge rate of 15
words. Overnight telegrams are usually accepted
anytime during the day -but are held for trans-
mission until message traffic conditions are slow
enough so that they may be transmitted. Usually,
they will be sent by the following morning.
Overnight telegrams carry the service indicator
"NL" for distinction as'a message to be handled'
at the end-of the working day.'Full rate telegrams
carry no service indicator.

The following is 'an example -of a Class E
message from a ship to a Navy Class E refile
point for Western Union delivery:

RTTUZYUW R ULYMIB0002 3001300- ['LUC
RULYSUU.

ZNR UUUUU
R 271300Z OCT 77
FM USS AMERICA
TO NAVCOMMU CLASS E REFILE WASHINGTON

DC
BT
UNCLAS //N00000//
,MSG K14 NL COMLE
JACK KENT
144 OAK STREET
WISCONSIN RAPIDS, WI 54494
DAD. NEED TWO HUNDRED DOLI.A. LOAN

FOR CHRISTMAS EXPENSES. PLEASE SEND.
SCION. ,

JOHN KENT USS AMERICA
BT
40002

.
0 .

The mdicatoiNVISG is alyvays transmitted 'asIthe
first *rout after ttie classification line to indicate
that this is a Class E message iniVa Navy or
refiled iv.ith Western Union. the commercial

,check (C1C) hollowed: by the Chargeable word.
-

count is transmitted after -the indicator MSG.
Only the text and any additional material added
to the signature are counted as chargeable words
in commercially refiled Class E messages. In
the example above, the service indicator "NL"
designates it as an overnight telegram. Thecom-
mercial designator "COMLE" is transmitted
on all 'Class E messages to be refiled with the
Western Union Telegraph Company.. The text
follows with the name of the ship or activity
of origin as the last words. The name of the
ship or activity at the end is chargeable, but
the signature is not, as long as no additions
are made to the signature. A service number
added to the signature, for example, would in-
crease the number of chargeable words.

Class E Rates

Rates for Class E messages filed with one
of the authorized Navy transfer points are nor-
mally set up on a "flat rate" schedule as
determined by agreement between Western Union
and COMNAVTELCOM. The rate tables are
provided in NTP 9 and are subject to change
as promulgated by CGLMNAVTELCOM. Te mini-
murp charge for art overnight telegram 's for
100 words of text, and the words in excess
of that minimum are charged for on a "per
word" basis. The minimum charge for a full
rate telegram is for 15 words or less, with
extra charges for additional words.

Personnel aboard ships and overseas stations
Should be kept aware of the availability of
Class E message service and the current rates
applicable. PerscLnnel should also be encouraged
to send the information concerning 'their tele-
graphic addresS to their families. This may ease
the burden in contacting them, if the need should
arise.

Abstracting e
Class E Messages

All naval ships, stations, and activities ori-
ginating Class E messages involving tolls should
submit monthly reports under report, symbol.
NAVCOMPT 2r01 -1 listing all toll messages
handled. All reports should be mailed td the Navy
Regional Finance Center, Washington, DC 20371.
Reports- from ships should be mailed by the 5th
of each month f011owing handling, and naval ;1..
stations and,activities should mail ,the reports
by the 10th of 'each month..

3
TI
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T e ClaSs4E mpsa4e report should pris
the fo wing:

1)ti

K--
. It t -

1. The Class E mg:384e abstract form
(NAVCOMPT Form 2067).

2. One copy of each Class E message handled,
showing complete transmission data.

al
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3. The remittance.
, .

The remittance should bb in the form of an
exchange -'for -cash U.S. Treasury check, 15.S.
postal money order, or an American Express
money order made payable to "The Western...Union Telegraph Company, Washington, DC
20005," The check or money order should ac-
company the report sent to 'the Navy Regional
Finanee Centtr.

Caution must be exercised here by commercial
traffic clerks to ensue the check is made payable
to Western Union for Class E messages, even
though the report (and the check) is mailed
to the Navy Regional Finance Center, Washington,
DC.

COASTAL HARBOR
RADIOTELEPHONE SERVICE

Coastal harbor radiotelephone service is a
t wo- way telephone communication service
through a commercial land radiotelephone station
between a naval vessel and any telephone on
land. This service is provided to meet the
needs of ships operating within a few hundred

$ miles of the shore and is known commerci ily
, as the coastal harbor service. Except for SNS
contract operated vessels, naval vessels sing
this service are limited to calls olsiginat on
the ship. Calls normally are made collect in
order to keep shipboard abstracting to a minimum.
Incoming calls to the ship (except those nectissary
to complete shore -ship connections that involve
some delay) are not accepted.

The coastal harbor radiotelephone service is
authorized for . passing official messages when
appropriate. Any official message passed, via
this circuit .requires r9jease by an au x rized
relesing-Officer.

All U.S. Navy ships are authorized to use
thids service in peacetime unless otherwise. di=
rected by appropriate authority. "

ARE4.GEMENTS WI
TELftpHONE COMPANY
FOR INITIATION OF SERVICE

63

No prior- arrangem is are necessary to use
this service for collet calls, toll credit card
c Is, or fort- call* "bill to third number," ej

.t' other than the calli g or called party.)
If th& sexviee. is to be used tfor calls paid aboard
Ship '(as may be the case of USNS contract
vegans), the ship or aircraft squadron com-
miintiOr must establish an account with the tele-
phone company representative nearest the home
teleport assigned to the unit. The form letter
(as shown in fig. 17-4), when filled out, contains
all the necessary data to establish a coastal
harbor service billing account. Ships desiring
to use the Hawaiian coastal ship -to -shore service
must first make local arrangements Vth the
Commercial Manager,AVaWaiian Telep Com
pany, Honolulu, HawaSI

After the account is established (except those
established in the Hawaiian area) it covers
service through all the coastal harbor stations
in the continental United States.

In the event the ship is assigned to a new
home port, a new form letter is sent to the
telephone company representative nearest the
new home port. A copy also is forwarded to
the former represeribtive handling the billing
account; one letter to establish an account and
one to discontinue the old aocount.

Shipboard Arrangements

Shipboard arrangements for use of telephone
service are handled by the communication officer.
The communication officer or a person detignated
by him serves as t4 shipboard technical operator.
He is responsible for all technical details incident
to shipboard operation of equipment.

Ft atesjor Service

The charge for service depends upon the
location of the ship as well as the, land tere-
phone. Irt't coastal waters are divided into rate
areas, 14hich are defined- by latitude and longi-
tude, as shown in NTP 9.. CLls normally are
made collect. Charges (toll' plus tax) on all
calls must be dollec,ted when 'fris..impractical
to make the call collect. The marine, operator
will furnish the charges upon request.
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(date)

From: Commanding Officer, USS..

To:

Subj: Coastal Harbociiand/or) High Seas Radiotelephone Service; request for
e5tablishment or discontinuance -of account

1. Type account:

Hi de s

Coa al Harbor

Ot

2. Action: Establish
Discontinue

3. The following date -is submitted:

Name of Vessel

International Cal l Sign
Assigned Home Port:
Billing,Address:

USS

Communications Officer
USS

(C/O FP.O. or other as appropriate)

4. The account with representative for Coastal Harbor and/or High 'e(3'
Accounts- at to be terminated effective
19

5. This vessel Will/will not pccept
monitor Coast Station Roll Calls.

Cop/ to:
(Type Commander)

igure 17-4. Form Letter for

41:1

quipment

.ffic an therefore will /will not

The letter will be signed by
the Commanding Officer or his
duly authorized representative
by di rection. )

76.155
Request* Establishment of Coastal Harbor and _High Seas Radiotele-

phone Service Account.

Transmitters: All standard, Navy MF/HF
ransmitters designed for A3 (voice) emission
re: if properly tuned and adjusted, adaptable

this service.
. .

Receivers:" .All standard tlavy MF/HF re-
eeivera designed forA3 receNion are suitable

for this service. AcNrate tuning to the correct
frequency is essential to ensure good service.

Push-to-talk, release-to- li sten operation:
This method is considered to be the most
practioal,, and satiffactory type /of Opera on.
However, this method offers difficul un-
practiced users. It is anticipated t a some
instruction will be necessary.
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Frequencies, station locations, and call signs
are listed in the current edition,- of NTP 9.

How to Place a Call

If you assume that the person desiring to
place a call has made necessary arrangements
with the communication officer _and, that trans-. mitting and receiving equipment have been pl-qp
erly adjusted and tuned to",the desired shdte
station frequency, The following procedure is
observed for placing and completing a call. The

/ ship's technical operator will:

1. Listen to make certain that the circuit
is not in use.

2. If the circuit is clear, call the marine
operator by voice. If there is no immediate
response, repeat the call after a short interval.
ExcessiVe testing, calling, and transmission of
signals without identification are forbidden.

Example:

"Norfolk Marine Operator, this is the I,JSS
America."

3., Wheh the telephone company marine op-
erator responds, give the name of the ship,
coastal rate area in which the ship is located,
and the city and land telephone number desired.
The marine operator should be requested to pro-
vide the time and charges when non collect'
calls are made. Exarriplel

"This is USS America, rate area 2A,
calling Minneapolis, Minnesota 336-1095
collect."
4. When the telephone company marine op-

erator has recorded call details and made neces-
sary connections, the circuit is ready for the
person making the call. For best results; speak
naturally and not too loudly. Also, wait until
the other party has finished speaking bee
starting to talk.

5. Upon completion of the conversation, im,
mediately advise the telephone company marine
operator that the call is completed. Example:

"This is USS America. Call completed. "",

HIGH SEAS RAD1011
TELEPHONE SEER E

Ship radiotelephone service through high seas
radiotelephone stations provides communication

376

between a ship and a land telephone. Service is
furnished- th4ough land radiotelephone stations
WOO, New York, NY; KMI;
Miarhi, FL; and KQM, Kahuk

Authorization _and availabi
remain ,,the same a for coastal harbor radio-
telephone flexvice. ,ecat4e of the distance in-
vol,yed, however, the provision of service through
thek stations is subject to transmissionoatmos-.
pberic, and other limitations.

-Ordinarily, service tge ships operating near
°the coast of the's'. United States furnished'
through coastal' harbor radiotelepte stations
established to p ovide radio communications bver ,
relatively sho distances. It is contemplated.,
that, in genera , ship radiotelephone service
through high seas, ndiotelephone stations will
be used by ships operating beyond the normal
range of these coastal 'harbor stations. -

land, CA; WONT,
u, HI.
of this senvice

CONDITIONS UNDER
WHICH SERVICE
IS PURNISH8)

4

, The conditions under which high eas-'1'adio-
telephone service is furnished are essentially
the same as for coastal harbor stations. An
exception is; furnishing the station with a general
approximation of the bearing of the ship on the
shore station in order:to assist with selection of
the antenna.

Service Charge

Determination of Service charge depends upon
location of both the ship ';And the land telephone.
The United Statesis divided into land rate areas
by ?groups of states; the oceans are divided into
ocean rate areas defined by latitude and longi -.
tude. Land and ocean rate areas are illustrated
in4,NTP 9.

Billing o°f Service Charges
,

Normally, all Calls are made Iollect. If it
is t4mpossible for all

billed'
to be made 'collect,

then thQ, charges are billed against the coastal
harbor telephone service account of the ship.

Difference ip ski

Operating' Procedures

The traffic .,procedures to be followed by
ships in handling calls through high seas.raliio-
tele4dheAetations differ but slightly froi}i handling
call throyigh a coastal harbor station. The
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)ssential differences in dealing with calls are

rfollows:
:f 1. After the radio circuit is established
5etwee ship and the shore traffic operators,:
he detz of. all calls on hand are passed,.
ogether , th any reports- pertaining to "calls
tarried forward from-a previous Contact period.
. 2:` In''dealinig with a number of active calls,

definite order of precedence of one call over
mother should be folloiked.* The basic order in
he use of the circuits is that a call on which
30 t h parties are immediately available is corn-
)leted before proceeding with new calls; other-
vise, calls are dealt with in the order in which
.hey are booked.

a
a

ti

* ,

To facilitate identification of azpail3'. icular
call where more than one call is actiNre e'at th
same time, the shore traffic operator. assigns a

,serial number to.eacp call. - , - ,
. .

A.
, ,...._

4. In passing to the Ship operator a call, re-
port, prNder that necessitates mention of atime
of day, 'the shore traffic operator eves the
time in terms of the shore station all instances.

..

Frequencies

Operating Trequengies for high seas radio -
teleyrone stations are contained. in NTP 9.

377
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GLOSSARY OF ;TERMS

ACP--.- Allied Communications Publication.
Provides communications instructions and pro-
cedures essential to conducting combined military
operations and com-fmnications in which two or
more Allied nations are involved.

AF Audio Frequency. A frequency which can
be detected as a sound by the human ear. The
range cit audio frequency extends from approxi-
mately 20't;20,009 Hz.

AFTS dio Frequency' Tone Shift. Keeping
the radio rrier constant and shifting back
and forth be en two discrete audio frequency
tones to pr ce the MARK/SPACE signals of
a teletype cha el.

iff

AMPERE he practical unit of electrical
current.

AMPLITUDE The maximum, periodically
varying quantity (such as an alternating voltage)
as measured from its average or zero values.

AMPLITUDE MODULATION The process by
which the amplitUde of the rf carrier wave is
varied in accordance with the electrical form
of the message. In amplitude mAutation, the
frequency of the rf carrier remains constant.

ANTENNA A device used. to radiate or inter-
cept radio waves.

ANTENNA LOADING The process of adding/\ removing inductan9e or capacitance of an antenna
to make its electrical lengtit adaptable to the
rsdiated or received signal.

ASC Automatic Switching Center.

ATMOSPHERg The miXture of gases, chiefly
oxygen and nitrogen, that surrounds the earth.

ATTENUATION A roduction , or loss in
energy. Attenpation occurs naturally during wave
travel' through lines, waVeguideS, spaces, or
a mediumpsuch as water. Attenuation May".Pe
produced intentionally by igeerting an attentiator
in an ciruit or placing an -absorbing device in
the path of the radiation:

,-

AUTODINAutothatic Digital Network. A
world-wide automatic communication systemthat
provides automatic data serviQe. a is a general
purpose network of the defensb-communications
system.

,

AUTO 'VON Automatic Voice Network. An
automatic circuit switching network that pro-
vides. voice interconnection between m'litary
and other installations, Navy afloat and aircraft
units are provided access to At/TOWN.

AUTOSEVOCOMAutorhatic
Communication If etivork.

Secure Voice

BAUD --- A unit of telegraph signaling speed.
The speed in bauds is the number of code elegy -,
nients (marks and spaces) per second. . r

BI,DiRECTIONAL Response in two. opposite
directions.

BOOK MESSAGE A message destined for two
or more 'addressees but is of such a nature that
the drafter considers that no addressee need or
'should be infornied of any other addressee.,

CALIBRATINGTo, determine, by measure-
ms.:nt or comparison with a standard, the correct
value of each scale reading on a meter or
other device or to determine the settings of a
control that correspond to particular .values of
voltage, current, frequency, or some other quan-
tity.
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CARRIER The/unmodulated radio wave pro-
,duced,by a transmitter.

CIC Meaning 41: Combat Information Center.
Meaning 'Pi: Content Indicator Code. The intended
meaning will be readily, ,apparent to the reader
by the contents of the subject matter. .

CODRESS--, Message type where the origina-
tor and all addressees are included in the
encrypted tent.

COM,?110MISE The known or suspected ex-
posure of classified information or material
to an unauthorized person.

COMSEC MATERIAL All material, ineluding
publications, devices, equipment, or apparatus
essential to the enbryption, decryption, orauthen-.
tication-of telecommunications.

CONDUCTIVITYThe ability of a material to
conduct electric current.

CONFIDENTIAL= A classification assigned to
information or material. 'The unauthorized dis-
closure of Confidential'information could reason-
gbly be expected to cause damage to the national
security.

CONTROLLE D. AREAAn -area within which
uncontrolled movement does not permit access
to classified information, and is designed for
the principal purpose of providing administrative
control, safety, or a "buffer" area for lim'ted
or exclusion areas. 't

CRITICAL FREQUENCYThe maximum fre-
quency below which a radio wave will be refracted
by an ionospheric layer at vertical incidence
at a given time. Higher frequencies will penetrate
the layer. Also called penetration frequency.

C eiRRENT A movement of ielectrons or
charges along a conductor.

DECIBELA unit used to relate the ratio of
two power leVels. Each three decibels (dB) is
equivalent to a 2-to-1 power ratio.

DIFFRACTIONThe' apparent bending of a
wave around the edges of an object. It is caused
by interference between wave components scat-
tered by the boundaries of the object.

DIRECT WAVE A radio wave that is propa7
gated in ,a straight line from the transmitter to
the receiver.

DISTORTION An undesired change in wave-
forms.,

DUCTING A phenomenon ire which radio
wayes are trapped in a- layer or duct of warm
air. The duct acts as a wave guide and may cause

.,the wave to be received over abnormlilly long
distances.

EHF Extremely High Frequency (30 -300
Gf-lz)

,ELECTROMAGNETIC ENERGY Energy as"-
secciated with radio waves, heat waves, and.tithe-r,
types of electromagnetic radiation.

EMCQN Electromagnetic Emission Control.
Effective management of emissions .to obtain the
maximam tactical advantage.

.

ENCRYPTION The process of converting
intelligible information to an unintelligible form
for transmission.

EXCLUSION AREAAn area containing clas-
sified information of a nature that access to the
space would constitute access to the informatiOn
contained in the space.

EXEMPT Ah element of a colleCtive call
sign who is not an intended addressee of the
message. Designated by the prosign (MT..

FACSIMILE (FAX) A system of communi-
cation in which a photograph, map, or other('"
fixed graphic material is scanned and the in-.
formation, converted into signals for transmission
by wire or radio to a facsimile receiver at
a remote point.

FADING Variations, usually gradual, in the
field strength of. a radio/signal that are caused,
by changes ,in the transmission path or medium.

-FEEDBACKThe return of a portion of the
output of a circuit to its input.

FIELD STRENGTHThe strength of an elec-
tric, magnetic, or electromagnetic field at a
given, point.
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FREQUENCYThe . number of complete
oy6les per unit of time for periodic phenomena,.
such as alternating- current, sound waves, or
vibrating systems. f

FREQUENCY DIVERSITY Diversity recep-
tion which involves the use of two or more
carrftir frequencies, each having'the same modu-
lation, to take advantage of the fact that fading
dcies' not occur sinaultaneouSly on different fre-
quenelesi

FREQUENCY MODULATTON odulation in
which the instantaneous frequency 6f the carrier
is caused to change by an amount proportional
to the instantaneous amplitude of the modulating
wave.

FREQUENCY OF 0?TIM UM TRAFFIC
(FunThe frequency which is capable of pro-
viding the communications between two specific
points for a given hour, depending upon the con-
dition of-the ionosphere.

FSKFrequeney Shift Keying, A variation of
frequency motlulation. The rf carrier frequency
is shifted above and below the carrier frequency
of the transmitter corresponding to the marks
and spaces of a teletypesignal..

FREQUENCY SPECTRUM, The entire range
of frequencies from sound waves up through the
various degrees of light-waves.

GtGAHERTZ Kilomegahertz. Giga is aprefix
representing 109.

,GROUNDWAVE Refers to those types of
radio transmissions that do not make use of
refractions from the ionosphere. Direct waves,
ground-reflected waves, surface waves, and trop-
°Spheric waves are all components of the ground
wave.

-GRIMM? REFLECTED WAVE The com-
ponent of the ground wave that reaches the re-
ceiving antenna after' being reflected from the
ground or the sea.

HERTZTerm used to indicate cycles per
second. Exampll: Hz, KHz, MHz, etc.

HICoM Navy High Command world-wide
voice network.

, .
ICSBInterini Command Switchboard. A sys-

tem providing. an interfaceppetween voice. radio':
circuits ii,nd'-shore telephone system

INCIDENT WAVE A wave that impinges on
discontinuity or 'on a medium having unlike

propagation.characteristics. Also, a current or'
voltage wave that is traveling through a trans-
mission 'line in a ,direction from 'source to.load.

,

INFRAAED Electroinagnetic radiation that
lies in the frequency range' just below that of
visible red light.

_ , si

IONOriPHERE L The outer region of_ _the
earth's atmosphere, Where ions and electrons
ace Rresent in qUantities sufficient to 'affect
the pro ation,of . radio ,waves. .It begins abotit
30 mil up' and extends to; about 250 -rnilek;

ISB Independent Side Band., Independent side,
band is radiation of a reducled rf carrier A
which one intelligence is used to modulate 'the
upperside and' another Intelligence- is used to
naodulat&the lowersidc. .

ISOTROPIC ANTENNA -LA hypothetical an-
tenna that radiates of receives signals' equally
well in all directions.

.1t1NAPJciint Army-Navy-Air Force Publi-
cation;

ikHz Kilo Hertz (1000 Hertz).

LDMXLoCal Digital Message Exchange.

LIMITED AREAAn area containing classi-1
fled infoxmation in which uncontrolled movement
would permit ( access- to such classified in-
formation. _

LOBE The 'steal drop" shape radia,tiOn
pattern of a directional antenna. The direction
of maximum radiation coincides with the axis
of the major lobe. All other lobes in the pattern
are called minor lobes.

LOW,gST. USABLE FREQUENCY (LUF) The
lowest. high 'frequency which is dependent upon
equipment characteristics that is effective at
a specified firrie, for ionospheric pfopagation
of. radio waves between two specified points.

380

ti



Appendix I GLOSSARY 'TERMS

L01 Lower sidebarid. The band of fre -'
quericies in an arplitude modulated rf wave
which extends from the rf carrier frequency to
3 kHz below the rf carrier frequency.

MAXIMUM USABLE FREQ ENCY (M tiF)
The, highest operati ncy that is re-
flectedifrom. the iOno phere for '3,-point -to -point
path for '509; of the days in °a given month.,

MICR4WAVE,,--Waielengths in the micro,.
wave spectrum front .'about, 30 cm to .0.3 cm.

MINIMIZE The condition necessary to re-
duce . voice and record traffic so that essential
traffic may be efficiently handled.

MHzMega Hertz. (1,000,000 Hertz)

MPDS Message Processing and Distribution
System:"

N'AVCAM2 Naval Corrilvinications Area
Master 'Station, control coordination of all naval
communications Within a NAVCOMMAREA.

NAVCOMMSTA Naval Communications Sta-
tion. An activity which operates and maintains
those facilities, eyStems, equipments, and
devices necessary to provide requisite -fleet
support and ,fixed communications services for
a specific area.

NAVCOMMU Naval Corn-nunications Unit.
An activity smaller in personnel, resources,
and facilities than a NAVCOM VISTA and which
is assigned a more limIteeor specialized func-
tional mission.

NAVCOMPA,RS Naval Communications Pro-
cessing and Routing System.

./
NAVRADSTA Naval Radio Station. A NAV-

RADSTA may be ether transmitter or receiver
and provides the NAVCOMMSTA/NAVCOMMU
With transmitting and receiving facilities.

NOISE An undesired electric disturbance
that tends to interfere with the normal reception
or processing of a desired signal.

NWPL Naval Warfare Publications Library.

OFF-LINE ---,The term used to describe the
process of encrypting messages for transmission
using manual procedures and having the message
in an encrypted form when handled by the oper-
ator.

°INThe unitdof electric resistance. A cur-
rent of 1 'ampere will flow through a resistance
df 1 ohm when a voltage of 1 volt is applied.

OMNIDIRECTIONAL Radiating or receiving
evenly in all directions.

ON- LINE The terrhAlised to describe the
method of automaticallyencrypting a message
as it is transmitted through a classified crypto
system.

OSCILLATOR =A circuit that generates al-
ternating current at a frequency determined by
the values of its electrical components.

PARABOLIC ANTENNA= A directional mi-
crowave antenna using some form of parabolic
reflector to give improved sensitivity and di-
rectivity.

PEAK ENVELOPE POWER (PEP) The av-
erage power supplied to an antenna: by a single
sideband transmitter.

. PHASE The position of a point on the wave7
form, of an alternating or other periodic quantity
with respect to the beginning of the cycle.

PHASE MODULATION Mbdulation in whidh
instantaneous phase of the carrier wave is
caused to shift from its normal position by an
amount proportional to the instantaneous am-,
plitude of the modulating wave. , _

POWERThe rate at which electrical energy,
is supplied to or taken from a device, measured
in watts.

PRO FORMA MESSAG'E A message with
Strictly formatted textual elements. Information
in these messages always appears in the same
location, as in MOVREPS and CASREPS.

PROPAGATION The method by which elec-
tromagnetic or sound waves travel through a
conducting medium.

"Q" MESSAGE The claSsified portions of
the navigational warning system of Allied nations.

RADIO FREQUENCY (rf)-- A 'frequency at
which coherent electromagnetic energy is .use-
ful for, communications purposes.
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REFLECTORA system of metallic rods,
screens, or surfaces used with an antenna to
give it a directional effect.

REFRACT The bending of heat, light, radar,
radio, or sound waves as they pass obliquely
from one medium to another in which the velocity
of propagation is different.

RELATIONSHIP OF VOLTAGE, CURRENT,
RESISTANCE, AND POWER Voltage is the
force that moves electrons, creating current
flow. Current flow is directly proportional .to
the amount of applied voltage. Resistance is
the ppposition a circuit offers to the flow of
current. In a circuit containing only resistance,
power is equal to the product of the current
and the voltage.

RELEASING OFFICERThe commanding of-
fleet or officers designated by the commanding
officer with the authority to release outgoing
messages for the Command. ,)

RESISTANCE The opposition that ,a device
or material offers to the flow of electrical
current. Resistance is measured in ohms.

RESONANCEThe condition existing in a
circuit when the frequency of an applied voltage
or current equals the natural or resonant fre-
quency of the oircuit.

RFCS Radio Frequency Carrier Shift. See
the definition for FSK.

RHOMBIC ANANNA A horizontal antenna
having the shape of a diamond or rhombus.
Usually fed at one apex and terminated with
a resistance or impedance at the opposite apex.

SECRETA classification referring to
national" security information. The unauthorized
'disclosure of Secret material could reasonably
be expected to cause serious damage to the
national security.

SELECTIVITY A merit figure that expresses
the ability of a circuit or device to respond
to an input quantity.

SENSITIVITYTheminimum input signal re-
,

/quired in a radio receiver to produce a specified
output signal having a specified signal-to-noise
ratio.

SHF Super High Frequency (3-30 Gfiz).

382

SKIP DISTANCE The shdrtest distance from
the transmitter at which a given sky wave will
be returned to the earth after reflection from
the ionosphere.

SKIP ZONE An area beyond the grout
wave reception region, within which no radio
signals are received. Beyond the skip zone,
sky-wave signals may be received.

SKY WAVE A radio wave that travels up-
ward and away from the earth. It may be re-
turned to the earth by refraction from the
ionosphere.

SPACE DIVERSITYRadio- reception in-
volving 'the use of two or more antennas located
several wavelengths apart. These antennas feed
individual receivers whose outputs are com-
bined.

SPACE WAVE The component of a radiq
wave that travels through space from the trans-
mIlting antenna to the receiving,anterma. One part
of the space wave travels directly to the re-
ceiving antenna while the other part is reflected
off the earth.

STANDING WAVESA-stationary wave which
builds up on a transmission line when some of
the energy being fed /by the source is reflected
back from the load. The incident and reflected
energy reinforce at fixed points and build up
a standing wave. -

STRATOSPHERE A layer of the earth's
atmosphere above,, the troposphere extending
from about 7 miles to about 50 miles above
the earth. The temperature is essentially con-
stant in the stratosphere.

SUNSPOTA dark spot observed on thee(n.
Such observations are usually followed by/mag-
netic. storms near the earth. Thes storms
affect radio communications at the ower fro-.
quencies.

SURFACE WAVE A
the sutface of the ear
face wave travels fro
is governed by th
transmitter,

(.1

e that travels along
The distance the sur-

the transmitting antenna
power generated from the
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TOP SECRET A dtassification referring to
national security information. The unauthorized
"dieelosure of Top Se9ret material could, reason-
ably be expected to cause exceptionally grave
damage to the national security.

.TROPOSPHRE The portion of the earthct
atmosphere extending upward from the surfs
of the earth up to about 6 miles in which tem-
perature generally decreases with altitude, clouds
forth. and convection exists.

TUNING Adjusting circuits for best per-
formance at a desired frequency.

TVVX: A commercial teletypewriter ex-
change.,

\IUHF Ultra-High Frequency. (300-300 MHz)

UNIDIRECTIONAL Flowing in only one di-
rection, such as, d.c. current. Radiating in only
one direction.

USB Upper Side Band. The band of fre-
quencies in an amplitude modulated rf wave which
extends from the rf parrier to 3 kHz above the
rf carrier.

VHF Very High Frequency.

VLF =Very

(30-300 :MHz)

Low Frequency. (below 30.101z)

VOLT The unit of voltage, potential differ:
epee, are electromotive force. One volt will
cause al current bf one ampere to flow- through
a 'resistance of one.ohm.

VOLTAGE The term ed to designate a
difference in electrical pre sure between two
points in a circuit whisch is capable of pro-
ducing a flow of current.

WATT .The unit of 'electrical power. In a
d.c. circuit, \the power (in\ watts) is equalto
the voltage (in volts) ,multiplied by the current
(in amperes)
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APPENDIX II

ELECTRONICS SYMBOLS

AMPLIFIED (2)

GENERAL

-->
WITH TWO INPUTS

WITH TWO OUTPUTS

WITH ADJUSTABLE GAIN

WITH ASSOCIATED POWER
SUPPLY

WITH ASSOCIATED A TTENUA- ,
TOR

WITH EXTERNAL FEEDBACK
PATH

AMPLIFIER LETTER COMBINA.
TIONS Compla.ef-us ,dnrIco
tool. on symbol rq,,,,(11

BDG BRIDGING
BST BOOSTER
CMP COMPRESSION
DC DIRECT CURRENT
EXP EXPANSION
LIM LIMITING
MON MONITORING
PGM PROGRAM
PRE PRELIMINARY
PWR POWER
TIRO TORQUE

ANTENNA (3)

GENERAL

DIPOLE

LOOP

1r

COUNTERPOISE

ARRESTER, LIGHTNING 00

GENERAL

411

CARBON BLOCK -

-00-
ELECTROLYTIC OR ALUMINUM
CELL

HORN GAP

PROTECTIVE GAP. 0-
SPHERE GAP

VALVE OR FILM ELEMENT

mut_ TIGA r

--0 0
ATTtNUATOR, FIXED

(see PAD/ (57)
some symbol as yoobIe

amen valor,. w,tho t .o,.
ob,l.tyl

ATTENUATOR, VARIABLE (5)

BALANCED

UNBALANCED

AUDIBLE SIGNALING
. DEVICE (6)

BELL, ELECTRICAL; RINGER,
TELEPHONE

BUZZER'

HORN, ELECTRICAL, LOUD-
SPEAK ER, SIREN; UNDER
WATER SOUND HYDROPHONE,
PROJECTOR OR TRANSDUCER

HORN, LETTER COMBINATIONS
(.1 rtowredl

HN HORN, ELECTRICAL
HW HOWLER
'LS LOUDSPEAKER
'SN SIREN

EM ELECTROMAGNETIC
WITH MOVING COIL

r DAN ELECTROMAGNETIC
WITH MOVING COIL
AND NEUTRALIZING
WINDING

'MG MAGNETIC ARMATURE
(PM PERMANENT MAGNET

WITH MOVING COIL

:'den(dicofion 'triodes ..1,
osier,sk on d It 'dogge.i

SOUNDER, TELEGRAPH.

BATTERY (71

GENERALIZED DIRECT. CUR.
RENT SOURCE. ONE CELL.

+--I)-

MULTICELL

CAPACITOR (8)

GENERAL

I .......) H

POLARIZEDj±
IN

ADJUSTABLE OR ',ARIA LE

CONTINOUSLY ADJUSTABLE
OR VARIABLE DIFFERENTIAL

PHASE-SHIFTER

-L

SPLIT-STATOR

H
r ED-THROUGH .1

rTN
12-12

CELL, PHOTOSENSITIVE
(Sernoconductorl (91

ASYMMETRICAL PHOTOCON
DUCTI VE TRANSDUCER

SYMMETRICAL PHOTOCON
DLICTIVE TRANSDUCER

NUMBER IN PARENTHESES INDICATES LOCATION OF SYMBOL IN MIL-STD PUBLICATION
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PHOTOVOLTAIC TRANSDUCER;
SOLAR CELL

CIRCUIT BREAKER (11)"

GENERAL

WITH MAGNETIC OVERLOAO

OR "Th

ORAWOUT TYPE

CIRCUIT ELEMENT (12)

GENERAL

CIRCUIT ELEMENT LETTER
COMBINATIONS (mplocs ()
ostri

EG
FAX
FL

""FL-BE

FL-BP
FLHP
FLLP
PS
RG
RU
OIAL

EL
PR

T Y

EQUALIZER
FACSIMILE'SET
FILTER,
FILTER, BANO
ELIMINATION
FILTER, BANO PASS
FILTER, HIGH PASS
FILTER, LOW PASS
POWER, SUPPLY
RECOROING UNIT
REPROOUCING UNIT
TELEPHONE OIAL
TELEPHONE STATION
TELEPRINTER
TELETYPEWRITER

AO ITIONAL LETTER COMBINA.
TIONS (symbols preferred)

AR
AT
C
CB
HS

L

LS
MIC
O SC
PAO

HT
K

T
WR

AMPLIFIER
ATTENUATOR
CAPACITOR
CIRCUIT BREAKER
HANOSET
INOICATING OR SWITCH
BOARI5 LAMP
INOUCTOR
JACK
LOUDSPEAKER
MICROPHONE
OSCILLATOR
PAD
PLUG
RECEIVER, HEADSET
RELAY
RESISTOR
SWITCH OR KEY SWITCH
TRANSFORMER
WALL RECEPTACLE

CLUTCH: MAKE (14)

OISENGAGEO WHEN OPERATING
MEANS I EENERGIZEO

j-- m OR J _

ENGAGEO WHEN OPERATING
MEANS IS OEENERGIZEO

COIL REPLAY and
OPERATING (16)

0 0 R Eir

SEMICIRCULAR DOT INOICATES
INNER ENO OF WIRING

4
+ OR fp
CONNECTOR (1Bi

ASSEMBLY, MOVABLE OR STA'
TIONARY PORTION; JACK, PLUG,
OR RECEPTACLF

) OR <
JACK OR RECEPTACLE

OR 0

) OR 0
.SEPARABLE CONNECTORS

OR CD

TWO-CONOUCTOR SWITCHBOARO
JACK

PLUG

0%r-''

TWO-CONOUCTOR SWITCHBOARO
PLUG

JACKSNORMALLEOTHROUGH
OME WAY

.TV 0

--f-v ,

JACKS NORMALLEO THROUGH
BOTH WAYS

vr
'ry 0 11 vr-

2-CONOUCTOR NONPOLARIZEO
FEMALE CONTACTS

2- CONDUCTOR POLARIZED, MALE
CONTACTS

-4-

WAVEGUI0E F LANGE

PLAIN, RECTANGULAR

-0->
CHOKE, RECTANGULAR

NGAGEO 4CONDUCTOR; THE
PLUG HAS IYAALE ANO 3 FE
MALE CONTACTS, INOIVIDUAL
CONTACT OESIGNATIONS SHOWN

OR
efr

COAX AL, OUT SIOE CONDUCTOR
SHOWN CARRIEO THROUGH

COAXIAL, CENT Et CONOUCTOR
SHOWN CARRIED THROUGH; OUT
SLOE CONOUCTOR NOT CARRIEO
THROUGH

MATEO CHOCK FLANGES IN REC .
TANGULAR WAVEGUIOE

-EX >
COUNTER, ELECTROMAGNETIC;

MESSAGE REGISTER (26)

GENERAL

WITH A MAKE CONTACT

COUPLER, DIRECTIONAL (27)'

(common comool/wavguid usage)

(common cOoxiol/wovoguld usage)

E-PLANE APERTURE-COUPLING,
30-DECIBEL TRANSMISSION LOSS

XC) 30DB

COUPLING (20)

BY LOOP FROM.COAXIAL TO
CIRCULAR WAVEGUIOE, OIRECT
CURRENT GROUNOS CONNECTtO

CRYSTAL. PIEZO.
ELEETRIC (d2)

-HOF

DELAY LINE (31)/,'

GENERAL

(11 *
TAPPEO OELAY.

BIFILAR SLoWNAVE STRUCTURE
(commonly used in trovling4ovo
tams)

(length of ol'Orintlicotioorimplocos
() ommislo)

DETECTOR, PRIMARY;
MEASURING TRANSDUCER (30)

. (ego MALL GENERATOR end
THERMAL CONVERTER)

DISCONTINUITY (33)

(common coociol /wovoguitlo usage)

EQUIVALENT SERIES ELEMENT,
GENERAL

CAPACITIVE REACTANCE

INOLICTIVE REACTANCE

INOUCTANCE&APACITANCE CIR
CUIT, INFINirr REACTANCE AT
RESONANCE

13.5k
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RADIOMAN 3 & 2
I

.. '

INQUCTANCECAPACITANCE '
CIRCUIT, ZERO FgACTANCE AT ,
RESONBNCE

-1

TWIN TRIODE,
CATHODE

EOUI POT ENTIAL REFLEX KLYSTRON,
CAVITY, APERTURE

II

r ...
TRANSMIT - RECEIVE
TUBE GAS FILL
INTEGRAL CAVITY,

COUPLED, WITH

.

INTEGRAL
COUPLED

0
(TR)

EO, TUNABLE
APERTURE

STARTER

.

HIGH-VOLTAGE PRIMARY CUT- ,
OUT, OIL

.

-/--f§.--- OR .-----.
.

4

'
TYRICAL WIRING
SHOW TUBE
IN ANY CONVENIENT

0
SYMBOLS

FIGURE

' -

TO
PLACED
POSITION

s

GOV,ERNOR (contact-making)
(37)

.

CONTAWS SHOWN
CLOSED4

..

HALL GENERATOR

talk

HANDSET

GENERAL

- -----t:lce
.

.`
OPERATOR'S SET
TO-TALK SWITCH

V -----:

HERE AS C

I ,,,. I/

'
(39) '

_
.

(40)

'
WITH PUSH.

6

.

....

RESISTANCE

, \.

EQUIVALENT SHUNT ELEMENT,
GENERAL

.

A
TRAVELING-WAVE

FORWARD-WAVE
,WA,VETUBE

WITH
SLOW-WAVE
ATTENUATION,
FOCUSING
PERMANENT
PUT
PLING
TURETA

. r

: (114

FOUR

AND

OEXTE
LAR

AMPLIFIER
GRI9S,
STR

BY- E
M

rI OU
ACH ;

,
15

. \

a

TUBE (typicol)

TRAVELING
SHOWN

HAVING
CTURE WITH

I,

TERNAL
GNET, rI I -

PUT COU-
LANE AP R.
NAL RE

,

, _..:

laZ1 \

410
111CAPACITIVE SUSC PTANCE

.
A

.

It '

.

MI

A RECTIFIER, VOLTAGE
LATOR
see L 1M P, GLbV/I

PHOTOTUBt, SINGLE
PLIER '

REGU-

ANC) MULTI-

-f''

,
.

.
.

;., INDUCTIVE SUSCEPTANE

A HYBRID (41)

GENERAL

.
i

HYB

INDUCT.ANCE-CAPACITANCE
CIRCUIT,-INFINITE
ANCEaAT RESONANCE T

0$ .

IllIti

'
FERRITE

FIEeD

I

.FIELD
TUDE MOOUL4ATOR

'

g

.,

POLARIZATION

450
,\

POLARIZATION

@

,. ,

.

VICES (1,00)

R 0 i A ,T 0 R

'
E

---
et? (\

AMPLI
'
/

-._ '

JUNCTION
(common coosioliwovguid

c.
.

-

usocil0

H t

CATHODE-RAY TUEIEFL
STATIC AND MAG,N.E
ELECTION

_ .

0
ECTRO-

TIE DE-

1/4.,,
.s

'INDUCTANCE - CAPACITANCE
N..IRCUIT, ZERO SUSCEPTANCE ,

T RESONANCE 1.

A CIRCULAR

, H or E tronsveri16

cotorsirepliapt

RECTANGULAR
COAXIAL COUPLINGs

E

.

old in-
(*) ot Itk)

s...

WAV E-.ANEL,
''''=,. .

'

MERCURY
AND
FIER)

.

,POOL
CONTROL

A

TUBE.
GRID i

,

IGNITOR
se RECTI.

.

ELECTRON

TRIODE

.'

TUBE (34)

'

fil
at

FUSE (36)

-41711-5- OR',

. .
PENTODE, ENVELOPE
EO TO BASE TERMINAL

.

to

CONNECT.
.

.

i
RESONAJIT MAGNETRON,
AXIAL OUTPUT AND

.NENT MAGNET

r.0-
RERMA

1

'

INDUCTOR

GEN AL

II'S 0

.

.
1. 4,

(42) .

R 136Ir

--f-4-OR
.

HICO-1-VOL T AG PRIMARY CUT-
OUT, DRY

- '11,__, 1.1.__
1

(

.

386
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Appendix I? MECHANICAL AND ELECTRICAL SYMBOLS

A

'4GNETIC CORE CONDITIONION

STATE (logo

A LOGIC PIE.
COMES LAST
THE INPUT

AN AND P)
IS LOW IF A
INPUTS AR:

DICATORS

n- gation)

0
ATION OUTPUT BE
TE IF AND ONLY IF
S NOT.I.STATE

C. WHERE OUTPUT
D ONLY IF ALL '.
HIGH . or

I

FLIPFLQPAATCH

I I

-4-
LOGIC LETTER COMKNATIONS

.CS N. CLEAR (rso,o'
T TOGGLE (trigge,)-
(N) . Numecp OF BITS
BO BLOCKTNG OSCILLATOR
CF CATHODE FOLLOWER
EF EMITTER FOLLOWER
FF
SS

FtIP.F LOP. !
SINGLE SHOTSINGL

ST SCHMITT TRIGGER
--1.

RG(N) REGISTER (N ito1
SR SHIFT REGISTER

/

MACHINE. ROTATING (46)

GENERATOR

.

MOTOR L'' a
.-

...

CO
...

,1

'

' METER. INSTRUMENT (48)

... 4
6 dnr.hcatoon replace 1'10,,.141

. '
.

METER LkT TER COMBINATIONS

A A4/iNETER
AH AMPERE -HOUR.
CM A'' CONTACTMAK1NG for

brolto ng) MAKING
CMC CONTACT-MAKING (or ..... ,

brak$ng) CLOCK . 4
CMV CONTACT-MAKING.lor

broloong) VOLTMETER
- CRO OSCIELOSCOPE OR

CATNOOERAY OSCIL-
. LOGRAPH '

DB DB tdaball METER
DBM OBM Idcobal rNored ,o

I ITIIIIwom/ METPR
J OM DEMAND METER' .,

DTR DEM_AND-TOTALIZIN
RCLAY

F FREQUENCY METER
G GALVANOMETER
GO GROUND DETECTOR,
I INDICATING

/NT INTEGRATING
//IA et

UA MICROAMMETER
MA MILLIAMMETER
NM 4QIS METER

.)OHA OH FIER
OP ) OIL El'SURg,

\

(

.

.% /n/Y

TAPPED

?
-

71"" ,
ADJUSTABLE, CONTINUOUSLY
ADJUSTABLE

.

FL

0
.

.
,

.

.

REGISTER

1

.

I 4
.

KEY,

- -

BALLAST

a-74,

-,... \
TEL/GRAPH (43)

--i-<''..

' LAMP (U) 4)

LAMP, BALLAST TUBE

Allk(1C.

A

,s s.s s,,

RG(4) C

NO 10 10 I

B
C

ELECTRIC I VERTER

lbonary
flops and

"AMPLIFIER

egos
boo

.

do;

I

ls
dnoting
.

AMPLIFIER)

'
' 4.

lois. flop

N
OR

We, onvor.
If and only of

tn.,. output
and only of ,,.tout

LEVEL IrIe

1-STATE
LESS .

'
I symbol r

dorcfion I II

AN AND PUN
I- STATES AT
AND 0 TPU
POS al_ yE

B

.- /
SINGLE SHO

----

/put becomes l staff.
the Input Is 1- stole)

$ more pos. of
o less po.) .

ovoid

I,
S 1OATE IS

o. MORE .

t
viangle potelkng ,n

w)

WITH INPUT
',

MORE POS,LEVEL
1.STATE AT LESS

oW oo,tpot)

v.

Ittr
LAMP. FLUORESCENT, 2 AND 4
TERMINAL

.i

AR
RO >,1

CHANNEL
TRANSMISSION)

GNETIE
P HEAD)

cOSCIL LAT OR'''s

PATHIC Is" PATH.

HS,,,e,DS ( PICK-

OKILLATOR

--4 kale
LAMP, GLOW, NEQN LAMP

A-C

4.1iDo

p>

DC

40

OSC . , .
OR t

.
il E L A Y . CONTAr TS (s CON

-TACT, ELECTRICAL) RELAY,
' ELECTROMAGNETIC se.. REAX

COIL RECOGNITION

SIGNAL FLOW l'scoo.DIRECTION OF
FLOW)

TIME DELAY (ee DELAY LINE'
r

,

LAMP, 1111CNDESCENT
fr

::=XD

INDICATING LAMP. SWITCHBOARD
' LAMP

(s...VISUAL SIGNALING DEVICE)

LOGIC (.44 806B and Y32.141
(.neludng ome_klaphcat symbols,
Icfe dnd roghfgored symbols are not
mixed)

AND tunct$on

....aOotrn do
.d 1 1 ,

SCHMIT 1 T
AND TWO 0

.
r

reeIactisns.da

GGER,'
T PUTS"

'00,

WAVEF 0174'

.

T D

T ME DELAY WITH TYPICAL DE,
LAY TAPS

.a
15 ...5

ST '
I

A'
OR

-

, ,
"

''''' 111110OR function

FLIPFLOP

SIISEC

COMPLEMENTARY
,,

L;_0
0i

'

49 $

.

K
,...

FLINCTI,QNS NOT OTHERhISC SYM
BOLIZ/ED 1 fc

*1 OR.
OR

EXFV9IVE-OR functoon

S T C

FF

0

OE
OR

...,

. 1

(() onput od. of Aop symbols ,
gonrol)

c.,

(,denifl$ ce .on ..place (NI

381
;94
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RADIOMAN 3 & 2

O

MODE TRANSDUCER (53) ' /
. ,

STEREO 4 I , '* RESONATOR, TUNED
CAVITY (71)

---,,,...
. BREAKDOWN, 0 OOE, uNickFc- .,
TIONAL(466-Gackw.""d°,'
volonclevliad, voltage mov,!Ir....._

(umramm csoos16I/weveguielo us1696)

. _

TRANSDUCER FROM RECTAHGU
LAR WAVEGUIDE TO COAXIAL
WITH 810(7E SUPPRESSION, 01
RECTCURRENT GROUNDS CON.
HECTE0

(common coosioltwavegua

RESONATOR
PRFSS1ON

.06111\NE APERTURE
TRANSMISSION
LOOP T.0

1:411)Lj

TUNABLE
RECTCURRENT
NECTED TO
VICE AND
BY AN E.PLANE
A RECTANGULAR

--

ee

ROTARY
(COUPLER)

GEOlifAL;
WAVEGUIDE

(tronrni s sit',
bal replaces

COAXIAL
LAR WAVEGUM

CIRCULAR
IN RECTANGULAR

SEMIC016CTOR
(Two

SEMICONDUCTOR
FIER

if--- OR

CAPACITIVE
Voroctor, (*octanee
diode) ',,s

.

1114.7

, ,,,,
.6611,-

WITH MODE SUP.
COUPLED BY AN E

TO A GUIDED
PATH AND BY A

A COAXIAL, PATH

aiba nrdiad,
'.diod

04
.

$EAKOOWN
AL AR()
bipolar voltoot

.

.ilfej
i

,TUNNEL

7-11÷,
J

7 EMPERATUREOEPENDENT
DIODE

..0,1

voltag lie,

.. .RECTIFIER'
,SEICOHOUCTORLI RECTIFIER;
RECTIFIER; ASYMMETRICAL
VARISTOR
.,.-..)
, .

, 1
MERCURY-POOL
RECTIFIER

'

(65)-

0100E; METAL.
ELECTROLYTIC

TUBE PPWER

-

OR

DIODE, BrOIRECTION.
aka( WARD DIODE (also

limier.)
.

re.
4101111k

OR-

DIODE (also Esaki ;Jidda)

ilk

. p ..

" J
RESONATOR WITH DI.

GROUND CON.
AN ELECTRON 0E.

ADJUSTABLY COUPLED
APERTURE TO

WAVEGUIDE
/ .

-
,

,

0.

_
...

/47;11ION. MECHANICAL (54)

'ROTATION APPLIED 11) A RE-
SISTOR (

.

OR -.°CA e c w
... T -

,
- .

N(Identifi cation re81,oas ("),astvisR)
f

NUCLEARIAOIATION DETECTOR,
GAS FILli IONVATIOH,CHAN

' 8ER; PRO ORTIONALO'COUNTEIR
TUBE; ,
CsfIGERMULLER COUNTER
TUBE (50) (see RADIATION-
SENSITIVITY INDICATOR)

..

'."

4t

.

PATH, TI,NSIAISSION (MO

ABLE; 2CONDUCTOR, SHIELD
ROUNDED AND 5CONDUeTOR

.

IELDEO
.,

-

.

FULLWAVE BRIOG
r

.

r / +

,
RESISTOR

,GENERAL
. .

.

We OR
.

t
TAPPED

'''''
ATT: OR

HEATING

4.A.A. OR

.., SYLMETRICAL VARIST0R
OR, (-.)1: AGE SENSITIVE

. cpcbid., etc.)

.

OR---(6--

(Identification marks
, art.nek)

WITH ADJUSTABLE

,

....
° --Nrf

.
ADJUSTABLE OR

ODJUSTABLE (variabl)

,

7/...
(.dertiitcoteon\fplacis

)
.

- "/
E.TYPE
;

,

-f e, -
(68)

X

A

-°-(=ip"---

. .

OR Iv
;

.

Allik ,--Oa.

JOINT,

WITH RECTANAIULAR

C

0
rth

( ) a Itr

TYPE IN

WAVEGUIDE

9 (4A32)-

Terminal,

.

OR-,t ISP
.

PHOT9DIDDE (also sslor c611)

VW.
OR

e.
RF /

.(724

rcogrotion yrn- .
.10

RECTANGU-

EF
TYPE

WAVEGUIDE

.

[I
DEVICE (73)

diode)

DJODE; RECii.

84

SEMICONDUCTOR
SWITCH
loyei/diode

.
',/

DIODE, PNPN
(also Shockley ;Lode, friar-

and SCR).
.

OR

'OH

. 2---
0

.

f=4=--- .
RESIS.T.
(sillcin

..° - .

OR 1111

rplace I

'
CONTACT

(HultiTrrnin.al,

PNP TRANSISTOR

NPN TRANSISTOR

.

/
UNIJUNCTION
TYPE

jr
r

transistor, c.)

.

.

.

-

TRANSISTOR, N.
BASE

I I

---.1---
---4-i
4-(------i-t I -

... /1
. PICKUP HEAD (61)..

GENERAL

i >
WRITING; RECORDING

_ 1-41. , >

REAE/NO: PLAYBACK 1OR ;

CONTINUOUSLY

.

OR -.-1:0-_,-

(') astrIk;.

OR÷)--

DIODE Coals yaricap,
diode, parametric

' 4111

ERASING

4 'i>
WRITING:READING, AND ERAS-
ING Jrr.-i-40 et, D R

HE

38e.

a,

S

13.5E
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Appendix/ - MECHANICAL .A14D ELECTRICAL SYMBOLS

UNIJUN
?TYPE

5

. R'''''..I.1.17E2-0EFFECT.TRANSIETDR,
TYPE

-
FIELDEFgECT
TYPE BASE
(

w

SEMICONDUCTOR.
TPPE SWITCN

SEMICONDUCTOR
TYPE SWITCH

NPN TRANSISTOR,
BIASED

TION
BASE

BASE

BASE

..

TRANSISTOR,

OR

TRANSISTOR,

OR

TRIODE,

TRI6DE,

TRANSVERSE.

OR

.

4

P. -

N-

P.

.

PNPN.

...

.

NPNP.

SQUIB (75Y- '
ArLosivE

'.. a ,

. -

IGNITER

SAFETY INWERLOCK, CIReUIT
17PENING AND CLOSING

cv i. 3

THERMISTOR;
RESISTORA84)t

,
WITH INTEGRAL

Tilt RMOCOLTPL

EMPEVTURE-MEASURING

,
CURRENT-MEASURING,IINTE-
GRAL H-VATER

HEATER
6,

.''

C.URRENTNEASURING,
GRALHEATER

..-.-

HEATER

T EMPERATU Rg-MEASURING."
tEMICONDliCT

..
,

CURRENT-MEASYRING,AMI-
CONDUCTOR

TRAgiSfORMER,(136)

GENERAL'

--w-v---

MAGNETIC-CORE

ONE WINOING
INDUCTANCE

'w

SEPARATELY ADJUSTABLE
OUCTANCE

/
AIX

os
,

ADJUSTABLE MUTUAL
,oTOR, CONSTANT-CURRENT

Alk
MP

H6ATER

\e/

CONNECTED

INSULATED-w

R

'

..
OR

WITH

THERMAL

7

E On/

.

K

.

INTEo

V.

,

I' .

..../

ADJUSTABLE

...

4
t
.

IN-

'

1
INDUC

4,

__-.._ _
..1.0LE FIELDDISCH.ARGE
KNIFE ", WITH TERMINALS
DISCHARGE RESISTOR

rt

)

( fiatdnttcioq.reploci

StYNCHRO

'

..

SYNCHRO LETTER

COX' CONTROLDIF
TRANSMITTER

CT \CONTRO
C_6 -1CONTR
1SR TORO

RECE V
TOX Tv

TRA 5
TR TOR LLE

TORQUE
RS RESOLVER
Et OUTER WINOING

IN BEARINGS

THERMAL'ECEeJrNT

ACTUATING DEVICE

1 * '
------)....-_042.__

THERMAL CUTOUT,

v ____
THERMAL RELAY

.r

TRANSFORyER
TRANSMITW
I,FFERERTIAL

R

ECEIVER
NSMITTER

OR

....,..

AN(,'
.

'
.

I>) °swish)
`.

(7131

.o

,

COMBINATIONS

FERENTI;L

.
ENTIKL

ROTATABLE

7, ---.....
03)

FLASHER

.__/"K,.___

r. I

SENSING LINK,
OPLRATED

. SWITCH

PUSH BUTTON,
ING (aloh)

PUSH BUTTON,
ING lbroh)

.

HONLOCKING,
CUIT CLOSING- °

4,

NONLOCKING;
CUIT OPENING

0-1

TRANSFER

'FUSIBLE
,

or \_/It

(76)

CIRCUIT

CIRCUIT
II

4-11

MOMENTARY
(otaloe)

OR I 0

MCNENTARY
(hrolo)

0 R

LINK

°

"
3
CLC4

-MO

6PEKI

COS.

.,

Va7,-

CIR

,....)

PNIP TRANSISTOR, OHMIC CON-
NECTION TO THE INTRINSIC
REGION

0
. I

NPIN 7124614.5TOR, OHMIC CON-
NECTION TO THE IN RINSIC
REGION

IP)
II

PNIN TRANSISTOR, OHMIC CON-
NECTION TO THE INTRINSIC
REGION '

NPIP.TRAN STOR, OHMIC CON-
NECTION TO THE INTRINSIC
R:.GION

5'o ---t- OR or 1-
4

1

LOCKING, CIRCUIT CLOSING
Irnak/ '

4c.--, OR e....___o

LOCKING. CIRCI,J1,4 OPENING/
(tweak/

-iry OR o--"Io

TRANSFER. 3POSITION

o---OFF
o

,.

WAFER ,.

Itantple shown 3-pole 3-c.rcutt
with 2 nonshottin6 and I shorhng
moving Itrotoeti)

.._1_

OR

e-i_

THERMOSTAT
iemperatut),

--371---f.

THERMOSTAT,

.

___F-1 j

THERMOSTAT,
AND TRANSFER

04,
OR

--f-X.1
OR 44

(opeta'res on rising °
CONTACT '

OR cl,-,-
MARE CONTACT

OR ,..

INTEGRAL HEATER,
CONTACTS

-4

389

39G'
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RADIOMAN 3 & 2.

.AUTOTRANSFORMER,
ADJUSTABLE

.

.

CURRENT.
ING

POTEATIAL,

.
n

,

:*

IPHASE
.

4

m----o

MARK.

WITH DIRECT,CURRENT
NECTIONS AND MODE

, SION BETWEEN TWO
-: DUCAR WAVEGUIDES

.
(c...... coontol/wovoutdus000l

CON.
SUPPRES

RECTAN- '

--1-71--.

-
MAGNETIC CORE

1 .

__.

WIND.
TO THE FRAME

VIBRATOR; INTERRUPTER

, TYPICAL SHUNT DRIVE
itisernonlt shown)

ii
WW2 ,

(Si)

DBVICE

INDICATING, PILOT, SIGNA-LING,N
OR SWITCHBOARD LIGHT (so.
LAb1121`. . f

OR '') °R.®
-

(Identa.conon topioes I) ostWsk)

INDICATING LIGHT LETTER..
COMBINATITINS

A AMBER
B BLUE
C CLEAR -
G GREEN
NE NEON,
0 ORANGE
OP OPALESCENT
P PURPLE
R RED
W WHITE
Y YELLOW

JEWELED SIGNAL LIGHT

.

_

WITH POLARITY'

OR

..

TYPICAL SEPARATE
itorrn.nol shown)

,

VISUAL

COMMUNICATION
TYPE LAMP

i!91

lin
I
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APPENDIX III

BASIC ELECTRICAL FORMULAS

Ohm's Law for 0-C Circuits.:: Capacitors in Series

1 -I- Two capacitors

ER.= -T=it E2
C

C C
= 1 2T CI +C2

E = IR =P= PR
More than twq

1 1 1 1P= El.V=12R
CT

C+
I C2 C3

Resistors in Series

RT
R1+

R2
Capacitors in Parallel: C1 + C2 +.

Resistors in Parallel Capacitive Reactance: X c 2;rk-

Two resistors
Impedance in an'RC Circuit (Series)

RI R2
RT Z = R2 + (Xc)lR1 + R2

More than two Inductors in Series

1 1 1 1

+ +

T Re R3R

L Circuit Time Constant

L (in henrys)
= (in seconds), or

R (in ohms)

L (in microhenrys) = t (in microseconds)
R (in ohms)

RC Circuit Time Constant

R (ohms) xC (farads) = t (seconds)

R (mesphms) x C (microfarads) = t (seconds)

R (ohms) x C (microfarads) = t (microseconds)

R (megohms) x C (micromicrofarads) = t (microseconds)

391

LT = L1 + L2 + . . . (No coupling between coils)

Inductors in Parallel

Two inductors

F

LT = LI L2
(No coupling between coils)

+ L2

More than two

1 1 1 1

LT
l

L2 L3

Inductive Reactance

X = 21(11_

0 of a Coil

X0 = L

. (No coupling between
coils)
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A

Abstracting, commercial, 363-374
A. C, generator,. basic, 40-50
Advancement and training, 1-13
Alternating current, introduction to, 40-59
Amplitude-modulated (AM) transmitter,

AM spectrum and bandwidth, 67
modulation, 64-67
percent of modulation, 69-71 -

spectrum for multiPle-Modulation, 68
Antenna field strength measurements, 172
Antenna theory, basic, 88-99

antenna chalacteristics, 90-96
antenna feed point, 91
antenna tuning, 90
characteristic impedance, 91
directivity, 94
field intensity, 95
frequency and impedance, 92
incident and reflected waves, 96
radiation resistance; 96
wavelength, 02\
wave polarization,93

basic antenna circuit, 89
/, half-wave theory, 96-98

quarter-wave theory, 98-99
terms and definitions, 88

INDEX

Automated systemsContinued
AUTOVON, 313-46

classes of telebhone service, 314
general user information, 316
precedence of calls, 314
term definitions, 313
types of service, 315

other systems, 319-322
64-71 local digital message exchange, 319

message processing and distrlbution
system, 319

naval communications
routing system, 321

satellite information exchange system,
322

Auto/tutted systems, 293-322
AUTODIN, 293-313

AUTODIN data pattern messages, 306-311
AUTODIN security, 313
AUTODIN switching centers, 293 -295
AUTODIN teletypewriter, 300-306
digital subscriber terminal equipment,

295-300
magnetic tape messages, 311-313

AUTOSEVOCOM, 316-319
definitions, 317
general operating procedures, 317
security requirements, 319

processing and

B

Basic communication center files, 195
Basic electricity, 14-59
Basic message format, 215-247
Basic transmitter theory, 60-77

Capacitance, 54-58
Circuit discipline and security, 248-249
Circuit procedures, 258-270
Circuit, simple electric, 19-23
Clerk, commercial traffic, 357
Code and cipher messages, 272
Commercial traffic, 357-377

coastal harbor radiotelephone service,
374-376

arrangements with telephone company for
initiation of service, 374

commercial abstracting, 363-374
Class A and Class B messages, 363 -365
Class D messages, 365-368

- -Class D messages entitled to Class E
privilege, 368

Class E messages, 371-374

392



INDEX

Cortimercial trafficContinued
commercial abstracting-7Continued
press messages, 369-371 .
radliptiotos, 371

comMefbial traffic clerk, 35%.
commercial traffic funds, 358

refunds, 368
uses of, 358 '

commercial traffic reports, 358-43'
report symbols, 363
responsibility for.reports, 361
serial numbers, 361
word count systems, 363

'high seas radiotelephone 'service, 376-377
conditions' under which service is
furnished, 376-377.

Comrnt4nications distress, 350-356
Communicatibns, fleet, 323-349
Communications organization, 182-197

basic comMunication center files, 195
command slip communications, 189
communications materiel support, 189
communica n training requirements,

196-197
DCA control complex, 184

\ defense communications system, 183
disposal of files and logs, 196
maintenance data collection system, 190
naval communication areas, 184
naval telecommunications 'system, 182-183
Naval Warfare Publications Library, 191-195
operation orders, 89
repair part support, 190
shipboard communication organization,,,187
shipboard operational organization, 188
"shore communications departments, 184-178

Communications Security, 198-214
authentication, 212
communication center visitor's log, 213
COMSEC destruction, 210
CRYPTO, 209_
custodians of classified material, 204-206
danger of espionage; 198
declassification schedule, general, 201-202
destruction of classified material, 206
.EFTO and FOLIO, 200
em!ssion control, 211
handling and stowage of classified material,

204
LIMDIS, 200
meaconing, interference, Jamming, and in-
trusion, 211

national security agency, 213
naval security groups, 212,'
NOFORN, 200
personal security censorship, 21d-214

Cdmmunications securityContinued
security areas; 203
security classification categories, 199-200

Confidential, 200
Secret, 200
Top Secret, 199

security control and responsibility, 199
security versus speed, 212 ,

SPECAT, 201
special markings, 204

Communications transmitter testing, 159-162
Communication system, basic, 60
Computer equipment testing, 176
Computer quality assurance Nchniques, 177-180
Condifotaqoo, 22
Conductors and insulators, 16-17
Continuous-wave -(CW) 'transmitter, 61-64

buffer, 6$
oscillator, 62
power-amplifier, 63
power supply, 63-64

Current, 20-21

D

DCA control complex, 184
Declassification schedule, general, 201
Defense communications system, 183
Diagnosis and assurance logicv 180-181
Direct current, introduction to, 23-40
Distress communications, 350-356

distress frequencies, 359 -
distress watches afloat, 351,-354

acknowledging receipt, 152
cessation of distress traffic, 352
follow-up messages, 352
methods of transmission, 352

distress watches ashore, 356,
merchant ship distress, 355
safety signal, 364
urgency signal, 354

procedures, 354

E

Electrical Formulas," Basic, Appendix III, 391
Electrical safety precautions, 440-145
Electricity, basic, 14-59

introduction to alternating current (a.c.),
40-59

basic a.c. generator, 40-50.
capacitance, 54-58
inductance, 50-53
inductive and capaCitive reactance, 58-59'
inductive voltage and current, 53
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Electricity. baslcContinued
introduction to direct current, 23-410

commonly used electronic terms, 29-32
parallel d,c. circuits, 32-38
series d.c. circuits, 24-29
series - parallel combinations, 38-40

simple electric circuit, 18-23
conductance, 22
current, 20-21
power, 22
resistance, 22
voltage, 19

what is electricity, 14-17
basic particles of matter, 14-16
conductors and insulators, 16-47

Ericssion control, 211
Enemy contact reporting, 272
Espionage, danger of, 198
Examination procedures, 10-13

taking the exam, 10-13
K-profile analysis form, 12-13

Subject-Matter Identification Sheet, 12

Fading;"112
Fleet communications, 323-349

fleet multichannel broadcast system ("N"
System), 323-327

broadcast control, 323
broadcast file, 326
broadcast identification, 324
broadcast Qperation, 325
broadcast shifts, 326

fleet satellite communications, 347-349
other broadcasts, 327-330

single channel broadcast, 327-330
ship/shore and ship/ship circuits, 330 -342

autocat an m.sidleman operation, 336
Fleet Flash Nk-et,'338
Fleet Warning/Tactical UHF Net, 340
full duplex FSK ship/shore/ship (RFCS),

33
full riod terminations, 340-342
Inte m Com'nand Switchboard, 338
Navy High Command World-Wide Voice

Network, 339
Pigeon Post, 338
secondary ship/shore circuits, 336
ship/shore network, 330-332
UHF/HF relay, 337

radio emission designators, 342-344
bandwidth, 313
modulation of the main carrier, types
of, 343

supplementary characteristics, 344
transmission, types of, 344

394

Fleet conmunications--Continued
tr itter and receiver tuning, 344-347

ensmitter testing, 344
Frequency bands and characteristics, 113-115
Frequency generators, 132-135
Frequency measurement, 129
Frequency modulation, 74-77

FM oandwidth, 75-76
FM. sideband, 75
mxiulation index, 76
percent of modulation, 77

Frequency standards, 130-132
Funds, commercilal traffic, 358

G

Glossary,of terms, Appendix I, 378-383

I .

Inductance, 50-53
Ionospheric propagation, basic, 11111-112

I
M

Machine functions, 274- 75
Maintenance data colle ion system, 190
Manuals, training, 9-10
Manual teletypewriter procedures, 274-292
Matter, basic particles of, 14-16

atom, 15
ionization, 16
molecule, 15

Mechanical and electrical symbols, 384-390
Merchant ship distress, 355
Message alignment, 275
Message format, basic, 215-247, 250-258

addressees, 223-225
address groups, 226
call signs, 225
cancelling messages, 229
classes of messages, 223
ending, 221
heading, 215-218

address component, 217
beginning procedure, 215-217
preamble component, 217
prefix component, 218
separation, 218

message categories, 231-237
message user responsibilities, 221
operating signals, 230
optical character reader, Message Form

DD 173, 237-247
constructing the address, 242
constructing the text, 242-245
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Message format, basic
optical Character-reade , ftessage Form
DD 173Continued

general instructions, 237-239
headerlines, 239-242
message readdressals, 245-247

plain language address directory, 227
.prbsigns, 229
readdressing a tiessage, 228
text, 218-220

classification line, 218
indenting, 220
passing instructions, 220
punctuation, 220
reference line(s), 220
restricted data paragraph markings, 220
special handling .markingS, 219
subject line, 220

Message formev, teletype, 276
Message punctuation, 276'
Meters, typeS of, 119

N

Naval/VVarfare Publicatione Library, 191-195

0
( °

Operator mkintenance, types of; 146
Optical character reader, Message Form DD173,
237-247

OsCilloscopes, 135 -137

Parallel dot). circuits, 32-38
Power, 22,e .
Pronatation, radiOyave7160-115

Q_ ....,
Aft 4.

/ I

urancet anti4ysteM diagnosis, 146-181
1 i .-

ip ... ,j -;,.t.

Rad

tta4
lepho

authentic
babiC moss

format lines
' format lin

A

m'at,`2604
2, 3, and:4_250

; 256
format lines 6, 7, 8, and 9, 256
.format line 10, 256
forniat through 16, 256-258

Radiotelep . edures-7Continued
circuit d; and security, 248-249

Importance radiotelephone, 249
radiotelephone security, 248

circuit procedures, 258-270
acknottriedgement of R/T messages, 269
break-in procedure, 269
cancelling messages, 268
code and cipher messages, 272
corrections, 257
decimals, dates, and abbreviation's, 263
emergency silence, 270
establishing communications, 264-267
local harbor circuits, 258 ;
opening the net, 259
phonetic alphabet; 261
pronunciation of numerals, 262
punctuation, 263
radiotelephone call signs, 264
receipt of a message, 268
repetitions, 267-268
R/T circuit logs, 261
types of nets, 259
usetf Operating signals, 263
use of prowords, 264
verifyinwan R/T message, 269 -)
voice communication requirements, 1258

enemy contact reporting, 272
executive method for R/T, 270

delayed, executive method, 271
immediate executive method, 271

'operational brevity code, 272
security4consciousness, 272

Radiotelephone service, coastal harbor, 374-376
Radiotelephone service, high seas, 376-377

Radio wave propagation, 100-115
basic ionospheric propagation, 110-112

absorption in the ionosphere,9.,112
effect of ionosphere on the sky waves 111
periodic variations, 112
variations in the ionosphere, 112

basic tropospheric propagation, 107-110
forward propagation tropospheric scatter
communications, 107-110

tropospheric wave, 107
composition of the earth's atmosphere, 104
differaction, reflection and refractian,101-104
fading, 112
frequency bands and characteristics, 113-115
termp and definitions, 100-101
txpeek of radio wave propagation,. 105-10,7

sky wave, 10.6
space wave, 106
surface wave, 105

Receiver quality assurance, 154-159

395
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Receiver theory, basicy8-87
receiver functions 78
receiver input, 'gin of, 78 ,

superheterody receiver, 79-81
receiver ntrol circuits, .84

Receiver tuna and transmitter, 344-347
Repair part s port, 190
Repo'rts, cc; mercial traffic, 358-363
Resistance 22

Safet signal, 354
ty, communications, 198-214

board communication organization, 187
pboard operational organization, 188

ip /shore and ship/shore circuits, 330-342
Shore communications departments, 184-187
Single-sideband (SSB) transmitter, 71-74

'functional SSB transmitter, 72
single-sideband, 72
SSB receivers, 73-74

Spectrum analysis, 137-140
,Superheterodyne receiver, 79-87

AF amplifier, 84
antenna section, 80
automatic frequency control, 87

S

automatic gain control, 85
beat-frequency (BFO), 86
delayed automatic gain control, 86 ,

deteCtor, 84
IF amplifier, 83
manual gain control (MGC), 84
mixer and local oscillator, 83
receiver control circuits, 84
RF amplifier, 81-83
silencer, 87

System didgnosis anti quality assurance, 146-181
antenna field strength measurements, 172
basic measurements, 147-149

oscilloscope measurements, 148
resistive measurements, 148
voltage measurements, 148

communications transmitter testing, 159-162
frequency measurements, 160
output power measurements, 160
transmitter neutralization, 161

computer equipment testing, 176-177
analog computers, 176
arithmetic, 177
computer types, 176
control, 177
digital computers, 177
input, 177
memory, 177
output, 177

396
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System diagnosis and quality assurance
Continued

computer quality assurance techniques,
177-180

add instruction, 179
basic programs, 178
clear and add instruction, 179
diagnostic programs, 179
full store instruction, 180
halt instructions, 179
maintenance programa, 178
reliability programs, 178

diagnosis and assurance logic, 16'0-181
evaluation of equipment performance, 180
recording data, 181
use of functional block diagrams, 181
use of operating controls, 180

mutual interference problems, 170-1-4
antenna location, 170
cross modulation, 171
receiver-to-receiver-interference, 171
reduction to transmitter radiation, 172
spurious transmitter radiation, 171
transmitter-to-receiver interference, 170

operator maintenance, types of, 146
performance testing measurements, 149-154

electron tube testing, 153
, frequency spectrum measurements, 152

impedance testing of antennas and trans-
mission lines, 153

power output measurements, 152
receiver gain measurements, 151
receiver noise measurements, 149
receiver sensitivity 'Measurements, 151

receiver quality assurance, 154-159
assurance diagnosis and the decibel, 154
cross-modulation test, 157
CW and facsimile sensitivity checks, 156
FSK sensitivity determination, 156 !

receiver response curves, 156'
receiver l

157
and bandwidth

measurements,
reserve gain determination, 156
single sideband sensitivity measurements,

155
squelch (silencer) circuit measurements,

158
tuning dial calibratioir,.159
voice modulated sensitivity checks, 156
warm-up frequency drift, 159

single sideband testing, 173-176
balanced modulator adjustments., 173
peak envelope power measurement, 175
RF carrier oscillator, 173
sideband filters, 174
SSB receiver maintenance techniques, 176



INDEX

Wein diagnosis and quality assurance
Continued

single sideband testingContinued
SSB signal-to-noise measurements, 175
SSB transmitter monitoring, 176 -
two -tone testing in SSB, 174

systems test, types of, 146
teletype systems testing, 162-165

basic keyboard and tape transhittter tests,
`'165
range selection, 165
teletypewriter operational speeds, 163
teletypewriter signals, 163
types of transmissions, 1633165

teletypewriter sdistortion, 165-170
causes and effects of bias distortion, 166
causes and effects of characteristic dis-
tortion, 168

causes and effects of fortuitous distortion,
168.

causes Old effects of speed problems, 169
multiplex and crypto distortion, 169

ystems, automated, 293-322

'elecommunications system, naval, 182-183

'eletype systems testing, 16265

'eletypewriter distortion, 165-170

'eletypewriter procedures, manual, 274-292
basic operating instructions, 279-292

cancellations, 284
corrections, 282
counting and thee, ,;coups, 284-286
manual switching system s, 291-292

bmanual TTY calling and answering,
279-282

transmission of messages, 286-287
use of common prosigns, 288-291

machine functions, 274-275
bell signal, 275
blank, 275
carriage return, 275
line feed, 275
inargin bell, 275
Shift, 274
space, 274
4varning light, 275

message alignment, 275
message punctuation, 276
teletype message format, 276

397

Test equipment, basic, 116-145
basic reqtfirements of test equipment, 118 /
calibratioh of test equipment,.118
care, use, and handling of test equipment, 116
comm my used test equipment, 120-129

120-123 ,

t
'meters,

(megger), 126-129/
a /
ohmmeters, 124-126. ...
voltmeters, 123

electrical safety precautions, 140-145
cathode-ray tubes, 43
fire precautions, 143-145
general safety practices, 140
rescue of shock victims, 142
RF-eseergy burns, 143
safety shorting probe, 141
symptoms of electrical shock, 141

electron tube festers, 137-140 4
emission testers, 138-140
transconductande tester's, 140

frequency generators, 132-135
audio, 132-134 ..
radio, 134

frequency measurement, 129 '

heterodyne frequency meters, 129
frequency standards, 140-132 '-

audio frequencies and musical pitch, 131 ;

radio frequencies, 131..
radio propagation forecasts, 131
sepondag standaids, 132
silent pet$ods, 132
time intervals and signals, 131
U.S. National Bureau of Standards, 131

oscilloscopes, 135-137
graticules, 147
personnel safety pl 4 11 r
power suppliet-:, i:
screen, 135

selection of test equipn 117-118
amplitude, 118
frequency, 117
impedance matching, 117
polarity, 118

spectrum analysis, 137
types of meters, 119

Testing measurements, performance, 149-154
Traffic, commercial, 357-377
Training and advancement, 1-13

examination procedures, 10-13
Radioman rating, 1-9

factors which affect advancement, 3
how toprepare for advancement, 6-9
how to qualify for advancement, 2
military duties, 1
Navy advancement system, 2
taking the exam, 10 -13

a

1
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Training and advancementContinued U

training manuals, 9-10
basic) Navy training manuals, 9
nonresidenttareer cpurseo, 10

Urgency signal, 354 i.

rate training manuals,`9 ; ' ,

Transmitter theory, basic, 60-77
ti f

V
basic oommithication system, 60 '
types of transmitters .61-77

amplitude-modulated (AM) transmitter, Voltage, 19
64-71 .r" 0cottinuous-wave (CW) transmitter, 61-64-,

frequency modulation, 74-77 -. W

single-sideband (SSB) transm'per, 71-74 , --,-.<

. / transmitter trotbleshooting, 77 Watch afloat, distress; 351-354

Tropospheric propagation, basic, 107-110 Watche9 ashore, distress, 35f

\
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RADIOMAN 3 & 2
NAVEDTRA 10228-G

Prepared by the Naval Education and Training'Program Development
Center, Pensacola,,,Florida

,,^7
Your.NPCC contains a set of assign-
and self-scoring answer sheets

(packaged separately). The Rate Training
Manual, Radioman 3&2,
NAVEDTRA 10228-G , is your textbook for. -
the NRCC. If an 'errata sheet comes with
the NRCC, make all indicated changes or-
corrections. Do not cheige'oecorrect
the textbook or assignments in any other
way. .

HOWTOCOMPLETETHISCOURSESUCCESSFULLY

tudy the textbook pages given at
theibeginning of lAch assignment before
trying to answer the items. Pay "attention
to tables.and illustrations as they
contain a lot of information. Making your
,own drawings cam help ybu understand the
subject matter. Also, read the learning
objectives that precede the sets of items.
The learning Objectives and items are'
based on the subject matter or study
'material in the textbook. The objectives
tell you what you should be able to do
by studying assigned textual material
and answering the items. -

At this point you ShoUld be ready
to answer the items 4 the assignmelat.
Read each item careflAly. Select th&
BEST ANSWER for each item, consulting 7.,
your textbook when necessary. Be sure
to select :the BEST ANSWER from the
subject matter in the textbook.You May
discuss difficult points in-the course
with others. However, the answer you
select must he your oen. Use only the
selfscoring answer Sheet designated
for y9ur assignment. Follow the scoring
directions given on the answer sheet
itself and elsewhere in this course.

Your NRCC will be administered by
your command'or, in the case of small
commands, by the Naval Education and
Training Program Development Center.
No matter who administers` you? course
you can completeyit succe sfully by
earning grades that average 3.2 or

r.

1

higher. If you are on active duty, the
Average of your grades imall assign-
ments must be at least .2. If you are
NOT on active duty, the average of your
grades in' All assignment0.4 each
creditable unit must be at least 3.2.
The unit .1?reakdowh-of.the course, if
any, is later under Naval Reserve
Retirement Credit.

WHEN YOUR COURSE IS ADMINISTERED
BY LOCAL COMMAND

As soon as you hatre finished an
assignment, submit the completed self7'
scoring answer Sheetto thd officer
designated to administer it. He will
check the accuracy of your Score and
discuss with You'theitems that you do
not 'understand. u may wish'to record
your score on e assignMentitself.since
the self-sc ing answer sheet is not
returned.

If you are completing this NRCC to
become eligible to take the fleeteide
achrancement elcamination, follow a,
schedule that will enable you to complete
all assignmenps in time. Your schedule
should call for the completion of at
least one assignment per month.

Although you complete the course
Successfully, the Naval Eduaation and
Training Program DevelopmenfoCente will
not issue you a letter of satisfactory '

completion. YOur command will make a note:, '

in your service record, giving you credit
for oUr work:

WHE OUR COURSE IS ADMINISTERED
BY THE NAVAL EDUCATION AND TRAINING
PROGRAM DEVELOPMENT CENTER

After finishing an assignment, go
on. to the next. Retain each completed
self-scoring answer sheet until you
finish all the assignments in a unit (or
in the course if it is not divided into
units). Using the envelopes ,provided,

dr

tY

4)6

k
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mail your eplf-scgred ,answer sheets to th,e/7NIAVI. RESERVE REilitEINENT CREDFt '

Navil Eduoation:and -Training Prograit 1

'DeVelopment Cente, where the scores will
be verifiedlant /*coded.' Make sure all
blanks 'at. the.,,,tchti.of each answer sheet -.

are filled in,..Unlessyott.fdrni all the
information ,tegit t.red, 1 b
16rioSsAble ttodAlve yo .edi for your -.
Work.'You may Wien, to c rd your byore-i
on th%as4ignmeatss oe the salf-scorinq.
4answet_sheetp,are,not.retur d...

..,,-

' Tbe,Naval Eldviaion and-Mraining,

Program DeveloplOnt C nter wittisNie a
le'iter of skatisaCtOr i completion to
certify successful co pletion of the
,course (or.abreditable pnit Cf.,th.el

course),,Tofeceive a cour§e-completion
letter, followlhe directions given on.

opurbe-cdmpletion Eorm inthe back
this4NaCC, ,!--

This course i Oaluated at 23 Naval
'Reserve retirement,pointsand will, be
credited inurlits-as follows: Unit 1:' ; '.1

(12 poih,t upon completion Af)Assignments 1
thro gh/ef Unit 11 points uppn..com-,
pleti n oP;Assignmeibta 9 ihrough-15;
,These dintd'are creditable tq personnel :
eligible' E6 and e14* current/'
'direati,VearcAtverning the retitkmlAt of
'Neva], ReserVe-iper4nnei. Naval eibrye
retirement credit'*ilS7In be given frtaa
gtuder-11Ithas previously r eived
for airy Radioman 3 & 2, N CC or ECC.

Yal may k"eep the textbook and
- assignments foc- this course! Retur
only in the event you disenroll fro
course or otherWise-Mil'to complete
course. Directions for returning the
textbooktand'assignments are given on
l000kTreturm foim -in the back of this
NRCC.

t

em.

(
PREPARNGFOROURADVAPICEMENV
EXA15,11NATION

. ' Your exardnation for advancement is
'based on the Manual of Navy'Enlisted.Man-

; '(power and Personnel Classification, and
Occupi tional Standards (NAVPERS 18068-D).
the sources of quet'ions in this examina- .

tion ate give in the!BlbliograPhy for Ader\

vande'Ment St dy ( NAVEDTRA 10052). Since
your NRCC a d textbook are among the
sources lsted in this bibliography, be
sure to s- dy both preparing to take

yourt advan en amination. The stand-
.

.ards for ya tinq may have changed.
since yoUrIcourse and textbook were
printed, so, refer to the latest .editions.

of NAVPERS 113068-o and NAVEDTRA 110052.

1§'

. 'A7

COURSE OBJECTIVE e
4

e While comp4ting this NRCC, you ,i .

demonstrate a AnOwledgeof course materi2
by correctly answering items on the foil -
ing: organ'zation of the enlisted rating.

t

V
A

V

14
strUcture d career opportunities aVait-
able,to en isted personnel; basic elec-
tricity and electronics; basic transmitter
and receiver th ory; basic principles
and common dorif gurations of Acommunictions
antennas; tx06 and theory'of radio,wave
prop4ation;,basic test equipment;
syste3is of diagnosis ana quality assurance.,
commUnication Organization; procedukes
involved in the security and handling of
classified information; basic message
5ormat, fleet communications, and automated'
systemg; theory, and operation of basic
teletypewritercircuits 4n4 assodiated
radio communications equipment; 'radio-
telephone procedures and distress communica
tionuand classes, types, and handling of
commercial traffic.

A?

While working on this nonresident
career course, you may refer freely to the
text. You may seek advice and instruction
from others-on problems arising in the-
course, but the solutions submitted must
be the result of you-r own. work and decisions.'
You are prohibited from referring to or
copying the solutions of others, or giving
Cbmpleted solutions to anyone else taking
the same course.

4 T,9

7.

t41

0



4'
Oak/JAI ciltrfspondence course

rrOtchirig, etc. The itfMOre not-gr
"general sequence as the_textbdok mat
to preperve conttnu.fty of thought, .p
Many types,of items, others only'a f
the action required pf him) through

Eath item'contains sever Site
Select he test alternatime .an eras'

:!
s-1. The first person'to 00 apOointe

--, under the National Security Act
1. George Marshall

,10. 2. JaMes Forr_estal
. 3. Chester Nimitz

4. William Hal's?),

r

may include a variety of items -- multiple-choice, true-false,
uped by ype; regardless'of type, tic are presented in the same
rial upo,i which they are pased." Thj presentation is:desgned
rmittin step-by-stWdevelopment of ideas. Some coursts`usk
w. The student can readily identify he type of eaQh item Caod-
nspection,of V14e samples given below.. rf

MULTIPLE-CHOICE ITEMS'
Ives, one of whicfr provides the best answer to the item.
ap ropriite box on the answer sheet,

'c

Determine if -theSt pthent is t

ment'is to be conside aTte. Era

s-2.,Any naval officer is authorized
officially with a bureau of the
without his commanding officer'

/

Each set of it ms consists of
is to select the; em in column B wh
considered. -S-rercific instructions a
the answers and erase the appropriat

SAMPLE
Secr ary of,)efense

of 1947 wa% -
, .... .

J.,.

TRUE-P45E ITEMS

rue

or fal . 'Ii partrt .of

e the app riatAox on the
.

.

The'Nsure of a correct answer is in- 1;
dicated in thIS' way: on the answer sheet:

. .

LE! I 1ii
SAMPLE

to'CcAespond
NSvy Department
endorsement:

MATCHING ITEMS
columns, each listing words, phtases or sentences. The task

ch is the best match for the item in column A Oiat, is being
e given with each set of items. Select the numbers identifying
boxes on the answer neet.

thestatement is fallg ehe state,.
answer sheet as ind(cated below

The erasure of a correct answer is
'indicated in this'way on the answer \:
sheet:.

.)
Igo

^ 1 2

F

s -2 CC

S

In items s-,3 thrcfugh s-6, match the name o
Column B the name of the department i which th

LE

,s-3

s-4

s-5

6

A. Officers

Damage Control Assistant 1'.

De art t

the shipboard, offic er
officer functions.

erations Department

IC Officer 2. E 4inerring Department

Assiitant for Disbursing 3. Supply Department

Communications Officer

flow To Score Your.Immediav Knowledge

2

.LIMMI1.11
4

1

CC

2

F

3 4

.1T

9

-I"
2

C 6

9

C
12 7

bottom of EACH

Total the mober of in-
correct erasures (those
that ,show page numbers)
for eliih\item and place
in the blank space at
the end of each item.

Now TOTAL the column(s) of incorrect
answer sheet.

in column A by selecting from

The erasure of a correct answer is:in-
dicated in this way on the answer sheet:

s -i

s -5

s-6

1

I
C

I
C

4

r

of Results (IKOR) Answer 5h4ets

Sample o 411
Number of boxes
erased incorrectly

Your score

0-2

4.0

erasures and find your score in the

oa

3.4P

--a

Table at the

NOTICE: if, on erasing, a page -number appears, review text (starting on that pago) and erase again
until "C", "CC", or "CCC" appears.. For courses adminiStered by the Center, the maximumnumber of points (or incorrectOrasdres)-

will be deducted from each item which does NOT havea "C", -CC", or "CCC'' unco,iered (i.e., 3 pts'. for four Choice items, 2 pts. for threlhoice-items, and 1 nt. for i/F-'items).
f

iii
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.. i,, `, AssignmInt 1
rraiqing and Advancement;'Basic Elec icity

Textbook AstygnMent: Pag l.' :59

F 0

A i

_,
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f

In this course you will demonstrate-that learning h ken place by correctly answering.
train4ng questions. The mere physical Act of indicati g!a hoite on an,answer sheet is not
in itself important; it is the metal achievemenOln whatever form it.may"takv,.prior to the

',are dinected.!lhe selection of'the'correct 09'14 for a ctIrse trainingl estion indicates that(
physical act.that is important alid toward,which nonresident career, course learning objectives .

you have fulfilled, at least_in part, the -Stated objective( ).. .

The accomplishment' of certain Object:Ives, forexampl a physical act such s Wting a .
(--: '41

. ,

memo, cannot readily be determined by means. of objective pe course questions;:how6er, you carp
demonstrate by means,of-answers to training questions that you have acquired.the,requisite
knowledge to perArm the phYsicAl act. The accomplishment of certain other learning objectives,
for example, th eAtal acts of.compaiing, recognizifilig; evaluating, choosing, selecting, etc.,

`may be readily.clei(5iiTitted'in a course by, indicating the correct answers to training questions.,. .

N -k

. The ,comprehensive'bbiective for.tivis codrse'has already beentiven. ..tt states the purpose
of the coursdim terms of what you will be able to do as youcompletethe course. - .

, The detailed objectit/in each alsiignment state what you should accomplish as you progress
t.

through the cOurse. They ay appear singly, r Si clutters of clolely related objectives,*ask S
apftropriate;, they aee followed by questions which will enable yoi*Igindicate your accomplishmdnl.

All jbj4ctives in this course are learning objectives and queS'tions are teaching questions.
They pqint out important things, they assist in learning, and they should enable-you to do a

rbetter job for the Navy,

This .selfrstudy. Course is only one part kthe total NaVy training prograd; by its very
nature it can take you only part of the way to a training goal.. Pracitical experience, schools,
selected reading, and the Desire to accomplish are also necessary to :round out a fully meaningful
training Oogram.

. -

LeaTnin(tcttyt: Identify the
.ptitlicat s cont&ining specified'
information which relates to
training and dvancement, state
ways in which personnel may
prepare for advanceMent, and
briefly explain the method of 14'

selection for advancement.

1-1 What, document contain a 'ist of the
basic occupational skills required by
your rating?
1. The Occupational Standards Manual,

NAVPgRS 18068
2. PersonnelAualifications Standards

Manual
3. Occupational Analysis List
4. Manual for Advancement

1-2: : If you are an.C-4 preparing to advance
to E-5, you should expect your- advance-
ment exam to question the minimpm skills

-"for

1. E-5 only /
2. E-4 and E-5 only
3. E -3, E-4, and E-5
4. E-4, E-5, and E-6

1-3. In what publication(s) can you find the
list of reading material you should
study for advancement? .'

,I. NAVEDTRA 10052 r

2. Occupational Standards and
Bibliography Sheet,

4. N VEDTRA 10054
3. 1 and 2 above

.

7
4

1 r.
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A. PERFORMANCE, MARKS.

B: -TIME IN PAYGRADE/LENGTH OFSERVICE
C. PERFORMANCE TEST.
D. MILITARY LEADERSHIP EXAM SCORE
E. ADVANCEMENT EXAM. SCORE

F. REQUIRED COURSfS/SCHOOLS
G. PARS
H., AWARDS

PNA POINTS

L"rst 1A

di In'answering question 1-4refeqto,.
1W list 1A.

,

-.

1-4. Which ..etrj..e'S eflebtechin the final

, mulAiol
1. A, B,, 0, E, H lJ "
2, D, s,

7 ' /3. A, d I

4. C, E, F, and I

1 -5. What is-the,oureose of the PO'S prqgram?
1. :To replace rate training,mapuals and

- nonresident career courses
2.' To provide a checkoff list of task

statements pertaining to the

4,441111w trainee's military ability
3. Tb replace the Personnel Advancement

Requiremen program

4. -To assist in qualifying the trainee
to perform assigned duties

1-6. Some rate training manuals listed in'
NAVEDTRA 10052 are,marked with,,an
asterisk (*). Ih the advancement
system they are
1'. obsolete
2. mandatory
3. not required
4. new

1-7.

1-9. Which of the,followfrg are rate . '

trainag manuals IRTMs1 and topresident.
career courses (NRCCS) in.tanded"to be?

1. Technical mOuals
2. Trainee guide's ';;

3, Instructor guides
4. Self-study packages

,"" .

1-10. Which.of the following study habits .

should you follbw.while staying a rate
-traIninTmanual2 ,

1. -Try `to` cover a compTeteNnit
.2/Write'down questions t4A.C9ccur

ti to you
3. Relate information ip 'the m4nual

to'knoWttdge-youlia_lrady,have6,
4: All bf the above

Whkt publication lists the latest editions
of the rate training manuals and corre-
spondence courses for your rating?

1. Bibliography for Advancement Study,
NAVEDTRA 10052

2. List of Training Manuals and
Correpondence Courses, NAVEDTRA 10061

3. Manual of Navy Enlisted Manpower
and Personnel Classifications and
Occupational Standards, NAVPERS 18068D

4. Personnel Advancement Requirement
(PAR), NAVPERS 1414/4

1-8.' How often is the NAVEDTRA 10061 revised
and issued?
1. Semiannually
2. Quarterly
3. Annually
4. Monthly

,1

2

4

1-117' Who writes the cZaminattonlfor
advancement to P03, P02, or P01?.
1. An equcAtion ,spfciaistholdi*Aat
::collegt degree in tdsti:rig

2. A training specialist' Who is 4-

, .4 licensed:Craftsman -
3. A subject matter expert enrolled

in the graduate school of a majol°
univers'ty

4. A senio CPO who is.an expert in
the par icular ratirfg

4

' /
1-12. What shout you do with the Recommendation

,Sheet tha the Educational Services
Officer g ves you before the day of your

advancem t examination?
1. Examine the sheet to make sure that

the information on it is correct
2. See that it becomes a part of your

jacket
3. Get your commanding officer to

initial the sheet
4. Mail it to NETPDC

1-13., You can use the Subject Matter Section,
Identification Sheet from your exami-
nation booklet to help analyze your
performance on the' examination itself.
To do so, you must compare the
1. examination score with the minimum

multiple required for advancement
2. examination status with your final

multiple as given on the profile
analysis form

3. results of the examination with the
information given in sections 1
through 12 of the profile analysis
form

le4k
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I. compare your final multiple with the

MUltiples,of thote who pasSed the
SeMe:examination

'2. compare your examination performance
with that of others who took the

de 4adne the number of: points given

Sa eVamination

AtO. gassing, the examination but not
being adv,anced

'.1415. Although information concerning your
Career and. advancement may be obtained
from many sources, the best source is
Your-
ouriEducational Services' Officer

2. leading chief, petty 'officer
3. supervisOr
4. Navy buddies

Learning °Weal*: Explain
why it is important for a
Radioman to increase his
knowledge. of electricity.

1-16, Why is it important for you to expand
your knowledge of the bas4pfuhdamentals
of electricity as you work to advance
in rate?
1. The Radioman rating encompassee a

very broad area, and requires more
. diversified knowledge ti'an many '

other rftings
2. As you advance, not only will a

higher degree of leadership be
expected. of you, but also a high
level of professional knowledge and
skill

1-17.

. .

1:18. Mhat is the polarity of travel of a

Learning ObjectiVeDetermine
the electrical charaCteristics
of suhatomic,porticleS,

What type electrical
the following. subatomic
(a) proton, (b),neutrOn,
1. a) None, (b),posItive,
2. d) Negative%
3. a) PositiVe,
4. a) Positive,

chargq,
particles
and

b none,
b none,
b negative

if

(c)

c

c

c

any, do
have:

electron?
negative'
positive
negative
(c) none

3, N4s you expand the circle of equipments
With whist, You have physical contact,
a 0owingknowledge of basic equip-.
ment ft-increasingh(important to
the physical safety of yourself,
others, and your equipment

4. All of the above.

directed flow,of electrons?
1. From posiTTVe to negative only -

2. From negative to potitive only
3, the entire cir uit may be toward

positive or negative, depending upon
the hook-up of,leads at the battery
terminals

4. Various parts qf the circuitry,may
be toward, posftive or toward
negative, depending upon internal -.

circuit wiring

Learni g Objective: Define the
basic electrical properties of
current, power, resistance,
and voltage. ,1

Tn answer questions 1-19 through 1 -22, select
from column B the electrical property defined
in column A. '

A.' Definitiods

1-19. A flow of electrons
(by displacement)

1-20. That property of a
substance which
pedu the flow of

e cti.ons

El tromotive force
(em ) or electrical
pot- tial

2. The r. e at which
work i done

,3 41,E

B. Electrical
Properties,..--

1. Current

2. Power'

3. Resistance

4. Voltagi



arning Objective: Identify,

n ,land give .the properties

of terials of different

con ctance levels%

1-23. What ar the most important character-

istics o atomi comprising (a) god

er9;
conductors and (b) good insulat s?

_1, (a) The ability to releas free

elestrOnkeasily;''
I (b) the ability to store an electric

chargé and release it upon demand

2. (a) The ability, to release electrons
easily;

(b)the ability to retain their
electrons unless, large amounts
of energy or fdrce are applied

3. (a) The ability to store an electric
charge and release it upon
demand;

(b) the ability to retain their
'electrons unless large amounts
of energy or force are applied

4. (a) The ability tó block the flow-of
current effectively;

(b) the ability to transmit current
effectively

1-24. Some materials, such as germanium and P

tilicon, are neither good conductors nor
good insulators, but, rather, are,i4 a

category between. Whatis the name of

this category?
1. Semiconductors
2. Parasitic conductors
3. Conduction simulators
4. Degenerate conductors

1-25. Other-factors being equal, how does the
resistance of a conductor vary in
relation to (a) its length, and
(b) its cross-sectional area?

1

1. a Directly,, b inversely

2. a Inversely, b directly

3. a Directly, "b directly
4. (a) Inversely, , b inversely

Learning Objective: Compute

the values of voltage, current,
resistance, and power in a
simple series circuit
having a source of voltage

'and one resistor.

E bb RI

,

Figure 1A. - Simple series circuit.

Refer to figure lA in answering
41 questions .1-26 through 1-30.

1-20 Assume resistance' of 20 ohms and current
of 3 amperes. Compute the voltage.

1. 0%15 V
2. 6.67 V
3.. 23.0 V
4. 60.0 V

. l
1-27. Assume resistance of 15 ohms and voltage+

of 60 volts. Compute the current.

1. 0.25 A
2. 4.0 A
3: 75,0,A
4. 900.0 A

1-28. Assume'current of 5 amps and. voltage of

30 volts. Compute the resistance.

1. 0.167 ohm
2. 6.0 ohms
3. 35.0 ohms
4. 150.0 ohms

1-29. Assume current of 3 amps and source
Voltage of 80 volts. Compute the Over.

1.. 0.004 W
2. 0.038 W
3. 26.667 W
4. 240.0 W

1-30. ASsuthe source voltage 'of 60 volts and

resistance of 5 ohms. Compute the

power.f
1. 0.2 W
2. 5.0.W
3. 300.0 W
4. 720.0 W

4



Learning Objeitive: Compute values
of voltage; vurrent, resistance,
and40Met in b series circuit
hiiing a source of voltage
and multiple resistors.

Figure 1B. - Series circuit.

a In answering questions 1-31 through 1-35,
" refer to figure 18. Assume the following

values: current = 2 amps, R1 . 3 ohms,
R2 a 6 ohms, R3 a 6 obbe, and R4 . 3 ohms:

T-31. Compute the total resistance.

1. FIT

1

- . 1 ohm01111
+. +

2. R
I

1
+

1

4.5 ohms
1+1 1+1

3. RT = 6 + 1 4. 6 = 13.5 ohms
,1

+ I

4. R = ' 3 + 6 + 6 + 3 = 18 ohms

1-32. Compute the voltage drop in R2.
1. 0.33 V
2. 3.0 V
3. 12.0 V ,

4. 36.0 V.

1-34.

In questions '1 -33 and 1-34, judge each
statement as True or False.

The voltage drop across R2 Is e(ual to
the sum of the.yolta0 drops CNOSS
R1 and R4. -

The value of the current anges as it
passes each resistor..chan ing twice
as much upon passing R2 as it does
up9n passing Rl.

1-35. What is the value of the power drop
at R1?
1. 6W
2. 12 W
3. 24 W
4. 36 W

Learning Objective: Define
various common electrical
terms. .

1 -36'. In a circuit, the term "ground""refers
to
1. an area of fluctuating magnetic

flux surrounding .a conductor.
2. the total source voltage. of a

direct-Current-powered circuit
3. . a common reference Point whose

potential is usually at or near
zero volts

4. a conductor, such as a wire, which
is attached to both ends of a
resistor to provide a low-resistance
path for Current

1-37. "Short circuit" is the term applied to
1. an unintentional path of low

'resistance by which a high value of
current can bypass its intended path

. 2. a circuit Which is totally in series
and which has only one source of
power

3. a circuit which is nonconducting
because of an open switch, broken
wire, etc.

4. a circuit in which there is a
sudden drop in current flow because
of excessively high esistance

413



Learping Objective: CoMputa

'values of volt49e, current,
resistance, and power in
a parallel circuit.

FigUre 1C. - Parallel circuit.

0 Refer to figure 1C in answering questions

1-38 through 1-42,

1-38. Assume the source voltage to be 60 volts
and the total resistance to be 10 ohms.
Compute the total power.

1. 6 W
2. 60 W

' 3.. 360W
4. 600 W

1-9., What is the source Voltage if I = 4 amps

and RT = 16 ohms?

1. 0.25 V

e 4.0 V
3. 20.0 V
4. 64.0 V

1-40. -If source-voltage = 30 volts, R1 = 5 ohms,

R2 = 10 ohms, and R3 = 15 ohms, what
is the voltage drop impressed across R2?

1. 0.909 V
2. 2.727 V

3.. 10.0 V

4. 30.0 V

I. Judge whether the st ements in questions

T 1-41 and 1-42 regard ng circuit values

are True or False, assuming the. following values:

source voltage = 30 volts, 1 = 5 ohms,

P2 = 10 ohms, and R3 = 15 ohms.

1-41. The voltage drop across R1 is one-half.

the value of that across R2.

1-42. R1 draws three times the amount of

current that R3 does.

Learning Objective: Compute

values of voltage, current,
resistance,' and power in

a series-parallel circuit.

Figure 10. - Series-parallel circuit.

4, Refer to figure .1D in answering questions

I 1-43 through 1-45.

1-43. What is the total resistance if
R1 = 2 ohms, R2 = 4 ohms, R3 = 2 ohms,.

and R4 = 4 ohms?
1. 1.5 ohms
2. 4.8 ohms
3. 8:25 ohms

4. 12,0 ohmt

1-44 . If the source voltage is 60 volts, and

the resistors are as follows:
R1 = 2 ohms, R2 = 2 ohms, R3 = 2 ohms,
and R4 = 4 ohms, approximately what is
the circuit current?
1. 4.67 A
2. 10.91 A
3. 12.85 A
4. 105.08 A

1-45. What is the source voltage. if the
circuit is 3 amps, the total (or equiva-

lent) resistance of R1, R2,,and R3 is
2.5 ohms, and R4 = 10 ohms?

6
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1. 0.24 V
2. 6.0 V
3. 31.2 V

4. 37.5 V



, Learning Objective: Define
direct and alternating
current.

:146. Which, if any, of the'following
definitions correctly defines direct
current?
1.' Current characterized by intermittent,

rather than continuous, flow
2. Current which flows in one direction

only
3. Current which can flow only through

the single, direct mductibce
path of a series circuit

4. None of the above

147. Which, if any, of the. following
definitiOns,correctly defines
alternating current?,
1. Current detived, alternately, from

two power sources; i.e., two'batteries
2. Current which repeatedly reverses

direction of flow
I. Current which alternates among the

tanductance paths of a parallel
circuit

4. None of the above

Learning Objective: Explain
the function of an a.c.
generatdr, and determine
the frequency of a
generated a.c. current
when the number, of
poles in the generator
and the rotation rate of
the loop are known.

1-48. (a) What is the function of the a.c.
generator, and (b) by what means does
it accomplish this function?
1. (a) Converting mechanical energy

into electrical energy,
(b) by electromagnetic induction

2. (a) Converting electrical energy
into rotating mechanical energy,

(b) by electromagnetic induction
3. (a) Converting a low direct voltage

to a low alternating voltage and
applying it to a power trans-
former,

(b) by the use of power packs
4. (a) Adjusting the phase of the

output current or voltage
relative to the phase at the
input,

(b) by the use of a phase shifter

111
Use the following information in
answering Auestions 1-49 and 1-50: A

certain a.c. generator has a.rotating loop, or
armature,-that makes .a complete rotation every
one - twentieth of a second withih a stator which
has one pair of pales.

1-49. What is the frequency of the current.
generated?
1. 1/20 Hz
2. 1/10 Hz
3. 70 Hz,
4. 40 Hz

1-50. If we were to plot this a.c. current for
one minute, how many sine waves would
be plotted?
1. 10
2. 20

3. .600

4. 1200

1 -51. What is the output frequency of an a.c.
generator which has three north and
three south poles, and which As_ rotating,
at 2400 rpm?

t 1. 60 Hz
2. 120 Hz
3. 60 .kHz

4. 120 kHz

7 44.

Learning Objective: Name various
sine wave amplitude measurements
and relate them properly to a
sine wave.



Figure 1E. - Sine wave values.

04! r to figure lE in answering question

1-52. What wave aTOlitude measurement values
Are repres6ted by A, B, C, 0, and E
respectively?
1. Peak-to-peak, average, effective,

positive peak, negative peak
2: Negative peak, effective, average,

peak-to-peak, positive peak
3. Positive peak, effective, average,

peak-to-peak, negative peak
4. Positive peak, average, effective,

peak-to-peak, negative peak

To answer questions 1-53 through 1-56; select
from,column B the'electrical property defined
in column A.

A. '.Definitions.

1-53. Measure of the number of
cycles of current per
second

1-54. The property of an
electrical circuit
that opposes any
change of current '

1-55% A term used to describe
the relative positions
of the sine waves of
two or more currents
or voltages existing
at the same_ftme

1-56. The property of an
electrical .circuit that

. opposes any change of
voltage

B. Eledtrical
Properties

1. Capicitance

Z. Frequency

Inductance ,

4. Kase rela-
t onihip

r

8

Learnipg Objective: Determine
. why,self-inductanCe is greatet

in a.c. than d.c: circuits;
distinguish the relative
inductivity of listed conductors,
_and compute inductance in ,

series and parallel circuits.

1-57. Self- jnductance is, more pronounced in
a.c. .than d.c. circuits. What is,the
explanation'for this fact?

1.. The occurrence of flux change
(flux expanding or collapsing) is
much more pronounced in a.c. than
in d.c. circuits

2. After current reaches kis peak in
d.c. circuits, the'magnWtic field
around the conductor collapses and
becomes. nonexistent

3. The peak value of a.c. current in -

a circuit is usually greater than
the peak value of d.c. current

4. Because the effective value of
a.c. current is less than its peak
value, the measure of its-self-
inductance is ireater. than thattf
d.c. current

1-58. What is the total inductance in a
series circuit having well-shielded
inductors 'Of 5 mH and 10 ?

1. 0.07 mH
2. 0.3 mH
3. 3.33 mH
4. 15.0 mH .

1-59. What is the total inductance in a
parallel circuit having well-shielded
inductbrs of 3 mH, 3 mH, and 6 mH?,

1. 0.083 mH
2. 0.833 mH
3. 1.2 mH
4. 12.0 mH

Refer to figure 1F in answering question

1-60.

1-60. 'Other factors (length, diameter, etc.)
being equill,'what would be the relative
degree of inductivity of the illustrated
conductors, listed from highest to
lowest?
1. C, D, B, A It

2. 43, C, A, D
3 . C, B, A, D
4. C, B, D, A



Loosely- air-core conductor C. Tightly-coiled Iron-cOre,conductor

B. Tightly-coiled air-core conductor D. Straight length of wire

Figure IF. - "onductors'of various inductances.

r ,

a , Refr to figure 1G in answering questio
176 .

Learning Ob
the phase
current, a
and induced*
inductive ci

ctive: Identify
ationship of
lied voltage,
voltage in an
rcuit.

TIME TIME
ONE TWO

TIMEa.
360°

er

Figure 1G. - Phase relationship of sine waves.

, .
1-61. Wha is the phAp relationship between

voltages El an E2?
1.. El leads E2 by 90°
2. E2 leads El by 90 °,

3. El lags E2 by 180°
4. E2 slags El by(11810°

1-62. Which of the.followiog phase relation-
shipsiexists in an inductive circuit?
1. The current lags, the applied voltage

-by 90° and is-in phase with the
induced voltage

2. The current lags the applied voltage
by 90° and lags the induced yoltage
by 45°,
The current lags, the applied voltage.
by 45° And leads the induced voltage
by 45°

4. The current lags the applied voltage
by 90° and leads the induced voltage
by 90d*

3.
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Learning Objective: Explain
how to increase the capaci-
tance of a capacitor,
recognize possible results
of dielectric leakage and
of exceeding the voltage.
rating of a capacitor,
and compUte capacitanbe
'in series and parallel
circuits.

120 V

'CI
2).4

1-83. Which of the following groups of actions
lists three ways to increase the .

capacitance of acapacitor2
1.. Increasing the area of the plates;

decreasing the distance between the
plates; increasing the dielectric
constant

2; Decreasing the area of the plates;

fr.
increasing the distancelbetween the

.plates; increasing the dielectric
constant

'3.. Increasing the area of .the plates;
decreasing the distance between the
plates; decreasing the dielectric
constant

4. Decreasing the area of the plates;
increasing the distance between the
plates; decreasing the dielectric
constant -

1-64. A high degree of dielectric leakage in a
capacitor could quite possibly cause
the capacitor to
1: overcharge and crack or break
2. discharge and become overheated
3., disChargefand reverse.the flow of

. current through the circuit
4. overcharge and catch on fire

1-65. If a capacitor is subjected to a level
of voltage which exceeds its voltage

7 rating, which of the Ibllowing
conditions Is most likely, to occur?
1. Dielectric breakdown, atcing between

the plates, and the pastage of direct
current through the capacitor'

2,-, A sharp upswing in the level of
- capacitance, resulting in rapid,'
erratic reversals of polarity of the
capacitor '

3. An instantaneous change-in the
working voltage of every capacitor
in the-,tircuit

.4. .An outbreak of 'fire at the
capacitof

71-C2

Figure'lH. - Capacity s in a series circuit.

Refer to figy e 1H in answering question
1-66.

1.-66. What is th0 total= capacitance in
farads (f) of the circuit shown?
1. 0.001 f
2. 0.01 -f

3. 100.0 f
4. 1,000.0 f

Figure 1J. - Capacitors in a parallel circuit.

Refer to figure In answering question
1-67.

s

*1-67. What is the total capa-citance of the
circuit shown?
1. 0.0008 f

4'. f

3. 125.0 f
4. 1250.0 f

10

4.16



Learning Objective: 'Identk
the schematic symOols for
several electrical terms.

1

A.

B. 9,t)

tyVNv

F '41-74. If the ilpdUctance of a.cirCuit is
.65 henrYs and'it is utilizing a
60-HY a.c. current, whais the
approximate value of its inductive
reactance?
1. 0.004 ohm.

Figure 1K. 2- 39.0 ohms
'3. 244.92 ohms

efer to figure 1K in answering questions 4. 489.84 ohms
1-68 through 1-72. In'each pf these

iquesti ns, select the symbol from figure 1K
to match the term given.

1-68. Capacitor
1. B

2. C

3. D

4. E

`1-69. Ground
1. A
2. B

,3. E

4.r F

1-70. Inductor
'1. A
2. B

6

I

1 -71. Resistoir
1. B

,2. ,p
3. E

4. G

1-72. BatIery
1.

2. D

3. .E

f. E

I
%4.

4earning Objective: Determine
Oat properties combine to
form impedance; compute induc-
tive reactance; and compute
capacitive reactance.

,

1-73. Impedance is the cumulative effect of
, which of the. following electrical

properties?
1. Resistance, capacitance, .reactance
2. Capacitance, voltage, current
3. Resistance,

reactance
ive reactance,

capacitive ac nce
4. reductive react ce ;, capacitive

t\ reactance, capacitance

3. C

4. G

J

1-75. If the capacitance of a circuit is
.004 farad and it is utilizing a 60 =Hz
current, what As the approximate value
of its capicitive reactance?

dfl. 0.332 ohm
2. 0.663 ohm
3. 1.507 ohms
4. 3.014 ohms

11419
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Basic Elatric ty (Continued); BasiCIlansmitter and Oteiver Theory

Textbook Asst nt: Pages 20 -

/.

IF

2-4.

2-5.

2-6.

2-7.

t

2-8.

Xc

1.

2. Dap.

3. PF
4. G

XL

_1: B

2. D,

3. F

4. G

f

1. A'
2. D

3. E

4. I/

L ,e
1. C

2. D

.3.

4. F

G
1. C

2. D

3. E
4. F

Learning ObjecOve: IdAtify
the units of measurement
associated with several
common electrical properties.

In answering
select

1

2-1 through 2t8,-
2A the unit of

A, Ampere

B. Couladb.

C." Farad

D. lipnry

E. Hertz

F. Mho t

G. Ohm

H. Volt

J. Watt P
10

List 2A..

questions
from list

measurement used to measure the electrical
property given as the question..

2-1. E

1. A
2. B

3. H

4. I

2-2. I

1. A
2. C

3. H

4. I

2,3. R

1. B

2. E

3. F

4. G

1

O

12



Learning Objectivei 'Distinglish
a1100g..the names,.charatteristics,
andrutes of the various bands
of:frequencies used in radio
communications.

. Relativelk long distances can be
lobe eh:- -phis is one of the two
bands in welch most shipboard
transmitters and ficeivers'operate.
Used extensiVelY by commercial

The international
,distress signal is in this band.

Thecs1 can travel. long distances
c. through magnetic sto

This ba As used pOrtmarily for
fleet broadcasts, radio rtawigart on,
and transmission of time. standards.

This band is used fp'k aeronautical
radio navigation and communications,
radar, and imnOur radio.

This nd.is used for lo0b=range
direc ion-finding, medium-, and
long ange communications, and
aeronautical naviigation.

This band is used for_short7range-
Communications.

F. This band is used primariTy.by
mobile and maritime communication
units: This is one of the two bands
in whi st shipboard transmitters
and calve* operate.

. )

2-11. MF (300-3000 kHz)
- 1. A

2. B

4. C

4, E

2-12. HF (3-30 MHz)
1. A.
2. B

3. D'
4, F

2-13. VHF (30-300 MHz)
I. B

. 2. .0

3. D
4. F F.

2-14. UHF' (300 .MHz --3 GHz)
I. A '

2. D.-

3. E

Al. F.

ist 2B.

Learning Objective: Identify,
'from a block diagram, the
(basic components of a typical
transmitter.

ANTENNA

(D)

In answeei questions 2 -9 through 2-14,
" select from ist 2B the description of

the frequency band iven as the question.

'2-9. VLF (3-36
1. A
2. BC

C

4. E,

2 -10. LF -(34360 kHz)
1. C

2.

3.

4. F

13

= I ,
/

Figure 2A./- Stages of'a typical tr

2.

t ,

nsmitter.



Refer'to figure 2A in arering question 2-18.

Ar

Kentify the.components of the
illustrated transmitter.
1. A4-0scillator, (B) power supply,

C buffer- frequency multiplier,
pOwer.ampllfier .

2. {A )'Oscillator, (B),power supplY. r
C power amplifier, (0) buffdr,

.frdquency multiplier
A). Power supply, (B) oscillator,

buffer4requency multiplier,
D) power amplifier

4. Power supply, (B) buffer-
frequency multiplier, a

'IC) oscillator, (D) power amplifier 2-19.

Learn
the p
basic

. drams

hg Objettivel Explain.
imary fupctions of the
components of a CW'

. .

2-16. What is the purpose of the keying deVice
. of a CW transmitter?

1: To start and stop the.amOlitude.'1
,.modulation,process

2. To start and stop the frequency
modulation process

3. To turn the internal IF on and off
4. To. turn the RF output on and off

2-17. What is the function Of an oscillator in
a CW transmitter?
1. To produce an a.c. signal which is

consistently at the desired
frequency and amplitude

2: To produce an a.c. signal which is
consistently at the.deslred 7,
frequency, amplify that signal, and
Mentain the. stabili\ty, of its
amplified form

3. To produce and amplify an a.c.
signal, filler it, and then maintain
frequency.and'amplitude stability,

4. To produce ap a.c. signal which is
. consistently at the desired

frequency, and, for reinforcement, 4,
.vary its 44mOlitude in phase with --

the current

ga

f'What is the eurpose of the feedback I
circuit to g transmitter? :

1., To feed the output of the tranimitter
back through the oscillator tegive
the signal an additional pulse of
voltage H

2. To feed.ihe output of the transmitter
back through a filter circuit for
purification

3. To feed a low-amplitude output /

signal back to the oscillator to
help.maintain stable oscillations -

4, To feed a low-aMplitude outp414
signal back to the amplification
circuielObe strengthened

1'
What is the usual function of the buffer?
1. To measure the amplitude and

'-, frequency of the signal l-rom the
oscillator and compensate for any
variation

20 To provide the final amplification
to the signal before it is radiated

3. To measure the amplitude.(Only) of,
the signal from the oscillator and
compensate- for any variation

'.4. T amplify the signal from the
os illator sufficiently to drive,
the power amplifier ''

2-20. Rh& reason for having one or more power
amplifiers between the oscillator and
the antenna is to. increase the strength
of the signal. What is another reason
for. aving th amplifier stage in its
position in the transmitter?
'1. To help maintain frequency stability

,by blocking the reflection of the
antenna'impedance to the oscillator

2, To helOassure.uniform shapes of
the waves just prior to their
radiation by feeding them thrOugh
an internal waveshape standardization
circuit .

(
To help avoid the radiation of
overmodulated signals by clipping

1 parts of the signal leyond.
"' . certain limitations

.

4, To help (assure a continuous, smo th
'output (rather than intermitteryt or
broken pulses) from the transm ter

2-21. Viet voltages/energy are,provided to the
various circuits by the power supply..in
a transmitter? iv?

1. Alternating and direct voltages and
RF energy .

2. Alternating voltages only
3. Direct voltages 'only
4. Alternating and dirmikt voltages

only /



2-22, What processes occurin a power supply
duringa) rectification.and
(b) filtering?
1. (a) The sine wave are slOothed

61\ constant), .

d.c.
the a.c is changed to pulsating

2.. (a) Thesine waves are smoothed
. (amplitude made more nearly

consent),
(b) the signal is Airliner flattened

and smoothed out
3. The,a.c. Noltage is changed to

pulsating d.c., #
Walternate pulses of the -d.c.

voltage are eliminated
(a) The a.c. voltage is changed to

pulsating d.c.;
(b) the pulsating-d.c. is smoothed

(made more nearly.constant)

(amplitude more nearly 71:

(A)

Learning Objective: Identify
the major twoonents of the
crystal microDhonfk./.

(./

(C)

Figure -

Refer
2-23.

OUTPUT
VOLTAGE

Crystal micrOphoill

to figure 2B in answering, question

Identify;/in alphabetical sequence, the
lettered items. related to the compositiOn
or use of a diaphragm-type crystal
microphone.
1. (A) Diaphragm,,(B) crystal,

(C),Onectrodes ir
2. (A1,Electrodes(B) diaphragm,

(C) crystal
3.

It00

Crystal, (B) electrodes,
) diaphragm

4. (A) Electrodes; (B) crystal,
(C)Aiaphragm

, A
A.

Learning Objective: Explain,
_functions of the basic ,

components of an amplitude2
modulated (AM) transmitter.

11

2-24. WhalOs the.function of the dtiver stage
tgof. an AM transmitter? . -.- -

1.. To direct the received signal to a '

specified pathOn the circuit
2. To alternately add to and subtract

from the plate voltage of the
power amplifier

3. To:InCreaSe the signal to a very--
large voltage

4. To rectify the incoring a.c.

2-8. The modUlator emits
high-voltage amplified tignal.ihich
cgrresponds iq shape to. the voice

44

fives received by the midrophone%

sfignal, and b):ft ie what pUrpose is it

(p) What isrthen(taveied by this

directed the e?
1. (a) Through one a pair of twin

in-phase c ectors directly
to the antenna,

:stb) to be transmitted,at the.sime
time as the RF'carrier

aMplitt,
b, o modulate the RF ca'

3, ,.Through the wave synchronization
stage, a network of filters-and
oscillates; r

(b) to be merged with the RE carrier
4. (a) To the buffer amplifiit for

aappliflcation, then through t
other41ntermediate amplifiers.
(if any), ang into t power
ampaifien,,

,(b) to itiodulati the RF
r

rier

Learning Objective: Describe
amplitude modulation and the
resultant amplitude - modulated

- wave.

2-26. If an RF carrier of 2750 kEti is
amplitude - modulated by an audio

P

154
?3

frequency of ,1' kHz, what would. be the-
frequency of'the resultant (a) upper
sideband, and (b) lower s deband?'
1. (a) 2750:1 kHz, (b) 49.9 kHz
2. (a) 2750.5 kHz, (b) 749.5 kHz
3. (a) 2751 kHz, (b) .2749 kHz
4. (a) 2760 klik,..., 0) 2740 kHz



7., WhionYan-RPCirrier Is modulated by
si e All.frequency, What percent
alieltusie Of thmmdulating Mavei
amplitude of the-upper mr4mwer si
as can:be displayed ova spettruw
analyzer?

.04 1. 25% /

/ 2. 50% .

3. ,,75%
4. 100% '"

A Inwanswerfng questitns"2-28 and2-29;
assume that. there is .a double sidend

Wive which resulted froMtheramplitude
modulation of a carrier 10, kHz by signals

/With frequencies at ,.3, and 1.2 kHz.
k

Select-,the response at sts all the
-resbitint side frequencies yin the

,.. modulated wale.
.3, .6, 4, 1.0, 1.2, 2.4 kHz

) Z. 9.7, 10.4, 10.5, 8.8, 11.2 kHz .

31., 10.3, 10.5, 11.2 kHz
4. 110,3, 10.6, 10.5, 11.0, 11:2;12.4 kHz

2-29106t is the bandwidth of the modulate
wavei-measured"in kHz?

0
-

1. 1.2 kHz
2.. 2.4 kHz
3.' 11.2 kHz
4. :12.4 kHz

-ow
n

,

a 2 -32. What themodulatio factor if a
.

of the 1, carrier wave with a peak amplitude of
s the
deband

1-

300 volts is amplitude-modulated by a
2-kHz wave having.A peak amplitude of
180 volfs?
1. ii.ULG,

2.. 0.011
3. 0.6.
4. 1.67

2-33. At 100% amplitude Modulat , the
sidebands (together) contai one-half
as much power, as the uninodulated

tcarrier. If the_degree of modulation is
reduced to 50%, what then is the
relationshipofithe power of the
sidebands (together) .to that of.the

. ,

2-30. In the amplitude modulation mode, if the
peak voltage of the modulati g signal is

i
equal to' the supply. voltage o the final
power amplifier, what will b 'the degree
of modulation?),
1:.` 0% \N\

.,,
2. 25% .

3. 51:12

4. 100%
.

2-31: If the degree of amplitude modulatioAs
) , 100%, what will be (a) the RF output .

voltage on the negative peak of the
modulating signal, and (b) the relation-
ship of the maximum RF'outputvoltage
on the positiye peak of the modulating
'signal to the2amplitutle of the,
unmodulated Carrier voltage?
1. (a) One-4 lf that onthe positive

peak; (b) qUadruple
2. .(a)'One7ha thatOn the:positive

. peak; (b) twice
3. (a) Zero; (b)-half
4. (a) Zero; (b) twice-

,

unmodulaied.carrier?
-1. One-eighth
2. One-fourth
3. Three-fourths
4. The same

41P

Learning Objective: Explain
functions of, the basic
components of a single-side-
band (SSB) trdnsmitter.

..

Ar
, 7

.

-. I;

2-34. Wha type of ,signal does the SSB
sgenerator of atpical SSB transmitter
actually produCO.at the generator stage?
1. Double sideband
2. Single sideband reduced carrier
3. Single sideband suppressed carrier
4. Independent or double single

sideband

2-35. The generated signal.from ther:SSB
generator of a SSB transmitter passA
through a highly selective filter. What
is the purpose, of the filter?
1. To reject one of the sidebands,
2. To trim off all amplitude crests

which exceed modulation limits 4

3. To separate the sidebands and pass
them Dnifor separate transmission

4. To reject the, carrier and pass the
. remaining part of its input to the *

next stage'



2-36. After the signal passes'thrOugh the
filter.,,what.action occurs as the
signal goes through various mixers,
and.amplifier0
1. It is mixed with a modplating

* . audio frequency signal
2. It ismixed with the lowerfrequency

output of .a local oscillator to
become an intermediate frequency
of somewhat lower frequency

3. It is converted to a radio frequency
to be transmitted

4. It is checked against the frequency
standard circuit, automatically
retuned to its original frequency,
.filtered to remove modulation,
and.amplified for transmission

2-37. Whet signal does the carrier generator
. 'prAfide and where is this signal

directed?0:
1. It provides the conversion

reguppcies necessary to produce
the RF'116 signal, which is
directedto the mixer-amplifier
stage

2. It provides the RF caYrier, whic4
is 'directed ,straight to the
antenna to be merged with the
Wtgoing signal

. It provides the IF carrier used
to producethe 'IF SSB
Which is directed to the SSB
_generator

4. It'prOvides the conversion
frequencies necessary to produce
the RF SSB signal, which is
directed to the SSB generator

Learning. Objective: Distinguish
amorigthe various types of single
sideband transmission.

To answer questions 2-38 through 2-41,
select from column B the mode of transmission
described in'column A.

A. Definitions B.

2-38. The mode of trans- 1.

mission in which
a carrier and two
sidebands carrying*
different informa- 2.

tion are transmitted
together

2-39. The mode of trans- 3.

mission in which
one sideband is
eliminated and
the power of the 4.

carrier diminished
prior to trans-
mission of the
signal, and the
other sideband and
the weakened carrier
are transmitted
together

2-4a. The mode of trans-4
mission in which
one sideband and
the cartier are
eliminated prior
to transmission
of the signal, and
then a signal of the
same frequency as
the carrier is later
reinserted by the
receiver

2-41 The mode of trans-
mission in which
one sideband is '

eliminated prior
to transmission of
the signal, and the
other sideband and
the carrier (without
alteration) are
transmitted together

Modes Of
Transmission

Single side-
'band full

carrier

Single side-
band reduced
carver

Single side-
band suppressed
carrier

Independent
or double
single sideband.



'Learning Objective: State
. the advantages of trans-
mission by the CW mode as
dared to the AM mode,
and.by.the single sideband.
mode as compared to the
Au double sideband mode.

2-42. What' advantages has CW'transmission,
as compared to amplitude -modulated
,signa1.transmission?
1., High fidelity of vocal tone

reOodUction; good penetration of
heavy noise 'conditions by the
signal ; .long -range capability

2% High fidelity of vocal tone
reproduction; good penetration of
heavy noise conditions by the
signal; narrow bandwidth

3. Long-range capability; good
penetration 'of heavy noise conditions
by the signal; narrow bandwidth

4. tong-range capability; narrow
bandwidth; strengthened signal,
because of its reinforcement and
amplification by phase relationship
between the RF and IF segments of
the wave

2-43. Two of the advantages of single sideband
transmission (disregarding independent
sideband) over double sideband trans-
mission are reduced bandwidth and
increased effective power, therefore,
increased range.. What are two other

or advantages?
1. Less distortion and less interference
2. Less distortion and much higher

rate of travel of signal through
space

3. Less terference and much higher
rate of travel of signal through
space

4. Lower istortion and reduced size
of the antenna required

Learning Objective: Define
amplitude modulation and

_frequency modulation, and
explain some of the principles

- involved in FM.

jujge whether'questions 2-44.throUgh
r48 are True or False.

2-44. Intelligence can be superimposed on a
carrier in the form of changes in the ,
amplitude of the carrier. This is
known as amplitUde modulation (AM).

2-45. Intelligence/can be superimposed on a
carrier in the form Of changes in the
frequency of the This .is

known as frequency mod lion .(FM).

.

2-46. In F the amount the carrier is
ried depends om the frequency of the

modulating signal. .

2-47. In FM, the rate at,whlch the carrier
is varied depends on the amplitude of
the modulating signal.

i-48. In FM, the amplitude of the RF remains
constant, both .during and between
periods of modulation.

2-49. If a carrier with a frequency of
29,500 kHz is frequency modulated by
a signal with a frequencyof 2 kHz,
the first set of sideband frequencies
is 29,498 and 29,502 kHz. What are

th'e frequencies of the second and
third'sets?
1. 29,497 and 29,503 kHz;

29,496 and 29,504 kHz
2. 29,496 and 29,504, kHz;

W 29,494 and 29,506 kHz
3. 29,496 and 29,504 kHz;

29,492 and 29,508 kHz
4 29,494 and 29,506 kHz;

29,488 and 29,512 kHz

2-50 The number of sideband frequencies of
frequency-modulated wave is theoretically

infinite. The bandwidth of an AM wave,
however, has been set by definition to
be the frequency range. between the
extreme upper and extreme lower side -

bands having amplitudes that are at
least what percent of the amplitude of
the unmodulated carrier?
1. 1%

2. 2%

3. . 5% ,t

4. -40%



2-51. What are the frequency and distortion
characteristics of wideband FM,
relitive to narrowband FM? .

1. High frequency, low distortion
2. High frequegcy, high distortion
3. Low frelluerey, low distortion
4. Low frequency, high distortion f

2-52. What is the formula for finding the
modulation index in FM if you are given''

0 the frequency deviation of the carrier.
(Fd) and the frequency of the highest
modulating signal (Fm)?
1. M = Fd x Fm

2. M =
Fd x Fm

Fd

Fm

1

4. M Fn4
Fu

2-53. What'is meant by 100% modulation, as
related to the description of a
frequency-moduldted signal?
1. The amplitude at. the envelope

varies between zero and twice
its normal unmodulated value

2. The,carrier is deviated in frequency
by the full permissible amount

3. Deviation of the carrier occurs
100% of the time

4. The power output varies from a
null (zero) to a point twice that
required for unmodulated transmission

Learning Objective: Explain
the purposes of some of the
safety equipment and safety
practices associated with
the handling of-transmitters.

2-54.>. What is the purpOse of the interlocks,
in a transmitter?
1. To lock the access doots securely

to prevent their beinropened by
unauthorized personnel

2. To provide a secondary fastener
for access doOrs to prevent
them from opening accidentally
when the equipmentifs in a moving
ship or aircraft

3. To provide safe, well-ttsulated ,
conne tors by which' other equip,
ment. y,be linked and "interlocked"
to the transmitter safely --.

4. To turn off the power to the
transmitter automatically when an
access door is opened

2-55. Before touching any of the inner
components of a transmitter with your
'hand, it is important that you first
probe about inside with a metal rod . -

with a tmooden handle, (a) What do
you call this rod, and (b) what is the
primary purpose of your probing about?
1. (a) Breakage-detector rod;

(b) to tap the comRonents.to see
if any of them appein to be-
cracked or broken

2. (a) Compogent-security rod;
(b) to tap the components to see

if all. of them are tightly
seated and securely connected

3. (a) Shorting bar;
.

(b) to touch each part of the
circuitry that may carry a,
charge stored by a c pacitor,
causing it to discha a by
means of a ground ection
from the shorting bar

4. (arPower-detection, rod;
(b)to.assure, by means of spark

detectio,, that the power to
the transmitter has been
turned off

Learning Objective: Identify
characteristics, define terms,
and explain procedures associa-

oted with the use of the
superheterodyne AM receiver.

2-56. What is the form and cpmposition of the
radio'signal to be received by 4n AM
superheterodyne 'Teceij.er?

1. A modulated RF signal,-composed of
an RF signal upon-which an AF
signal hat been impressed

2. An unmodulated RF signal (carrier),
composed. of an intermittent RF
signal which does not vary in
amplitude, but does vary in
'frequencyAccordin6 to the infarMa-
tion it carries._

3. A modulated RF signal, composed ot
An RF signal upon which,a,second
RF-signal of,higher frequency his
been impressed \,,

4 A modulated IF sign01, composea.,',of
au RF signal which has been k

modified and modulated b.'9 an IF

signal



2-57. Relative to receivers, what is meant
by the term "sensitivity"?
1. The ability of a receiver to

reproduce a weak signal
2. The susceptibility of a receiver

to misalignment or drift
3. The degree of physical fragility

of a receiver
4. The ability of a receiver to

differentiate among closely-spaced
signals and reproduce the desired
signal

2-58. Relative to receivers, what is meant
by the term "selectivity "?
1. The abil "-of a receiver to

reproduc
2. b ty of a receiver to select

either CW, AM, or FM signals at its
antenna and RF amplifier stages

3. A measure of the ease with which a
receiver selects the carrier or a-
specified sideband from the full
signal

4. The ability of a receiver to
differentiate among closely-spaced
signals. and reproduce the signal

desired !

2-59. Which of the following is a term which
means the combining oftwo or more
frequencies to produce new frequencies?
1. Squelching
2. 'Heterodyning a

3. Demodulating (or detecting)
4. Oscillating

2-60. 'What function of a receiver takes place
when a transmitted electromagnetic wave
cuts across the receiver antenna in
Stich a way as to in'clute a voltage in

the antenna circuit?
1. Detection
2: Receptioyi

3. Modulation
4. Mixing

2-61. The cutting of electromaghetic Waves
across the antenna indixes very small
a.c. voltages which are then fed to one
or more frequency-selection circuits
located at the input to the receiver.
-Which of the-Nlowing is a function of
these freduAllpy-selection circuits?
1. To select the'desired frequency and

reject all others
'2. To synchronize the carrier and side-

bands so that they will be in phase

3. To remove the carrier and one side-
band from the signal

4. To amplify the signal to the level
necessary to drive the next stage
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2-62. What is the next thing that happens to
the RF signal from the antenna after it
goes through the input tank?
1. It is heterodyned
2. It is amplified by an RF amplifier
3. It is detected ordemodulated
4. It is processed through the beat

frequency oscillator

2-63. What two signals go to the mixer of a
superheterodyne receiver?
1. A locally-produced intermediate-'

frequency signal and a Signal, the
frequency of which is the differance
betweenpe incoming RF and the IF

2. The incoming RF signal and an IF
signal which is usually 455 kHz

3. The incoming RF signal which has
been amplified, and a constant-
amplitude RF si'gnal from local

qscillator
4. The incoming RF signal and a signal,

the frequency of which is the
difference between that of the
carrier and the outer side frequency
of either the upper or lower side-
band

16 kHz 16kHz 16kHz

A

16kHz

Figure 2C.

10
Refer,to figure 2C in answering questions
2-64 through 2-67. Sharper tuning is

desired in the RF ampl'ifier stages of some
receivers than of others, depending upon the
purpose of the reception. In each question,
select the tuning curve (indicating Sharpness
of tuning) assotiated with the type of receiver
named.

4

2-64. CW
1. A

2. B

3. C

4. D



df

2-65. FM (commercial)
1. A
2. B

3. C
4. D

2-66. AM (commercial)
1. A
2. B
3. C

4. D

.2 -67. AM voice communication'(military)
1.. A

3

2. B

. C

4. D

What will be the frequency of the local
oscillator of a.superheterodyne
receiver if the. IF is 455 kHz and the
incomibg RF is 1655 kHz?

455 kHz
2. 1200 kHz only
3. 2110 kHz only
4, Either 1200 kHz or 2110 kHz /

2-69. If the RF input to a superheterodyne
receiver is 1655 kHz and the IF is
455 kHz, aat are the major frequency
outputs of the mixer?

2-68.

1. 1655, 455, 1200, and 2110 only

2. 1655, 485, 1200, 2110, 2855, ino

3765
3. 455, 1200, and 2855 only or

455, 2110, and 3765 only

4. 1655, 455, 1200, and 2855 only or

1655, 455, 2110, and 3765 only

Learning Objective: Describe

the various stages of a receiver.
(This objective is continued
in Assignment 3.)

21

A. Among other functions performed,
components in this stage isolate
the oscillator from the antenna-

ground systems.

B. From this final stage of the,super-
heterodyne receiver the signals, go

to a speaker, headphone, or-other
such device.

C. Practically all the selectivity of

a superheterodyne receiver is

determined by this stage, supple-
mented by, some selectivity prOvided
by another amplifier stage.

D. The sensitivi%y of a receiver it
accomplished priniarily in this stage.

E. It is'especially important at this'
stage to output an adequate signal
with a high signal-to-noise ratio

. so that it can be picked up in the

noisy stage ahead.

F. Tfiis stage is called the preselector.

List 2C.-

In questions 2-70 through 2-72, select

from list 2C the description or
characteristic that matches the receiver

stage named.

2-70. AF amplifier
1. 'A
2. B only
3. E only
4. B and E

2-71. IF amplifier
1. C

2. D

3. E

4. F

2-72. RF amplifier
1. A, D, and F only

B and C only
3. B, C, and E

4. A, D, E, and F

?,9



A. Small voltages developed in this
stage by the RF signal are sent to
frequency-selection circuits for
acceptance or rejection.

B. -From this final stage of
heterodyne receiver the signa s
go to a speaker, headphbne, o
other such device:

C. This stage generatesthe majbrity
of the receiver noise because of
the input of voltages that,differ
yin freqUen0 anddhase from existing
voltages.

D. The function of'this stage is
frequency conversion by heterodyne .

action,

E. klignal, the frequency of which is
a gpecified frequency deviation
from the incoming RF signal, is
generated here.

°F. At this stage a reproduction of the
original AF modulation is recreated
from the IF signal,.

4

List 2D.
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In questions 2-73 through 2-75, select
from list 2D the description or

characteristic that matches the receiver stage
named.

2-73. Detector
1. B

2. D
3. E

4. F

2 -74. Local oscillator
1. A
2. C only
3. E only
4. C and E.

2-75.
1. A and C
2. A and D
3. C and D
11'. F

g

V



Assignment 3

Basic Receiver Theory (Continued); Basic Antenna Theoric, Radio Wave Propagation

Textbook Assignment: Pages 83 - 115

Learning Objective: (Continued)

- Describe, the various stages of

a receiver.

3-1. If-you change the setting of the receiver

to receive RF of a different frequency,
how is the frequency. of the local
oscillator adjusted so there will still

be the same amount of difference in

frequency between them?
1. The tuned circuits of the RF stage

and the local oscillator are
connected to the same tuning shaft

2.. When the RF signal.changes frequency,
a red frequency sythronization
light comes on, and remains on
until the "Osc Tune Knob" on the
front panel is properly adjusted

(manually)

3; There Isla feed-back circuit from
the.RF tuned tanks to the local
oscillator circuit. Any change in

frequency causes an electronic
adjustment to be made.

4. The operator shquld press the black

button on the panel and hold it in

for five seconds. This will initiate

an electronic adjustment

3-2. Why can the tuned circuits in the IF

amplifier stage be permanently adjusted
for optimum gain and bandwidth
characteristics, but those in the,RF
amplifier stage can NOT?

1. Because the signals present in the

IF amplifier stage are of lower
frequency than those in the RF.

amplifier stage
2. Because the signals present in the

IF amplifier stage are of higher

frequency than those in the RF

amplifier stage
3. Because the IF amplifier operates at

only one,frequency, and the tuned
circuits of.the RF amplifier stage

are variable
4. Because the RF amplifier operates'at

only one frequency, and the tuned
circuits of the IF amplifier stage
are variable
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What4types of signals are (a) the input
to and (b) the outpyt from the detector

or demodulator stage?
1. (1 An amplified IF signal,

(b a small AF signal

2. (a) A small IF signal,
(b) an amplified AF signal_.

3. An amplified Rpisignal,,
b a small IF signal

4. a A small IF signal, /
(b) a small RF signal

3-4. To what stage o the receiver does the

signal go from the detector or demodu-
lator?
1. The IF amplifier
2. The AF amplifier
3. The RF amplifier
4. The final tying circuit

Learning Objective: Distinguish
among various control circuits
in a receiver,. and give a
general description of their
operation.

0 If a receiver had NO control to compen-
sate for the variation in strengths of

signals it receives, there would be a corres-
ponding wide variation of volume in receiver

output. In ayition, very strong signals would

overdrive tWRF'stage, and the output would

be distalid and difficult tAunderstand.

3-5. One way the problems connected with the

varied strength of incoming signals

could be overcome is by adjusting the
manual gain control (MGC),label d
"MANUAL," "MGC," or "MANUAL-GAF Oh the

'panel. What normally happens im rnally
when this knob is tuAed?
14.

The amplification factor of the AF

stage is varied

2. The strength of the signal from the
local oscillator to the miler is

varied
3. The amplification factor of the RF

Stage is varied

4. The strength of the IF,'signal from
the mixer is varied



3-6: The automatic gain con of (AGC) works
somewhat diffetently fr the MGC. How

-) does the AGC work?
1. A proportional amOunt.of the incoming

BF signal is sent to the IF amplifi-
cation stage where it attenuates

-j (weakens) the signals in -direct
proportion to their strengths.

2. A capacitive/inductive filter, inser-
ted at the output of the RF.amplifi-
.cation stage, attenuates, in
'proportion to their strengths, all
signals with amplitudes, exceeding a
set amount

3. Iffilters and feeds a proportt al

part of the d.c. component of t
output of the'detector stage,-'wliich

varies as the strength of the iighals
,received, to each of the preceding,
stages to attenuate the signals in
proportion to their strengths

4. )Lcapacitive/inductive filter,,
inserted at the output of the AF
amplification stage, attentuates, in
proportion to their strengths, all

4 signals with amplitudes exceeding
a set amount

c

3-7. How does the'action of the delayed gain
control differ from that of the AGC?
1. The primary difference is that in

delayed gain control there is a slight
delay (measured in nanoseconds) after
the initiating signal, triggers a
response

2. When delayed gain control is used,
attenuation occurs one stage later
than when;AGC is used

3. When delayed gaim control is used,
attenuation occurs two stages later
than when AGC is used

4. When delaye4 gain control is used,
no degenerative feedback Is developed
if the signal strength is less than
a certain value

3-8. What is the purpose of the beat frequency
oscillator (BF0)?
1.' To make it possible to have an AF

output from a received'CW signal
2. To attenuate very strong signals to

prevent their' verdriving tater
stages of the receiver

3. To perform an important step in the
process of separating one sideband
from the rest of the signal

4. Tpl provide regenerative feedback in
order to increase the sensitivity
of the receiver
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3-9. What is the purpose of the squelch, also
called the notse-silencer, noise- suppres-
sor, and noise-limiter?

-1. To attenuate very strong signals in
, order to prevent their overdriving

the remaining stages in the receiver
2. To suppress receiver noise,outptit

. when no input signal is being received
3. To suppress the electronic "whine"

of the RF amplification stage
4. To reject signals of oth0r than'the

4 desired frequency should the receiver.,
drift off frequency

3-10. How sis the purpose of the squelch
accpmplished ?-
1. $9 proportional blocking of..the RF

amplifier stage output
2, By blocking the detector or audio

amplifier when there is no signal
3. By the insertion of an inductive/

capacitive filter at the output of
the last RF amplifier

4. By ihserting a matched-frequency
stage wiliCh passes matching

ft=equencies and rejects all others

3-11.' What is the purpose of the automatic
frequency control ,(AFC)?
1. To cause the frequency of the local

oscillator to change in proportion
to that of the incoming RF signal
when the Operator changes receiving
frequencies

2. To notify the operat4. of a
variance in theIF s.tgnal

3. To notify the operator if the
frequency selected is outside the
range of those designated for use
by the Navy

4. To maintain a constant frequency
separation between the carrier and
laal oscillator despite drift of
either or both

430

1



3-12. What is the method by which the purpose

df the AFC is accomplished?
1. A discriminator circuit senses any

change in IF, produces a d,c. voltage

"equivalent to the frequency shift,
and feeds this voltage to at'reactance

circuit, which then Causes the local

oscillator to change frequency

2. When a new frequency is selectedi.on
the panel, a small voltage is fed

from the amplifiers in the prselector

stage to both the.detector stage and

the local osciTlator, thUs caus1ng

a realignment of local oscillator

frequency
3. If the IF varies, -a small voltage is

induted in all auiliary.circuit, which

then causes a red signal light on the
panel to come on

4,t If the frequency is outside authorized

limits, a small voltage is induced in

an auxiliary circuit, which then

causes a red signal light on the

panel to come on

Learning Objective: Explain

some of the'principles,
prOcedures, and,terms
associated with the tuning
of - antennas.

3-13. Varying operating frequencies require
varying antenna lengths fo optimum
radiation. As it would NOT be practical

to try -to have a separate antenna for

each operating frequency, how is this

requirement usually met?

1. A stock of about six antennas.of
different leagths is maintained for
each piece,of communication equip-
ment, and the one that most nearly -

matches the operating frequency is

used
2. An antenna coupler changes the elec-

trical length of the antenna in order
Ito tune it to the operating frequency

3. Each piece of communication equipment

is locked to one operating frequency

rind is _luipped with an antenna

specifically selected for that

frequency
4. Antennas with telescoping arms are

used, and their lengths are physically

chaned as the operating frequencies
are changed
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3-14. What term, when used to describe an
antenna, means that'the antenne.is
matched to' the operating frequency?

1. Harmonized

2. Synchronized
3. Resonant
4. Polar)zed

3-15. When the length of an antenna is optimum
for the operating frequency, what is the

-relationship between capacitive and

inductive reactance?.
.1. They equal each other

2. The value of X is twice that of Xc

3. The difference in value between
capacitive and ijiductive reactance
is at its maximum, with capacitive
reactance being the stronger !

4. The difference in value between
capacitive and inductive reactance.

.0 is at its maximum, with inductive
reactance being the stronger

ft

3-I6:\ If four standing-wave ratio (SWR)

readings are 2:1, 3:1, 7:1, and 9:1,

which of the readings Indicates the best

SWR?

1. 2:1

2. 3:1

3. 7:1

4. 9:1

Learning Obj ctive: Define or
state terms as ociated with the
signal input point and the
characteristic impedance of
an antenna, and state the

relationship between frequency
and impedance.

3-17. The RF.cable from the_ transmitter may be

connected to the end or center of the

antenna. What is the term for the point

df connection?
I. Signal point

2. oint of characteristic impedance
3. Pint of resonance
4. F e' point-

4 3')
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3-18. What is meant,by thgcharacteriakiN
impedanCe of an antenna?
1. The ratio of the inductive reactahce

to the capacitive reactance when the
antenna.is properly tuned

2. The ratio of the capacitive reactance
to the inductive reactance when the 3-25.

3-24.

antenna is properly tuned
3. The ratio of the overall resistance

of a particular antenna to the
resistance of a standard antenna of
pure copper of specified dimensions

4. The amount of resistance the antenna
is designed to offer when it is
properly tuned

3-19. As the frequency in a circuit increases,
in which direction do (a) capacitive
reactance and-(b) inductile reactance
'vary?

1. (a) Increases, (b) decreases
2. (a) Increases, (b) increases
3. (a) Decreases, (b) decreases
4.. (a) Decreases, (b) increases

Learning Objective: Demonstrate
the relationship among frequency,

/ wavelength, and antenna length.

3-20. If the operating frequency is 146 ')MHz,
what is the approximate wavelength im
-feet?
1. 2.05 ft
Z. 6.74 ft
3. 2,054,794.52 ft
4. 6,739,726.03 ft

3-21. What should be the physical length:in
feet, of a half-wave antenna transmitting
at a frequency of 500 MHz?

0.935 ft
2. e..:4 ft
3. 1.: "0 ft
4. 1.968 ft

Learning Objective: Point out
some of the basic principles
concerning wave polarization,
directivity, and fie d *.riten-

sity of antennas.

0 Judge 'heeler questions 3-22 through
3-25 egarding polarization of antennas

are True or False.

3-22. A vertical antenna radiates a vertically-
polarized, radio wave.

3-23. The electric field around a vertical
antenna is vertical.

When antennas are less than one wave-
length from the ground; horizontally-
polarized waves yield a strqnger signal
close to the earth than do vertically-
polarized waves.

Horizontally-polarized antennas shoqld
be used for reception of yertically-'
polarized waves, whenever possible.

3-26. Of what characteristic is the sharpness
or narrowness of Or radiation pattern
of an antenna a measyre?
1. Sensitivity ,
2. Selectivity
3. Directivity
4. Polarity

Usg the following as the alternatives
for questions 3-27 through 3-29. Select

the response that correctly states the number
of directions in which the specified type of
antenna radiates or receives effi

1. One direction only

2. Two directions only

3. A31 directions' except off of the ends

4. All directions

3-27. OmnidiFiii-lenal

3-28. Unidirectional

3-29. ectional

3-30. Describe the standard antenna used as a
reference when field intensity is being
measured.
1. Parabolic antenna, exactly or mete

in diameter
2. Parabolic antenna, the radial of

which is exactly one meter
3. Standard wire antenna, exactly one

meter long
4, Standard center-fed wire antenna,

exactly two meters long (one meter
from center connection to antenna
end)

26
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Learning Objective: `point out
relationships among current,
resistanc , and radiated

__power, a d among,i cident
waves, reflected w ves,

' and SWR.

3-31. If the cur pt fed into an antenna is

. 5 amperes and the radiation resistance
s' .is 4 ohms, what,i5 the value of the

power being radiated/

10 20 ,W-

2. 441'w

3. 100 W
40r-400 W

3 -32. When the antenna As in resAnce, what
is the relationship.among incident waves,
reflected waves, and standing wa'e ratio

(SWOke '-`%%
1.' The incident waves and reflected

waves, being in phase, reinforce each

other and cause the SWR to be better

2. The inciden waves and reflected
waves, being out of phase, tend to

cancel each other out and cause the

SWR to be pbbrer
At resonance, the incident waves
idisappea-r; therefore, the reflected

waves are neither reinforced 10,
canceled, and the SWR is, unaffected

4. At resonance, the reflected waves
disappear; therefore, the -/4

wavesare neither reinfori
canceled, and a SWR is un.f(eLLed

I

Learning Objective: Explain

some general principles of

half-wave antenna theory.

B

TRANSMISSION
LINE

Figure 3A.

4

Refer tofigure 3A, a resonant half-
wave antenna, when answering; questions

3-33 through 3-35.

.-4,3-33. Which, if any, of the following is-the
electrical lengthof the antenna from
point A to point C, relative to wave-
length? -

1. One-quarter wavelength (a.c. must
travel this distance twice each

half-wave)
One-half wavelength ,1.2.

3. One wavelength.(one-half wavelength
from the center to each end)

4. None of the above .

3-34. In what direction(s) does the current

flow?

1. Alternating C to A, A to C, etc.

2. 'Alter'nating center -to ends, ends to

center, etc.
3.' Center to ends (yi6 reversal)
4. Pulsing current from the centev.to

the ends alternating'with periods of
no current'

//-

35. At point B, what is the degree of current,
voltage, and impedance?

1. Current4Ontmum, voltage maximum,
impelice minim Um Cs

2. Curre Maximum, voltage minimum,

impedance minimum
3. Current_Maximum, voltage minimum,

.impedance maximum
irqrrent mi,mulmi- voltage maximum,

i. iMUM

3-36. Which the following statements
relating to the radiation pattern of a
dipole antenna is correct?
1. The degree of radiation is IN& same

in all directions with no exceptions

2. Radiation occurs only in a plane
perpendicular to the axis of the

antenna
3. Maximum radiation is in a plane

perpandiculat to the axis of the
.antenna; minimum radiation is from
the ends of 91e antenna

4. Minimum radiation is in a plane
perpendicular to the axis ofthe
antenna; maximum radiation is from
the ends of the antenna

7
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Learning Objective: Explain
some general principles of
quarter7wave.antenna theory.

3-3L You were told in half-wave theory.that a
half-wave antenna is the shortest
practical length for the propagation of
radio waves. How, ti4n, can'a quarter-
wave antdnna be used?
1. A special capacitor/indUctor circutt,

at the point of signal input to the
antenna.doubles the electrical length
of. the antenna

2. The quarters-wave antenna has,-40thin
a fiberglass sleeve, an insUlatpr
wound with the amount of antenna
wire reqvired to cause the antenna
to achieve half -wave characteristics

3. .A mirror-image of the same length
as the antenna appears to reflect
from the ground, causing the antenna
to achieve half-wave characteristics

4. A quarter-wave antenna has within it
a layer of heat-sensitive oxide which
responds to the input of current and
causes the antenna to achieve half-
wave characteristics

3-38. How much field strength variation, if
any, is there at different points of the
resultant field surrounding an operating
quarter-wave antenna
1. There is considerabTe variant because

of wave reinforcement and car ellation
2. There is considerable weaknes

directly above the antenna end, but
very little variance elsewhere

3. There is only a slight amount of
variance

4. There is no variance, as an electronic
control compensates, for any potential
variance which might be caused,by
wave reinforcement and cancellation

Learning Objective: Define
diffraction, reflection,
and refraction.

i.
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In questions 3-39 through 3-41, select
from. column B the term best defined by
the

)
definition in column A. t.

A. Definitions

3-39. The bending of a
wave around a solid
object

3-40. The bending o.f

a wave when it.

enters a medium
of a different
density

3-41: The bouncing back
of aWave fro a

relatively s oth
surface whit is

larger than the
wavelength of the
incident wave

B. Terms

1. Diffraction

2. Reflection

3. Refraction

4. Retrocession

Learning Objective: State the
correct sequence of the three
regions of the Earth's
atmosphere, and identify some
of the characteristics of
the ionosphere and troposphere.

3-42, What is the correct sequence, from the
Earth outward, of the, three,regions of
the Earth's atmosphere?
1. Ionosphere, stratosphere, troposphere
2. Troposphere, stratosphere, ionosphere
3. Stratosphere, troposphere, ionosphere
4. Troposphere, ionosphere, stratosphere

3-43. To what degree do Variations in the
properties of humidity, temperature,
pressure: respectively, cause refraetion
of the radio waves in the lower
troposphere?
A. To a negligible degree
B. To a moderate degree -- measurable,

but of little real significance
C. To a significant degree

Humidity Temperature Pressure

1. A , C C
2. C B A
3. C C C
4. B. A B



Lening Objective: State -

ON ithe)arterms used to designate
the areas from the outer
limit of the ground wave
to the first returning
sky wave and from the
transmitar to the first
returning sky wave.

a

Figure 3B. - Ground waves/sky waves reaching
Earth.

0 In answering question 3-44, refer to

figure 3B.

.

3-44. What terms are given to the areas,

labeled "A"'and "B," respectively?
1. Skip zone, skip distance
2. Skip interval, skip horizon

3. Skip interval, skip distance
4. Skip distance, skip zone

Learning Objective: Point outs

-+ some of the causes of and
procedures and,equipment
related ,to forward propa-
gation tropospheric scatter. .

3-45. Forward propagation tropospIrric.,
scatter communications is made possible
because of the reflection and refraction
(scattering) beyond the horizon. What

conditions a4sethe scattering?
1. The rarefied air and partial vacuum

present to the troposphere
,2. The characteristic quietness and

extreme constancy of the troposphere

3. The high number of ionized particles
in the troposphere, more character- '2-
cstic of this atmospheric layer
than others

4. The turbulence\characteristic of
this atmospheric layer

3-46. What'tyPe(s) of 4a) transmitting and
(b) receiving antennas, respectively,
are used in the process. of forward
propagatibn tropospheric scatter
communications?
1. Both (a) and (b), parabolic
2. Both (a) andl(b); horizontal' dipole
3. (a) Vertical dipole, (b) parabolic
4. .-(a) Parabcelic, (b) horizontal dipole

A. The scatter angleAncreases.

B. The scatter angle decreffses.

C. The amount of received energy

. increases.

D. "the amount of received enegY,
decreases.

E. The amount of.turbulence arouhd the
signal increases.

F. The amount of turbulence around the
signal decreases. '

G. The amount of turbulence,' being
negligible inthis layer, remains
the same.

List 3A.

0 Use list 3A in answering question 3-47.

"-- 3-47. Which of the preceding.conditiohs occur
as a result of an increase in the height'

of the scatter?
1., A, D, F
2. A, D, G
3. 11, C, E

4. B, C,

(9,1 3



3-48. What level of transmitter power dnd
antenna sensitivity_ are generall).,used
forjhe process of tropospheric aatter
operation?
1. High-power transmitters, high

transmitting antennas, and very
sensitive receiving antennas

2. Medium-power trnsmittersmedium-
gain transmitting antennas,
receiving antennas of'moderate
sensitivity

3. Low-power transmitters,` medium-gain
transmitting antennas; very -

sensitive receiving antennas
4. High-power transmitters, high-gain

transmitting antennas, receftigg
antennas of low to moderate'
sensitivity,

3-49. Which of the'following is ,a problem
encountered when tropo-scatter is

. employed? 1 ,

1. Operation can be conducted effectively
only from sunset until sunrise

. In,the northerh--heois ere, operation
can be conducted effect v nly
during winter months

3. The signal level is subject to rapid
and continuous change because of

,

changes in atmospheric conditions
4. Tropo-scatter essentially short-

range, and; because phase
reversals of the refracted waves,
there is no way to (dd range.by the

C use of signal amplifiers at
additional relay stations

Learning Obiective: D6scribe
ionospheric Nyers D, E,
sporadic r, and F.

1,

30

To answer questions 3=50 through 3-53, select
from column 8 the ionospheric layer to match
the description shown in columnA.

A. Descriptions B. Layers

'3-50. Composed of patches J. D layer
of ionized atmosphere
that occur erratically '2. E layer
and effect signals
sigdificantly , 3. Sporadic. E. .

3-51. Present only'dOdng
, 4: F,layer

the daytime. Ioniza-
tion is relatively
low. Affects signal
little eiccept for
absorbing energy
from the passing waves

,3-52. During 'daylight hours
.

this layer is-divided
into two layers; then
shortly after sunset
it again becomes one
layer AL

3-53: Present at night, but
. /.,stronger during the

,day,,and strongest at
aboa mid-day. Of
great-impprtance to
daytime transmissions
up to 1,500 miles

Learning Objective: Differentiate
among various components of

r radio waves.

'3-54. What are the two major components of a
'hidio wave?
1. Sky wave and direct wave
2. Sky wave and ground 'wave
3. Spade wave and grOund wave
4. Space wave and surface wave

3-55. What are the two components of a space
wave?
1. Direct wa and ground-reflected

wave
2. Direct wa and surface wave
3. Sky wave an -urface wave .,
4. Sky wave and ground-reflected wave

41
3-56. What are the two components

s.
of a ground

wave?
1. Refracted wave and space wave
2. Direct wave and surface wave
3. Surface wave and sky wave
4. SurfaCe wave and space wave ,

4 3 d
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What,typehof'weve travels in
Sight path and has a romp limited to
the .distance to the horizon plus a small

distahnaArOond the-curvature of the
eartkedaed by atmospheric diffractJon

of the Wave?
1. Ground-reflected wave

2: ,Surface wave
3. Direct wave
4. Sky wails

,348. What' type of wdve spay be refracted from

the ionosphere and returned to Earth far

from the transmission point?

1. Ground wave-
2., Space wave
3. Sky wave
4. Surface wave ,)

3 -59. What type of wave undergo& a phase
reversal and can cause an undesirable
cancellation of signal by arriving at

the receiving antenna approximately

° out of phase with the direcewave?

1. Ground-reflected wave

2. urface wave

3. Sky wave
A .

Ionospheric wave

Learning Objective: Define

"FOT" and "MUF."

3-60. What does "FOT" mean, as defined in your

textbook?
I. Fast overseas transmission, a term

used-to describe long-distance,
cOmmunications by ionospheric

refractiop
'2. FreqUe4Cylof,gptimum tralsmission,

the moit.reAkitiofrequency to use
for transmission at a specified time

3. Flip-over transmission, descriptive
of ground-reflected si,.ls that
undergo phase reversal as they,are

reflected
4. Fade out SroUble, a ter used in

connection with a standa d system
of reporting, on a scale f 1 to 5,

the degree of trouble'at speci ied

time due to fading cau y si nali

arriving out of phase

3 -61.' Frequency tables are compiled which
contain predicted maximum usable frequen-
cies (MUFs) for every locality from which

transmissions will be made. What is an .

MUF ?"

I, Themaximum frequency standard Navy

receivers in that locality are
designed to receive

2. The maximum frequendy that may be
used at specified times at that
,locality because signals of a higher .

frequency are sublect,to penetrating,.
the ionosphere and not-returning to,
Earth

3. The maximum frequency that is
allocated by FCC fOr Navy use at

that locality
4. The maximurd frequency 40at will

produce a usable scatter pattern
in the troposphere in that locality

Learning Objective: Explain,the
reasonfor multipath fading and
the melning of the term "selective
fading."

3-62. Ay does multipath fading occur?
I. Some of the signals are segmented

When they penetrate the troposphere,
refracted from the ionosphere, and
then merged together, out'of phase,,
as they return through the tropo-

sphere
2. Two or more transmitters are located

very closely together, causing the

paths of their signals to copverge

) and sometimes tdbsi, partially
'canceling each other out

3 Signals traveling from one
atmospheric layer to another tend

to change frequency slightly and are

not heard well (.if -at all) at the lc

receiver because they are off

frequency
4. Signals from the same site go to the

receiver by different peths (e, g.,

direct, single hop, ouble hopr, and

arrive in'varying pha relati&ships

431



1-6.3. What fs atlactiVa fading?
1. The condition resulting when the

various components of a, wide- and
wave, being at different frequ ncies,
travel different4aths to.the
receiver and *OA with differe t
phase relationships and differen
relative amplitudes

2. A term used in connection with the

111
segments of time of day or night
that fading is most likely to occur

3. The inability to receiye.certain
frequencies with lkstinaardANavY
receiver. This is a characteristic
of the hardware, and the blocks of
canceled frequencies will differ
from receiver to receiver

4. A flutter in the incoming sipal
caused by regular recurrent fading

of alternate RF waves

Learning Objective: Name the
types of periodic variations
that occur in the ionosphere.

A. Changes within an individual day.

B. Sedsonal changes

C. Sunspot.cycle variations

D. Variations due to phases of the moon

List 3B. ,

0 Use list 3B in answering question 3-64.

3-64. Select from thelreceding list the
periodic variations that exist in
the ionosphere.
1. A, B, C, and D
2. A, B, and C only
3. A and B only
4. B only

°, Learning Objective: Describe
characteristics of the 14F, HF,
UHF, and SHF/EHF bands.

To answer questions 3-65 through 3-68, select
from-column B the frequency band that matches
the description given in column A.

A.' Descriptions B. Bands

3.-65. This is the principall 1. MF
band'for ship-to-shore
communications. it 2. HF
utilizes the iono-
spheric refraction for 3. URF

Jlong-range communica-
tions e 4. SHF and EHF

3,66, Diffuse reflectipn'
is quite prevalence;

,. Much of they incident

radiation is absorbed.
Even raindrops can cause
scattering and absorption.
Satellite communication;.',
systems operate at this
frequency

3-67. The Navy makes short- to
moderate-range transmis-
sions in the'lower part
of this band, and moderate-
range transmissions in the
upper part. Commercial
broadcasts'are transmitted
at mid-band

3-68. Nearly all the pnergy
transmitted point-to-
point in this band
travelsn a curved
pathiLin the tropwhere,
extftding beyond the
horizon, and can go
farther still by tropo-
spheric scatter. There '76
is some trouble with
fading



Aspignment 4
.

BASIOTOStEquipment; System Diagnosis and Quality Assurance

"Textbook Aisighmant: Pages 116 - 15

Learning Objective: Deicribe
'the proper! care, use, and
handling of test equipment.

Ah Judge questions 4-1 through 4-4 as
w True or False, in respect:to the care,

UM, and handling of test equipment.

.4-1. Nearly all test equipment is rugged and
- durable and requires NO special care

except to ensure that it is NOT left
outside, exPosed,to elements of weather.

. .

4-2, A common cause of meterdamagegis the
selection of the improper meter range,
and the subsdquent attempt to measure
.a higher. level than the meter was
designed to measure.

4
41-3. Test sets sHould,be'stowed in a'dry

Place, dust covers shOuld
aboard ship, lOaers.containing test
equipment should be padded to prevent
damage which.could occur when the ship
rolls or pitChei..

4-4.

4.

Careless st4464 Ofcables.and.
accessorieemay lead, to inaccurate
measurement's - because of resultant

changes in'CabIecharacteristics,
short circuits,. etc.

''4 - Which of the following statements con-
cerning the relationship between test
equipment meters and.magnets is correct?
1. Oil a weekly schedule, each meter must

be "zeroed" by holding a, strong Mag-
net close to it briefly if maximum
meter accuracy is to be maintained

2. On a monthly schedule, each meter
Must be "zeroed" by holding a strong,
magnet close to it briefly if maximum
meter accuracy is to-be:maintained

3. Test equipment meters should be kept
away from strong magnets

4,..Magnets have no effect on test
equipment magnets

Learning Objective: Identify
the categories of maintenance
associated with. stated
functions. '

4 -6. Whit is the. name of the category
maintenance thatAncludesthe fouimrif
actions: making routine checks to be
sure the equipment-41 working properly;

. , visually inspecting equipment components
and wiring for damage'aM wear; performing
periodic 10brication; and performing -

'component adjustment?
1. Passive
2. Active
3: Preventive
4. Corrective,

4-7.
t
What is the name of the category of
maintenance that includes the following

. actions: isolating equipment troubles;
replacing defective parts; and aallgning/
readjusting equipment so that twill
again perform properly?
1. Passive
2. Active
3. Preveotive
4. Corrective

41-.1
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Learning Objective: Explain
the reason for a. difference
-in the.amount of current.
befor0And after a cable
is replaced; identify. those
characteristics for which a
match is important between
a test set and the,equip-
Amnt to be tested.

4-8. As RA3 Jernigan was beginning to measure
the turrent at a certain point on a
piece of radio equipment, he noticed
that the insulation on the test set
cable had, a gash in it, exposing the
bare wire. He then took a somewhat
similar cable from his work,dr
and replaced the defective. on

. current reading he then obtai a,

circuit differe from the readi g shown.,

1

in the technica 'manual, although it had
checked out wel ,the previous day. The
facts given would indicate what
probable reason for thiOieviation?
1. 'He has set the meter{' range marker'

incorrectly .

2. He has failed to position the
replacement cable correctly br
tighten it securely
The subslitution of the cahTe.caused
a mismatch of impedance etWeen the
test equipment and the quipment
under test .,

4. The defective cable aj owed an excess
of current to flow-and be stored in
a capacitor. This current is now

, # gradually leaving the capacitor and
flowing with the normal line current

4-8. In what basic areas must consideration
.. be given to the compatibility of the

test equipment and the equipment under
test? .

1. Impedance matching and frequency only
2.. FreqUency and amplitude only '

3. Idpedance matching, frequency,. and
amplitude only

4. Impedance matching, frequency,
amplitude, and polarity

To answer questions 4-10 through 4-13, select
from column B the meter control Switch to match
each of the,functions in column A. (Alterna-
tives may be selected once, more than once, or
NOT.at.,411.1._

I

Learning Objective: Identify
the functions of specified
meter control switches.

7
34
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A. Functions ..8.

4-10. To select ;,,arious. 1.

,voltage or resis-
tance scale values '12.

to be measured .

4-11. orMally to turn
the meter on or off

,4-
4 -12k TQ set/the meter

pointer'at zero,
Mid-scale, full- .

.scale, oh' at any
other value desired

4-13. 'To select the, type
of meter operation.
desired

'a

Switches

Function switch

Range switch

Min/Max Varta=
tion switch.

Zero Adj switch=

Learning Objective: Identify
test equipment familiarization
.procedures, if any, and
distinguish among procedures
for measuring capacitance,
current, inductance, resis-
tance, and voltage.

3 -14. What type of instruction, if any, should
you receive before tak4hg measurements
with a type of test set with which you
are NOT familiar?
1. You should ask a nearby co-worker

tell you how to uskit
2. You should take time to familiarize

yourself somewhat with the set by
lookfng at the controls and meters
and eadingwhat they say. Then,
using your Oast experience (if any)
with other test equipment, You,should
go ahead with your measurement'

3. You should(study the technical manual
for this test set-if it is available.

' If NOT, you should be instructed by
your work center supervisor

4. None. You are encouraged, to. go ahead
on your own and learn by trial and
error'



To answer questions 4-15 through 4218, select
from column B the type Of check that matches
the corresponding.description in column

.A.' Descriptions B. Types of Check

4.15. Seldom taken in 1.

preventive or
corrective main-
tenance. Can be. 2

,taken by using a
test set that is

*intended primarily
for measuring a

-different property. 4.

Sometimes a con-
.version chart is
:required

e

Very valuabje.in
determinimeoverall
stage effitiency.
Measures dielectric
strength r'

4-17.

Capacitance
check

Current deck

Inductance
Check

Usually a valuable
aid in locatirt trouble
during corrective mains
tenance. Manymainte-
nance handbooks contain
charts which indicate .

the test points (usualty-
t e sockets)

4-18. Ra 1 taken in preventive
ma nte ante or testing, as
unsold ring is'usually4
regOled for test. Usually

. /---OhN's' aw is'applied to

li
/ dete ine the value-of this

pro rty, which in most
circuits is quite small

Resistance
check..

ear ing pbjective: Iddntify
nd,ekplain the purpose and
se of various test equip-
nts.

4-19. Most meters re desighed to be able to
measure mora han one electrical
quantity. :What are such meters called?
1. Omnimeters
2. Diversimeters
3. Multimeters
4. Varimeters

4-20. When ypu are measuring current with an
ammeter,' should yOu connect the ammeter
in series or in parallel, and what shoall
its polar4ty be in relation to the
direction of current flow?
1, In parallel, with the current flowing

into the 'negative terminal
2. In parallel, with'the current flowing

into the positive.terminal,
3. In series, with the current flowing

into the negative terminal
4. In series, with the current flowingv,/

into the positive terminal ,

4-21.1 If the current to be measu red with a
'meter exceeds a very small amount, it
will be necessary to use a shunt with
the meter. What is a shunt?
1. A larger, more rugged meter case

and dial, that snaps onto the outside
of the smaller meter, thereby adding
to its resistance and protecting it ,

2. A high-value resistor (with leads)'
to be connected in series between
the incoming current of the equip-
ment under test and the'ammeeee

3. A fuse (with leads) to be connected
Between oneof the.meter.leads and
the incoming current circuit. ;f the

.current is above a certain leve, the
fuse will blow and prpvent meter
damage

4. A large low-resistance conductor to
be connected in parallel with the
meter terminals. This conductor
will carry. the majority of the load
current

AWL

4-22., When you are measuring,,voltage with a.. a
Ooltmet , should you connect the meter
in seri s or in parallel, and what should
its pol rity be in relation to the .

direct on of current flow?
1. Ih parallel, with the current flo ing
"into the negative terminal

2. in parallel, with the current fl Wing
into the positive terminal

3. In series, with the,cprrent flowihg
into CM negative terminal

4. In series.; with the current floWing
into the Pbsitive terminal,'

4-23. In reference to the circuit under test,
what should be the ,relative resistance
of (a) an ammeter and (b) a voltMeter to
obtain readings of the highest accuracy?
1. Both (a) and (b), small
2. (a) Small, (b) large
3. (a) Large, (b) small
4, Both (a) and (b), large
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4 -24. reference to a voltmeter, what do
.

he ritinds of (a) ohms-per-volt,
(b) value-given-asa percentage (e.g.
one percent), and (C),1V, 100V, 1000V
indicate? .

Sensitivity, (b) selectivity,
range
AccuraCy, (b) sElectivity,

thermal state .

Sensitivity.,:(b) accuracy,

Range:- : (b) h rmal state,
range i,

accuracy

di Use the following as the alternatives
" for questions 4-25 through 4-27. Select

the response Ahat correctly states. the location
of theneedld on-the.dial of an ohmmeter under'

1
the condition given.

'

1. Farright end

2:

3.

. 4.

2.. Far left end

3. Center

4 -25. The reading is "O."

4-26. The test leads are shorted together.

4-27. The test leads are separated from each
. other and NOT touching anything else.

.4-28.4Befgre you measure resistance, it is
important that you calibrate (zero) '

the ohmmeter. How you do this?
'1. By selecting the roper range scale,

placing the test robes at the test
points of the circuit to be tested,
and adjusting the zero - adjust
rheostat to zero

2. By selecting the p er range scale,
shorting the ends the test probes
together, and ad sting the zero- .

adjust to mid-scale so that the
needle may safely-go either way

3, By selecting the propetrange scale,
shortinCthe,,ends -of tl5Oest probes
together)4id-adjustlgrthe-Ierd--
adjust thepstat to zero.

4. By sele tang e higheskrangescale,
placing he t st probes at the test
.points o the circuit:to be tested,

.adjustin the ,zero-adjust dial to
. zero; then repeatedly turning to the

next lower range,scale and repeating
the steps given,'in sequence, until

. the.calibration-has been completed :

for all range scales

.

Figure 4A. - Circuit containing resistance
(R

2
) to be measured.

41 Refer to figure 4A when answering
question 4-29.

4-)30.

v

If the resistance of R 2 is'to be %

measured with an ohMmeter, (a) in-Whe
position should the on/Off switch be
placed, and (b) whe'e shoUld the test
probes be placed? - ,

3. a On, b) at C and D
2, b) at E and F
1. Off, b) at G and D
2. a Off

4. (a) On, (b) at E and F

You have set the range scale of the ,

ohmmeter at R x100 and .are properly.-
beasuringthewaresiStancleof a load. The
meter reads 250 ohms. What is the resis-
tance of the load?
1. 2.5 ohms.

_Z. 250 ohms
3. 2,500 ohms
4. 25,000 ohms

- .0*For what is a meggtr primarily used?

1.

Ttmeasure the capacitance of a
circuit, and by the use of an .

auxiliary switch, its inductance :

2. To measure the insulation resistance
of conductors and RF cables and the
dielectricstrength of capacitors

'3. To measure Ohe voltage:of a circuit
at its, source and also at its return,

. t to the -source :in order to derive a
voltage efficiency rating for the
circuit

rC To measure the strength and polarity
of the field set up around the
electrical conductors .0 the circuit
Under test

7
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4-32. When power is being measured with a

wattmeter; why -i-stttwortantto Fdhere
.strictly to the "safe rating" limits for
current and voltage?
.1. Because if current or voltage is

excessive, the Meter pointer will
likely hit against the upper limit
ofthe dial add be damaged

2. Because the pointer does not give an
indication to alert the user when I;

the internal coils are overloaded
even though the insulation surround-
ing them may be burning

3. Because, even though no damage will
be done because of,a safety feature 4-36

in the wattraiiter,"a false reading
will be obtaTned

4. Because, although the pointer, gives
warning by deflecting sharply to
the right. internal damage is done
simultaneously

4-33. There are special wattmeters available
for circuits involving the higher
frequencies. Why are the electrbdynamic
wattmeters that are used for the lower
frequencies, NOT suitable for use at
the higher frequencies also?
1. Electrodynamic Wattmeter errors

increase with frequency
.12. The frequency selection dial on the

wattmeter does not have a setting
for the higher.frequencies

3. At frequencies above a certain level;
the meter pointer oscillates from,
one end of the dial to the other

4. Meter pointer viaration increases:
with frequency to the point that_
it becomes impossible to obtain a
reading ,

.4

4-35. You should,NOT be in tINIALig_i_hurcy.
when beginning to use a frequency meter.
Which of the following is a major reason
for this?
1. You should take time to short 11ie

leads together and be'sire the
painter is on z ro

2. You should allow.for sufficient meter':!

warm -up time
3. You need to always check the meth

with a shorting probe before using it\
4. It is easy to attach the meter upside

down, thus causing false readings

134.." RM3 Parker is,preparing An measure an

. unknown frequency by using a heterodyne

i.

frequency %ter. Parlawill match the
frequenty OM calibrated, high-'precision
oscillatdrto that of, the unknown
frequency What indication will there
be when the two frequencies match?
1. owve dot of Tight. on the screen will

be superimposed on the other
2. One vertical line on the screen will

be superimposed on the other i

)3. THe two tones in the headset will
achieve the same pitch, at which

:11

time a series of clicks wil -be
4. The torte in the headset wil decrease

in pitch, and be replaced by clicks,
which will then become slo or,
non-existent

37

From where\does the National Bureau of
Standards broadcast.its standards?
1. WWV at Beltsville, MD and WWVH at

Maui, Hawaii
2. WWV at Washington, DC and WWVH at .

Honolulu, Hawaii.
3. WWV at Washington, DC and WWVH at

Maui, Hawaii
4. WWV at Denver, CO and WWWPat

Honolulu, Hawaii,

A. Radiopropagation notices

B. Standard audio frequencie'

C. Standard musical pitch

'D. StandArd radio frequencies

E. Standard time intervals

Time signals

A

List 4A

II Use list.4A in answering question 4-37.

4437. Which of the technical radio service
listed are provided by wyv and WWVH?

C
O

1. All except A
2. All except C
3/ All except E
4. All
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Figure 4B. :;Panel of audio frequency generator.

Use figure'48, to aliswer question 4-38.

' 4-38. What are the frequency and output voltage 4-40.
of the audio frequency generator shoWn?
1. .56 Hz, 5 volts
2. 560 Hz, .5 volt
3. -5600 Hz, .5 volt
4. 5600 Uz, 5 volts ,,

. 4-39. As part of checking,theoperation of the
oscillator of an audio frequency!-
,generator lit 60-Hertz, after you sets
the dials, you move the main tuning
dial back and fofth slightly while you
are alert to notice when what occurs?
1. The 60-Hz reed vibrates with

maximum amplitude
2. An audible tone sounds
3.' A red indicator slides across the

slot,Sbove ' 6.O " in the frequency-

e calibration li
comeson

ht on the panel

44 lc,
Lo)

,j 4-41. What is the name of the very versatile__
piece'of test equipment that gives a
visual presentation of a signal on a
screen; much like a television screen,
'showing frequency, shape, phase, ampli-
tude, and other characteristics? .
1. Oscilloscope
2. Standing wave ratio meter
'3. Distortion analyzer
4. Multimeter

I .

When an AF modulation signal is fed into
an RF signal generator, where is it

A
a

1. At the X-MULT jack, at the bottom ".

front of the panel, just right of
center

2. 'At the X200K jack; at the bottom
front of the panel', about halfway
between the center and. right edge.

3. At the EXT MOD IN jack, at the 0.1

bottom right-hand corner of the
front panel

4. At the X-Y jack around on the right
side(of the generator (not the front),-
near the bottom

inserted?

38
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figure 4C.

7 . Refere4'figure4C when answering
question 4 -42.

4-42. Which of the foilowing representations
is a typical spectrum analyzei' CRT
display?

4=43. Which of the following conditions does
the emission type tube testers check
primarily?

1. A 1. The condition of the cathode

2. B 2. The percentage of gas in the tube

3. C 3. The degree of leakage, if any,

4. D around the base of the tube
4. The condition of the anode

4



4 -44. Which-of thefollowing is normally used
as a means of obtaining accurate
measurements of the circuit outputS
when an oscilloscope.is used?
1. .A small, strong, lightweight nylon

measuring tape which rolls tightly
within its container and is kept
behind a sliding door on the,gide
of the 0-scope

2. Grids scored on plates of glass' or
plastic that can be mounted in
front of the screen

3. A pattern of four seams of light
that cross the screen horizontally,.
vertically: and diagonally (both
ways)

' 4. A slow scan device coupled with a
timer

4 -45. The spectrum analyzer presents a display'
from an intermediate frequency which is'
produced by beating'the signals from
what two components?
1. A superheterodyne receiver and an

amplitudd-modulated AF signal
generator

2. A superheterodyne .receiver and a -

frequency-modulatedRF oscillator,
3. A superheterodyne-receiver and a

mixer circuit
Two superheterodyne receivers, tuned
to certain specifications

06. Which of the following conditions does
the. transconductanc* type tube tester I
check primari}y?
I. The degree of "glow" of the tube
2. The amount of heat present at the

surface of the cathode when the
,tube is-fully warmed up

3. The ability of the tube to conduct
when a series of varied inputs
5 applied : ,

' 4. The ability of-the tube-to amplify
under simulated tircutt'dinditions

I -

Learning Objective: State,,
describe, and explain some,A
safety measures important ti
thOse Who work around
electrical and electronic
equipment.

41
Safety is everybody's business -- and
everybody's responsibility) If you see

an unsafe conilitiOn or practice, speak,up or
take action. You may save a life! Questions
4-47 through 4-62 deal with safety.

4-47. You are assigned a maintenance job
involVing hibh-voltage equipment. You
attempt to find a safety observer, but
are NOT able to do so. Which of the
following things Wuld_you_do?.
1. Find a safetylobserver befot

beginning the maintenance
2. Immediately proceed cautiously with

the maintenance
3. Proceed cautiously with the

maintenance after notifying the
communications officer

' 4. Proceed cautiously with the
maintenance after notifying the
duty officer

4-48. RM3 Suproncp reported to duty; wiped the
rain from4his shoes ancLthe shoulders of
his shirt;iunrolled the rubber mat he had
bought at the mall; placed the that on the
floor in front of his rolling steel chair
at his workbench; selected; among other
things, the insulated Molded flashlight
from his toolbox; and announced.that,he
was ready to work on the equipment.
Which of the articles mentionedare
ele trtc shock hazards or unreliable
art 4es of protectionje

teel chair only
et clothing and flashlight only

. Wet clothing, nonapproved rubber,
mat,'and steel chair

4. -Wet clothing, nonapproved rubber
mat, steel chbir, and flashlight

4-49. With what should you remove cartridge
fuses?
1. The finONs of one hand

. 2. The fingers of-both hands
3. A pair of insulated pliefs
4. A fuse puller

47.0.. When maintenance is to be performed, what
Must be done to 'supply switches,or cutout
switches from which power could be fed
to the circuit?
1. They must be)secured in the OPEN

position and tagged
2. they must be-tagged, only

. r
3. They must be secured in the OPEN

positfen only (
4. They must be secured:in the OPEN.

position, tagged, andyguarded at ar
times.by a, safety observer

ti

4
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4-51. Whith of the following statements.
regardikg grounding of equipment is

' correct?
1. Equipment to be tested must e

grounded, but test equipmerrf need
not be grounded

2. Both the-equipment to be tested and
the'test equipment must be groutided---;-----

3. The test equipmentmust.be grounded,
but,the equipmentto U6 tested ;

-nefid not be grounded
4. When equipment is merely being

6A
. tested, it is of required that

either the eq ipmnigder test
or the test equip e grourided

4-52. When you are using test probes tcrcheck
'voltage in a live circuit, what is the
main reason why you shoul`d'use only

- one hand?.
1. You need the other hand-to hold the

.
voltmeter level so that it will
give an accurate reading

,2. If both hands are in contact with
the circuit, the static electricity
inherent in your body will cause
an incorrect reading

3 If both hands are in contact with
the circuit, you make a path for
current to flow from lest point toy'

test point through yoUr body
4. Ybu need to use the b.ther hand to

turn the controls baCk and forth
as you watch the Qoltmeter dial

4-53. What is the lowest cur ent value at
which a shock normall causes paralysis

'.of the muscles? .

1. 0.001 amp

3,

0.01' amp

0.1 amp
4. 61.0 amp_

4-54. What is the lowest current value at
which a shock.is normally fatal if it
lasts one second or more?
1. 0.001 amp

'2. 0.01 amp
3. 0.1 amp
4. 1.0 amp

4-55.

41

4756.

/Before you make a megger test, Which of
the -following precautions_sholld you

.--rabserxe2_

1. Touch the leads together and turn
the crank slbwly to be sure tpe
reading approximates infinite.'
Although you must leave the equips
menenerOzed to check it adequately,
you must exercise extreme caution

2. Touch the leads together and turn'
the crank slowly to be sure the
reading approximates zero. Completely
deenergize the equipment to be
tested A

3. Touch the leads.together, but do not
turn the crank. Ensure that the
reading approximates zero: Although

you'must leave the equipment
energized to check it adequately,-
you must exercise extreme caution '

4. Touch the leads together, but do not
turn the crank. Ensure that the
reading approximates. infinity.
Completely deenergize £he equipment
to be tested

. Which of the following is a'safety
precaution you must take if youare to
conduct a Megqer test on components
having high capacitance?
1. Discharge the components with an

' approved shorting probe before
(,but not necessarily after) making
the megger tett

2. tDischarge the components with an
.approved shorting probe both before
:and' after making ,the megger test

3. (Discharge the compOnents with an,
approved shorting probe after (but
mkt necessarily be e) making the
megger test

4. Measure the capacitance with a
capacitance meter before and after
the megger test, and discharge if
the reading exceeds the numerical
value specified in the technical
manual



4187. 'Which of the following sets of
instructions should you follow when
handling a cathpde-ray tube?.
1. Handle it very carefully, carry it

only by the narrow neck, and, if
you must put it down, stand it on
its face on a thick piece of felt, .

if possible .

2. Handle it very carefully, carry it
only by the narrow neck, and, if

side on a heavy piece felt, if
you must put it down, it on its1
possible

3. Handle it very carefully, being
careful not_to scratch or bump it .

because the glass envelope contains
a high vacuum and will implode if
punctured . 316

4. Handle it very carefully, being.
careful not to scratch or bump it

' because'the glass envelope contains
a highgpressure and will explode
if punctured

4-58. When you are discarding a cathode-ray
tube, you should put it in an empty CRT
carton and act in'accordance with which
of the following sets ofprecautidOls? -,

. Be careful not to break off the
locating pin or-the tip of the glass
vacuUm seal; be careful not to get
the toxic chemical phosphor coating
on your hands or'on Any skin breaks

2. Carefully break off the tip of the
glass vacuum seal, but do not break
-off the locating pin; becareful
not.to get the toxic chemical
phosphor ebating.on your hands or
on any skin breakss

-3. Carefully break off the locating pin
rand the tip of the glass vacuum-)
seal; be careful not to get the toxic.
chemical phosphor coating on your
hands or on any skin breaks

4. Carefully break off the locating
pin and the tip of the glass vacuum
seal; take normal precautions not to
cut yourself, but the coated glass
of the CRT is of n6 more potential
danger to, you than any other sharp
glass

'L---- 4
4-59 , What should you do.if you observe a'

shipmate suffer an electric shock, lose
consciousness, and continue to hold to
the live conductor? (In all cases, you
will remain with the'victfin until help
arrives.)
1. First, rush to him and try to pull

him free from the conductor:, then
administer artificial respiration,
give him a stimulant, and send for
the doctor or corpsman de

2. First, turn off the voltage if
possible. If you cannot, try to
free him from the conductor, protec-
ting yourself, meanwhile. Then see
if he is breathing, loosen his
clothing, keep him warm and still,
administer artificial respiration
if'he is not breathing, and send for
a doctor or corpsman

3. Call for 4 medical doctor or
corpsman;)then turn off theiVoltage
if possible. If you cannot, try
to free ,,him from the conduCtor,
protecting yourself, meanwhile.
Loosen his clothing, and keep him

1 warm /

-4. Call Tor two' ot er shipmAeslo

9ka
t help you. One you should

immediately tr pull the victim
free from the conductor, one should

----t41'the doctor or corpsman,'and one
should turn off the voltage if he
can locate and gain access to the
source. Then loosen the victim's
clothing, cover him, see if he is
breathing, and administer artificial
respiration if necessary

4-
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60. 'How is it possible for aperson who is
conscious to sustai0 RF-energy urns
which may result in serious conse uences
without realizing that this is. od vring?
1. An RF-energy burn causes a co ling,

rather than a heating, sensation,
which the victim does not associallr
with an RF-energy burn

2 Preceding an RF-energy burn there is
ir always a jolt- resulting -in a short.

periodof tin4 that all tonscious
thought processes are absent. The
victimrW411 never-recall this
partiCular time

3. This occurrence causes drowsiness,
and the victim nearly always thinks
he merely needs more sleep

4 The RF-energy heating action'
penetrates' through tissue to the,
bone where there are no. nerves
+Mich can alert the victim that
burning is taking place-

4 ;0



.A. 'Get proper permission and authori-
zation (from the CIC Officer and
the 00D, for example)

B. Wear a rubber chest-protector )

C. Ensure that the transmitter is NOT
energized, and that RF energy from
nearby transmitter antennas is NOT
harmful,

D. Procure the assistance of a person
qualified. in rigging

E. Ensure that a fire truck is standing
by

F. Wear a safety belt and secure tools
to your person with, carrier lines.
Secure your safety belt as -soon as
you reach the work 'area

G.' Take a safety belt with you and
secure tools to your person with
carrier lines. Fasten the safety
belt unless no can prop yourself

-securely, in which case you need,
NOT fasten it -

H. Ensure good footing and grasp and
hold fast

List 4B:*

Use the preceding list of safety rules
IF in answering question 4-61.

_4-61. Which rules apply when you go aloft to
work Goon antenna?
1. A, B1 C, E, F, H
2. A, C, D, F, H
3. A, C, E, G, H
4. C, D, F, H only

4-62. Which of the following types of fire
extinguishers is/are satisfactory for
use on electriCal fires?
1. CO2 gas only
2. Carbon tetrachloride and CO2 gas only

3. Carbon tetrachloride, CO2:gas, and
foam only

4. Carbon tetrachloride, CO2 gas,
'soda-acid, anfoam

4 NC--

Learning jective: Explain
procedures associated with
testing resistance and voltage,
and interpreting an oscillo-
scope display.,

4-63. How and with what should you make a'
resistance cheek, using po4nt,to-point
resistance charts in the equipment
technical manual?
1. Using an ohmmeter, measure thp d.c.

resistance between specified points
in the Vicuit and .ground. The

meter in cates the amount of

resistance present
2. Using-a test line with a light bulb

(load) in the'centeikanda test
probe on., each.endv-roudispecItied

points-of the cirCuit with one
probe and ground with the other.
The brightness'of the ligh indicates
the amount,of re istece p esent

3. Flip the "test" witch on he panel
to ON, then 110 e panel adjustment !-

knobs and recor their position when
the audio trine eases (the null) i

.4. Flip.the "test" switch on the panel

ustment knobs and record their
. to ON, then rotate the panel

' ad
pos tion when the Qial indicates 114'

exac 7y zero

4-64. When the operator is fnaking resistance
checks, should the power to the equip-
ment under test be on or off, and what .

should be the condition-of the
capacitors in the circuit?

1. Powerjaff; capacitors left precisely
as Oey were when the power was .

turned off
2, Power off; capacitors discharged
3. Power on; capacitors operating

normally
4. Power on; by-pass conductors

attached between large Anacitors
and ground



measAent 1,ocating troubles ors 2 l

4-65., Why i t important to take ,..foltage

'trouble .symptoms?
1. Because a

gbeh
griff-iiOltage causes

(ta change lomotr, and power
abnormal ty is. always the basic key
to,troubleshooting

2. Ateethe if an abnormal voltage can
be retuhned to normal by adjusting
resistance, it can "safely be assumed
that the equipment is.repdired and
can be. relied upon to be dependable

3. Because.knowledge of voltage
abnormalities helps us find trouble
spots,. as most equipment and system
troubles either re.P41t from abnormal
voltages or Produce abnOrmal voltages

4. Because, although most.iquipment
troubles do not affect voltage; those
few that o affect it ordinarily are

i

of seriou nature and need to be
repaired, romptly to avoid equipment
dahage

To avoia damage to the voltmeter and to
attain- high accuracy of reading, what
t the procedure recommended in your
extbpok for setting the range on thet

voltmeter? %

1. First. set it to the htg6est range,
.

then to the range that will petmit"
close, detailed compdrison with the
measurement shoWn-in the voltage
chart '

,
t

2. Set it onlyto the range that will
permit close, detailed:4m6rison
with the measurement -sOewn in the
voltage chart

3. 'Firstset it to theelowest range;
then to the range that willOpermit
close, detailed comparison with the
measurement shown in the voltage
chart

4. Set it only to the highest range.
Any other setting will permit damage,

,7%----to the meter .

-\ ,
-

\--,.!!! _

'4-67. When the operatipr measures voltage of
less than 300V,which of olloring

.;...procedures shquld he follOw be 1-he

reads the meter?
1-3- Turn the power on. With one ha

place the ground lead of the vol
meter to ground; with the Other.
rtbuch the other ledd of the voltmeter
to the point to be measured ik.

2. Turn the.power-of With one bud,
. ? place the ground lead of the volt-

meter to ground; withlthe other,
touch the Other lead of the voltmeter
to the point tobe measured

3. Turn the power on': Connect the '''

grouhd lead of the voltmeter.; then,
using one hand (other, 1n'pocket or
behind batk), place the end of the
test prod on the pdint to be measured

4, Turn the,power off. 'Connect.the
ground lead of the oltmeter; then,

'using one han (ot r in pocket or
behind back), lay the end of the
test prod on e point to be measured

4-68. During a routine preventive maintenance
check, if the operatdr discovers that
the diSplay of A waveformon an oscillo-
scope resembles the, reference waveform
for that test,point, butshoWS Minor* 9

distortion, which of the,following
actions should he take?
1. He should deenergize the equipment

unger test immediately before it
2becomes damaged, and submit a
"..priority request for corrective

maintenance
2. He should deenergize the-equipment,.

but should submit a request for
corrective maintenance " :

3. He should not deenergize the equip-

.
3 ment, but should conduct waveform

'kcomparison tests orf it every hair .

for eight hour's to see if alything
. <, else develops,'

4. 'He should consider this display to be
satisfactory..realizing that it is
not unusual for differences in
oscilloscopes, placement of the lead%,
etc. to cause slight variations in
displays .

44
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Learning Objective: Explain
how and with what to test
receivers relative to noise
and input'and outpUt voltages.

4 -73 ,What test equipment is normally used to
let you know when you have the proper
drive for the vecified percent of
modulation for output poWEr measurement,
and what will result if you exceed that
drive level? ,

1.. A voltmeteritarcing-and possibly fire
2. A voltmeter; an incorrect measurement

and undesired heat build-up
3. An oscilloscope; disqh-tion and

undesired shifting of the carrier
A. A wattmeter;.an incorrect measurement

4-69: -Noise present in a receiver can generally
be attributed' to what two sources?
1.- Atmospheric disturbances; magnetic

disturbances
2. -Atmospheric d4turbances; electrical

vcipponents in the receiver circuits
L. Movement of the antenna during wind;

vibration of the RF amplifier during
operation'

4. HuMming of tubes; random "popping"
of transistors

A-70. You insert a signal of a specified
voltage into the first RF amplifier of
a receiver, measure the output of the
signal from this amplifier, and divide
the output signal voltage by the input
signal voltage. Your answer will be a
measure of what characteristic of the
RF amplifier?
1. Gain
2. Distortion .

3. Selectivity
4. Fidelity

4-71. You inject a signal of a specified
voltage from a signal generator into a
'dummy antenna, following prescribed
steps.- Then the signal goes to the
receiver input stage, and you measure
the receiver output signal with a
voltmeter. You will have the necessary
measurements to determine what
characteristic of the receiver?
1. Selectivity
2. Sensitivity
3. Reliability
4. Fidelity

Learning Objective: Explain
how and with what to test
output power (CW and modulated).

4-72. When output power measurements are made
in modaJlated systems, the measurement
is made for normal carrier output and
for peak power at what percent
modulation?
1. 40%*
2. 60%
3. 75%

4. 100%

4L,

4-74.

Learning Objective: Discuss'
standing-wave ratio (SWR),
identify Est equipment used
to perform 4e0fied sts,
explain why messive be
replacement is a p r

procedure. (This jective
is continued in Assignment 5.)

(a) Should the standing-wave ratio -(SWR)
be high or low, and (b) what does itl%
indicate?
1. (a) Low, (b) the degree of precision

of the frequency of the.equip-
mentes compared to a standard

2. (a) High, (b) the degree of precision
Of the frequency of the equip-
ment as compared to a standard

3. (a) Low, (b) the degree to which
the load and source impedances
are matched

4. (a) High, (b) the degree to which
the load arid source impedances
are matched

4-75. If the installation of a new antenna or
the erection of a structure close to
an antenna causes a change in antenna
impedance with a resultant undesirably
high SWR, what is normally done to
correct this situation?
1. The transmission line is replaced
2. The antenna matching network is

varied to match the new antenna
characteristics

3. The antenna is replaced by an antenna
,pith characteristics that reflect a
better SWR J4

4. The equipment impedance is varied
until the SWR is better

.)



Assignment 5
1

System Diagnosis and quality Assurance (Continued); Communications Organization

Textbook Assignment: Pages 153 - 183

Learning Objective: (Continued)

Discuss standing-wave ratio
(918), identify, test equipment
used to perform specified tests,
and explain why massive tube
replacement is a poor procedure.

5-1. If the SWR becomes high for NO accountable 5-4.

reason, usually an impedance test of
transmission lines, control cables, and
4ptennas is made. What test equipment
is generally used for this test?
1. Variation analyzer
2. Oscilloscope
3. Impedance response meter
4. Megohmmeter

ich of'the following are equipments
i rommunication checks to observe

ntk.Ar/heAA0Vingetryiwof
"atbrs?

. Wave analyzers, distortion analyzers,
or sound analyzers

2. Spectrum analyzers or pulse analyzers
3. PanOraMic adapters or signal analyzers

4. Variation analyzer-or bandwidth
analyzers V

5-3. When equipment having numerous electron
tubes shows indications of a potential
problem, why should a massive tube
replacement effort NOT begin immediately?

1. Because misalignment would probably

occur
2. Because time and effort would probably

be wasted, as the equipment would
probably still indicate that it had
a potential problem after tube
replaCement

3. Because an undesirable accumulation
oflubes of unknown age and condition
wdald be built up

4. All of the above

4r,

Learning Objective:. Convert
ratioloVrowekgain to gain
in decibels an identify the
type of equipment associated
with certain sensitivity .

measuring processes.

If a receiver has a 1000-to-1 ratio of
power gain, what is the gain in
decibels?
1. 10 dB
2. 30 dB
3. 3 dB

4. 103 dB

In questions 5-5 through 5-7, select from
column B the type of equipment associated with
the sensitivity measurement process (or a part
thereof) given in column A.

A. Sensitivity B. Types of

Measuring Processes Equipment

5-5. A carrier of 400 Hz at
30% modulation is
applied, and the receiver
output is adjusted for

a +10 de"ratio of
signal-to-noise

5-6.

5-7

The input signal voltage
is adjusted to produce
a +20 dB outputvsignal-
to-noiseratio, whiCh

1 -is maintained even
though the reference
level may-change

Inherert in this type'
of ecitipment is a strict
requirement for a high
de9ree of frequency
stabilitY, and the
associated test equip-
ment must be highly
ac curate

1. CW (Al)
and
facsimile
(A4)

receivers

2. Single
sideband
(SSB)

receivers

3. Voice-
modulated
(A3)

receivers .



5-8, What does your textbook suggest ds the
first step in checking the sensitivity
of a frequency-shift keying (FSK) system
(receiver, FSK circuitry, and teletype-
writer)?
I. Check the receiver of e FSK system

for CW operation and ensitivity
2. With an'electronic ti r, measure

the time interval fro the initial
signal input to the teletypewriter
output /

3. Uncouple the teletypewriter, clean
--and lubricate it, and run it
,(separately) through the tests
listed in a checklist in the
technical manual._

4. In sequence, insert several signals
of different frequencies, as specified
in the technical manual, and note the
corresponding outputs from the
teletypewriter

' 5-9.

Learning Objective: Describe
procedures and test equipment
utilized to determine the
reserve gain of,a receiver
and to determine whether the
operation of an amplifier is
nonstandard.

By whit f any, of the following ways
can a reserve gain of a receiver be
dete fined?

I. By ffiding the ratio of an inserted
signal of specified strength to the
resultant output signal when the
receiver is set for standard gain

2. By measuring the ratio of noise
output at standard gain to noise *-

output at maxi m i gain (provided
maximum gain does not cause an out-
put overload)

3. By measuring the ratio of noise
output at minimum gain to noise
output at maximum gain (provided
maximum gain does not rause an out-
put overload)
"k)ne.of the above

5-10.1\ You suspect the amplification character-
istics of one of the amplifiers in the

\receiver varies considerably from the
others. Which of the following ac/t-ilms
would be t help you learn whether you
are corre t, and, if so, how'it varies?
I. Insert,signalS from an FM signal

generator, and display amplifier
response curves, from the different,

,

amplifiers
\ )

2. Insert signals of various frequencies'
and measure the streq9th and
frequency of each of the output
signals with a voltmeter

3. Measure the resistance across each.
amplifier when t .circuit is
operating norma

4. Measure the voli cross each
amplifier when t.e circuit is
operating normally

5-11

Learning Objective: Determine
what portion of the receiver
system is included when the
term "overall selectivity" is
used.

The term "overall selectivity" usually
refers to the frequency selectivity
of a receiver from and to what points?
I. From the input to the first amplifier

to the output from the speaker or
earphones only

2. From (and including) the antenna to
the output from the speaker or
earphones

3. From to input to the first amplifier
to the'ioput of the finhl detector
only

4. FrO'(and,includiog) the antenna to
the input to 'tille,final detector only



r
Learning Objective: Describe

procedures for determining
the squelch characteristic
and for checking warm-
frequency drift.

5-12. In order to determine the squelch
characteristic of a receiver, after
coupling together the equipment, properly
setting the degree of modulation,
frequincy, and RF output of the si'nal
generatdr, and checking the receiv r
output, what should you do?
1. Gradually increase the percent of

modulation until the squelch circuit
operates. This percent of modulation
is the sq elch characteristic

2. Gradually increase the RF output
of the si 1 generator until the
squelch cirsait operates. This RF

output is the squelch cKaracteristic
3. Gradually increase the frepency

until the squelch circuit operates.
This frequency is the'squelch
characteristic

4. Gradually turn the gain control on
the panel, of the receiver, increasing
the gain until the squelch circuit
operates. The voltmeter reading
upon activation of the squelch
cir4uit is the squelch characteristic

5-13. According to your textbook, to perform a
warp-up frequency drift check with a
heterodyne frequency meter, what 'could
you do after you turn on the receiver
and set the frequency meter to produce
a 1000-Hz beat tome (in the CW mode)?'

1. As the receiver drifts, readjust the
- frequency meter to produce_a 1000-Hz

beat tone. The frequency drift is
indicated by the difference between
the original and final frequency
meter setting after the receiver
frequency stabilizes

2. 'After the receiver frequency stabi-
lizes, measure the difference in
frequency between this receiver and
a second receiver, set at the
original frequency of the first

receiver
3. Compute the percentage and polar-Sty

of voltage change of the receivd
before and after drift

4. Compare readings of spectrum analyzer
tests conducted before and after
drift

48

Learning Objective: Identify

a problem condition caused by
dust on the conductors in a
circuit.

5,14. A collection of dust on the insulation
of the conductors in a circuit invites

what condition(s)?
1. Decreased resistance in thensula-

tiob caused by the absorption of
moisture by the dust; flashi g of
electrical energy from one c onent

to another
2. Increased resistance in the insula-

tion resulting in increased current
flow andheat build-up as the

attempts to normalize
3. Increased resistance in the insula-

tion caused by the increased diameter
of insulation plus dust; flashing
of electrical energy from one compo-
nent to another

4. Varying resistance in the insulatipn
(increased in some areas, decreased
in some areas, caused by varying
degrees of moisture) resulting in
fluctuating current

5-15.

Learning Objective:* Explain
procedures for measuring
transmitter frequency and
transmitter output power.

In the MF to VHF range in communications,
what is normally the way to find the
power output of a transmitter?
1. Measuring the current and voltage

and applying a formula
2. Measuring the current and resistance

and applying a formula
3. Using the "lamp-load" method'
4. Reading the front panel meters of

the equipment and applying a formula,
if required

1



5-16. Identify an action to be taken in each of
two methods of measuring transmitter
frequency, as described in your textbook.
1. (Method 1) Inserting the outputs of

a.stand d frequency generator and'
.a trans nto a dummy antenna,
and co 9 t, s' antenna output to
an 6i loscope; (metftt44) "beating"
the transmitter frequency against ,

1 the output signal of a heterodyne
7 frequency meter

2. (Method 1) Inserting the output of,
a standard frequency generator into
a transmitter,; (method 2) "beating"
the transmitter frequency against
the output signal of a heterodyne
frequency meter

3. (Method 1) Inserting the output
4 from a transmitter into a standard

frequenty merator; (method 2)
inserting the output of a transmitter
into spectrum analyzer

4. (MetN6d 1) Inserting the output
from a heterodyne frequency meter
into a transmitter; (method 2)
"beating" the output of the trans-
mitter with a signal of preselected
frequency set into a standard
frequency generator

5-17. Which of the following are used in
measuring transmitter power output by
the lamp-load method?
1. An incandescent lamp, an illumination

meter, a variable power source, and
an ohmmeter

2. A series of lamps, a rheostat, a
steady power source, and an ohmmeter

k 3. A series of lamps, a mirror, an
illumination meter, a steady power
source, and a wattmeter

4. A series of lamps, an illumination
meter, a variable power source, and
a wattmeter

Learning Objective: Identify
a problem existent in an RF
amplifier and explain proce-
dures taken to overcome the
problem of degenerative
feedback.

5-18. Every RF amplifier tube, including those
in transmitters, has an inherent problem.
What is it?
1. Cathode glow
2. Plate saturation
3.'''Interelectrode capacitance
4. Grid locking

49

5-19. What is the name given to the procedure
used to eliminate or reduce the effec-
tiven9ss- and efficiency-robbing effects
of degenerative feedback in an RF,
amplifier?
1. Debilitation
2. Negation
/3. Neutralization
4. Tubular' suppression

Learning=objectiG State the
names of thelypp,impulses
associated with the perfora-
tion on paper tape, and name,.
and explain the distinctions
between the types of wire
teletypewriter circuits.

A

0
3 4
0

0° 0
0 0 01
0 0000
0 000

Figure 5A.

C

Use figure 5A in answering question 5-20.

5-20. Identify the type impulse, if any,
associated with the hole or lack of a
hole in the top row of perforations in
theperforated tape shown.
1. A, Spacing impulse; B, marking

impulse;, C, none (sprocket hole)
2. A, Marking impulse; B, spacing

impulse; C, none (sprocket hole)
3. A, Excitation mpulse; B, dormant

impulse; C, impulst,
4. A, Active impulse; B, passfve

impulse; C, check bit impulse



. -

5-21. What are the two general types of wire
tele pewriter circuits, and w t

distin uishes the usage of one the

other?
1. Man ed:* used for circuits actively

man ed by pe sonnel; phantom, used
for circuit that ar ompletely

automated
Ai;ect, sed for direst operator-
to-6perator transmissions; phase-
delay, used in transmissions
utilizing reperforators

3. Limited signal, used for shorter
distances; scatter, used for long
and medium distances, on landlines
D.c., used for shorter distances;
carrier, used for long and medium
distances on landlines

2?;

4.

Learning Objective: Explain
the reason for multiple
antqngas at sites receiving
HF coMmunications, and state
the name of the device used
to extend a circuit by
receiving signals and sending,
them out again with increased
power.

5-22. At stations receiving HF communications
transmitted by sky waves, there may be
two or more receiving locations
separated by several wavelengths or
there may be more than one antenna,
either one vertical and one horizontal
or differently oriented horizontal
antennas. What is the usual reason
for this?
I. To enable them to receive inforMtion

from more than one transmitting
station at the same time

2. To enable them to send replies, as
well as receive transmissions

3. To compensate for transmission
impairment

4. To enable them to receive both the
high and low end of the Hf band
simultaneously

5r.)

5-23. Usually, circuits are extended by
inserting receiving and retransmitting
equipment prior to the limiting length
of a teletypewriter circuit to give
the signals ,additional range. What is

the name of this receiving and retrans-
mittinTdevice?
1. Super-echo
2. Repeater

/3. Retransmitfer
' 4. Piggyback transmitter

Learning Objective; Describe

how to insert test signals
into the teletypewriter equip-
ment, identify the two letters
used for testingk,teletype-
writers, and describe the
method of determining the
high and low range extremes
of a teletypewriter.

5-24. You are beginning to test the performance
of the teletypewriter equipment and you
want to oblerve its operation for test
purposes. 'How should the signals to
activate the equipment for thistT
be inserted?
1. You should insert the signals by

means of the keyboard
Someone else should insert the
signals by means of the keyboard
while you observe

3. The signals should be inserted by
means of a test tape patched into
the test channel

4. You should conduct all of your test
while the equipment is transmitting
actual data in its normal way

'5-25. The range-finder of the teletypewriter
is set to ache midpoint of the determined
high and low range extremes'of the
individual equipment. How should you
determine these extremes?
1. Preis the "lower range" button,

read the meter; press the "upper
range" button, read the meter

2. Turn the "lower range" knob lower
until the light under the knob
flickers, read the meter; turn the
"upper range" knob higher until the
light under the knob flickers, read
the meter

3. While alternately inserting the test
letters, turn the range selector
down (for low end).or up (for high
end) until the out of range" light
comes on; read the meter

4. While alternately inserting the test
letters, turn the range selector
down, (for low end) or up (for high
end) until printing errors occur;
read the meter



5-26. What two letters are frequently'typed
alternately on a teletypewriter to

5-28. 'What type of teletypewriter signal
distortion is represented in waveform B?

tett it? 1. Characteristic distortion
1. W and Z 2. Bias distortilon
2. R and Y 3. End\dUtortion
3. H and V 4. FOrtuitous distortion
4. P and S

Learning Objective: Distinguish
= ' among various typesof teletype-

writer signal distortion; state
the normal way of'calculating
the degree of bias.

di Refer to figure 5B in answering
" questions 5-27 through 5-29.

5-27. What type of teletypewriter signal
A distortion is represented ip waveform A?

1. End distortion
2. Alias distortion
3. efiaracteristic stortion
4. Fortuitous.distnlion

5-29. What type of teletypewriter signal
distortion is represented in waveform C?.
1. Characteristic distortion
2. Bias distortion
3. End distortion
4. Fortuitous, distortion

5.43 What is the usual method of calculating
the percentage of bias distortion?
I. The ratio of the normal length of

the mark or space to'its present
length

. The ratio of the normal length of
the mark or space to the allount i

13. The ratio of mark element to 'sp
ha lengthened or shortened

elemeht
The ratio of space element to mark 4,/

ment

/ I .e4'
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In questions 5-31 through 5-34, select from
column B the type of distortion associated with
the causes given in column A.

A. Causes of B.

Distortion
Types of
Distortion

5-31. May be caused by 1.

fading, multipath
transmissions,
atmospheric noise,
lightning, and many
other random
disturbances

5-32. Caused by a
detuned receiver
or a drifting
transmitter or
receiver

5-33. Caused by chaal-fng
current when the
int rval between
th mark and space

too short to
llow for the change
f the current

5-34. Usually caused by
maladjusted or dirty
contacts

Bias

2. Equipment
character-
istic

3. Fortuitous

4. Line,charac-
terjstic

+1,

tY
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5-35. Which of the following descriptions cor-
rectly points out the.difference between
bias and speed distortion?
1. The mark is the same length al/ the

space in speed distortion, but not
in bias. The total length of mark
and space is standard in bias
distortion, but not in speed

2. The mark is the same length as the
space in bias distortion, but not
in speed. The total length of, mark
and space is standard in speed
distortion, but not in bias

3. The mark is the same length as the
space in both bias and speed. The

'total length is longer than standard
in bias, and shorter than standard
in speed

4. The mark is longer than the space
in bias, but shorter than the space
in speed. The total length, however,
is standard in bat bias and speed

Leaping Objective:. ntify
terms connected with d give
general, basic desc iptions of
some of the elements of signal
propagation.

5-36. hat is the term used for the process in
ich several signals are combined into

o signal, transmitted from one terminal
toy another, and then, broken down into
the original 'signals?
1, Varityping)
2. Diversi-typing
3. MUltiplexing
4. Simplexing

5-37. The use of 1\frequency at which of the
following locations on the band will
sometimes offset the effects of
scattered reflections of matiRath
propagation on MUX signals?
1. Near the minimum usable frequency
2. Near the maximum usable frequency
3. Near the midpoint of the ban
4. Two-thirds of the distance u the

band

/



'5-38.

(

In nonsynchronous cryptographic operation, 5-40.

what verification check helps ensure that
the entire message is received or alerts
personnel if it is NOT?
1. The same number of teletypewriter

characters must be received as sent
in order for the equipment to remain
in the set or operable condition

2. The same number of teletypewriter
characters must be received as sent,
or red lights flash at both-the
transmitting and receiving equipment

3. The same number of teletypewriter 5-41.
characters must be received as sent
or buzzers sound at both the trans-
mitting and receiving equipment

4. Each of the nonsynchronous equipments
is kept in phase by its own frequency
standard, rather than by character
receipt count. Equipment tests are
'conducted to verify satisfactory
operation

5-19. In synchronous cryptographic operation,
wiNI,Nerification check helps ensure that
the entire message is received, or alert,_
personnel if it is NOT?
1. The same number of teletypewniIer

characters must be received as sent 5-42.

in order for the equipment to remain
to the set or operable conditidn

2. The same number of teletypewriter
characters must be received as sent
or red lights flash at both the
transmitting and receiving equipment

3. The same number of teletypewriter
characters must be received as sent
or buzzers sound at both the
transmitting and receiving equipment

4. Each of the syncCronous equipment 5-43.

is kept in phase by its own frequency
standard, rather than by character
receipt count. Equipment tests are
conducted to verify satisfactory
operation

A

1

Learni4-Objective: Briefly
describe trid explain the
problem of mutual interfer-
ence in a unit containing
multiple transmitters and
receiver's and methods of
decreasing the effects of
the problem.
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On which of the following frequencies
may the signal of an HF transmitter
located close to several other trans-
mitters and receivers cause interference?
1. At the frequency of its carrier only
2. At the frequency of its carrier and

at twice that frequency only
3. At various frequencies within the

HF rapge only
4., At various freqUtncies inside and

outside of the HF range ,

Which of the following statements
correctly states the effect, if any,
that separating receiving and trans-
mitting antennas normally has on the
problem of interference?
1. Much of the interference disappears
2. There is about the same amount of

interference, but it occurs at
different frequencies

3. The interference at frequenEies
higher than double that of the
signal is eliminated, but other
interference remains as before

4. There is no change to the interfer-
ence pattern

One way to partially isolate antennas
from each other aboard ship or ashore
is by making use of the structures or
natural contours of the area. What is
the term for this,type of radiation
blocking?
1. Radiation shielding
2. Terrain shielding
3. Contour blocking
4. Configuration blocking

In order to prevent the eradiation Of
spurious harmonics from-guy wires which
support antennas, what mcautions should
be taken with guy wires?
1. They should be insulated at, the ens

and should bg.exactly the length
Nkassocirated with one wavelength at the
'normal operating frequency of the
associaled transmitter only

2. They shcould be grounded and should be
exactly the length associated with
one wavelength at the normal oper-
ati5 frequency

3. They shbuld be insulated at the ends
and should be exactly the length or
twice the length associated with one
wavelength at the normal operating
frequent)/

4. They should be in insulated sections,
in lengths not related to the
harmonics of the normal operating\
frequency



5-44. Your t4xtbook lists some ways in which
cross modulation-can be reduced. What

are they?
1. Using only vertical antennas, and

separating transmitting antennas
from receiving antennas and from
each other

2. Using only horizontal antennas,
separating transmitting antennas
from each other, and separating
-receiving antennas from each other

3. ,Reorienting transmitting antennas to
take advantage of their directional
characteristics, separating trans-
mitting antennas from each other and
from receiving antennas, and separat-
ing rgceiving antennas from each other

44. Recratenting transmitting antennas to
take advantage of their directional
characteristics, separating trans-
mitting antennas from receiving
antennas, and grouping receiving
and transmitting antennas together,
using the same antenna for multiple
receivers or transmitters whenever
possible

5 -45.

4
5-46.

False

Which of the following is a device that
is often used to reduce the effect of
local oscillator radiation?
I. An isolation pack
2. A multicoupler
3. An ordinary metal box
4. A betdpass duo-filter

What test AsAirent, used for checking
foritransmit er radiation, gives a
visual indicat on of existing sidebands
or interference round a carrier?
1. A wave analy r

2. A panoramic adapter
3, A distortion analyzer
4. A pulse analyzer

Questions 5-47 and 5 -48, on the subject
of shielding, are to be judged T.rue or

5-47. If a metal box, used within a transmitter
to shield components, has even a few
3/16"diameter ventilation holes in it,
there is so much RF energy leakage that
the shield is virtually useless.

1L41-48.,..41though shielded wires (wires with a
braid inside the outer jacket) arsome-
times found in older transmitters, it is
now recommended that they NOT be used
in transmitters because they create
excess radiation.
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Learning Objective: Describe
the method of deter ng the
overall field stren th
estimate._

5-49. At how many an what points on the
antenna should you take the field
strength measu nts to be averaged
for estimated overall field strength?
1. Four -- front, back, and two sides
2. Two -- front and/back at exactly

the antenna midpoint
3. Six -- front and back at,the *8

following locations: adjacent to
transmitter, midpoint, and at the
extreme end of the antenna

4. Four -- front side adjacent to the
. transmitter, front side at the
farthest point from the transmitter,

and front and back at the midpoint

5-50.

Learning Objective: Describe
and explain some of the minor
maintenance procedures relative
to single-sideband equipment.

Why is it so. important that the frequency
adjustment of single sideband suppressed
carrier (SSSC) equipment be extremely
accurate?
I. Because tolerances set by FCC are

stricter for SSSC than other types
of equipment

2. Because if the frequency of the
received carrier does not exactly
match that of the local oscillator
of the receiver, the system goes
into "reset" condition and remains
inoperable until an adjustment is
made
Because e carrier, hakting been

suppresse (not transffiitted) and

then rei erted at the receiver, *

must be a precisely the original

frequency r the demodulation proc-
ess-to work properly

4. Because of the high number of SSSC
equipments in 46 bytthe Ravy and
the consequent all allotment of.,
the frequency,spltrum assigned to
each



-5 When checks show that the carrier
oscillgor is tolerance, what
should the first step be in seeking to ,

correct the prob m?
1. Inspection and esting of the vacuum

tubes
2. Adjustment of th oscilTator frequency
3. Checking and adjustment of the

regulated voltage applied to the
circuit

4. Checking -and adjustment of the out-
put si nal voltage

f-,-

nt of a balanced. modulator,

5-54. What should be the frequency and .

amplitude relationship of the two tones
applied to the input of the SSB trans-
mitter for the "two-tone" test?
1. Equality in amplitude, difference

in frequency of about 1 Hz
2. Equality in amplitudes difference

in frequency of about 1000 Hz
3. Difference in amplitude of 2 ,

difference in' frequency'o a t

100 Hz *

4. Differende in amplitude of 50%,
difference in frequency of about.
100 Hz5-52. In the adj

after some other checks are made, a test
tone is inserted into the SSB exciter
ircuit, the output of which goes to an

AM reuilver. What should you do then,
follOwtfig step-by-step procedures
contained in the equipment technical
manual?
1. Adjust the balance control for

minimum tone output from the reclOyer
2. Adjust the balance control for

maximum tone output from the receiver
3. Adjust the balance control to achieve

a certain meter reading as designated
in the _technical man well

4. Adjust the balance control until, a
series of clicks is heard from the
receiver

.5-53. What is normally the right action for an.
operator to take if he has reason to
believe that the sideb/nd filters of an
SSB transmitter are NOT achieving their
purpose?
1. If they awe mechanical filters, report

them; if crysta) filters,'adjust them
2. If they are mechanical filters,

replace them; if crystal, filters,
adjust them

3. 'Whether they are mechanical or
trxstal filters, adjust them'

4. Whether they: are mechanical or
. crystal filters, replace them

earning Objectiie: Deribe""\,

16,nd explain procedures involved
in the "two-tone" telt, equip-

. ment'used for the measurement
of peak envelope power and
Pea sideband power, and the
function of a transmitter
monitor pan
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5,55. The measuremen s of peak envelope pOwer
,(PEP) an4 peak deband power (PSP) are
both made-uSing,the.two-tone system, and
are quite similar. What testing equip-
ment usually gives the results of thege
tests?
1. Spectrum analyzer or voltmeter
2. Oscilloscope or voltmeter
3. Spectrum analyzeror oscilloscope
4. -Panoramic adapter or voltmeter

5-56. What is the function of a transmitter
monitor panel or unit?
1. To serve as a receiver for the

transmitter in use so that.opeeatorg
can hear and quality-controlthe
output of the transmitter

2. To display a light and ring a bell
any time the transmitter fails or
misfunctions

3. To' switch the'transmittervto d.c.
power in case the a.c. power fails

4. To sample voltages or current at'j

various places in the trarismitteei
'as a quality check on the preper
operation of particular circuits

r -

NA

( Learning Objective: Stati_the
basic capability of an'analog
computer, the names of the .

basic section of avdigital
completer, an the function of
a("marginal'hecking" circuit.

5 -57. What are the basic sections of a digital
computer?,
1. Input, controli memory, arithmetic,

storage.
,2. Inpd/output, Antrol, memory, add/

subtract, multiply/divide
( 3. Input/output, control; memory, ,

arithmetil, verification
4. Inpu,t, control, memory, arithmetic),

output t



I

/
5-58. What is the basic capability of the .0 In questions 5-61 through 5-63', select from

,.- analog computer which enables it to column B the class of maintenance program
Perform the various functions for which Jassociated with the purpose for which it is
it is utilized? . used, as listed in column A.
...1,..Sp4tiverting voltage and-current values ,' ',

in o Mital form and 'converting A. Purposes
digital data into yoltageS or currents
to operate controls and indications

2' Converting voltage (but not current) '5 -61,. ,To detect the exi.s- q 1.

/ into digital form and ton0erAing ,, 'tense of errors
digital data into voltages14,be
used as input to control and'fhdica- 5-6? To locate the circuits
tion circuits in which malfunctions

3. Converting curren0but -not Voltage) originate
into digital ford and converting,.4
digital data into currents to'operate 5:641\ To serve as an aid
controls and indications \ for operational and

4. Performing the/process known 7*, , maintenance program-

"repeated addiion:;,. "Ming procedures, to
'print out'AnfbrmatiOn

5-59. What functiondbes a "marginal checking" frbm storage, and to
circuit 'in a diTital computer perform? transfer maintenance
1. To check voltage inpl to and-output programs into memory.

)1I

fx-individual cIrcu is to ensure ,

. 1 they are within tolerance ,

2. k-check current and voltage at Learning Objective: etermine
various specific checkpo)nts to . the contents of a mem y loca-

* ensure t at they are Whin tolerance tion by analyzing the put

3. T.p dete t frequency drift, and displdy of the computer. 6.

a wirni if any output signal fee- A *.

B. 'Classes of
Program

6iagnostic

2. Reliability

3. Utility

querrcy d ifts near the limit set by
'FCC

0 4. To detect aging of parts before
f4ilure occurs -)

A

Learning Objective: State the
names of various types1 of trouble
source, checks, and dittinguish
among three classes of mainte-
nance programs.

5-60. What are the names of the various
diagnostic program area checks used in
locat ng sources of e ipment trouble?
I: I -reasing- .reasingyarea,..

o r ng''a af qbare_,Setrch ,-

2,. Increasing area:-decreasing,area, '
overlapping area,-4arge-00- .

3. Increasidrarea, deereaiirWarw-.
Venn ,intersect search, vettor *arch

4.. IncreaSing area, decreas14 area;:
Venn Intersect search, spiral search

5-64. The memory of a computer has been
cleared, and the computer has b n

instructed to read a.group of ards and
perform a cumulative add function,
storing and adding to the subtotal in
memory. It inputs cads containing the
following data/instructions: 1, 2,

HALT, 3, 4, 5, 6; CLE'fAhlMORY, What -

valuq will then be in emory?
I. Pl. fr.
2. 18

J

3. 3

4. 0

k

r4



-Learning Objective: Explain
the importance of correct
usage of panel controls;
state practices which will
help you benefit from
making testsat various
control settings4

.7)

;1

5-65. For which f the following reasons shoUld
yoU be kn ledgeable of the correct usage
of front anel controls and attentive as
you operate theM?
1. Because if you use and observe them

correctly, you may discover potential
trouble in its early stages-

2. BecaUse if You operate them incor-
rectly, Your deductions about the cause
;or:local/ion of the problem are less

I liii0ly to be accurate
3. Becduse if you operate them incor-

rectly, you may damage Atukequipment ' 5-69.

4. All of the above
.

5-66. What should you do lhelp you retain a
compare the results f tests:taken a
various control settings?
1. -Notice exactly how the controls were

set each time and make a special
effort to,remember the settings,
results, and other pertinent facts

2. 'Record carefully the settings, results,
.and other pertinent facts

3. Make marks on the equipment to show,
what the settings were, &nd 'remember

'the results and other peilinent facts
4. Have an assistant observe the test

and Flel p you remember the settings,
res s, and other pertinent facts

Learning Objective: Identify
the source of directionand
management of the Naval Tele-
communications System (NTS)
and the basic scope of the NT
and-the Defense Communication
System (DCS) relative to the
Navy.

5-68. Who Is responsible for directing the
operations and corlrolling the manage-
ment of the elements ofSthelITS? °

1. Co nder, NiVal Support Force

Ei
2. Co nder, Nkyal_TelecommunAgations

Cb nd Headquarters 4 ,,,,

3. Director,' Federal Communications
Commission

. Ditlector, Command and Control
1 Support. -`- ° J

is the prima
ea of coverage

t Naval. Telecommun
the

distinction, ins ar
concerned,tetweenr

catitns SypIpM and
e ens:iomMuniations System

reldt e t the Navy?
1, NTS facilities are fleet-

I ociated, and the Navy DCS units
a imarily s pre'facilities

2. Th avy is are fleet
associated, and the NTS facj
are primarily "s

4.1 Navy teletypewr4
is within fhe re
Ndvycommunicati
means is under th
th DCS
NON" teletypewrite
is within .the realm o
Navy communicatiov b
eans is under the c
e NTS

Learning Objective: State the
basic requirements of a good
telecommunications system.

5-67. What are,three basic requirements of
\ good telecommunic ons systpm?

1. It must be reliable, secure, and rapid
.:2, It must reliable, simple, and rapid

)_ Li It mustrbrpntrolled, secure, and
de end4

4. It- st easy, secure, and rapid,
,q21

ities

er conmujfications
lm of the NTS;
s by any other
cognizance of

ommunications
e DCS;

any other
vance.of

4.

o. .



Learning Objective: Demonstrate
a basic familiarity/with
OPORDERS. /

T

5-70. Which or the following statements
concerning OPORDERS,is correct?

The commanding officer of a ship
receives OPORDERS from the-appli able
fleet commander igg chief, and must
always take act'io on them in their
entirety

2. The commanding officer of a ship
t'eceivesOPORDERS from the applicable'
fleet commander in chief, and must
select and take action-on those
parts of the OPORDER that apply.
to him

3'. The commanding officer of a ship
does not receive OPORDERS, as these
are handled at a higher echelon,
and any necessary orders are

!,excerted and transmitted to him
6f0PORDERS are originated by individual

ship comanders, and publicized to
the staff and crew of his ship
for compliance

r
Learning Objective: Match.- ,'

the names and functions of
elements of NTS.'

In questions 5 15 through 5-74, match the
elements i lumn B with their descriptions
or characteristics in column A.

A. Charac- B. Elements
teri tics

5 -71 Blassl ted.:.as 'J.
eithe a trans-,

mitting or, a
receiving sta4

,tion, and 2.

uffixed, there-'

or 'R." May
be located 3.

a groat dis-
tanie from the
larger element
bf'which it is 4.

a component

5-72. NOT a part of
the basic
communication
structure, but,,
rather, usually
created satisfy

special ed in
pport of a artic-

u r mission or
function

lecommunications
facliy that is
assigned a limited or
specialized mission.
Itt personnel and
facilitierare some-
what limited

-

0

5-74.

Na Val Communica-
tions,Stations

- (NAVCOMMSTAT):

Naval Communica-
Ocin Onits
(NAVCOMMUs):

`Naval. Radio
Stations

(NAVRADSTAs)

Naval CommAica -
ns Tech ica; ,

(NAVCOMM4CHGRUsr
Groups

Hasa primary responsi-
bilityfor.cbmmunication
facilities' and equipment
to provide fleet supRort
and fixed communication
servtte, and to inter-
face with other communi-.
cation units

..
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Assignment 6
1Wions OrganIzation (Continued); Communications Security

*Textbook Assignment: Pages 183 - 204

Learning Objective: Give brjef,
general descriptions of some of A
the facilities, functions, a40
organization of the Defense Com-
munications Agency (DCA).

Ai Judge whether questions 6-1 through 6-4,
" relative to the DCS and the Defense Com-

munications Agency (DCA), are Tr ye or False.

6,1.- DCS circuits are gover ti-owned or

ileased and are poJmt-oto oint circuits

-Ithat are long-haul.And world-41de.

ti 6-2. The DCS exists to support the Navy,
Army, Air Force, and'other Department,,,
of Defense activities, and it combines
elements from the three Military serv-
ices into a single communications
sys*m.

6-3. It is important that, each message
remains - within the same system (NTS'Or

A DCS) in which it originated until ft
reaches its destination.

6 -4. The DCA, under the management of a
general or flag rank officer, e.xe ises

operational control oyer the D

\Learning Object4ef'''Nentify
the locations of operational
centers and organization of
Area Communications Operations
Centers (ACOCs),.

/.

6 -5.. Where is the focal point for world-
wide operational centers of the DCA?

1. DCA Operations Center, Naples,
Italy

2. DCA OperAions Center, Guam
3. DCA OperStions Center, Washington,

D.C.

4. DCA Operations Center, Norfolk,
Va.

if
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6-6. What is the name of the centers which
are subordinate to the ACOCS?
-1. Field Communications Operations

Centers IFC0Cs)
2. Limited Communicatibns Operations

Centers (LCOCs)
3. District Commuications'Operations

Centers (DCOCs)
4. 'Regional Communications Operatiohs

.Centers (Alp)

Learning Objective: lirjeflY
and generally(deiCribe he

° organization:of Naval Commu-
nications Areas (NAVCOMMAREAs).

6-7.;; 'Into how many Naval Communications
Areas is the world divided?
1. Five
2. Six .

3. \Three
4. Four

6-8. What is 'he name of the organization
within each Naval Communications Ares
thatexercises coordination and con-
troluof all naval communications
system fleet broadcasts, ship-to-ship,
air - ground, and other tactical circuits?
1. Naval Communication Area Master

Station
2. Naval Telecommunications Center/

Message, Center
3. Technical Control Facility
4. Naval Liaison and Control Facility

Learning Objective: Match' org

zational segments of 14/COMMST
NAVCOMMUs with their descriptio
or characteristics..



v.,

Naval Telecommunications Center/
Message Ceekter (NTCC)- ,

Fleet Cent.*
Techni al Control Facility

Le
CryPt0 Aatri.jaajjli-
pavy C rcial Refije FaCility
Receiver Site
Tranimitter Site

'List 6A.

.

In answering questions 6-9 through
6-15, use the preceding list of organ-

izationat'segments which are included at var-
ious N COMMSTAs/NAVCOMMUs, according to the

need. (In this group of Oestions,
use each organizational segment once.)

6-9. Whichtorganizational segment receives
radib frequency energy and converts
it to signals Which are routed to the
Technical Control Facility for further
processing, and is responsible for
receiver tuning, DC / Audio patch manip-
ulation, quality monitoring of received
signals, and antenna control?
1. D

2. E

3. F

4. G I
6 -10. Which organizational segment is NOT 'a

physical part of a NAVCOMMSTA or
NAVCOMM, but serves a need by Oro-
viding a message service? either\t
ashore or afloat, where there is a
need for such service because of a
heavy volume of messages?
1. A

2. B

3. C

4. D

'6-11 Which organizational sdareent provides
interface between U.S.MOBvernment.tele7
communications systemArd commercial
systems (domestic, foreign, or inter-,
national)?
1. A

2.
3. E

4. G

6-12 Which organizational segment is respon-
Sible for message processing and ac-
countability for ;Top Secret message
traffic, provides an off-line crypto
service, and assigns routing of en-
.crypted traffic within the command?
1. A ' e
2. C

3,
44,.F

0- V.

4 c"
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6-18:,./Which organizational segment.feceives
analog or digital data from the Tech-
nical Control Facility andiradiafes it
in the form of radio frequency energy;
and is responsible for transmitter
tuning, DC/Audio patch panel manipula-

--tion, quality monitoring of transmitted
signals, and antenna witching?
1. C

2. E

3. F

4. G t

6-14. Which organizational segpent provides
interface between shore and afloat com-
munication systems, utilizing,ship-shore,
air-ground, and electronic courier cir-
cuits, among others?
1. A

2. B

3. C

4. D

6 -15.. Which organizational segment is the
core or focal point of the communica-
,t/rolIodepartment ashore, from which
&Writer-patching among the various,
diviSlopsmitakes place?
1. A I.

2. 13'

3. C
4

4: E

Learning Objective: Briefly and
generally describe shipboard
organization and functions rela-
tive to communications.

6-16. In ships that do NOT have a communica-
tions department, to what department
are communications personnel assigned?
1. -Administration
2. Security.
3. Operations
4. Supply



In questions 6-17 through 6-20, select from
colum B the shipboard operational orOniza-
tion billets that-are described in column A.

A. Descriptions' 11. Billets

01.17. Responsible to
M. the communicationp

officer for mainA
taining optimum
utilization of a
good, effective
communication sys-
tem. Retponsible

S., -- for compliance with
1 directilies)And for

accurate and rapid
handling Of traffic
within the communi-

tmication organifation
344wof the ship ,

6-18. ,Responsible to the
CWO and SWS for
supervising message
processing and cir-

Iseoperation.

rectly supervises
all Radiomen on watch
in the message proc-
essing area

'6-19. ReSponsible to the-
CWO for all communi-
cations. Examines
qperational,logs'and
monitors equtpment
alignment and opera-

- tion. Endeavort to
prevent or eliminate'
backlogs of messages

6-20. Ensures the use of
monitoring and quality
control on ,a1-1 opera-

ting communications
43/stems. Also main-
tains the status board
mhishAisplays informa-
tion relative to all
equipment, nets, and
circuits in use

1. Communication
watch officer
(CWO)

2.. Senior watch
supervisor
(SWS)

3. Main communi-
cation super-
visor

4. Technical
control
supervisor

A. Administration officer
B. Commanding officer
C. Executive officer
D. Communication. officer
E. Radio officer
F. Seeurity. officer

List 6B
I

-Use list 6B in answerimg questions 6-21
ID through-6-23. These questions relate to

.responsibilities/duties on a ship whiCh has 4
separate officer assigned to each of the'bil1et5
shown. Select the officer who has the respOnsi-
bility or duty described in the question.

6-21. Full responsibility for the internal
. handling of message traffic Within.ele

ship..

1. 'A
2. "1
3. C

4. E

6-22. Responsibility for being cognizant of
all communication annexes to Operation
Plant affecting the mission of the snip
in order to advise the commanding officer
in respect to them. 1.
1. A
2. D

3. E

4. F

6-23. Preparation ariamaintenance of the watch,
Zpiarter, and station bill.
1. A

2Y D
3. E

4. F 4

Learning Objective: State which
portton of an OPORDER or related
attachment,or publication is of
particular benefit to Radiomen.

6-24, If you, as...4 Radioman, want to familOrize
yourself with the identification of the
circuits,. equipment, frequencies, etc.
of direct concern to a particular opera_
tion, where should.you look?
1. In the body of the applicable,opera-

tion'order, in%the.paragraph deaJih9
with _communications

2. In the communication annex to the
applicable operation order,:or in
a separately-promulgated unio4
tion operation plan (CoM0p lan)

3. In addendum 23-C of the app ic,able
opOhtions order (OpOrder; Add

. In,supplement C of the applicable
orations order (OpOrder, Supp. C)

Learning Objeietive: Desqribe, in
), general, the organization, functions+

operation, and tools of the Standard
Navy Maintenance and Material Manage-
ment (3-M) System.



A

6-25. What is the name of the area of the
3-M system that deals with planning,
scheduling, and controlling prevent.Ne
maintenance in order to sustain the
performancecapabilityiqf the equipment? .

1. The Planned Maintenance System (PMS)
101.. The Preventive Maintenance Quality

Control System (PMQCS)
3. The Preventive Alintenande Inspec-

tion System IPMCIT
4. Th, Scheduled 'Preventive Maintenance.

System (SPMS)

6-26. What are the basic tools of the 3-M
system?
1. The Quarterly Schedule, the Monthly

Schedule, the Weekly Schedule,
Maintenance Requirement Cards (MRCS)

2. The Cycle Schedule, the Quarterly
Schedule, the Monthly Schedule,
the Weekly Schedule

3. The Semiannual Schedule, the Monthly
Schedule, the Weekly Schedule, Main-
tenance Requirement Cards (MRCS)

4. The Cycle Schedule, the Quarterly
Schedule, the Weekly Sche'dulk, Main-
tenance Requirement Cards (MRN)

6-27. What, are Maintenance Requirement Cardi?
1. Cards used to assign preventive

maintenance tasks to specific
individuals by date, and to record
signatures, completion dates, and
annotations as to any peculiarities

.foUnd while performing, the work
2. Cards on which are listed the

enlisted rate,time, tbols, parts,
and materials required to perform
each applicable preventive main-
tenance task, as well as procedures
and safety precautions to take

3. Cards on which are listed the pre-
./

ventive maintenance tasks for the
current week and the following week.
These cards are inserted in the
Maintenance Control. Board, and kept
up to date by the department head

4. Cards on which are listed any
,required maintenance tasks that
are outside the scope of assigned
.rsonnel. These cards will be

used as source documents for
requesting outside assistance
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6-28. What is
.

the Maintenance Data Collection '')

- System (MDCS)?
1. A system of documenting, results of

daily equipment inspections and of
estimated and actual expenditures of
man-hours and material relative to
prevent.* and corrective maintenance

2. A system of recording results of
equipment inventories, condition of
each piece of equipment, and amount

i of maintenance-related down time it
has had, if any, during the current
quarter 0,

3. A system OT documenting man-hours
-. expended, material expended, and
-.1 equipment downtime in connection with

corrective maintenance
4. A system of documenting man-hours

expended, material expended, and
equipment downtime in connection
with preventive maintenance

6-2". For what should a Work/Request be used?
1. To request outside assistance when

the maintenance action is outside
the scope of assigned personnel

2. To charge the,maintenance officer
with the respOnsibility for afcom-
plishing specific maintenance tasks

. To serve as a source docume t for
pOsting the task to the Main nance
Control Board, which will'als dis-
play a deadline date by which time
the ship's maintenance persOnnel
must have accomplished the task

4. To assign tasks to each of
J
the main-

tenance personnel
Ar

6-30. Where are the spare parts allowance ,

lists found?
1. In theConsolidateli Shore Allowance ,

List (COSAL) (shore activities).,
and the Electronits Repair Parts
Allowance List (ERPAL) (ihipboard)

2. In the Consolidated Shore Allowance
'' List (COSAL) (shore activities),

and the Afloat Replacement Parts
Allowance List (ARPAL) (shipboard)

3. In the ConSolidated Shipboard 'Allow- t

ante List (COSAL) (shipboard), and
the Electronic Repair Parts Allowance.
List (ERPAL) (shore activities)

4. In the Condensed Shipboard Allowance
List (COSAL) (shipboard), and the
Electromagnetic Replacement Parts
Allowance List (ERPAL) (shore activ-
ities)



Y.

6-31 The allowance lists are adjusted accord-
ing to usage rates. How are usage rates
determined? ,

1. 'By the reporting of failllres as pre-
scribed by the 3-M system

2. By applying the percentages shown on
a standard probability chart ea the
record of equipments held 6-

3. By the use of a formula devised by
a special study group on logistics

4. By the study of quarterly report
of usage received from all applicable
activities

Learning Objective: Explain the
management of the Naval Warfare

, Publications Library (NWPL).

6-32. Wha a e titles of (a) the officer
or senior petty officer responsible
for the-management of the NWPL, and,
(b) his 'assistant, who files, makes
qgblication"changes, etc?
r (a) The NaVal Warfare Publications

``' Officer (NWPO),
(b), the NWPL Assistant

2: (Pa) The Naval Warfare Publications
Officer, (NWPO),

.
(b) the NWPL Clerk

3. (a) The Naval Warfare Publications
Cuto4ian (NWPC), a .

(b) the Nliptk.C.ltrk a,

4. .(a) The Na al Warfare Publications
Custodian (NWPC),

(b) the Naval Warfare Publications
Librarian

6-33. What are some 'of the files used in the,
maintenance of the NWPL?
1. Signathre file (cards containing

srecimen signatures of all users of
the NWPL), custody file (cat:Tog
card foreach applicable publTratio00

11K on allowance or on board)
. Administrative file (catalog card
,for each applicable publication on
allowalbe or on board)r transaction
file.(record of dates and times of

..'all publication check-out/check-in
transactions)

3. Signature file (cards containing
specimen signatures of all users of
the NWPL), administrative file
(copiesof correspondence pertaining
to naval warfare publications)

4. Custody file (catalog card for each
applicable publication on allowance
or on board), administrative file
(copies of correspondence pertain-

ing tp naval warfare publications)

6-34. What colors are assigned to the binders
for NATO and U.S. tactical warfare pub-
lications?
1. Secret- red, Confidential - yellow,

Unclassified - blue, with no
exceptions

2. Secret - red, Confidential - yellow,
Uhclassified - blue, except that
all of the FXP series, regardless
of classification, are red with wide
yellov stripes

3. Secret - red, Confidential - yellow,
Unclassified - blue, with the fol-
lowing exceptions: NATO classified
(agy degree) - red, NATO unclssi-
filb - white

' 4. Secret - red, Confidential - yellow,
Unclassified - blue, except that
afl NATO publications, regardless
ofclassificatitn, are white

6-35. It is important, -to follow Rroperpro-
cedures when changes toNWPL publica-
tions awe made. Select response in

which aiir procedures described are
correct.

1. Before the change is made, check
the effective date to ensure that Si
the tharige is effective; make
changes in red ink

2. To make a lingthy pen-and-ink cor-
,rection, carefully cut the affected
sheet out of the'publication, insert
it 'in the typeWriter, line out the
superseded material, and type the
new material on the top and bottom
.margins; then fasten the sheet back

win the publication, using a good .

ummed tape,
3.-.To make lengthy pen- and -ink cor-

rection', Ofepare a typed cutout;
then, with.a sharp knife or scissbrs,
carefully cut all superseded material
out antcfplace it with the typed
cutou 4

4. 'Attach flaps to the binder side of
the page when there isroom enough
for a cutout; after pen- and -ink
corrections are m el,nake notations
in the marging adjac to the
entries, giving the sodKe of the
corrections

6-36: What would the designatior4" after
"NMC" on a correction rec.', ived by base

gram mean? 4.: .

1. It is the 6th message cp ction gnd
iwill be incorpOrated into the publi-
cation by prinied-ohange numbeh 2

2. It is the 2nd'ine5sage.correct,ion and
will be incorpOrated into the publi-
cation by printed change number 6

3. It was sent ip February 1976
4. It was sent on the 2nd of June,

. 1
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6-37. When the relieving watchstander signs .
the watch-to-watch`inventory of NWPL
publications, to what is he attesting
other than the fact that he is assuming
responsibility?
1 That he will inventory the publica-

tions carefully, including page
check if required, during his watch

2. That the off-going watchstander has
personally declared the security of
the. publications

3. That a sight inventory of NWPL pub-
lications was conducted by the ttwo
watchstanders, and any required
page checks were conducted

4. That he has carefully checked the
communications log of-the previous
watch, and has sighted publications
received aod custody cards prepare
during the preceding watch

In new or revised publications: (a) is
the effective date always the ',same for
U.S. and Allied usage, and (b)Where
is the effective date ldcated?.,
1. (a) Yes, (b) in the 'foreword
2. (a) No, (b) in the fdreword
3. (a) Yes, (b) in. the U.S. Letter of

Promulgation -

4. (a) No, (b) fcir Allied usage; in
the foreword; and for U.S.
usage, in'the U.S. Letter of
Promulgation

4

Leviiing Objective: Describe the
method of filing, and the method
and time of4Orstruction of some
of the basic files.

6-39 (a) What should the communication center
' file contain,'and'ebl-in what sequence'
shouid the contents be filed?

'1.. (a) A copy or filler of all messages
sent or received by the command
and processed by- the communica-
tions center,

(b) insofar= as possible, by DTG,
2. '(a) A copy or filler of all messages

sent or received,bdtheTOmiland.
and processed *.the Ommeil4a-,! ,
tions center,'-'4 ;

sequeriftally bdiee, but i-ant ,-

domly within tRi4saallie date
3. A, copy (no fillvs_allOedrof

all messages Sent or'reteNed
by thn, command and processed by
the:communications center,

(b) insofar as possible, by DTG
4. (a) A copy or fillerltlf all unclas-

sified (but not classified),
4--messages sent or Nikeived bb the

command and Process Id by t com-
munications, center,

(b) insofar as possible, by DIG

110

4 !.(7 )

(p)

(a)

6-40. The cryptocenigiffile contains a copy of
each Top Secret and SPECAT message and
other messages designated by the command
for special handling or privacy. What
other messages, if any, does the file
contain?
1. All Confidential and Secret
2. All Secret and only those Confidential

that pertain directly to fleet opera-
tions

3. All Secret, but no Confidential
4. None

6-41. The general message file contains a copy
of all general messages that require
retention by the command. How are they
filed?
1. By DTG Each month's messages are

filed Ari a separate folder, and the
foldeg are filed chronologically-

2. Subdivided according to title (ALNAV,
ALCOM, etc:), and files are arranged °

in serial number order
3. Chronologically by subject
4. In one folder in strict chronological

order

6-42. The"broadcast file contains a copy or
filler _of every message received via

- the broadcast method In this file,
,(a) in what.seqsiONshould messages be
filed; And (b) what iS the period of
retention oftellitich'Imessages are
destroyed?
1., (a) By broadcaSt number,

(b) 30 days
2. (a) By broadcast number,

(b) 10 days
3. (a) By DTG,

(b) 10 days
(a) By DTG,

4
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,

(b) unclassified, 10' s; cfassified,
90 days

'-`

6 -43.. Normally, (a) what period of time is
covered by the supervisor's log., and
(b) how often are entries made in it?
1. ,(a) A radio day, begindfrig at 0001Z

(b) at least once an hour'
2. (a,) A radio day, beginning at 0800Z,

(b) at least once an hour,
3. (a) {1, radio day, beginning at 0001,

lOcal time,
lib)* eterWour hours, beginning at

0400, local time
(a) One week, beginning at 0001Z

each Sunday,
(b) at the Cline of each watch

4.



6-44. According to regulations, what is 'the
minimum time ,for wOich messages in the
following categories must be held: (a)
incident to distress or disaster; (b)
incident to or involveMp a claimor
complaint of which the command has been
notified; (c) historical or continuing
interest? .

{ 1

.1. (a Three years, (b) two Years,
c (permanently

2. a Four years, (b) two.years,
c permanently

3. a) Two.years, (b) three years,

c) seven years
4. a) Three yeart, (b) three years,

c).five years

Learning Objective: State a
mathod or some methods employ-
ed to train personnel and -1

enadle them to.perform their
tasks more efficiently.

6-45. Which of the following methods is/are
employed to foster and reinforce the
knowledge, readiness, and operaton
profic4ency of communications personnel?
1. Cross-training'
2. Scheduled checks and inspections

3. Unscheduled checks and inspections
4. All of the above

Learning_ Objective: Briefly

describe espionage organiza-
tion of today, and\identify
the publication dealing with
t4Aavy Information SeCurity
Program Regulation.

ko 646. WhichOf the following are the usual
(a) composition, and (b) work assign-,
Ments of information-gathering espio-
nage working forces of a country4Oday,?
1.

4
A

2.
a

3.

4.: 4.

(a) A small, solated group df tielr;
trained agents,

(b) 'o talk secrets out of high-
,.,-.r.Anking governmental personn

6-47. In what publication is the Navy Informa-
tiogsSecurity Program Regulation found?
1. OPNAVINST 4790.4 (series)

2. OPNAVINST 5510.1 (series)

3. OPNAYINST C5510.93 (series)
4. ACP 122

Learning Objective: Identify
the administrator of the Navy
communications security program.

6-48. To whom has CNO delegated the authority
for administering the Nivy communications
security program?
1. The COmmander, Naval Security Group

Cone ,

.2. Chief of.Naval-Operatjons,

3. Thee Deputy Chief of Nava4 Operations-
(Fleet Operations-an&Readtiness)

4: The Deputy Chief of'Naval Operations
(Plans and Policy)

Learning Objective: Identify
the objectives of the recent gpi
change in the classification
system, the types of material
that should be classified, and
the names and descriptions of
the dassifiCation categories.

6-49. A change has recently taken place in
the system of classifying and declas-
sifying security information. One

objective is to better protect clas-
sified material. What are two other

objectives?
1. To classify'more official informa-

tion and to declassify less official
information

2. To classify less official informa-
tion and to declassify more official
information

3. To classify less official informa-
tibn and to declassify less official
information

4. To classify more official informa-
tion and to declassify more official
information

6-50 What should be the security marking on
security information,'the unauthorized
disclosure of which could be expecte&
to Cause serious damage to the national

securityL
1, CrypIr
2. Top Sedret,
3. Secret
4. COnfildfifal

% AW. Ov
it

(a) A small groyp of highly-traine
agents, -

(b) to sltp',into offices at night
and photograph material

(a) A fairly large group of people,
(b) to infiltrate military and

edlittcal fields only and report
those things that sound importhnt
to them

.

(a) A large number Of,people,
(b) to intermingle with citizens in

all fieldsand gather and report
even' seemingly unimportant data
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6 -51 Informationthe revealing of which
would be dettmental to national security
should bear a security classification.
Which, if any,-of the following cate-
gories of information should alsq.be
security-clasifted?
lc-Information regarding the personal

life of one or mote U.S. citizens
only

2. Information that would reflect
unfavorably upon officials in
pub office in the U.S. Government
onlre

3. Information regarding the personal
life of one or more U.S. citizens,
and information that would reflect
unfavorably upon officials in public
office in the U.S. Government

4. None of the above

6-52. What shouldbe.the security marking on
national security information or material,
the unauthoeiseddisclosure of which
could reasonably be expected to'cause
damage to the national security?
1. Top Secret
2. Secret..

3. Confidential
4. Retricted

6-53 What should be the security marking on
national security information or material,
the unauthorized disclosure of which
could reasonably be expected to cause
exceptionally grave damage to the
national security?,
1. Crypto
2. Top Secret
3. Secret
4. Confidential

11

Learning Objectii/e: Define
various terms depicting

=.LsOecial handling.

6-54,. What special marking includes all data
concerning the design, manufacture,
and/or utilization of nuclear weapons
and the special nuclear material used
in the production of energy?,
1. Crypto Data
2. EFTO Data4
3. 'NOFORN Data
4. Restricted Data

431

6-55. What special marking may be used only
in messages and in automatic data pro-
cessing of intelligence information,. and

.indicates that the information is NOT
ragnilble to foreign governments?
iT'EFTO
2. NOFORN
3. LIMDIS

..4 4. FOUO

6-56. What special marking is used to confine
the dissemination of copies of such men=
sages to those personnel specifically
authorized to have access to that infor-*
mation on a need-to-know basis?
1. EFTO
2. FOUO
3. LIMDIS Ap,
4. Restricted Data

_

6-57. What special marking is affixed to
certain unclassified messibes to case
them to be given cryptographic protec-
tion during transmission?
1. Top Secret
2. ,Secret
3. EFTO
4. FOUO'

. .

6-414. What is the marking assigne0 to informa-
tion that is to be processed only by
those personnel.who have been authorized,-
in writing, by the commanding officer t56
view it Ind which requires special han-
dling bond that requirokby tlie
security classification as-ligned?
1. Top Secret
2. LIMDIS

'3. SPECAT
4. Restricted Data

.

6-59. If a NATO-originated document marked
"restricted" is to be .in the U.S.* in the

ti
custody'of U.S. personn 1 for a time,
what should be its mar ing, and like
what U.S\ classifica on should ft be
treated? .

1, Restricted, Confidential
'4.. NATO-Restricted, Confidential
/'. Restricted, Secret
4. NATO- Restricted, Secret

Learning Obje ive: Describe .1

the process of downgrading and
declassification of various
classifications. -
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6-60. Normally, when will a document classified
TAP. Secret on 30 Sep 1977 be (a) down-
graded to Secret; (b) downgraded to '

Confidential; and (c) declaSsified?
1. (a) 30 Sep 1979 (b) 30 Sep 19881

(c) 30 Sep 1987
2. (a) 31 Dec 1979, (b) 31 Dec 1981,

(c) 31 Dec 987
" 3. (a) 30 Sep 1982, j(b) ,30 Sep 1987,

(c)-30 Sep-199.2

4. (a) 31'Dec 1982, (b) 31 Dec 1987,
(c) 31 Dec 1992

6-61. Normally, when willa document classified
Secret on 30 Sep 1977 be (a) downgraded
to Confidential and (b) declassified?
1. (a) 30 Sep 1978, (b) 30 Sep 1982
2. (a) 31 Dec 1978, (b) 31 Dec 1982 °

3. (a) 30 Sep 1979, (b) 30 Sep 1985
4. (a) 31 Dec 1979, (b) 31 Dec 1985,

6-62. Normally, when will a lloc..ument classified
Confidential on 30 Sep 1977 be declassi-'
fled?
1. 30 Sep 1983
2. 31 Dec 1981,
3. 30 Sep 1987
4. 31 Dec 1987

6-63. Exemptions from the General Classifica-
tion Schedule are made only sparingly.
What is the criterion for making such

'exemptions and when is specific permjs-
sion from the. Director of Naval Intelli-
gence (DNI) required to make them?
1.. It must fall into one of the four

exemption categories listed in
OPNAVINST 5510.1,,(series); *ben
broad categories of Top Secret
information are placed in an
exemption category

2. The judgment of the originator
relative to the probable effects
of declassiification on thwseeurity
of the country; when more thap 1% of
Acommand's Top Secret information '
t scheduled for exemption

3.. It must fall into one of the four
exemption categories listed in

# OPNAVINST 5510:1 (series); when more
than 1% of a command's Top Secret
information is scheduled for
exemption

4. l'IThe judgment of the originator rela-
tive to the probable effects of
declassificatien on the security of
the cpuntry; when broad catego'ries
of TolSecrbt information are
placed,

)

in aggrxemption category

.

)6-64. Which of the following selections con-
tains only approved markings, one of of

which normally appears in the last line
or paragraph of a classified message?
1. ADS(), DDS(), XDDS()(), XCL()
2. DDS(), GDS(), XXDS()(), SGCL()
3. ADS(), GDS(), XGDS0(), X64.0
4. ADDS(), DDS(), XGDS()(), XXDS()

Learning Objective: Describe
the -process of marking and
reproducing classified mate-
rial and of classifying titles.

Judge whether questions 6-65 through 6-68
pertaining to classification marking are

TrUeor False.

6765. The security classification marking of
cla fitd material may properly be

s ped, printed, or written in large ,

etters, or typed in upper case(all
preferably in red).

6-66. If a properly marked class4fled d
is reproduced, the classificati9
ofthe copy must be stamped or-mar
even-when the original marking has
reproduced clearly.

6-67. The correct location of paragrip mark-

ings, such as (TS); (S), (C), (U), (RD),
(FRO) -, U.K.(C), etc., is immediately
preceding and to the left of the part
involved.

ument
marking
ed

6-68. Titles and subjects should be'claAsified
as they stand alone, regardless'of the
classification of therelated document.

0



Learning Objictive: Distinguish
among different categories of
security areas. 9

40
Use.the following as the alternatives-

-foe questiofl 6-69 through-6-71:-

t'

iT Centrolledtarea
2. Exclusion area
3. Iiolated area
4. Limited area,71r

6.49.- What is the name of an area in which
access to classified material can be
gained by uncontrolled movement, but
suc access can NOT be gained if escorts
andtpther controls are properly utilized?

6-70. What is the-name of an area in which
aces to classified material can NOT be
gain by uncontrolled movement, such
area eing used to provide_ administrative
con ol, safety, or a security buffer

ction for other are?

6-71. What is the name of an area in which mere
access constitutes, for all practical
purposes, access to classified information
or material? -

Learning Objective: State
regulations governing admittance,
to security areas.

f.

dis In addition to your other work, you are
assigned the responsibility of admitting

without-an escort, admitting with an escort, or
refusing to admit personnel into the cgomunica-
dons area. Using the discussion in your text-
book as a criterion, decide which of these
actions you should take, on the basis of infor7
mation given, in the-cites of the pecsons .

described.in questions 6-72 throught&75,'and
record your choices of the followthgAtternates:

1. Admit without an escort
2. Admit with an escort
3. Do not admit

6-72. A person who has a proper clearance, says
*he has a "need to know," and is known to
you, Nit is NOT on the access list.

6-73. A visiting dignitary from Washington D.C.
who is'interested in communication be-

-. cause he was formerly a Radioman.

6-74. A person who has a proper badge, has'a
"need to know," and is on-the access
list.

6-75. A person who is NOT on the access list,
but has been specifically granted per-
mission by the commanding officer to
visit the communications area
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Combuniciotor6ns SecEtty Continued); Basic Message Format
, .

_ .

Text600k,Assigriment: Pages 201 - 222

Assiglrrvent" 7..

...
- ,

,--- 6 7-3

4 learning.gb cfikec Describe
or maintvning

stei accouptabitit7of *--- 'c
cjass fied material.. if

t

,7-1, Within each coMmand, strict accountability
for classified materia must be main-
tained. What'are the titles -of the two
persons normally.designated to maintain
accountability?. (Sometimes the tasks
of both are done by the samecpersor6),, --,

1. Classified Materiil Manager, Top
Secret and Secret Control Officer

2. Cliisified'MateriA Manager,
Classified,Material Control Officer

3. Command Security ManSger, Top Secret
Control Officer 0

4'. Command Security'Magager, Classified
Material Control Officer

7-2. What markings or method of accountability
Must be utilized with Top Secret
(a) document covers or equipment,
(4) messages NOT coptaining a list of
effective pages, and (c) document pages?
1. (a).Copy, No. of copies;

(b) Page bf pages;

(c) list of effective pages and
page-check page

2. (a) Copy No. . of copies;

(b) Page of pages;

(c) Page of )17-77 pages

3. (a) Name Tir-COMmnTring custody;
(b)jop Secret, page ;

(c) list of effective pages and page -
check page

4. (a) Name of person accepting custody;
(b) Top Secret message: pages,'

(c) Top-Secret document: pages

j
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t
. Watich Of-thelollowing stateMent

regarding.thgareprodtion
aceelAtability`of Top Secret AOcuments.
isk*rect?
1. Under no circumstances may they-be

reproduced-

2. With the permission of the originator
or highe'r authorit one copy (but
not more than one) be reproduced.
It must be numbered a d recorded

,Mth. the TSCO
3 may., be reproduced) with- the

permission of the origfhatoror
authority. Copies must be

.;;Ihumbered serially,and recorded with
the TSCO.

4. They May be reprodu9ed with,- and
only with, the permission of the
commanding officer of the command
wishing to reproduce them: Copies
must'be numbered serially and
,recorded with the TSCO

ID

Learning ObjectiveAlescribe
acceptable practices pertaining
to safeguarding classified
materials.

Information for question 7-4: You have
taken a clkssified document from storage

to work on it at your desk, and now must go a
few steps to a cdworker'i desk to discuss a
problem with him.

7-4. What must you do to ovide minimum 4,
'authorized protectio or the document
while you are thus engaged?
1. Keep it under surveillance
2. Turn it face down or cover it
3. Both-1 and 2 above
4. Replace it in storage

4



information for questions 7-5 and 7-6.:,
`'' You are given an assignment to derive

some-ftgureii use the figures to complete a
worksheet. d then type a duplication of the
.worksheet as a Smooth report (original and, one
copy), classified Confides ill. j
.

7-5. .1f your typewriter usei'd c rbonl-tbbonv:,

which,'lif an the foil in itempt,
beiides the nand original Ind:.
copy,of. the smooth report must be .

safeguarded in thhe manner required for
Confidential Ma Hal? -

1. The worksheet and typewriter ribbon
2. The typewriter ribbon only
3. The worksheet only
4. None of the above

7,6: : Your typewriter uses a fabric ribbon and
thjs is the foUrth time it is being
recycled through the Machine., Which,
if any, of the following items besides '

the carbon and the original and copy of ,'
the smooth report Must be feguarded in
ffie manner required for Aential
material? . .

: - 1. The worksheet and typ ter ribbon
2. The typewriter ribbon only
3. The worksheet only
4. None of the above

7-7.
, -

Which of the following conditions for
protecting classified material after
wdrking hours is NOT in accordance with
security 'instructions.?
1. Classified documents are in locked

duthorized,)safes "
,

2. Shorthand notes We're not burned; but
are in loCked authorized safes

3. The cOntents of wastebaskets contain-
ing classified material were not
burned, but are in locked authorized

. safes ,

4. Burn bags, ready for burning the
next day, are securely stapled and
neatly lined up along the bulkhead

7-8. Dials on combination locks securing
classified material safes must be
rotated at least how many times to the;
sAMe'directiOn.to conform to security
regulations?- 4-

1. Five
2. Two
3. Three
4. Tour,

't.
4C4
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7-9. While on dutyan RIM? finds 1 classi ed
safe open. Which of,the following
actions should he take?
1. He should lock the safe and inform

the senior dutY officer only
2. He shddld inform-the senior duty

officer and stand guard until he
. arrives

34 He should recall the responsible
person and stand' guard until he
arrives-

. 4. He should lock the safe, inform the
responstbag_person, and report the

..incident to the senior duty pffitee

` Learning Objective: Describe
procedures for the disposal.
of classified material.

7-10. At the burn site, the burn supervisor._
must °beck each bag off'the log as it'
is burned. 'What else shottld he and his
crew do?

-1. They should watch to see that the
material is completely burned, and
break and scatter the ashes

2. They should stir the fire,'be sure
that it is burning well, and leave
when the last-bag goes on-thefire.,

3. They should.empty the contents from
$ each bag into, the fire, folfthe

bags for return, watch to see, that
,the'material is completely. burned

4. They should watch to.see that '
'material is completely burned, iceep
the ashes in a neat pile, and pour
water on the ashes before leaving

7-11. Relative to destroying claltified
material-aboard ships at'sea by using
shredders, what do regulations specify

' regarding (a) shred width and (b) inter-
mixing of crypto with other material
before shredding?
f. (a) Maximum shred wiJth allowed is

1/32 inch, (b) nder normal
conditions crypto material must
not be intermixed with other "

material before shredding
2. (a) Maximum shred width allowed is

t/-32 inch, (b) crypto material
must be intermixed with at least
an equal amount of other material
before shredding

3. (a) Maximum sired width allowed is
4 1/16 inch,...(b) under normal

conditions, crypto material must
not be intermixed with other'
material befbre shredding

4. (a) Maximum shred width allowed is
1/16 inch, (b)'crypto material
must be intermixed with at least
an equal,amount of other material
before Wedding

k .
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7-12. MoW many witnessing officials to
destruction classified material

743.

arg required?
1. Five
2. Two
-3. Three
4. Four

To satisfy the requirements of d dye's,

witnessing Mficia3S must have-a security
clearance,Of at least what levet?-

1. .Confidential. .

2. Secret
3. Top'Secret
4. The level of the material being ,...

destroyed
.

.

7-14. For a minimum of show long must-records
of destrixtion ,of clasSlified material ,

be.Maintained?
1. 6 mo
2. 1 yr
3. '18 mo ft,

4, 2 yr

7 -15:. According to the Emergency Plan of
'/- material destruction, what material is

of 'first priority to be destroyed?

1. Top Secret special access material,
and-other Top Secret Material

2. Classified components of equipment
and Top Secret'special access material 7

3. Communication Security (COMSEC)
material and classtfied components '"kt

of equipment
,

4. Communication Security (COMSEC)
material and Top Secret spedfal
ac*ss material

7-16. According to the Emergency Plan, what
material should. be destroyed immeaately
before Secret special cess material?

1. Other Secret maters 1

2. Top Secret materiel not special

access)
3. Top Secret special access material
4. Classified components of equipment -

7-17. What should normally be done with super-

seded class fed material?

1. It should:Ape retainetefinitely,
as it is difficult to get another
copy

2. It should be.retained for two.years,
then destroyed

3. It should"be retained for one Year;

theA destroyed
4. It should be destroyed immediately

Learning Objective: Define
-t'erMs related to COMSEC and

-

other classifieematerial.

7-18. Communicatl* s.security (COMSEC) is the .

ov all effo to protect the.integrity

'an Validity of.our communications

71

community;, Besides cryptosecurity and
physjcal security, what does .COMTEC

1, include?
1. _Transmission security and. organiia-

tiona1 seovity-
2. Emission security and reception,

security
3..-TransmissiOn security and sion

security .

4. Emission security and organizational

itsecurity

Whit s the expression normally used to-

AR state that it has been discovered or is
suspected that a.unauthorized person
has gained access-tqucjassqied material?
1. The material has been compromIseAgh
2. The material has been violated

3. The material has been defiled
4.' The materials been, wasted

-20. What is an accountablajty legerid?
1, A brief written'account of the date'

and circumstances §urroupding the
acquisition of,eaeklclassified item -

held .

2. A brief written descrioLionlofthe
subjectiuMber of pagetetc. of
each classjfied item held.'

3., A discloae record, or list of
signatures of all viewers of each
classified-item held

.

4. A.number assigneeto COMSEC
material to governthe handling .

procedure



-
Ose following.as the alternatives
for queStfons 7-21 through 7-23:

1. CMS HOWer

2. CMS, Satellite Holder

3, CMS Local Holder

. 4. CMS Responsible bler'

What is the term used to specify,a ship-
whose COMSEC material needs are met by
drawing such materials from the squadron
commander

W is the term used to specify a co6And
has an account number and draWT

COi C" materials directly froM'national
or Navy. distribution sources?

Whit is
officer
the CMS
signing
for it?

the term used to specify an
who draws CMS material from
custodia&ofilis command by
and assuming resiensibility

ft.

- Learning Objective: Define
'and ,indicate the scope and
coverage of several terms
connected.With crypto -.j
systems,\and state
qual fications required
by ryptographiC

r.
ale

te .

\

7-24. Which of the following describes cryptcr-
, related information?

1. Always classified , '

2,..., Significantly descriptiveof
crypiomaterial

3. Normally associated with, but not
significantly descriptive of crypto -.
material

4. Normally marked "CRYPTO"

7-25. It, is vitally important that all items
in a cryptosystem be given-the strictest
security. What is the term-for a situa-
tion in which this security is NOT
strictly, maintained?
1. Crypto-expsure

Crypto-instability
3. 'Crypto-deficiericy
4. Crypto:insecurity,

1

-

Ontographic operators must havIN
proper security.clearafice, authori2ation.-
from the commandIngOfficer IcpeOorm"
crypto dirties id h4S"coilmand,:ancr
familiaritylWith lotaa° crypto,pioC
What other minital,qualificati0e,,
any, are there' -a s

1. Normal vision and mandel deitri0,t51
2. Achievement. of

:

3. Attainment Of 46:21 or'highef-' o'
4; None . A

1 0

-"'

,

Learning Obleftive: State
the-prtority order' of thifi

rnergehcy dettructicn of A..

keying, materials.
... ', .

4:. ' 1.

7-27. In :Ease of emergency destrlAttlon, keying
material', as the most sensitive material',

'is destroyedfirst.' What are the three
types of keying material in the priority
order of theirglestruction (within

* -each security` classification } ?.
1,- Superseded, 'reserVe, effective
2: ffective, seperseded, reserve

,- J. Reserve, effective, superseded
N4. SUpersededo effective, reserve

,

Learnimkg:Objective:, Identity
the words for which WON
stands, and define the- terms-

-meacoriing,'interfereoce
:jamming, and intrusio

k

7-28. For what words does "EMCON" stand?:
1. Imi,ision control
2. Emission continuation
3. Emergency control gr.
4. Emergency concealment o .

7-29. What is "meatoning"I6 ° 7

1. Intermittent power onipoweri,off
emission, five seconds on, five
Seconds off .

2. Emission on. a "sliding" frequency,
a procedure of moving 60 in frequency
a prescribed degree each three-.
m' tesAe'a prearranged maximum,

en down-inthe same manner
Irfterception and -rebroadcast of
beacon signals on the same frequency

4. 14- Category df c mmunicatioris inter,
ference that °i ,des jamming and

others': 1;intrusion, am



_7_7-10What is _Interference,!' as -used in tqe
context 'of U.S. naval communications ?'

1. The deliberate use.of electromagnetic
signals, with the object of impairing

communicatfon circuit
2., Any attempt by the enemy to enter

the, U.S. or Allied communications
system and simulate, our,traffic with
intent.to co4fuseor deceive ;

3. A break in the electric line or any-

.

other equipment 6ilure that,impedes
the process of communications

4,. A hondeliberate elettrical disturbance4
which prevents the effective use of 7-33

, 171\frequency
A

1

7-31. What is "jarring"? .

1. Distortion caused by transmitting
with too much power foalothe existing
circuits

2. The deliberateuse of ejecttomagnetic .

signals with the objepe-of impairing
commuhication circpfts

3. Emission on a!11-i'ding" frequencyva .

procedure of moving up in.frequenc'
a prescribed degree each three .

minutes to a prearranged maximum,
then down, in, thg same manner . 7-34

4. Interception and rebro,dcast of
beacon signals on the same freqdency

to confuse enemy navigation

\

7-32. What is "intrusion"?
1. The deliberate use of electromagnetic

signals (such as by random noise),
with the object of impairing
communication circuits .

2. The inadvertent selection and use of
frequency by an operating unit

when another unit in the area is
already! Using that frequency for

official traffic
3.' The unintentional -splatter of Wh'

over-modulated signal into an
adjacent in-use.frequency

4. An attempt by the enemy to enter the
U.S. or Allied communication systems
and simulate our traffic with intent
to confuse and deceive .

-_/

Leaniang Objective State
who prescribes. or approve§
the cryptographic systems
and techniques Used by
military personnel,,indi-
ltate the minimum frequency
of COMSEC inspections, and "
identify the actual inspec;'
tors.

.4.
HoW often must a-comM'and have a COMSEC
inspection, anewhat delegation actually
visits? .

1: Once a year; a delegation-ftowthe
staff of -the Naval'Seouqty Group
,Command, .

2. Once every si( maths;'a delegation
frOM the staff gl:the Naval Security
GroupiCommand

'3. Once, a year;' a'delegation from a
-local.Nava,1 Secimity Group

4. Once ever six months; a delegation
from a local Naval Security Group

What organization,'acting'liviijehalf of
the Secretary of. Defense, prAcrilges or

approves all cryptographic systems and

techniques used.by all'614affthes (If the
military and approve or produces all
cryptomaterial .used BY the departments,

and agencies of thell.$".?

1. The Joint Army-Navy Information

Center (JANIC)
2. Mg Wional SeEurity Agency (NSA)
3, .The'Naval Security Group Command

(NAVSECGRU)
4. The. Naval Intelligence CoMmand (NIC)

ti

- Learning Objective: Describe-

the contents of a communica-
tion center visitor's log.

7-35. For the communication center visitor's

log, what column headings besides date,
visitor's signature, rank or grade,
organization represented, and fireNn
and time out.are recommended by KAG 1?
1. Sotial Security, number, signature of

authority authorizing visit
2. Date of birth, local address and .

telepho'ne number, name of authority

au.thorizing.visit
-3. Purpose of visit; signature of

authority authbrizing visit
4. Place'and date of birth, - signature

of authorfly authorizing visit
i
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Learning Objective: Identify
the location of specific
information pertaining to-
communications operations.

A. ACP 122

,B. CMS 4

C. KAG 1

O. 'ATP 4

E. ,NWP 4,

F. NWP 33

G. OPNAVINST 5510.1 (series)

List 7A.

Refer to-list 7A in answering questions
7-36 through 7:45.

7-36. Whafpublication contains equivalent
U.S. security markings for material
marked with foreign security classifica=

Atfons?
B

. . C

. 3. E

4. G"

;.

7-40. What publicatiol7contain the priarittet--
and methods of destruction of COMSEC
material (in addition to those require-
ments discussed in oprov 5510.1 (series)?
1. .B and C
2. .B,and E ,

3. C and D
4. D and F

'7-41. What publications contain effectiVe
: .- methods of dealing with the occurrence

of any component of 141JI"?
1. A, B, and D .

2. B and C
-3. D F

E_ and F

7=42. What publication contains procedures
gdverningthe COMSEC Material Control
System? -

1. A
2. . B

-7\\\,

3, D

F

7-43. In what publication(s) is/are the
'responsibilities of the NSA listed?
1. A and B

and
3: E

4. F''

7-44. What publication lists situations in
which'authentication, is either mandatory
or merely advisable?
1. A
2. C

7-37. What publication outlines the duties of 3. D
the Command Security Manager? 4. F
1. B

\\

2." C 7-45. What publication contains complete
3.' E

information on paragraph, sub-paragraph,
,'4. G and document marking?

1. A
-7,38. What publications ccntain complete terms, 2. C '

areas, items, and sub-categories relative 3. E
to COMSEC material? 4. G ''
1. A.and D
2.._ B, C, and E ,

.3. D and F'
4. F and G Learning Objective: Determine

the specific format lines of a
7-39. In what publication(s) is/are complete 7 basic Navy message to which

information on the security marking and various portions of the contents
re-marking of classified messages located? are assigned.
1. A only
2. A and B
3. E and F . 7-46, Which format lines in a naval message are
4. G

used for the station,(s) called and the
,
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stations) calling? S.

1. Lines 1 and 2
2, Lines 2 and 3
3. Lines 1 and 3
4. Lines 3 and 4



7.41.- in.which formatlineAs the accounting --
symbol or group count?
1. -Line 3

2. Line 5

3. Line 9

4., :Line 10

7-48. In which format lines are the FM and TO
addressees given?'
1. Lines 4 and 5
2. Lines 5 and 6
3. Lines 6 and 7
4. Lines 7 and 8

7-49. Identify the format line containing the
precedence indicator, DTG, and specific
handling or delively instructions.
1. Line 1 ,

2. Line 2
3: Line 5

4. Line 4

7-50. With which format lines do the heading,
text, and ending, respectively, of a
basic naval message begin?
1. 1, 8, 13

2. 1, 11, 15

3. 1, 12, 14

4. , 10, 14

Learning Objective: . identify
the four components of the
message heading.

7-51. What are the four components that comprise
the heading called?
1. Classification, origination, viestina-

tion, and salutation .

2. Beginning procedure, preamblek address,
prefix

3. Original call-up, accounting !p..oce-
dures, address, prefix

4. Opening remarks, classificatibn-r

( originator's call, addressee's call

,
Learning Objective: Interpret

or properly record date-time
groups, abbreviation "GR" with
number, and prosign BT.

7-52. Which of the following is a correct
example of a date-time group as used in
the heading of a message?

1. 0815Z 15 Jan 78
2. 15 Jan 78 0815Z
3. 150816S Jan 78,
4. '150815Z Jan 78

17-53- What would "GR20" mean in a message?
I. The text contains 20 words
2. The entire message contains 20' wordt

3. The message is assigned "general
routine 20" priority

4. This is the 20th message of the day
from the originator

. ,

7-54. What does the prosign BT mean?
1. Break
2. The Navy has financial responsibility
3. Bravo transmission
4. Blind transmission

Learning-Objective: Describe
standard format and composi-
tion of a basic naval message.

7-55. If a message text has 15 typed lines :P

how many format lines does the text
comprise?
1. 1

2. 5

3. 3

4. 15

7-56. Spec4al handling instructions such as
SRTCAT orPERSONAL FOR are placed on
the same line as which of the following?
1. The TO addressee(s)
2. he security classification categbry
3. The precedenceand DTG
4. The accounting information

a

7:57. What is the composition of the SSIC, and
what punctuation, if any, precedes and
follows it?
I. °A letter (variable) folilowed by five

numbers; two slashes pfecede and
two slashes follow

2. A letter (variable) followed by six
numbers; a semicolon precedes and
no-punctuation follows

3. The letter "N" followed by five
numbers; a semicolon precedes and a
semicolon follows

4. The letter "N" followed by five
numbers; two slashes precede and
two slashes follow
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7-58. What does 'a passing instruction include?
1. The addressed coMmand's short title,

. then' the_office code or individual'.
R&M
Tne addressed command's long title,
then the office code or individual's
name

3. The addressed command's short title,
then theoffice code only

4. The addressed command's long title,
then the office code, then the
individual's name

7-59. Which of the following statements is
correct concerning the format of
references in a,message?
1. They are numbered consecutively and

listed one beneath another
2. They are lettered consecutively and
. listed one beneath another
3. They are numpered consecutively and

listed one follywing the other,
separated by semicolons

4. They arse lettered consecutively and
listed one folloWing the other,
separated by semicolons

7-60. Which of the following statements is
correct.concerning the numbering and
lettering, if any, of textual paragraphs
and subparagraphs?
1. Textual paragraphs are numbered and

subparagraphs are lettered. Single
paragraphs must be numbered "1."

2. Textual paragraphs are numbered, but
subparagraphs are neither numbered
nor lettered. Single paragraphs

;

are numbered 11."
3. Textual paragraphs are numbered and

. subparagraphs are lettered. Single
paragraphs need not be lumbered.

41. No textual paragraphs nor subpara-
graphs are numbered or lettered

7-61. ,If a paragraph of a message is Secret and
also'Restricted Data, what marking, if
any, will be recorded immediately
preceding the words of the paragraph?
J. SECRET - RESTRICTED DATA
2. SECRET-AT
3. SRD

5

A

7 -63. What Are the ending'sign,pYbwords and
prostgns used foe' voiceand CWor TTY
transmtstion, respecti ly?
1. OVER or OUT;. K.or,

2. ROGER; K or AR 4'
3. OVER or OUT; BT

4. ROGER; BT

_
4. None

7-62. In the time group "1030R," what does the
"R" mean?
1. Restricted
2. ,Release time of message
3. Receipt Vme of message

'A. The time zone designation
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Learning Objective: Determine
who is responsible for the
various details involved in
the composition, authorization,
and transmission of a naval
message. 4

Use the following as the' alternatives for ,

questions 7-64 through 7-66:

.1. The drafter

2. The releaser

3. The origihatcir

7-64. Who authotizes the message for trans-
mission after validating its contents
and ensuring compliance with applicable
directives?

7-65. In whose name is the mes§age 'sent?

7-66. Who is responsible for actually composing
the message,' addressing, selecting the
proper classification, dssuing declassi-
fication and downgrading instructions,':
formatting, and selecting the precedence?

Learning Objective:'
the meanings of the precedence
indicators.

7-67. What is the precedence prosign which
identifies the EmergencxCommand
Precedence (ECP) in t40fAUTODIN system?
1. V

2. W.
3. X

4. Y



Use- the-fello4ng asihsalter natimes - _

for questions 7-68 through 7-71:

1. Flash

2. Immediate

3. Priority

4. Routine

7-68. What should the precedence indicator be
for messages relating to situations
which gravely affect the national forces
or populace and which require immediate
delivery to addrevees?

7-69. What should the precedence indicator be
for initial enemy contact reports or
operational combat messages of extreme

urgency?
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What_ should the precedence indicator
be for all types ofiiaffTeWhith
should be transmitted electrically,
but do NOT warrant a higher precedence
than the type assigned?

7-71. What should the precedence indicator
be for messages which furnish essential
information for the conduct of opera-
tions in progress? (This is the bighest
precedence usually authorized for
administrative messages.)

F

1.



Assignment 8
Waft Message Format (Continued)

Textbook Assignment: Pages 223 - 245

Learning Objective: Distingaig
among classes of messages.

Messages are placed in'classes A, B, C,
0, or E for administrative and accounting

purposes. In questions 8-1 through q-6, select
the class(es) into which the messages used as
the qu4stion may be put.

8-1. Government messages.
1. A and B only
2. C, D, and E
3. A, B, and C only
4. A, B, C, and D

8-2. Broadcast traffic available to ships of

all nationalities, such as hydrographic
data, weather, etc.
1. A
2. B

3. C

4. D

8-3. Personal messages to or from naval
personnel, handled primarily free of
charge over naval circuirr.--.1.
1. A

2. B

3. C

4. E'

8-4. Messages originated by and destined for
pp activities (includes the Coast Guard
Pen it is operating as part of the
Navy). Most Navy messages are in this
class.
1. A
2. B

3. D

4. E

8-6_ Private messages for which the Navy.
collects tolls. Includes radiotelegrams
and press messages sent by correspondents
aboard ship.
1. A

2. B

3. C

4. D

Learning Objective: Distinguish
among the various types of
messages according to the method
of addressing.

dr"
1. Messages may be divided into types,
IF according to the way they are addressed.

Use the following as the alternatives for ,

questions 8 -7 through 8-10:

1. Book

2. General Message

3. Multiple-Address

4. Single-Address

8-7. What'kind of message is destined for two
or more addressees, none of whom is
informed of any other addressee?

8-8. What kind of message is destined for two
or mice addressees, each of whom is
informed of all other addressees?

8-9. What kind of message is destined to meet
recurrent requirements for a wide, pre-
determined, standard distribution?

% 8-10. What kind of message is normally titled
8-5. Messages originated by and destined for (e.g., ALCOM, NAVOP, JAFPUB, etc.) with

U.S. Goverdment agencies other than DOD. the title indicating distribution?
1. A
2. B

3. D

4. E
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. Learning objective: .Oemohstrate
ag awargness of the character- .
istics b' the different formats
(plaindress, etd.) 0 messages.

. ,

Use the followin as the alternatives for
IP questions 8-11 through 8-13:

1. Abbreiated plaindress

2. Codress /

3. Plaindress

14.
None of the above

8-11. Which, if any, of the preceding is a
message format which is used very
extensively in voice communications,
and may be used in other forets, and
in which the initial call seves as
the address, and the precedence, date,
date-time group, and group count may
be omitted?

8-12.. Which, if any, of the message formats
listed is always encrypted, always
contains a group count, and includes
the entire address.component. within
the encrypted text?

8-13. 'Which, if any,_ of the message formats
listed contains all of the components
of the basic message- except that the
group count at times may be omitted,
and contains the originator, and
addressee designations externally in
the address, component?

Learning Objective: Describe
radio call signs and voice
calls used under given
circumstances.

8 -14. Which of the following is an example of
an international call sign for a naval
shore station, a naval vessel, and a
naval aircraft, respectively?
A. NCAW, NAU, N4398
2. NAU, N4398, NCAW
3. N4398, NCAW, NAU
4. NAU, NCAW, N4398
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8-15. In voice communications, how should a
ship identify on ship -shore administra-
tive circuits, excluding local harbor
circuits?
1. By phonetically spelled international

call signs
2., By oice call signs as listed in

119

3. y vice call signs as listed in
ACP 19

. By the name of the ship

8-16. What is the name of a call sign which
represents-all of a group of stations
in direct contactivith each other on
a common channel?
1. Group call sign
2. Net call sign
3. Detachment,call sign
4. Cluster call sign

Learning Objective: Demonstrate
a basic familiarity with address
groups and routing indicators.

8-17 Address groups are four - letter groups
assigned to represent certain commands,
activities, or units. How can they
be distinguished from Navy four-letter
international radio call signs?
1. Address groups are transmitted with

a slight pause between the second
and third letters

2. Address groups are transmitted wit!)
a slight pause between the third
and fourth letters

3. Address groups are always transmitted
twice

4. Address groups, in contrast to Navy
call signs, do not begin with "N"

8-18. Which type of address group must always
have more information added to it to
serve as.a complete station and address
designator?
1. Individual activity address groups
2. Collective address groups
3. Conjunctive address groups
4. Address indicating\Voups

8-19. Geographic address groups are always
preceded by
1. individual activity address groups -

2. collective address groups
3. conjunctive address groups
4. address indicating groups



8-20. Which of the following ts a purpose of
address indicalips_gromps?
1. To reduce the number of address

groups required in the heading of
a message

2. To convey special instructions in
the heading of a message'

3. To provide an alternate address
group in the event that the primary
address group is comproMised

4. To locate the originator of a
message geographically

8-21 What is the first letter of routing
indicators used with communications
relay networks, and how many letters
do they have?
1. C; three to six

. 2. C; four
3. R; three
4. R; four to Ten

Alb

Learning Objective: Describe
procedures'. to be used by a

flag rank commander temporar-
ily detached. from headquarters
location to send a message
to his staff; describe
Procedures fdr message
readdressal.

8-22. Which of the following is a correct
example of the "From" and "To" of a
message sent by a flag rank commander
to his staff when he is temporarily
detached from his headquarters location? .

1. FM COMSUBLANT NORFOLK VA (TDY AWAY)
TO COMSUBLANT NORFOLK VA

2. FM COMSUBLANT NORFOLK VA
TO SUBLANTNORFOLK VA

3. FM COMSOBLANT NORFOLK VA
TO ADMIN COMSUBLANT NORFOLK VA

/I4. FM ADMIN COMSUBLANT NORFOLK VA
TO COMSUBLANT NORFOLK VA

8-23. What is the correct procedure for your
command to use to readdress a message?
1. Delete format lines 1 through 4,

precede tile remainder with a complete
heading from your command

2. Replace the heading of the message
with one from your command

3. Replace format lines 1 through 5 with
format lines 1 through 5 frqm your
command

4. Leave the message intact, immiediateTy
precede it with a supplementary
heading from your command

Learning Objective: State the
normal cancellation date of
a message.

a-24. When will a message directive be
automatically'cancelled if it iS
NOT cancelled prior to this time
by other meant?
1. Sixty days after the release date
2. Ninety days after the release date
3: Four months after the release date
4. Six months after the release dafi

7'

Learning Oblective: Identify
the meanings of various pro-
signs and Q and Z signals,
and state how to identify
general messages.

fro answer questions 8-25 through 8-28, sel4ct
from column B the precedence prdsign which ,

corresponds to the precedence as given. in
word form in column A.

1

A. Precedences

8-25. Flash

8-26. Immediate
,

Af

Priority

8-28.1\

8-27

Routine

B. Prededence
Prosigns

1. 0

2. P

3. R

4. Z

8-29. What does the prosign AA mean when it
is;used to identify a portion of a
transmission?
1.. All after
2. All above
3. Action addressee
4. Alternate addressee

8-30. What does the prosign K mean?
1. If the message relates to another

command, you are requested to
readdress

2. . This is the end of my transmission
to you, and a response is invited

3. Negative report is pot required*
4. Stand by -- .a weather report of

significance will follow .



8-31. What does the pause prosign AS AR mean?
........______I-Laueitpause_far.h_few seconds

2. I must shut down operations for one
hour

3. J must pause minutes (Always
followed by a number)

4. I must pause longer than a few
seconds; will call'you back

8 -32., What is the meaning of the prosign F
used in transmis4ken instructions?
1. Do not answer
2. This is the final tfansmission at

this time
3. Forward to applicable command after

readdressing
4. Repeat this entire transmission back

to me exactly as received

.8-33. What does the prosign IX plus'a 5=seeppd
dash mean, in relation to the executive
Ithod?
1 Execution must be Complete within'

one minute. Report required after
execution

2. Execute -.- carry out the purpose
of the message

3. You will receive exegyte orders
,within five minutes

4. Stand by ftr execute order

To answer questions 8-34 through 8-37, select
from column B the prosigns which carry the
same meaning as the statements given in
column A.

A. Prosign Meanings B. Prosighs

8 -34. More to follqw

8-35. Emergency silence

8-36. This.transmission
is in error. Disre-
gard it

8-37, Repeat

1. B

2. EEEEEEE1 AR

3. HM.HM HM

4. ,IMI

8-38. What are three-letter groups beginning
with Q or Z used to cqpvey much longer
expressions properly.called?
1. Code signals
2. Operating signals
3. Prosigns
4. Prowords

4'

8-39. How can general messages,be identified
_ as such?. .

1. By the"GEN" in the heading
2. By.pirrepetitiye short title

.(tr7g.,ALNAV, JAFPUB)
3. By the double spacing between format.. (

lines )five and six . 1

4. By the prosign G in the transmission
instrUctions line 'L..

Learting Objective: Describe
various types of messages and

1 ,
associated procedures.

8-40: How are-general messages wh c e NOT
of sufficient operational urgen y to
warrant immediate delivery to forces
afloat handled? .

:1. By the use of minimize conditions
2.. By basegrams
3. By nightl tters
4. By "Q" essages

8-41. What must a general message file contain?
1. Every-g Val message received -

during the current two-year period
2. Only those general messages received

for action during the current
two-year period

3. Every general message received
during the calendar year

4. Only those general messages received 0
for action during the calendar year,

842. Which of the following statements
regarding'cancellation,of general

;messages is correct?
4 1. The first general message of a

calendar year lists those messages
of the previous year (by number)
that are cancelled

2. .4.p<individual general message may
include its.own cancellaticin date
in parentheses after-the sig ture

3. A message is automatically ca, celled
upon receipt of a subsequent. sage
of the same series -

44kAneral messages which do not ave
a yearly cancellation message nd

are not assigned particular ncel-

N lation dates are automatically
4 cancelled after 90 days

81

4

a



8-43. If an originet6r designates Allege
as a basegram, where should the word
"BASEGRAM appear fir- the message?--- -
1. In the message instructions
2. As the first Ward of the text

immediately following the classi-
fication

3. As the'last yard of the text
4. Immediately following the date-time

group

8-44, Which of the following actions must be
taken prior to the transmittal of
American Red cross emergency or
administrative traffic over naval
communications Taci 1 ii es?
1, A toil must be collected from the

American ,.Reci Cross

2. Verification must be made that the
precedence assigned is ,dot higher

that ROUTINE
3. A genuine effort must have been

made by the American Red Cross to
transmit the message by commercial
means

4. The approval of the commanding
officer must be obtained

8-45. During minimize conditions, what is the
maximum allowable number of words for
(a) FLASH and (b) IMMEDIATE traffic?
1. (a) 100(b ) 1S0
2. (a) 100, '(O ) 200'
3. (a) 125, (,, ) No
4. (a) 150, (b )r.5

8-46. Norfnally, by what Means should delivery
of traffic on hand be made when minimize
conditions are in effect?

I. By airmail letters and speedletters,
.observing security precautions

2. By registered mail, observing
security precautions

3. By regular circuits between 0001
and 0400 local time .

' 4. By regular circuits after minimize
conditions are lifted -

8 -47: What, are proforma Messages?
1. Messages, the subject matter and

content sequence of which are pre-
set and can not be changed by the

originator
2. Messages destined for tvip or more

addressees, each of who rn must be

informed of all the others

3. Messages destined for..4o or more
addressees, none of whom is informed
of the others

4. Messages in which the entire address
component i s included within the
encrypted text

8-48. What is a "Q" message?
1. A short concise message between
--communi-eatAns-personnel-dealing
. with such things as r4srouted or-

missent messages, ete- ..
2. A message sent to determine the

reason for 4lcmdelivery or delay
in delivery ofa message

3. A clasiified portion of Allied ,

navigational warning systems...,
4. A message of FLASH precedence.tich

has a pre-set format and contains
. key instructions from high-level

i authority

8-49. Which of the following statements r

describes the procedure specified in
your rate training manual respecting
the timeliness or absence oresponse
to a service message?
1. Action should be taken promptly.

- Any significant delay, in accom-,
plis ing the action should be
repo ted to the originator.of the
SVC '.

2. Action should be taken on all service
messages before the processing of
routine traffic, but after the
processing of traffic of higher

.,1 precedence .

3. Action should be accomplished on a
"time available" basis after-all
traffic is cleared

4. A service message is always in the
form of a report of action taken,
and does not require that further
action be taken .

'8-50. Which of t e following is a correct
example df the beginning of,the text
of a gervice message? '

1. 'UNCLAS SVC
2. 180725Z UNCLAS SVC
3. SVC YOUR DTG 121531Z
4. SVC 180725Z UNCLAS

8-51. Uponreceipt of a tracer message, an
activity should examine its records for
the time of transmission of the message,
compile this information with received
data and transmit it, with the tracer
action to the

82,

1. originator of the tracer message
only

2. preceding station only
3. originator of the ,tracer message,

and the,preceding station only
4. originatpr of the tracer message,

the preceding station, and the
following static



[-
8-52. [lbw could ship establish a ,circuit with

another st ion? .

1. By sending a circuit establishment
request message to the applicable
NAVCOMMTECHGRU

2. By sending a termination request
message to the NAVCAMS in whose
area the ship is operating

3. By sending a request for an additional
circuit by naval message to the
Commander, Naval Telecommunications
Headquarters

, 4. By sending a request by naval' message
to the 'cognizant fleet 'commander in
chief, requesting additional comilibni-
cations ;linkage

8-53. Which of the following statements is a
correct description of JCS Emergency .

Action,Messages?
1. They have a(predetermined format and

normally carry IMMEDIATE or PRIORITY
.precedence, depending upon the degree
of time-sensitivity

2. The format Is not predetermined, but
Mus. be brief and concise;/normally
of 4M1EDIATE precedence but may be
FLASH; are highly (sometives extremely
time-sensitive

3. The format.is not predetermined, but
has become fairly standardized trough
usage;,pormally carry FLASH precddence
and are extremely time-sensitive

4. They h ve a predetermined Nrmat,
norm 137-Tarry FLASH precedence, and

are xtremely time-sensitive

8-54. The tex of a certain message begins
"CHECK NE EIGHT." What precedence
has it 3/

1. ROUTINE
2. PRIORITY
3. IMMEDIATE
4. FLASH

8-55. The OCR rapidly and accurately transcribes
a typewritten outgoing message into a t

language zompatible with computer proces-
sing: What does "OCR" stand for?
1. Outgoing Computer Run
2. Optical Character Reader
3. Optical-to-Computer Replacement
4. Outgoing Continuous Reader

8-56.

Learning Objective: Use the
Joint Messageform,-1410-173-
(This objective is continued
in Assignment 9.)

Joint Messageform, DD-173, is available
in two colors. (a) What are the colors,
and (b) what determiries which color a
particular activity should use?
1. (a) Orange and light green,

(b) the geographical location
2. ja) Orange and light green,

(b) the type of equipment used by
the serving telecommunications<.
center)

3. (a) Red and light blue,
(b) the geographical location

4. (a) Red and light
(b) the type of equipment used by

the serving telecommunications
center

To answer questions 8-57 through 8-59, select
from coluMn B the spacing format approydriate
to the part of the DD-173 shown in coltin A.

A. Parts of DD -173 B. Spacing Formats

8-57. Header lines and I. Single-spaced
address component,

2. Double-spaced
8-58. Text

3. Triple-spaced
8-59. Distribution block

8,60. The par guide should be set at 0 when
you are preparing the DD -173. What are
the correct settings for the left and
right margins, respectively?.
I. 4, 7
'2.- 5, 74
3. 6, 75
4. 8, 77

7
8-61. Which of the fallowingomethocls of

correction is .acceptable for correcting
a typing error in the hkaderlines?
I. Erasing
2. Striking over the error with a

slash and typing the correct charac-
ter in the next space

3. Striking over'the error with a "blob"
and typing the correct character-in
the next space -

4 self-adhesive correction
tape and retyping
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JOINT MESSAGE ORM
tCUNITY CLASSIFICATION

PAGE °Parrot A OS MIECIO NC/ L Mr CLASS CIC FoWPACCNOLU.,411. /OF CENTER ONO' 4
Mt ACT

OF

SOOK MESSAGE MIA OL.ING INSTRUCTIONS

FROM,

TO:

Figure 8A. - Top of a Jofht Messageform, DD-173-.
. !

In answering question 8-62, refer to . 8-6.6. What operating-signals,are Lese'rted in

figure 8A. the Message Handling Instr(Itions block
\ to indicate that a'message ust be

8-62. What, if 'anything, should be typed
between the horizontal lines indicated
ty arrows?
1. The classification indicatKoll....-

. 2. The precedence indication
3..; Any character

. 4. 'Nothing

Informatio' for question 8-63: You are

" typing on DD-173 the fourth page of a
message which you thought would be completed'
on, the fourth page. You now realize that ar

fifth page.will be required. You have numbered
the first four pages "01 of 04" through "04 of
04," respectively.

8-63. How should the page numbers of the five

, pages read when the message is complete?

'handled as a book message?
1. ZYZ
2. ZYQ -

3. ZZQ
4: ZWQ

8-67. Which of the following is correct
concerning the address used on a
DD-173?
1. Lt must include the PLA as given'in

the PLAD, after which amplifying
detSils of address may be added
parentheses -

-2.- le must inclUde the PLA as gven-in
the PLAD,' clarified, as,desired,'by
inserting commas and periods (but

- no other punctuation)
3. It Inust be exactly as given *n the

PLAD; no characters may be omitted
or added

1. 1'01 of 04" through "05 of'04"-

2. "01 of 05" through 1105 of-05"
3. "01 of 04" through "03 of-04";

"04 of 05"; and "05. of 05" , 8-68.

4. "01 of 04" ttirough "04 of 04"; and
"05 of 05" '

8-64. What does "1221537" in the time block
mean?

22nd day, 1537 Greenwich Mean Time
'2. 12th mdfiih, 2153 Greenwich Mean time, !,

7 = page check
3. 12th month, 2153 local time, time

, zone =
4. 1st month, 22nd day, 1537 Greenwich

Mean Time

8-65. A message could correctly display which
of the followThl notations in its Action
Precedence, Infol Precedence, and Clissi-
fkation blocks, respectively?
1. VV; RR; UUUU
2. RR; PP; UUUU
3. RR; RR; 0000-
4. PP; RR; CCCC
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Continuatforl lines` may NOT be used with

which of the following PLAs?
1. The originator's PLA
2. The action addressee's PLA
3. The info addressee's PLA'
4. The exempt addressee's PLA.

8-69.: What is the meaning of the operating
.signal "ZEN" appearing 6eforel some
action or information addressbes?
1. Such addressees -are to reply within

twenty-foUr
2. Such addresseeS'will receive/a-mailed

copy of the.messa9e in addition to
the electrically-(sent one .

3.. Such addressees are to receive the
message by other means

4. SuCh addressees need not respond if
they comply Without delay; however,
if compliance is impassible or
delayed, they must reply within
twenty-four hours

ui



8-70. What is the correct form and spacing 8-73.

in' the classification line to indicate
.(a) an unclassified message, and (b) a
Confidential message?
-1"- iNglitN,

fNTIAL
2. a 'UNCLAS,

(b ',CONF

, (a) UNCLASSIFIED,
(b) CONFIDENTIAL
ei)UNC.LASSIF4E-D,
b) C'ONF.IDENTIAL

What isthe maximum number of spaces
that tot lines may.be indented for
graphic clarity?
1. 10

2. 12

3. 18

4. 20

8-74. Which o6he following lines displays

,

the correct format of the line one'
double-s ace below the last addressee
of a_ rea dressed message?
1,

8-71. How many slant signs. (a) precede, and 2.

- foil the Standard Subject 3.

Identifi atio'n Code (SSIC)? 4.

RADD 785431 °

JCS VINGTON C//122037Z MAY 78
RADIbR /122037Z Y /8.
RADDR'JCS WANINGTON DC//122037Z,

1. (a) , ( ),1 MAY 7$
2-44) b) 2
3: (a) 2, b) 4
4'. (a) 4, p) ,4

8-72. :When passing instructions are used; they
`should begin 'at tab stop 6, one double-
'spaced line below the
1. message nstructions
2. precedence and DTG

'3: last addressee
4. classification line
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Assignmept__?

Basic Message Format (continued); Radiotelephone Procedures

Textbook Assignment: Pages 218 -265

4

Learning Objective: (Continued)
Use the Joint Messageform,
DD-173.

di In answering question's 9-3 through 9-8,
select from list 9A the publication to

which you bave been directed by-your textbook
to find information on the subject used as the
question.

Questions 9-1 and 9-2 are to be judged 9-3. The usage of various accounting symbols
True or False. for messages.

1. A

9-1. When a message is referenced, the origi- 2. D

nator's complete PLA_should be given, 3. G

followed by the DTG, month, and year. 4. H

9-2. The four-character security redundancy
code and the precedence of readdressal
messages must be the same as the message
being readdressed.

L:16Iing Objective: Identify
the ublications containing
specific instructions relative
to each of a'number of prOce-
dures:

A. ACP 100 and/or supplement

B. ACP 113

C. ACP 124

D. ACP 131

E. JANAP 128

F. NTP 3 and/or supplement

G. NTP 4

NTP 9

I. NWP 4

4
J, NWP 7 and/or appendix

List 9A.
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9-4. Classification line markings.
1. B

2. C

3. F

4. H

9-5. Authorized punctuation marks and their
abbreviated equivalents.
1. A

2. E

3. F'

4. J '

9-6. Call signs for fixed and land radio
stations.
1. A ,

2. B

3. C

4. D

9-7. International and military call signs
for ships.
I. B

2. E

3. G

4. I

9-8. The Plain Language Address Directory
(PLAD).

1. A

2. C

3. E

4. F



A. ACP 100 and/or supplement

B. ACP 113

C. ACP 124

D: ACP 131

t. JANAP 128

F. NTP 3 and/or supplement

NTP 4

H., NTP 9

I. NWP 4

J. NWP 7 and/Or appendix

List 9B.

IP
In answering questions 9-9 through 9-15,
refer to list 9B.

9-9. Authorized operating signals.
1. C

2. D

3. F

4, H

9-10. 'The types of general messages, 'from whom
they originate, and their distribution.
1. E

2. H

3. I

4. J

9-11. Types of normal, environmental, and
supply messages that May be sent over
normal channels and circuits during
minimize.
1. E

2. G

3. I

4. J --`\

9-12. Instructions for preparing movement
reports.
1. B

2. G
3. I

4. J

9-13. Detailed information about tracer
procedures.
1. D

2. E

3. I

4. J

.e)
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9-14. Instructions regarding communications
shift messages and their formats.
1. B

2: C

3. D

4. G

9-15. Instructions regarding readdressing;
a message.
1. F

2. H

3. I

4. J

Learning Objective: Point out-
a disadvantage of using radio-
telephone, and distinguish
proper from improper operating.
procedures.

9-16. There are many advantages to the use of
radiotelephone. What is an important
disadvantage?
1. Radiotelephone equipment is quite

. difficult to use
2. Radiotelephone procedures necessitate

the use of.more expendable supplies
than most other methods of communi-
cation

3. Radiotelephone communication is
slower than communication by most
other methods

4. With radiotelephone communications,
there is an inherent danger of
interception 9

9-17. Which of the following i a prescribed
operating procedure for he maintenance
of good circuit dtscipli and trans-
mission security?
1. Frequent tuning and testing of the

equipment (every time anyone can
find a free moment to conduct tests)
in order to keep the equipment
squarely on frequency

2. Use of a directed net only with
permission

3. Use of plain language rather than
prowords to avoid any misunder-
standing

4. Positive identification of your
transmission with your name or
personal sign
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Learning Objective: Define
beadwindow and EEFIs-.

9-18. What is a beadwindow?
1. A rapid method of sending encrypted

messages '

2. A method of miultiple-addressing
radiotelephone messages to ensure
wide dissemination

3. A means used by net control, on a
directed net, to get raPrd confirma-
tion that all stations in the group

receiving satisfactorily
4, A ans of immediately notifying

circuit operators of an unauthorized
diSclosure

9-19. What are 1.EFIs?

1. Essential Elements of Friendly
Information

2. Electronic EncrypArs of Friendly
Information

3. Electronic Emissions of False
Information

4. Enemy-Effected Fact Interceptions

9-20. Which of the following is a correct
reply to a beadwindow message?
1, "CONTROL, THIS IS (name of station),

WILCO, OUT" .

2. "CONTROL, THIS IS (name of station),
ROGER, OVER

3. "CONTROL, THIS IS (name of station),
ROGER, OUT

4. "CONTROL, MESSAGE RECEIVED, (name
of station), OUT"

Learning Objective: Recognize
the contents 'and importance
of an RM's'duties.

0 Judge whether questions 9-21 and 9-22,
regarding responsibilities of an RM,

are frue or False.

9-21. On relatively large-ships, voice circuits
are handled from the bridge dand CIC. As

an operator, you would be responsible
for establishing transmitter and receiver
services to those locations, which may
be located a considerable distance from
the communications spaces.
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9-22. It is vital foe an RM on a ship to,know
which 'nets, are guarded by his ship, to
know their' purposes, and to Pe able to
establish communications on a net or
circuit.

Learning Objective: Identify
the three parts Of a message,
and demonstrate a familiarity
with the contents and format
of a radiotelephone message.

9-23. How many format tines does radiotelephone
employ?
1. 12

2. 14

- 3. 16

4. 18

9-24. What are the three major parts of a
radiotelephone message?
1. Salutation, text, ending
2. Heading, text, ending
3. Salutation, text, closing
4. Heading, text, closing

9 -25. Which of the following statements t

respectiog the sequencing of information
by format line on .a radiotelephone (R/T)
message is correct?
1. Itsformat and the format of the

basic naval message are similar,
but the format line containing the
precedence precedes the addressees
in one and follows the addressees
in the other

2. Its format and the format of the
basic naval message are similar,
but the accounting information is
assigned to different format lines
in the two types of message

3. Its format is ofsa completely
different arrangement from that
of a basic naval message

4. Its format order corresponds to
the order of the/basic naval
message /'



Learning Objective: Describe
the correct method of net
contact when there is an
exempt addressee, and demon-
strate a familiarity with
the composition of the
time group and of prowords
to be used on designated
format lines.

,

Information for question 9-26: USS AUSTIN
Is net control on'a net, the collective

call of which is OVERWORK.

9-26. Which of the'following is a correct call
if the USS AUSTIN is calling all the
members of the net EXCEPT USS SIDDARO?
1. AUSTIN TO OVERWORK EXEMPT ST DDARD
2. OVERWORK EXEMPT STODDARD FROM. AUSTIN
3. OVERWORK, THIS IS AUSTIN, EXEMPT

STODDARD
4. OVERWORK EXEMPT STODDARD, THIS.IS

AUSTIN

9-27. Which of the following respodses contains
only prowords which may be contained in
the transmission instructionsl
1. RE6AY TO, WORDS TWICE, READ BACK,
iipD0 NOT ANSWER

2. EXEMPT, RELAY TO, WORDS TWICE,
READ BACK

3. RELAY TO, WORDS TWICE, READ BALK,
EXECUTE TO FOLLOW

4. WORDS TWICE, READ BACK, DO NOT ANSWER,
EXECUTE TO FOLLOW.

What proword precedes the spoken date-time
group?
1. DATE-TIME GROUP
2. TIME
3. DATE-TIME
4. ZULU

9-28.

9-29. What prowords identify the address portion
of the message, and what is their correct
sequence?
1. FROM, TO, INFO, EXEMPT
2. FROM, TO, EXEMPT, INFO
3. FROM, TO, INFO only
4. FROM, TO, ALL EXCEPT, INFO

9-30. What are the prowords for (a) prefixing
'thatword group count, and (b) indicating

'that groups are NOT ted?

1. (a) GROUP COUNT, GROUP NO COUNT
2. (a) GROUP NUMBER, (b, NO GROUP COUNT
3.- (a) WORD GROUPS, (b) NO GROUP COUNT
4. (a) GROUPS; (b) GROUP NO COUNT
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,9-31, If it is necessary to clearly distin-
guish between the first two or last
two secti..,,is of the R/T message to .

avoid confusion?, what proword should
be uWsed?

z. 5tOP
EAK

3. SLANT
4.P END

I

9 -32. It is 1601 on 21 October in your time
zone,-"S.' You wish to send a time-
group in format line 14, since it was
impossible in this case to send the
DTG earlier in the message. In which
of the following ways could the
required information be correctly
expressed?
1. TIME ONE SIX ZERO ONE SIERRA TWO ONE

OCTOBER
TIME TWO TWO ZERO ONEZULU TWO ONE
OCTOBER

3. TIME TWO ONE ONE SIX ZERO ONE.SIERRA
4. TIME TWO ONE TWO TWO. ZERO ONE ZULU

2.

Which of the following responses contains
only prowords which may be used in the
"final instructions" line often R/T
transmission?
1. READ BACK, DO NOT ANSWER, WAIT, MORE

TO FOLLOW
2. WAIT, CORRECTION, AUTHENTICATION,IS,

MORE TO FOLLOW
3. WAIT, DO NOT ANSWER, CORRECTION,

EXECUTE TO FOLLOW
4. CORRECTION, DO NOT ANSWER, ACKNOWL-

EDGE, MORE TO FOttOW

9-34. In transmissions in which the proword
"DO NOT ANSWER" is used, what should
be the ending proword(s)?
1. EXECUTE
2. OVER AND OUT
3. OVER
4. OUT

Learning Objective: Identify
the normal frequency block
and'range of short-range and
long-range R/T communications.

9-35.1 Within what frequency range is short-
range operational radiotelephone commu-
nication normally conducted.?
1. 2-32 MHz
2. 38-200 MHz
3. 225-400 MHz
4. 600-850 MHz



9-36. What is the normal trail' -.sion range

of short-range o 01 radiotelephone.

communication?
1. 10-15 mi

2. 20-25 mi

3. 30-35 mi

4. 40-45 mi

8 -37. Within wh4t frequency range is long-range,
radiotelephone communication normally ,

.conducted?
1. 2-32 MHz i

2. 38-200 MHz
.3. 225-400-MHz
4. 600-850*MHz

Learning Objective:. Identify
the net usually used in port,
point out where to find a
list of the official voice
call ,signs, and explain the
proper procedures for iden-
tifying and checking into
the net when in port.

k

11.

9-38. Operational/tactidal nets 814,1- most

WO011kvoice circuits used at sea. s

the name of the nets normally use In
poit? V %

1- 1. General nets , )0 */ Ar,
2: Administrative nets

. 3. Harbor nets
4. Costal nets

9.--39 What Alication contains a list of

r- voice call signs design'id to facilitate
speed on tactical radio circuits?
1. ACP 100,
2. j4NAP 119

3. ,)ANAP 128,
4_ .14TP 9 , s '

9-4044Offy what cap. may,a ship properly identify

,itsel hen.entering a port which is NOT
U.S, control?

'rety the 'voice call signs it Uses on

t4cti.cal-cirCuits.
theAh desiOatitbn,and number

,

e ship (usually

all sign of

it
9-A1. The US' luSTIN enters port in

New L 1e , CT, and desires to
cll' , the local net normally

us . -:_ os in that harbor. In

wh' following forms should

th( ., call be? ,

1. NEW LONDON HARBOR, THIS IS AUSTIN,
OVER"

2. "CONTROL, THIS IS AUSTIN, OVER"-
3. "PORT CONTROL, THIS IS 'AUSTIN. OVER"
4. .HARBOR CONTROL, THIS IS AUSTIN,

. OVER" .

0

Learning-Objective: Describe
the procedureSbof a free and
a directed netind the respon-
sibilities of net control obd
of other net members.

(Net Coritc01)-

90

Figure 9A. - Radiotelephone net.

-Assuie the existence of the net shown
10 in.figure 9A any time the, name'of one

of the net members appears in questions 9-42
through 10-19. For questions 9-42 through
9-46, assume the net is a free net that has

been tempor closed,

9 -42. Which of the followin transmissions is

a standard initial c4 1 for reopening

the net?
1. "AIR, FIRE, WATER, WIND, THIS IS

OLYMPUS, OVER
2. "WIND FROM OLYMPUS, OVER

3. "EARTHBOUND, THIS IS OLYMPUS, OVER"
.4. "EARTHBOUND FROM OLYMPUS, THE NET

IS OPEN, OVER



9-43. The' jpit 1 Call to reopen this net has
just been given by OLYMPUS. Which of
the following would be a correct response
to follow immediately?

FOR WIND,. OVER"

9-44. If, after OLYMPUS gives the initial call

For questions 9-47 through 9-50, the
net in figure 9A is a directed net

that has been temporarily closed.

1. "OLYMPUS,. THIS IS AIR, OVER " "' .9-47. Which of the following is a standard
2. "OLYMPUS, AIR HERE, REPORTING IN TO call for reopening this net?

NET,'OVER" I. "AIR, FIRE, WATER, WIND, THISIS
3. "EARTHBOUND, THIS IS AIR, OVER" ° OLYMPUS. THIS IS A DIRECTED NET.
4. "OLYMPUS, THIS IS AIR: I HAVE ONE OF WHAT PRECEDENCE AND FOR WHOM

PRIORITY FOR FIRE, AND ONE ROUTINE ARE YOUR MESSAGES, OVER"

to reopen' the net, AIR fails to respond,
approximately how long should FIRE wait
before giving a response?
I. Fii/e seconds' 'y

2. Twenty seconds
3. Thirty seconds
4. One minute
-

, .

9-45. AIR had transmission difficulty and

transmi(ssion. A few minutes after
could answer OLYMPUS' reopening
transm
all the 'other stations responded in
sequence, the problem was corrected.
Which of the following calls shoWd
AIR now make?
.1. "OLYMPII5, THI AIR, OVER
2. "OLYMPUS, THIS AIR REPORTING

IN TO)NET, 0
3: "EARTHBOUND, THIS IS AIR, OVER
4. "EARTHBOUND, THIS IS AIR REPORTING

IN TO NET, OVER" %

9-46. ,OLYMPUS has reopened the net, all
stations have responded, and OLYMPUS
has acknowledged their transmissions.
Which of the following could be a
correct transmission to follow next?

.1. "OLYMPUS, THIS IS4AIR. I HAVE ONE
PRIORITY AND ONE ROUTINE FOR FIRE
AND ONE ROUTINE FOR WATER, OVE

2. "EARTHBOUND, THIS IS AIR. I VE
ONE'PRIORITY AND ONE ROUTIN FOR
FIRE AND ONE ROUTINE FOR WA R,

OVER"
3. "FIRE, THIS IS AIR, OVER
4. "FIRE, THIS IS AIR. I HAVE i E

FOLLOWING MESSAGE TRAFFIC FIR YOU:
ONEPRIORITY AND ONE ROUTIN;, OVER

I

,1

2. "EARTHBOUND, THIS IS OLYMPUS. THIS
IS A DIRECTED NET. OF WHAT PRECED-
ENCE AND FOR WHOM ARE YOUR MESSAGES,
OVER"

3. "EARTHBOUND, THIS IS OLYMPUS, OVER"
4. "EARTHBOUND, THIS IS OLYMPUS. THIS .

NET IS NOW OPEN, OVER"

9-48. The initial call has just been given by
OLYMPUS to'reopen the net. Which of
the following could be a correct call
to follow immediately?
1. ` "EARTHBOUND, THIS IS AIR, OVER"
2. "OLYMP THIS IS AIR ACKNOWLEDGINGl

NET OP N, OVER"
3. "OLYMPU , THIS IS AIR. I HAVE ONE

IMMEDIATE FOR WATER AND TWO ROUTINE
_

FOR WIND, OVER"
4. "OLYMPUS, .TAS IS AIR, OVER"

9-49. Each station has traffic to transmit. _

Which of the following may be a correct
transmission for OLYMPUS to make after
all stations have:responded to the
initial reopening transmission?
I. "EARTHBOUND, THIS IS OLYMPUS, OUT"
2. "AIR, THIS IS OLYMPUS, ROGER. SEND

YOUR IMMEDIATE, OVER"
3. "EARTHBOUND, THIS IS OLYMPUS, ROGER.

.SEND YOUR IMMEDIATE TRAFFIC, OVER"
4. "EARTHBOUND, THIS IS OLYMPUS, ROGER%

AIR SEND YOUR IMMEDIATE, OVER"

'--,goo. Since the net reopened, all 4nitial
traffic has been cleared, and it has
been fifteen minutes since anyone has
transmitted on frequency. Which of the
following may be a correct exchange of
transmissions at ',is time?

1. "OLYMPUS, Th .5 WATER. I HAVE,-ONE

,..IMMEDIATE FOR AIR, OVER" *t* "THIS
,S OLYMPUS. SEND YOUR MESSAGE,
OVER" 0

2. "EARTHBOUND, TUIS IS WATER. I HAVE
ONE IMMEDIATE FOR AIR, OVER
*** THIS IS AIR. SEND YOUR MESSAGE,
OVER"

3. "AIR, THIS IS WATER. I HAVE ONE
IMME IATE FOR YgU, OVER *** "WATER,

j
THIS IS AIR. SEND YOUR MESSAGE,
OVE

4. "AIR, THIS IS WATER, OVER *** "WATER,
THIS IS AIR, GO AHEAD, OVER
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Learning Objective: Describe
the contents of.and procedures
used relative to the communi-
cations log.

9-51. Which of the following items should be
included in the R/T circuit log?
1. Frequency adjustments an changes,

causes of delay on the ci t, and
changing of the watch

2. Frequency adjustments and changes,
causes of delay tin the circuit, and
four-hour block counts of transmitted
and received messages

3. Causes of delay on the circuit,
changing'of the watch, and the com-
plete name and rates of personnel
who have been assigned to communica-
tions within the past twenty-four
hours
Frequency adjustments and changes,
four-hour block counts of transmitted
and received messages, and times of
opening and closing by individual
Stations

9-52. "ahen automatic recording devices are used
to ensure a total record of traffic, the
time should be recorded at intervals NOT
exceeding how many minutes?
1. 10 min
2. 15 min
3. 3 min

5 min

9-53. How should the operator correct an error
in the log?
1. He should erase the error and write

the correct entry in its place -

2. He should put gummed tape over the
error and write the correct entry
in its place

3. He ,,Hpuld dr dgle line through
the error, an to the correct
entry adjacent (u-the original entry

4 He should type the correct entry on
bond paper, cut it out, and glue it
over the incorrect entry
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Learning Objective: Describe
correct procedures in trans-
mitting easily confused words,
encrypted groups, figures,
dates, names, punctuation,

- and Roman numerals.

9-54. If part of a plain text message reads
"TO AISHA LATER," how should the operator
send this portion to facilitate correct
receipt?
1. "TO ALFA-INDIA-SIERRA-HOTEL-ALFA

LATER"
2. "TO.AISHA, I REPEAT, AISHA LATER"
3. "TO AISHA, I SAY AGAIN, TO AISHA

LATER"
4. "TO AISHA, I SPELL, ALFA,- INDIA-

SIERRA -HOTEL -ALFA, AISHA LATER"

9-55. In which of the following ways should an
'operator transmit the encrypted group,
"BRGSP"?

1, "BRAVO, ROMEO, GOLF, SIERRA, PAPA"
2. "B-R-G-S-P, I'SAY AGAIN, B-R-G-S-P"
3. "I SPELL, B-R-G-S-P"

'I SPELL, BRAVO, ROMEO, GOLF, SIERRA,
PAPA"

9 -56,. What are two correct ways of clearly
distinguishing the number "two"-from
"to" or "too" in R/T communication?
1. "TWO, I SPELL- 1 T -W -O" AND "NUMBERS

TWO"
2. "TWO; THAT IS; T -W -O" and "NUMBERS '.

TWO" )

3. "FIGURES TWO" and "TWO, I SPELL,

TANGO, WHISKEY,'OSCAR, TWO"'
4. "TANGO, WHISKEY, OSCAP" (no word

preceding) and fW' GO

WHISKFV Oqr4

1 questions 9-5, ii.40 9-63, select

the standard worn for radiocommuni-
cation-transmission of tr .nformation given.

9-57. The number 1950.
1. WUN NINER FIFE 1H
2. WUN NINER FIFE FRO V
3. WUN TOUZAND NINER, FIFE ZERO

4. NINETEEN FIFTY

9-58. The number 705,000.
1. SEVEN OH FIFE COMMA ZERO ZERO ZERO
2. SEVEN HUNDRED FIFE TOUZAND
3. SEVEN ZERO FIFE ZERO ZERO ZERO
4. SEVEN ZERO FIFE TOUZAND

A



9-59. The aymber 68.7.
1. SIX EIGHT AND SEVEN TENTHS
2. SIXTY EIGHT DAY-SEE-MAL SEVEN
3. SIX EIGHT DAY-SEE-MAL SEVEN
4. _SIX EIGHT POINT SEVEN

. 9 -60. The date 24 March.
1. TQO'FOWER M-A-R-C-H
2. Top FOWEli,MARCH
3. TWENTY FUER MARCH
4. TWENTY FOWER WA-R,

9-61... The name-F. J. LANDRUM.
1. INITIALS, F-J LANDRUM
2. I SPELL, F-J LANDRUM,
3. INITIALS, FOXTROT JULIETTE LANDRUM
4. I SPELL, FOXTROT JULIETTE LANDRUM

942. The punctuation (), when...required.,
1. PAREN, UNPAREN
2. PAREN, CLOSE PAREN
3. OPEN PARENTHESES, CLOSE PARENTHESES
4. OPEN PAREN, CLOSE PAREN

9-63. The Roman number IV.
1. INDIA VICTOR
2. ROMAN FOWER
3. ROMAN NUMERAL FOWER
4. ROMAN INDIA VICTOR

Learning_Objective: Point out
correcfprocedures'in identi-
fying by call sign, transmit-
ting when call sign encryption
is in effect, interrupting
th carrier intermittently

transmitting; a d testing
communica io uipment

+. over an R/T circuit.

9-64. At what times is it mandatory that a
ship use its full or encrypted radio-
telephone call sign?
1. Every time it transmits
2. When it checks into the net, and

when itimakes the first call of the
day to any member of the net

3. On the first transmission after 0000
local time each day only

4. When a net is first established, and
when the ship initially reports into
an established net
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9-65. If an operatoe is transmitting an R/T
communication while call sign encryption.
is in effect,-and sees that ship/mitt
names appear in the text, which of the
following should he do?
1. He should transmit the text exactly

as it is prepared
2. He should replace the ship/unit

names with their encrypted call
signs or adOress'groups, preceded,'
if desired, by the proword CALL.SIGN
orADDRESS GROUP

3. He should stop transmitting the
message, send "DISREGARD THIS TRANS-
MISSION," and hold the message for
transmission after call sign encryp-
tion is lifted

4. He should replace the ship /unit names
with the code word CSEE (call sign
encryption in effect), and furnish
the actual names later after call
sign encryption is lifted

9-66. Which of the-following is the primary
reason why an operator, while trans-
mitting an R/T message, should pause
and interrupt the carrier momentarily
after each natural phrase?
1. To allow the receiving unit to break

in, if desired
2. To make it more difficult for a

hostile unit to pinpoint the exact

wd locatiorof the sending unit
3; To keep the transmission lines from

overheating
To give the receiving operator time

to catch up if he is behind

9-67. In the conduct 'of an equipment test
an R/T circuit, (a) what words are,
spoken for testing, and (b) what is
maximum time limit for the test?
1. (a) Numerals,

(b) 10 sec
2. (a) Numerals,

(b) 15 sec
3. (a) Letters, spoken phonetically,

(b) 15 sec
4. (a) The word "testing," repeated as

desired,
(b) 10 sec .

ti



Learning Objective: Describe
the correct sequence of net
responses, and the procedures
for radio, "WORDS TWICE,'
"READ BACK," transmission
correctionS,, requests fora
retransmission'of missed
parts4of messages,, anemes-

t sage cancellation. (This
objective is continued in
Assignment 10.)

9-70. Which of the following reports on signa)
strength and readability is in proper
Navy R/T communications form?

' 1. "FOUR BY.FOUR"
2. "FULL QUIETING"
3. "WEAK AND, DISTORTED "'.

4. "SIGNAL STRENGTH .3, READABILITY 4"

40
Because )f poor communication.conditions,
OLYMPUS'includes the prowords "WORDS

TWICE" and "READ.BACK" in a transmission to FIRE.
Use the following as the alternatives for ques-
tions 9-71 through 9-74:

9-68. When abbreviated call signs are used bn

s
- a net, in which of the followtng sequences

should members of the net respond?
1. In alphabetic order according to the

abbreviated call sign

.2. In alphabetic order of the full call
signs for which the abbreviations
stand

3. In the order prescrlibed"by net
control, who is directed to assign
an answering sequence in such
circumstances

4. In the order prescribed by the
current quarterly edition of the.
publication Net Procedures°

9-69. The following transmission exchange takes
place between AIR and WIND:
"WIND, THIS IS AIR. RADIO CHECK; OVER
"AIR, THIS IS WIND, ROGER, OVER"
What is the meaning of the exchange?
1. AIR has informed WIND it is time for

WIND's radio check, and WIND has
acknowledged the call. AIR will now
give WIND,a report on si§nal strength
and readability

2. AIR is requesting a radio check, and
WIND has,agreed to aid. AIrmill pow
give & test call, after which WIND'
will give the signal report

3. AIR has requested that WIND give a
report on AIR's radio signal, and
WINDNhas agreed. WIND will make a
second transmission to AIR within,
three minutes and give the report

4. AIR has requested WIND to give a
report on AIR's signal. The omission
of comment on signal strength and
readability in WINW,s reply informs.
AIR that the tignal(is satisfactory

5
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1.. One time

2. Two ines

- 3. None

9-71. How many times, if any, should OLYMPUS
send the proword "THIS IS"?

9-72. How many times, if any, should OLYMPUS
send the proword "WORDS TWICE"?

9-73. How many-times, If any, should FIRE send
the proword "ROGER"?

9-74. How many timo, if any, shoUld FIRE send
each word of the text?



Assignmeia-10

Radiotelephone OroCedures (Continued); ilanualJeletAewriter Proc

etbook'Asignment:'Pages,267.- 285

.

Learning bbjectrve: ( Continued,) .-
1

Describe the Rtbcedures for' 10

_ transmission' corrections,
. requeSts-for,retransmisSion

of misselcparts of messages,
and message cancellation.

L

. _

(Net Control),

Figure 10A. I A'

In answering questions 10-1.throug0-
00-19, refer to figure.10A.

10-1, An operator has just transmitted
- .,"4.1.5E TEST CHARLIE" as part of 'a,

message, and now realizes that the
word sent as "TEST" is actually
"TEXT." Which of the following
transmissions is ip the correct
form for him to send next? .

1. "CORRECTION, USE TEXT CHARLIE"
2. "CORRECTION. CHANGE TO USE TEXT

CHARLIE"
. 3. "CORRECTION. TEXT VICE TEST"

4. "CORRECTION." STRIKE TEST, INSERT
TEXT"
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10r2.' An Operator-0 he AIR had received
. neatly an enttrt messagetfrom WIND

when a loud noise occurred, causing
him to miss the' remainler. !The last
part of the text he reebived-was
"ADVISE IF ANY." Which of the
following transmissions should'fte
send?'
1., "WIND, THI$'IS AIR. REPEAT-TEXT,

OVER"
2. ,"WIND, THIS IS AIR. , SA AGAIN
/ TEXT, OVER"
'3. "WIND, TH1SYIS AIR. SJ AGAIN ALL

AFTER ADVIS5 IF ANY"
4. "WIND, .fflIt ft M. SAY AGAIN ALL

AFTER ANY, OVER

10' -3. An operator on board the FIRE was
receiving a message from OLYMPUS, but -

missed(the FROM, TO, and INFO'portions.'
He received and Copied the EXEMPT por-
tion. How should he request the part
he missed?
1. "OLYMPUS, THIS IS FIRE. SAY AGAIN'

ALL BEFORE EXEMPT"
2 "OLYMPUS, THIS IS FIRE. SAY AGAIN

FROM TO EXEMPT, OVER
3. "OLYMPUS, THIS IS FIRE. REPEAT

FROMTO, AND INFO, OVER
4. "OLYMPUS, THIS IS FIRE. SAY AGAIN

ZULU TO EXEMPT, OVER':

10-4. What shcIpld be transmittedto cancel
(ral?a MESsage in prpcess of being sent;
a d (b) a message that has been com-
pletely sent?

(a) The proword, "DISREGARD THIS
TRANSMISSION, OUT;"

'4Qb..)' by, sepaigate message, "CANCEL
.. MY ....1Tdate-time group),, OVER"

2. '(a) The proword, "CANCEL THIS TRANS.-
MISSION, OUT,"

,(b) by sep'prate message, "DISREGARD
MY ... (date-time group), OVER"

3. (a) The proWord, "DISREGARD;"
(b) by separate message, "DISREGARD

MY ... (date-time group), OVER
4. (a) The proword, "CANCEL,"

(b)fby separate message, "CANCEL
MY ... (date-time group), OVER

5.j3



10-6.

0

0
0

Learning ObjeGtive Point out
correct procedures for the
recei.pt, ack004odedgement,,and
verification of a message.

I

_;*. .

.

What are the proWords for (a) the .

receipt of a message, and (b) the
I

'

/acknowledgment of a message?
1. (a) RECEWED; (b) WILCO
2. (a.) ROGER; (b) WILCO
3.. (a) ROGER; (b.) ROGER, WILCO
4.. (a) RECEDED; (b) ROGER, WILCO

What do the pra for (a) the receipt
and (0) the a edgment of a message
Indicate?
I. (a) I have received and understand

.'your last transmission;
(b) I have received your signal,

Under I it, and will comply
2. (a I ha received your fast trans-

tisfactorilY;
) I have received your signal,,
understand it, and will comply

3.. a) I have received your .last trans-
mission satisfactorily;

(b) I will comply within 24 hours
4. (a) I have received and understand

'your last transmission;
(b) I will comply within 240ours

10-7. In addition to the commanding officer,
who is/are authorized to initiate an
acknowledgment for a message?
1. The communications 'officer and the

assistant communications officer
2. The commanding officer's authorized

representative and the communica-
tions officer

3. The commanding officer's authorized
representative and the oPeratiops
officer

4. The commanding officer's authorized
representative only

(
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5

10-8. Lf an operator receives a request to
'verify part of a message, he should
find it and check the cryptography.
(if it is encrypted): What else
should'he always do before transmitting
the verificatioh.of the message?
1. Verify his rbading of the message

with the senior enlisted person
in communications

2. Verify his heading of the message
with the communications officer

3. Verify the-message with the person
who originated it

4. Ask the requesting operatbr specif-
ically which word(s) he suspects 1

is/are in error in order that he
inay check more specifically

Learning Objective: oiame the.
general types of authentica-
tirpn'and describe procedures
for-breaking in.on a net in
order to send FLASH messages,
for using the delayed execu-
tive and immediate executive
method, and for imposing
emergency sf'lence.

0

Assume thgloilowing si
41 questions 0 -9 and 10-10

sending ROUTINE_ messages to/WIND
on the FIREisrtjSven a FLAS

A

10-9. I the un s named are opekating 9n a
e ne , e operator on the FIRE

shoul, break in arid make what trans-
miss on?
1. 'FAIR, AIR, AIR, THIS IS FIRE. I

"HAVE ONE FLASH FOR YOU, OVER"
2. "AIR, AIR, AIR, THIS IS FIRE, FLASH,.

OVER"
3. "ASH, FLASH, FLASH. AIR,'THIS

I-FIRE, FLASH, OVER"
4. "FLASH, FLASH, FLASH. AIR, THIS

IS FIRE. 'I HAVE ONE FLASH FOR
you, OVER"

10-10, If (he net is directed, the operator
on the FIRE should make what trans-
mission?.
1. "OLYMPUS, OLYMPUS, OLYMPUS, THIS

IS FIRE. I HAVE ONE FLASH FOR
AIR,'OVER"

a 2. "FLASH, FLASH, FLASH, OLYMPUS, THIS
IS FIRE, FLASH FOR AIR, OVER"

31 "FLASH, FLASH, FLASH, OLYMPUS, THIS
IS FIRE, REQUE,ST PERMISSION TO

o SEND ONE FLASH TO AIR, OVER"
4. . "AIR, AIR, AIR, STAND BY FOR FLASH.

OLYMPUS; THIS IS FIRE, OVER"

ation in
WATER isf
The operator

sage for AIR.
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.10-11. Which of the following transmissions

is. in the correct - format to impose
,emergency silence?

.

1. ':,EARTHBOUND, THIS IS OLYMPUS,
SILENCE",-SILENCE), SILENCE, OUT"

2. "EARTHBOUND/ THIS IS OLYMPUS,
EMERGENCY SILENCE, SILENCE,
SILENCE, OUf"

3. "EARTHBOUND, THIS IS OLYMPUS,
EMERGENCY SILENCE, SILENCE,

it

SILENCE, TIME ONE ONE THREE EIGHT '

ZULU, OUT"
4. EARTHBOUND: THIS IS OLYMPUS,

SILENCE, SILENCE, SILENCE, TIME
ONE ONE THREE EIGHT ZULU, OUT';

1O-12. Which of the follbwing is a correct
example of a tactical message sent
by the delayed executive method?

"EARTHBOUND, THIS IS OLYMPUS, SHIFT
YOUR RIpDER, STAND'B'Y TO EXECUTE,
OVER"

2. "EARTHBOUND, THIS IS OLYMPUS, DELAY'
E$ECUTE, SHIFT YOUR RUDDER', OVER

3. "EARTHBOUND, THIS IS OtYMPUS, EXE-
CUTE'FO FOLLOW, SHIFT YOUR RUDDER,
OVER

10-15. Generally speaking, what are the two
types of authentication?.
1. Challenge and reply,,and transmis-

sion
2. Password response and transmission
3. Challenge and reply, and code.key
4. Password response and code key

' 4. "EARTHBOUND, THIS IS OLYMPUS, DEFER
EXECUTION, SHIFT YOUR RUDDER, OVER".

10-13. The executive signal that follows a
delayed executive transmissibn,can
correctly .be.exemplipred in which of
the following ways?/
1. :EARTHBOUND, THIS IS OLYMPUS.

STAND BY, EXECUTE,NFIRE, OVER
2. "EARTHBOUND, THIS IS OLYMPUS.

PREPARE, EXECUTE, FIRE, OVER
3. "EARTHBOUND, THIS IS OLYMPUS. \
0`.' THREE-TWO-ONE-EXECUTE, FIRE,

OVER"

4. "tEARTHBOUND, THIS IS OLYMPUS.-- "
EXECUTE, FIRE, OVER

.10-14: Following is an example of the beginning
of a message sent in the immediate
executive method: "EARTHBOUND, THIS
IS OLYMPUS, IMMEDIATE EXECUTE, BREAK,
SHIFT YOUR RUDDER." Which of,the
following endings is in the correct
format?
I. "FIRE, WATER, EXECUTE, OVER"
2. "I REPEAT, SHIFT YOUR RUDDER,

EXECUTE, FIRE, WATER, OVER"
3. "I SAY AGAIN, SHIFT1 YOUR RUDDER,
dy.....EXECUTE,' FIRE, WATER, OVERI
. "I SAY pAIN, SHIFTyOUR R DER,

STAND BY, DECUTE,,tIRr, WATER,
OVER"

Learning Objective: State the
conditions under which enemy
contacts are made. more than
once, descHbe the correct 1 ,
procedures for transmitting
code words, state the proword
to precede the trismission
of flag signals, Ord give the
term^for the standard words
and phrases used to.standardize
and speed transmissions.

10-16. Reports of enemy gontactsareonormally
to be made only once when you are in
direct communication with the Officer s
in Tactical Command (OTC), a higher
authority', or a shore radio station.
Under what two conditions are enemy
contact reports made more than once?
1. When "DO NOT ANSWER' procedures

are used; when the text consists,
of emergency alarm signal 574

2. When the text consists of emergency
alarm signals; when adverse weather
conditions prevail

3. When "DO NOT ANSWER" procedures
are used; whpn adverse weather
conditions prevail

4. When it seems likely the enemy is
preparing to attack; when "DO NOT
ANSWER" procedures are used

10-17-: What is the proword(s) used on adminis-
trative nets toprecede the transmission
of flag signals?
1. "FLAG SIGNALS"

)2. "FLAG"
3. "SIGNALS"
4. "FLAGSIGS"
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10 -18. What is the proper term for the words
400 plWases used in radiotelephone to
gtanrardize the vocabulary, increase
accuracy, and shorten the time of.
transmiss'io'n when messages are sent
that relate to such specialized sub-

. jects as tactical maneuvering, elec- .
tv4onic countermeasures,-air control,
etc.V
1. "Standard tactical code

2. Standard short...forms

3. Operational short forms
4. Operational brevity codes

Learnting Objective: Select

the publications recommended
. for increasing proficiency

as an R/T communications
operator.

10-21. If-"(FIG) 45573 (SP) 287,63" is trans -

titted drn a Navy teletype, how would
it be'received on (a) a commercial
teletypewriter exchange teletype 47q)
and.(b) a Navy teletype?
1. (a) 45573 28763, (b) 45973 WIUYE
2. (a) 45573 WIUYE, (b) 45573.2 -8763

3. (a) 45573 28763, (b) 45573 28763
4. (a)45573WIUYE, (b) 45573 WIUYE

0-22. Now wbUld "(FIGS) 17642 (SP) WRITE,"

10-19. One of the best times to know and the
worst times to look up proper communi-
ca ions prbcedures is when the opera-
tio al situation is critical and
requ'res quick action. The last part
of ch 'ter 12 of your textbook recom-
mend% the careful study of two publica-
tions and part of a third to enhance
the skill of radiotelephone operators.
Which publicatiohs-are they?
1. ACP 125, ACP 165, and part of ATP 1
2. NWP 4, NWP 33, and part of KAG 1

3. CMS 4, KAG 1, and part of ACP 125
4. ACP 122, ACP 125, and part of

ACP 165

Learning Objective: Identify

a publication that contains'
detailed information pertain-
ing to manual tel type pro-
cedure, and exp in the
purpose and usage of various
teletype machine functions.

'10-20. Which of the following publications
contains detailed information concerning
basic teletype machine functions,
operating instructions, and procedures
associated with manual teletype
procedure?
1. ACP 100
2. ACP 113
3. ACP 124
4. ACP 126

transmitted on a TWX .tgletype, be
received on (a) a TWX teletype and
(b) a Navy tel
1. (a) 17642 WRITE, (b) 17642 24853

2. (a) 17642 24853, (b) 17642.1rRITE

3.' (a) 17642 24853, (b) 17642 24853

4. (a) 17642 'WRITE, (b) 17642 WRITE

10-23. How should you transmit 411360 27539"
on (a) a Navy teletype and (b) a TWX
teletype? 7

1. 4a) (FIGS) 14860 (F) (Ems; 275391

(a.) (FIGS) two (SP) 271539, ,

' (FIGS) 4860 (SP) (FIGS) 27539
2.' (

(b) (PIGS) 4860 (SP) 27519
3. .(a) tFIGS) 14850 (SP).(FIGS)'27539,

'(b) (FIGS) 14860 (SP) 27539
(FIGS)_14860 (SP) 27539,

_(b) (FIGS) 14860 (SP) (FIGS) 2739

10-24. Why should the carriage return (CR be
pressed twice rather than just once?
1. To provide a second chance for the

mechanism to engage, should it
fail fo do so the first time

2. To allow sufficient time for the
carriage to return all the way to
the left margin before typing
resumes

3. Because the machine design by the
manufatturer is,s-uch that some
functions are initiated by a single
stroke, and others, including CR,
_by a double stroke

4. Because it takes one stroke for the
carriage to go back and one stroke
for the paper to turn up to the
next line



In questions 10-25 through 10-28, select from
when B thO ,teletype functions associated with
the lettibos listed in;col.

A. ACtions Teletype'
Functions

Line feed (LF)`

2. Space (SP)

3. Blank (BL)

4. Shift/unghift

1045. The advantement
of blank tape
through the,
punch block of
the teletype

--perforator

10 -26. The changing of
Upper or lower
case to the
opposite

10-27. The advancement
of the paper up
the page

10-28. The advancement,. "
of the carriage
(type boX)
the right with- e-
out printin-g

10-32. What is the correct.procedure for
returning the carriage and placing
it in the proper position Abr the
next lfne oft text?
1. '3CR only
2. 2CR, 21,

3. 3CA, IL
4. 2CR, ILF

10-33. What is the function group used
between pages of a long message?
1. 2CR, 2LF, 12LTRS
2. 3CR, 2LF
3. 2CR,. 4LF only
4. 2CR,,4LF,ANNN ,/

10734. -What is the standtid group Of functions

10-29. To attract the attention of the
receiving operator, the sending
operatorAhould activate theOell
signal by sending whdch of the
following transmissions?
.1. JSJSJSJSJS (LTRS
2. FIGS JJJJJSSSSS LTRS
3. 'FIGS JJJJJASP). FIGS ',SSSSS (LTRS)

(FIGS)J(SOWSP)J(SP)J(SP)J(SP)
S(SP)S( SP)S(SA)S(SP)S(LTRS)

10-30. Whit type of equipment utdlizes (a) a
warning light and (bYa margin bell to
indicate the-Approach'of the end of the
typing line? \
I. Both (a) anti (b), page,printers with

direct, line operation capabilities
2. 'Bbth (a), And (b), tape perforating&

equipment
3. .0) Tape perforating,equipment,

(b) page printers with direct line
Operation Capabilities,

4. (a) Page printers with direct line
operation capabilities,

(b) tape perforating equipment

10-31, What are the alignment functions that
must precede,allmessage transmissions?,

that comprise the end of message (EOM)
functions?
1. 2CR, 8LF, NNNN, 12LTRS
2.' 2CR, 8LF,AINNN, 6LTRS
3. 2CR, 12LF, NNNN only
4. 2CR, 12LF, NNNN, 12LTRS

10-35. What is the standard ximum dumber of
characters, including spaces, for each
line?
1.- 63
2. 65
3. 67
4. 69'

Learning Objective: Specify
the authorized abbreviations
and symbols for message
punctuation.

10-36. Which of the following alternatives
contains either an abbreviation or a
symbol that is NOT authorized for
teletype transmission?

Abbreviations Symbols

1. QUES
2. HPHN
3. CLN
4. PAREN

10-37. ...Which of the following alterhatives
'contains either an abbreviation or a
symbol that is NOT authorized for
teletype transmission?

Abbreviations Symbols
I. 3SP, 2CR, 2LF
2. 5SP, 2CR, 2LF I. PO
3. 5SP, 2CR, 1LF 2. CMH
4. 80, 2CR,\1LF 3. SLANT

4. QUOTE-UNQUOTE

99

fn



'Which of the following statements
oncerning the use of "X" as punctua-
ion in messages is correct?
. It is mandatory that "X" be used

as punctuation at a specified
point in each message, but this
is themnly point at which it
may be used

2. :The letter "X" may be used when
exact punctuation is not required,

.
,and-no ambiguity will resplt from

use
At one specified. point the phonetic
form "X-RAY" must be used, and
hroughout the message "X-RAY" is
more acceptable form of punctua-
ion than "X"
he use of "X," dither as a single-
letter or phonetic form, as punc-
tuation is forbidden

Learning Objective: Explain
the format o basic teletype-
writer messages.

10-39. What publication gives detailed usages
of format line 1 with reference to
tape,relay procedures?
1. ACP 127
2. JANAP 128
.3. NTP 3
4. NWP 4

10-40.- Which of the following is NOT an
'approved use of format line 1?
1.- For "pilots" (message handling

' instructions) and for "pilot cards"
'containing special handling instruc,
tions in datalcommunicatjons ,

2. For transmission identification
(TI), no NT lly channel numbers,
and for s of message (SOM)
indicators '

3. For indicators'of the inclusion
of foreign language words

4. For use in specified AUTODIN
methods of operation

Learning ObjeCtive: Describe
or, identify procedures for
Manual teletype (TTY) calling,
answering, and testing.,

In items 10-41 through 10-43, select from
column B the name of the type of call shown
in column A. (NNBD and NFGO are single
stations; .HZDQ is a collective call including
several stations.)
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A. Calls

10-41. NNBD DE NFSK K

B. Types.if Calls

1. Single call

10-42. HZDQ DE NFSK K 2. Multiple call

10-43. NNBD'NFGO DE NFSK

10-44. NBCR,wants.to send a TTY message to
action addressees NMJQ.pnd,NKYP, and
to inform@tion addressas NBBW and .

'NKQY. Which of the following should
appear in the message? (Machine
functions are NOT shown.).
1. ACT NMJQ NKYP DE NBCR

INFO NBBW NKQY DE NBCR K
2. NMJQ NKYP FM NBCR

ZFH2 NBBW NKQY FM NBCR K
3. NMJQ NKYP DE NBCR

NBBW NKQY
4. NMJQ NKYP NBB NKQY DE NBCR

ZFH2 NBBW NK

10-45. Which, if any, of the following state-
ments is correct relative to the
following example, received as part of
a TTY message?

I5SP)(2CR)N(LF)
NMJQ NRSV )NBBW DE NBCR (2CR)(1.F).
ZFH2 (2CR)(LF)

1. NMJQ, NRSV, and NBBW are all infor-
mation addressees

2. NMJQ, NRSV, and NBBW are action
addressees; ZFH2 is a transmission
instruction connected with format
line 4

3. NMJQ, NRSY., and NBBW are action
addreSsees; ZFH2 is an information
addressee

4. The last two addressees, NRSV and
NBBW, are information addressees,
as indicated by the "2" in "ZFH2"



10-46. H114 has just initiated a tall to
NBBW. How should NBBW answer?
1: (5SP)(2CR)(LF) :

NBBW K (2CR)(LF)
2. (6SPY(2CR)(LF)

HZDQ DE NBBW K (2CR)(LF)' ,

3. (5SP)(2CR)(LF)
HZDQ DE NBBW GO AHEAD'K

4. (5SP)(2CR)(LF)
HZDQ DE NBBW.STANDING BY K.

.

10-47. HZDQ has called NBBW, and NBBW has
answered. What piachine function
should HZDQ execute prior to sending
the messa ?

2. 2CR $LF onl(/3. 5SP 2CR 8LF

1. 5SP 2CR. (LF)

4. 5SP 2CR (2LF

10 -48. If a station fails to answer in proper
sequence when,.a multiple call is made,
how Jong shoed the next station wait
before responding?
1. 5.sec
2. 10 sec
3. 15 sec
4. 20 sec

10-49. In a net of six stations, if the station
that should have answered first is NOT
able to answer, but clears its problem
just as the third station answers,
which of the following procedures
should the first station follow?
1. It should answer between the third

and fourth stations
2. It should answer between the last

two stations
3. It should wait five seconds after

the last: station answers, transmit
the bell signal, and then answer

4. It should answer within five
seconds after the last station
responds

.10-50. A certain circuit has just opened after
experiencing difficulty. NBCR correctly
conducts a standard test. He fiest
transmits (5SP)(2CR)(LF). Which of
the following may be thd next part
of his transmission?
1. THIS IS A TEST
2. HZDQ DE NBCR
3. NBCR TESTING
4. TEST HZDQ DE2NBCR

Learning Objective:- Describe
various procedures relative
to ending prosigns and message
precedence.

10-51. When a message transmission ends-with
"AR," may a station, in accordance
with regulations,.(a) receipt for the
message, and (b) request a verification?
1. Both (a) and (b), no
2. (a) No, (b) yes
3. (a) Yes, (b) no
4. Both (a) and (b), yes

'10-52. In duplex operation, when, if ever,
should messages being transmitted be
interrupted to respond to received
messages?
1. Any time the received message is

of higher precedence than the
message being transmitted

2. Only when the received message is
of FLASH precidene4 and the message
being transmitted is of lower
precedence 1

3. Only when the received message is
of IMMEDIATE,precedence or higher
and the message being transmitted
is of lower precedence

4. Never

10-53. If a string of messages is being trans
mitted, when should responses ordinarily
occur?
1. After the last message only
2. After every fifth message and the

last message
3. After every third message and the

last message
4. After each message

10-54: If multiple-page messages are being
transmitted, when should responses
be made?
1. After the last page only
2. After every third page and the

last page
3. After every second page and the

last page
4. After each page
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10-55. Whose responsibility is it to assign
the precedence to a TTY message?
1. The originator of the message
2. The communications officer
3. The senior enlisted man in

communications
4. The Classified Material Control

Officer

10-56. A message is being sent to NBAT for
action and NFWS for information. Its

precedence. is IMMEDIATE to NBAT and 10-59.

PRIORITY to NFWS. Which of the
following precedence entries is
correct?
1. 0 ACT P INFO
2. 0 P INFO
3. OP
4: O P .

10-57. Which, if any, of the following explina-
tionsgives the correct meaning of the
following initial call?

(5SP)(2CR)(LF)
NBAT DE NFWS.ZBO3 0 P R K (2CR)(LF)

1. NFWS, identified.by ZB03 as the
third station to respond on the net,
has messages of'0, P, and R preced-
ence. for NBAT

2. NFWS is sending the same message
to three action addressees. It is

0 precedence to those required to
reply, P to*other action addressees,
and R to info addressees

3. NFWS.has three messages for NBAT,
these havin recedences 0, P, and R

'4. NFWS has an Specified number of
messages of precedences 0, P, and R
for NBAT

10-58. On simplex'circuits, what is the stand-
, ara transmission used to interrupt

message traffic for a FLASH message?
1. (FIGS) A (FIGS) A (FIGS) A
2. (LTRS) Z (FIGS) (LTRS) Z

JS

3. FIGS JJJJJSSSSS
4. FIGS JSJSJSJSJS
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Learning Objective: Describe
correct procedures for cor-
recting teletype errors when
a unit is in direct communi-
cation with another unit,
and also when it is preparing
tape for transmissioW.

During manual transmission of a message
text, an operator, attempting to Send
"PERFORM ALL DUTIES," sent "PERFORM ALL
DTUIES." Being aware of his error,
what should he send next?
1. FIGS A (FIGS) A (FIGS) A

LTRS ALL DUTIES
2. FIGS JJJJJSSSSS (LTRS) ALL DUTIES
3. FIGS JJJJJSSSSS (LTRS) EEEEEEEE

ALL DUTIES
4. EEEEEEEE ALL DUTIES

Juge hether questions 10-60 throUgh
w 10d-63,

w
relatingo correcting teletype

errors, are True or False.

10-60. Whin tape is being prepared for trans-
mission, an error in the text may be
corrected by backspacing the tape,
striking the'LTRS key to block out the
error, and then retyping.

10-61. When tape is being,prepared for trans-
mission, an error in the heading may
be corrected by backspacing the tape,
striking the LTRS key to block out the
error, and then retyping.

10-62. When the unit is in direct communica-
tion with another unit, an error in
the heading may be corrected by using
the error prosign, repeating the last
prosign or operating signal correctly
sent, and continutna.

10-63. If an operator sent "READY CORRECTION"
vice "READY CONNECTION" in the text
but did not notice it until later, he
may properly correct it at the,end of
the message in this way:

( Text of message)(2CR)(LF)
BT I2CR)(LF)
C WA READY - CONNECTION (2CR)(LF)
(...Operating signals and prosigns

(
as required'. '

a.



10-64. While preparing a tape for transmission,
an operator made a mistakeon the second
page of a four-page message. He was on
the fifth line down from the'error (and
two lines from the end of the page)
when he realized his mistake. Where

houll he correct it?
1. Immediately after the line he is

transmitting now
2. Starting,at the location of the

error. Go back and LTR out all
characters from the place the
error was made

3. At the bottom of the page on which
the error occurred

4. At the end of the message
0

In questions 10-65 through 10-67, assume
41F that correct operation signals are

included. They have been'omitted for the sake"
of simplicity.

10-65. NABC received a message from NZYX,, the
text of which began as follows:

"ONE P3C AIRCRAFT AND TWO S2 AIRCRAFT
EWXWNTLY ARRIVED ., "

The word received at "EWXWNTLY" should
be "RECENTLY." If NABC transmits "NZYX
DE NABC IMI WA AIRCRAFT," what answer
should he receive?
1. NABC DE NZYX WA AIRCRAFT RECENTLY K
2. NABC DE NZYX WA'AIRCRAFT RECENTLY

VICE EWXWNTLY K
3. NABC DE NYZX'EEEEEEEE AIRCRAFT

RECENTLY K
4. NABC DE NZYX WA AIRCRAFT AND K

Learning Objective: Descride
procedures for,questioning

A words or groups in messages,
repeating or asking fOr
repetitions, and handling
messages when unable to
get immediate corrections.

.
. .

(

10-66. What is the correct procedure for NABC
to use to request NZYX to repeat the .

sixth group of an encrypted message?
1. NZYX DE NABC IMI 6 K
2. NZYX DE NABC IMI SIX K
3. NZYX DE NABC IMI SIXTH K
4. NZYX DE NABC IMI GRP 6 K

4'

10-67. If NBQD receives the transmission,
NBQD og NPVD IMI BT TO BT K,

what part of the message should he
retransMit?
1. The text only
2. All except the text
3. The heading and the text
4. °The.heading only

10-68. If an operator receives a medium-length
message of 0 precedence for forwarding,
but it'has one garbled word for which
ha is unable to obtain a correction

. Tr' repetition immediately, what should-
he do? '

1. He should hold the message until
he gets a correction.

2. He shouldforward the message,
subject to correction (SUBCOR)
immediately, and then send the
correction when he can obtain it

3. He should forward the message
4 immediately, and include the

proword "CORFOL" (correction .

follows) to notify the recipient
that he will forward the correc-
tion when he can obtain It

4. He should forward the message,
and advise the recipient by the
proword "NOCOWI-that he was NOT
able to receive a correction

B

Learning Objective: Explain
the meanings of "J," eight
"O's followed by "AR," and
"INT GR9"; count the groups
in a text; and identify the
correct formats for trans-
mitting group count. checks
for plaintext and encrypted.
messages.

10-69. What does the prosign "J" mean?::
1. Retransmit last message. Experi-

encing equipment. trouble
2. Wait five minutes before trans-

mitting. Equipment down
3. I have received your message and

am ready to continue
4. Verify with the originator and

repeat



. .

10-70. An operator is receiving the text of
a message when sqddenly he receives-
eight Es-separated by spaces and
followed by "AR." What.does this
mean? f'

1. Th sender.has equipment trouble.
- He, ill send the message again
later,

2. There is an apparent discrepancy
between the classification of
the mesSag.and 4ts contents

3. The message is canceled
4. The sending unit must clear all

machines of traffic until the
accounting data for the past
twenty-four hours is collected

10-71. What is the group count of the
followlng text?

' .INITAATE SEkOND PHASE OF PROJECT
CRTZOF X RULNAX REPORT DUE
THIRTEENTWX EXPECT INTERVIEW
AT SALTLAKECITY.9R SANDIEGO.

1. 16

2. 18

3. 19

4. 21,

10-72. What is the meaning of the fol) owing
transmissiobj

(5SP)(2CR)(LF)
NOKB DE NFSK INT GR9 K
(2CR)(LF)

1. Is the group count, indicated as
"9,:' correct?

2. Repeat the 9th group
3. Verify group 9
4. Sender was interrupted, but will

resume sending with group 9

cs

In questions 10-73 through 10-75, select from
column B the transmission format in which the
gr,pup count checks & the types of message
specified in columhlk should be transmitted.
Assume operating signals'are correctly included
in column B.

A. Types of B. Formats
message

I' (A

10-73. Plaintext
message,

,'over 50
words

10 \-74. F n'rypted

ssa ,

ver 50
ds

1. NABC DE NZYX GR
(number in group)

.BT D,P R C(...etc.)
BT K

2. NABC DE NZYX GR
(number in group)
BT DRAW POWER RECORDS
(...etc.) BT K

NABC DE NZYX GR
(number in group)

`ST 1-D 11-R 21-S
31-M(... etc.) BT K

10-75. Plaintext 3.

or encrypted
message, 50
words or
less

4.
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NABC DE NZYX GR .

(number in group)
BT 1-D 6-C 11-R 16-F
(... etc.) BT K



Assignment 11

Manual Teletypewriter Procedures (Continued);

.Textbook,Assignment; Pages 286 - 305

Automated Systems

Learning Objective: Describe
correct format procedures for
placement of words on a line,
lines on a page, and division
of messages into multiple
pages and multiple increments:

.11-1. In .teletype messages, may a word be
hyphenated at the enthof a line?,
1. Yes
2: Yes, if, and only if, it is at

least nine letters long

3. Yes, if, and only if, it is at
least twelve letters.lon§

4. No

11-2. What is the maximum number of lines,
counting from format line 5 of the head-
ing, the first page of a message may
contain without being divided into pages
for transmission?

15

2. 18
3..1 20

% 4. 25

11-3. What is the maximum number of pages of
message text allowed in one transmission,
disregarding any pag ontaining both
heading and text?
1. 7

2. 6
3. 5

4. 4

11-4. How many lines must be contained on the
second and each succeeding page of a
multiple-page message, excluding the last
page?
1. 15
2. 18
3. 20
4. 25

11-5. Long messages'are sometimes divided into
1 increments for, transmissions.' What is

the name of these segments?
1. Dispatch segments
2. Transmittal increments
3. Transmission sections
4. Communication installments

11-6. A certain unencrypted message has been
divided into three,parts for transmission.1
How should the parts be identified?
1. SECTION 1, SECTION 2, SECTION 3.
2. SECTION 1 'OF 3, SECTION 2 OF 3,

SECTION 3 OF 3'
3. SECTION 1 OF 3, SECTION 2 OF 3,

FINAL SECTION OF 3

4. 1ST SECTION OF 3, 2ND SECTION OF 3,
FINAL SECTION OF 3

11-7. Does each increment-of a message that
has been divided for transmission have
the same or different (a)-station serial
number(s), and (b) date-time group(s)?
1% (a) Same, (b) different
2. Both (a) and (b), same
3. Bothia) and (b), different
4. (a) Different, (b) same

Learning Objective: Explain the
meanings of various prosigns,.
group count reports, and
operating signals.
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In qqestions 11-8 through 11-11, select from
elumn B the prosign associated with the meaning
given in column A.

A. Meanings B.
.

Prosigns

,- 11-8. Repeat back
4 s-'

11-9. More to follow

1110. Action on the
message ot., -

signal which,
follows is to
be carried out
upon receipt
of "EXECUTE"

Ao
11-11. wait'

'1. AS

2. B

3. G

11-15.
4. IX

11-12. On a transmission which NABC received
from NZYX, the last line in the heading
reads

GR190 (2CR)(LF).
The-last two lines of the transmission
read

B100 ( CR)(LF)
K (2CR)(4LF).

How many groups of this message. are
still to be transmitted?
1. 10

2. 90
3. 100
4. 190

11-13. What does "ZUG HM HM HM" mean?
1. The sending unit is requesting an

immediate check to find out if its
transmissions are garbled

2. All units stand by for emergency
message

3. Maintain emergency silence
4. Emergency silence is lifted

11-14. The first part of a transmission reads
as follows:

(5SP)(2CR)(U)
NABC DE NZYX (2CR)(LF)
T NFJL (2CR)(LF)
P 221410Z AUG 78,(2CR)(LF)

What is/fhe meaning of the "T"?
1. NZYX will transmit the same message

to NFJL
'2. .,NABC is to transmit the message to

NFJL
3. Time is critical in passing the

message to NFJL
4. The message is applicable to NFJL

for a temporary time
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Learning Objective::Give the
location of manual_ switching
procedures, explain various
manual switching procedures,
and identify standard phrase-
(ology used in switchboard
operation.

471

What does the operating signal "ZWL"
mean?
1. "Double relay." Messages designated-

for addresiees specified after "ZWL"i
must pass through two relay stations

2. The addressee,specified after ZWL is
required to reply'within six hours

3. No forwarding action is required to
the addressee specified after ZWL -.\

4. The replies fromLall other addressees
are to be sent tojhe addressee
specified 'after "ZWLii who will-
consolidate theC,and end one reply

1
11-16. The National AnnextetwhOt publication

,contains the manual switching proiedures
t used by each nation?

1. ACP 100
2: ACP 113
3. ACP 126
4. ,JANAP 128

11-1.7. If your teletype unit works through a
switchboard, how should you call the /

switchboard operator?
1. Activate the bell signal, and sound

five bells
2. Send "RYRYRYRYRY"
3. Transmit "SWITCH bE (your call)"
4. Depress the "BREAK" switch for two

seconds

11-18. If NABC has an 0 precedence message for
NZYX, what transmission should NABC send
to the switchboard operator on the
preliminary call?
1. "NABC ONE 0 FOR NZYX
2. "NXYX DE NABC 0 X"
3. "SWITCH DE NAB FOR NZYX K"

'A. "SWITCH NZYX ABC ONE 0 K"

11-19. After sending the message, what trans,
mission should NABC make to terminate
the switchboard connection?
1. "SWITCH DE NABC AR"

)Q, ."DE NABC AR"

3. "SWITCH TERMINATE NABC AR"
4. TERMINATE NABC AR"



In questions 11-20 through 11-22,'se)ect from
Olumn B the standard term the. switchboard uses
in the situation given in column A.

A. Situations- B. Terms

11!.20. NABC has called
the switchboard
Operator and sent,
the prelliinery
call. The sWitch-

,JbOard operator
responds, "Your.
call hat been

II

, 1.. Confirmed

2. Booked

3. Tabled.outi

.4. Engaged

?

11-21. After the switchboard
operator makes contact
with the called station,
he tells NABC, "The
station/called is

11-22. If switching arrange-
ments can NOT be made
through existing trunk
connections or are
NOT considered prac-
ticable for further
switching, the messages
are

Learning ,Objective: Describe
`briefly and generally, the
name, organization, and advan-
tages /disadvantages of AUTODIN,
and the function of Automatic
Switching Centers (ASCs).,

11-23. For what'does
stand?
1. Automatic
2. Automated
3. Automatic
4. Automated.

False.

the acronym "AUTODIN"

Directed Network
Distribution Network
Digital Network'
Digital Network

Questions 11-24 through' 11-27, related
to AUTODIN, are to be judged True or .

,11-2e. The funttion.of the Automatic Switching
Centers (ASCs) is to accept messages,

, from subacribers, determine their, classi- .
fications and precedences, Ind relay
them to the subscribers to whom they are
addressed.

The-ASes-are the focal points of the.
entire AUTODIN system.

.

Learning Objective: Identify'

the'basic types of languages
sed)by AUTODIN, and distin-
gujsb among the operational
modes available.-

40 To Arts/Wei. questions_11-28 through 11-30, selett
from column B the name of-the language that
matches the'delcription shOwn in column A.

Deicriptions B. Languages

11 -24. AUTODIN ip managed by the Federal
Communicdtions Commission.

11-25. AUTODIN has the advantages of reliability
and speed, but its:lack of flexibility
in interfacing with various computer
languages, equipment, media, and speeds'
is a serious disadvantage.
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11-28. Eight-level paper 1. ASC II Code
tape

2. Hollerith Code

11-19. Five-level paper
tape 3. ITA #2 Code

Standard punch.
card language

11-30.

11-31. What name is given to the following
method of channel operation: A duplex
operatidn With auto tic bWor and chan-
nel controls allowing independent and
simultaneous two=way operation?
1. Mode I
2. Mode II
3. Mode III
4. Mode IV

I

Learning Objective: -Explain
the timing system in AUTODIN
equipment, and define terms
used in he AUTODIN system. .



whach of the following ways does the
timing system work, insofar as message
delivery is concerned?

a switching center receives mes-
sages Adressed to each of various
termin ls, the timing system connects
Idle A to the:terminals in the same
seq ice fn'which messages were

,- received so that they may be
delivered

, Ift briefly connects a switching
/ denter to each terminal in turn, and-

at each connection any messages
which are awaiting delivery to that

40 terminal are transmitted
3. It briefly conned-s-a2switching unit

to each terminal in turn, 4/rept
that terminals for whom there is no
traffic will be "passed over" (no
connection made) any time there is
a complete message awaiting trans-

t. mittal
4. As each terminal calls in, in a
.- -.prescribed sequence, to request its

messages,,the timing device effects
ithe'release and automatic transmis-
sion of messages for that terminal

11-33. What is a journal, and for what is it
used?
1. It is a brief daily message report

to the headquarters in charge of
AUTODIN tereport the number of mes-
sages sent andgteceived at a parttcu--
lar ASC during the last 'twenty-four
hours

2. It is a brief, concise list of
operating instructions used for the
indoctrination of new AUTODIN sub-
scribers

3. It is a copy of an incoming message,
in its entirety, and is used for
reference as necessary

4. It is a copy of the address only of
an incoming message, and is used as
an index to locate the reference
copy

. Learning Objective: Explain
the configuration,' functions,
and operation of Digital Sub-
scriber Terminal Equipment
(DSTE).

11-35. What is'e4 function of the common con,
trol unit (CCU)?
1. To accept data characters as input,

accumulate them into data blocks in
memory, and distribute data blocks
as' output

2. To accept d ta characters as input;
print outpy1t_on single, 2, 3, 4, and
5 multipl paper or multilith or
ditto masters; and retain data in
memory for farther utilization/

3. To accept data characters from cards
'or paper tape in any of.;three codes,
and do necessary conversion, output
characters in ASC II

4. To serve only as a central unit to
start, stop, and coordiAte all
peripheral equipment-

11-36. What is the functi on of the card readei.?
1. To read cards punched in ASC II

characters, change them to Hollerith -

code, and transfer data to CCU
2. To, read cards punched in Hollerith

code,/change them to ASC II code,
and transfer data to CCU

3. To read cards punched in Hollerith
code, print on each card the infor-.
mation punched.in it, and stack
cards for further use

4. -To.read cards punched in-anly code,
convert them to Hollerith code, and
transfer the data to the page
printer

11-37 What is the functior"of the paper tape
reader?
1. To convert the perforations to

electrical data in the ITA #2 code
and transfer the data to the CCU

2. To transmit the data contained in
the paper tape to a switching unit
for relay

3. To convert the paper perforations to
Hollerith code and transfer the data

o to the high-speed card punch
4. 'To convert the paper-perforations

to electrical data in the ASC II
code, and transfer the data to the
CCU

11-34. DSTE may be configured as which of the
following?
1, Only as a card terminal'
2. Only as a tape terminal
.3. As either a card or a tape terminal,

but not as a,combination
4. As a card or a tape or a combined

card and tape terminal-
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41-38. What is the fundtion of the high- and
tow -speed card punches
1.. To accept data fr the universal

keyboard only, a d punch cards in
Hollerith code

2. To accept data in ASC II code fron
the CCU (and low-speed'also from -the
universal keyboard), convert to
Hollerith code, and punch cards

3. To accept data in ASC II.code from
the CCU and universal keyboard (and
low-speed als in ITA #2 from the
tape-reader), convert data to
HolArith e, and punch cards

4. To effect nput of data from
opera s yboards and conversion
o uch data to ASC II code

11 -39. What *IS- the function of the high-speed
and 1p speed paper punches?
1. .TD serve as on -line output devices

And for off-line key punch opera-
tions in conjunction with the
universal keyboard

2. To serve as on-line input devices,
/\ receiving incominpOssages and
) relaying them into the CCU'as thl

work-load permits
3. To serve as off -line auxiliary

punches in conjunction with the
universal keyb ard only

4. To serve as pri ary "mainstream" on-
lineline devices, b th input.. and 'output,
relaying information into and out of
the CCU .1.,:

. 4. #
A ,

11-40. 'The paper tape printer interpreter prints
directly on the paper tape. Iftit is the,

relationship, so far as dependencyis
conce ned, of the operation of the
inter reter and the paper punch?
1. T e interpreter may be turned off-or

may interpret each character at'
a set interval after punching (to.
allow for tape transfer between
machines) only

2. The interpreter may be turned off,
it may interpret each character at
a set interval after punching, and
it may continue to interpret if the 11 -45.

punch isidle and is placed in the
'"INT ON" position

3. The interpreter may be turfed off.or
it may operate completely ndepend-
ently of the punch-so,long as the
punch it off-lineOr idle only

4. The operation of the interpreter is
completely independent of that of
-the ,punch

N'

Learning Objective: 'Identify
the types and formats of mes-
sages AUTODIN will accept.

What types,of messages will the AUTODIN
network accept?
1. Single call only
2. Single call and multiple call only
3. Single call and general only
4. Single call, multiple call, and

general'

What formats of messages will the
AUTODIN networkiaccept?
1. Plaindressrbnly
2. .Plaindress and abbreviated plain-

dress only
3. Plaindress, abbreviated plaindress,

and data pattern only
4. Plaindress, abbreviated plaindress,

codress, and data pattern

Learning Objective: Identify
character positions in the
routing indicator.

11-43. How many letters must a routing indicator
have?
1. From four to seven'
2. From five to seven only
3. Six or seven only
4. Seveh only

11-44. What does an "R" in the first position
mean?
1. A routine message follows
2. The routing indicator is part of th

worldwide tape relay system
3. The message to follow is in the

"restricted" category
4. It designates the nation or inter-

national alliance of destination

51
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What does a "U" in the second position
mean?
.1. An unclassified message follows
2. The groups in the message are

uncounted
3. It designated the nation or inter-

--national alliance of destination
4. It designates the particular

geographicaA area of destination



11-46. What does a "C" in the third position
mean?
1. A Confidential messa ollows

'2. It desigdateg'the nation or inter-
national alliance of destination

3. It destghates the particular geo
graphical area of the station or
substation of destination

4. The routing indicator is part of the
common ormorldwide tape relay
system

11-47. What db letters appearing in positions
four through seven designate?
1.. Classification and precedence of

message, and whether or not answer
is required
Relay,and tributary stations within
the network to which the message
will be passed

3. Relay and stations through which the
message has passed, as eoch adds his
designator as he relays the message

4. Whether transmission is bYbOtorldwide
,,.or local net, county of destination,

particular geographical area of
destination, and whether message will
go direct, to terminal of destination.
or fill be relayed_

11-50. To what do positions 2 and 3, respec
tively, relate?
1. ThedUtput device preferred by the

addr'essee; the language used in th'e

;messag0
2. The language used in the message;

the output device preferred -

by the addrepsee
3. The language used in the message;

the classificAtion
4. The classification; the output device

preferred by,the addressee

11 -51.. Which of the following conditions dbes
a."T" in positron 4 indicate?
1. The classification of the message is

Top Secret
2. The output device preferred by the

eddres5ee is the teletype
3. This message is being processed on a

worldwide net system (tape)
4. The media format being used is,the.

five-level baudot code

11-48. In order.to ensure .64, the first char
ter of the message ts,accepted and tra s
mitted, what is the minimum content of
the leader of (a) five-level baudot c de
and (b) eight-level baudot code?
1. (a) five blanki and five letter 11 -53.

functibns, (b) eight nulls and eigh
delete functions

2. (a) Six blanks and four letter
functions, (b) six nulls and four
delete functions

3. (a) Six blanks ancrsix letter func-
1 tiopp, (b) six nulls and six delete

functions
4.I.(a) Six blanks and six letter func-

tions, (b) six nulls and eight
delete functions,

11-49. Which of the following correctly gives
4 tht significance of 7" in position 1

(precedence)?
1. This indicates that six or more

messages have been sequenced for
transmission'in descending order of
precedence

2. This is an indicator of personal
traffic, which is processed on a
"time available" basis qnly

3. This is an indicator of a service
message whichRrelates to previous
traffic and must be handled without
delay

4. This indicates that the message ha's
FLASH preemption capability and is
designated Emergency Command precez
dence

Positionst,5 through 8 contain four let-
ters or three lettei-s and a number to
indicate message content and provide
identification*for communications hand-
ling., What publication contains a com-
,plete listing of these codes?
1. JANAP 119
2. JANAP 128
3. ACP 122
4. NWP 4

What ddes.position 9 contain?
1. A,space if the message is addressed

to a single' addressee; an "M" if it
is fOr multiple addressees

2. A space
3. A '"T" if the message is in five- -

level baudot code; an "A" if it is
in eight-level baudot code
An "R" if the station's involvement
is for relay action; a "D" if the
message is to go direct

After the routing indicator in positions
10 through 16, the station serial number
appeirs'in positions 17 through 20.
What are two specific purposes served
by this number?
1. To provide a means for checking "for

straggler messages and to. identify
the subject. of the message

2. To identify the subject of the mes-
sage, and, by.means of a code, to
serve as a crosscheck of the security
classification .

3. To assist in providing positive
identification, and by meins'of a
code, to serve as a crosscheck of
the security classification

4. To assist in provid4g positive
identification and to provide a means
for checking for straggler messages

11 -54.
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'11 -55. If the:message was received by the
originator fortranSmission by the coM-
wunitations center on 5 January 1978,
what should go-inspositions,21 through
24?
1. 8005
2. 8105
3. (SPACE)005
4. (SPACE)1(SPACE)5

11,56. What goes 141 positions 25 through 28?
1. The time of transmission (GMT)
2. The time of receipt from the origina-

:tor by, the communications center
(GMT)

3. The time of transmission (local
time)

4. The time of receipt from the origi-
nator by the communications center
(local time)

11-57. If the claitification othe message is
Confidential and the actual time of

I, tranimission is-1015Z, what would go

.
in positions 29 through 33 ?.

-. 1: C1015
2. 1015C
3. -CCCC *
4. -CCC-

What goes in posit/ions 34 and 35?
1. Two hyphens
2. Two blanks
3. Two spaces
4. Two periods,

11-59. What is the maximum nu4e+ of routing
indicators that can be listed in one
transmission in po itions 36,through.42?
1.- 200
2. 300
3.. 400
4. 500

I.

r-,

11,60.

I,
What- character goes in the position
immediately following the last addres-
see's routing indicator, and by!what
term is it correctly called?
1. Hyphen; end If heading signal
2. Period; end df heading signal
3. Period; 'end of routing signal
4. Hyphen; end of routing signal

11-61. What is the correct end of message (E0m)
procedure for (a) five-level .daaudot
code, and (b) eight-level baudot code?
1? (a) 2CR, 8LF, 4Ns, 12LTRS; (b) 2CR,

8LF, 4Ns, 12LTRS
2. (a) 2CR, 8LF, 4Ns, 12LTRS; (b) 12DEL
'3. (a) 12DEL; (b) 2CR, 8Lf,44Ns,

12LTRS
4. (a) 12DEL; (b) 12DEL

11-62. As RM3 Schmeer is preparing the message
header, he .accidentally 'Strikes the
LETTERS function twice in succession.
.Which', if any, pf,the,following occur-

- 'rences will happen as a result of the
extra LETTER function ?.
1. The teletype will switch back to

figures at the second 'LETTER functiop
2. The teletype will jaM
3. Thkmessage-will be rejected by:the

ASC
4. Apne-of the'above.

11 -63. .If, in transmitfing,a message, RM3
Johnson makes an error in the EOM valida-
tion in format line-15, realizes it
immediately, completely bloCks out the
error, inserts the correct information,
and completes the message with no'fur-
ther errors,.which of the following
actions will. occur?
1. The message will Ok.ocess successfully

through the ASC
2. 'The message will be rejected by the

AC
3. 'THe 'part of the "ape containing the

blocked out error will. jam the
receiving machine at the ASE

4. The-ASC will relay the first part of
the message, but the blocked out
portion of the tape will cause it to
skip to the n message.

ir

Learning.Objective:, State some
general rules regarding TTY
'operation and format.

11-64: When a TTY tape is cut for transmission,
using'ASC II code, what functions, as a
minimum, should precede the message
header?
1.. Six nulls and six deletes
2. Six blanks and six letters

' 3.: Six letters and,six figures
14. Six nulls and six'blanks

11-65. If a message which contains the colon
symbol (:) must be refil'ed commercially,
which of the following actions should..
the operator talkiplor to transmission?
1. He should convey the ":" to "COLON"
2. He should convert the to "CLN"
3. He should replace the ":" with ",,'
4. He should replace' the ":" with a

blank



11-66. RM3 Rolfe'receives for transmission a .

message with a dual' cedence. FLASH
for the action add ee, and PRIORITY,

. for the information ddressee. In which
'of the following ways should he transmit
this message?
1.. He should make two separate trans-:

missions: ong to the action*addres-./
see, ingicattng."FLASH" in line 2;
and'one to the info addressee,
indicating "PRIORITY" *only in line 5

2. He should make two sep &rate trans-
missions: One to the action addres-

. see,.indicating "FLASH" in line 2;
and one to the info addretsee,
'indicating both precedences in line 5

3. He should make-only one transmission,
and indicate "FLASH" in line 2 and
both precedences in line 5

4. He should make only, one transmission,
and indicate."FLASH" in line 2 and
"PRIORITY" only in line 5

11-67. I6 a long off-line encrypted message
; being,trantmttted in sections, what

should the. group count in format line 10
of a section include?
1. The number of groups in the complete

message,,the cryptopart identiftca-
Von, the-page identificationi.and
the transmission section identifica-

,

11-68, What'is the correct term for this. group '

of character's and operations?
1. Transmission identification (TI)
2. Header prefix (HP)

.0 8.,.flottfication of-transmjssion (NT)
C.gessage ide-gtifier'1(MI)

11-69. What are the station /channel designator
letters?
1. VZC
2. ZCZC

3. CJT
4. JtA

To answer questions 11-70 through 11-73, select.'
from column B the operating and classification
characters that match the usage descriptions
given in column A. .

A. Usage
Descriptions

11-70. Used for
'unclassified
EFTO messages

11-71. Used for Special.
Category (SPECAT)

). messages

tion
2. The number of groups 'in the complete 11;72.

message, the cryptopart
tion, and the page identification
only

3. The number of groups in the text
°section being transmitted and the
cryptopart identification

4 The number of groups in the text
section being transmitted only 11-73.

Learning Objective: Explain
and interpret the group of
characters and operations that
prefix the message header in
modes II, IV, and V.

I

VZCZCJTA(FIGS)123(LTRS)(20R)(1LF)

Figure 11A

RefictOfigure 11A, a transmission
precediAg a message header, in answering

questions 11-68,and 11-69.

9,

r,,

Used for off-
line encrypted

-messages and
classified
messages that
are transmitted
in the clear

B. Characters

1. ,ZNR UUUUU

2. ZNY AAAAA

3. ZNY CCGCC
0

4. ZNY EEEEE

Used for Confidential
messaget

t



A. Send a message to the originating -
station eayin4'"YOur (DIG) not
for ui. Retransmit."

B. , Obtaln the correct routing indicator:

.C. label the message"SOSDOPE" to indi-
tate it 'is a suspected duplicate.

D. Replace the header,,andretransmit
the message to the'cOrrect routing
indicator.

E. Attie) . service message to the
messageAnfOrming the :recipient-

-that the message had been"missent
to (identification of tributary
station).

F. Send a serOce message to the
originating station advising him
of the reroute action and correct
routing'indica or.

Lis

Use list 11A in-answering question 11-74.

11-74. Which ofrthe preceding actionsIshould be
taken by a tributary station which has
received a misrouted message? (Assume
that the correct routing indicator is
obtainable.)
1. At
2. B, C, 0, E
3. B, 0, F only
4. B. D. E, F

11-75. What is the difference, if any, between
a misrouted and a missent message?
1. A misrouted message goes throug

a relay station; a missent one oes
not

2. A misrouted message is transmitted
on line; a missent one, off line

3. A misrouted message contains, an
incorrect routing instruction; a

missent message,a correct one
4. None; these are two interchangeable'

terms

113 5
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,Assignment
Automated Systems (Continued)

Textbook Assignment:- Pages 305 - 322

2

Learning Objective: 0.e scribe

actiops to be taken relative
to suspected duplications
(SUSDUPEs).

12-1. If an operator receives a message marked
"SUSDUPE" after he has received and
delivered the original (identical)
message, what should he do with th17
duplicatb?
1. He should file it
2. He should, destroy it

3. He should deliter it fb the
addressee only

4. He shoulli deliver it to the
addregsee with an attached brief
message of explanation

/A. Check the records to determine
whether the message was duplicated.

B. If the message was duplicated, check
in-station procedures regarding
mfissage handling, and train
personnel as necessary.

C. If the message was duplicated, check
the equipment if equipment malfunc-
tion is suspected.,

D. Advise the connected ASC via service
message if only one transmission can
be accounted for.

E. Advise the connected ASC via service
message if the transmission was
duplicated.

F. Report to the connected 'ASC the
measures taken to attempt to
eliminate future duplications,
if the message was duplicated.

List 12A.

fr
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ip. Use list 12A in answering question
12-2.

12-2. 'Which of the preceding, actions should
the originating station take upon
receipt of a.service messageadvising
of or inquiring about a suspected
duplicate?
1. A through C only
2. A through D only
3. 'A through E only
4. A through F

Learning Objective: Describe
the data pattern message and
related characteristics and
operating procedures.

12-3. How many characters are normally
contained in each record block of
data pattern messages?
1. 40

'2. 60
3. 75

4. 80

12-4. What is the maximum number of cards
(NOT counting cards used as pilots)
that may be included in one trans-
mission via message switching
facilities?
1. 250
2. 300
3. 400
4. 500

12-5. For what is the Data Message Form
(DD Form 1392) normally used?
1. To aid the originator in drafting

a message text
2. To aid the originator in- preparing

the message header
3. To keep a running record, by sta-

.' tion serial number, of incoming,
and outgoing messages

4, To keep a running record, by DTG,
of incoming and outgoing messages

5



12-6. 'By.whom and for what purpose is the
Mepage CorreFtion Notice (OD Form 1503)
nOtrally used?
1. By the communication facility to

notify the originator of message
ddiscrepancies

2. By the recipient to notify the
communication facility of message
discrepancies

3. By the originating station to
notify the drafter of discrepancies

4. By the ASC supervisor to notify
the operators of discrepancies

IP Use the following information 'in
answering question 12-7: CC = card

to card, CT card to tape, 'CA = card to
ASC II,,TC = tape to card, AC =, ASC II to
card.

12-7. In data message format, (a) what is
the most common language and media
format (LMF), and (b) what other
LMFs are available for use?
1. (a)CC; (b)* CA, TC, AC only
2. (a) CC; (b) CA, AC, -TC, CT
3. (a.) CA; (b) CC, CT, TC
4. (a)-CA; (b) CC, IC, AC

12-8. Which of the following. may be prepared
by automatic message originators?
1. The communication header only
2. The header and text with partial

text header information only
3. The header and text with complete

. text header informatidn only
4. The header, text (with complete

text header information), and EOT
formatsAwith all necessary infor-
mation)

12-9. Other than reaying the message, what
actiqn(s), if any, should communica-
tions facility personnel_take if a
message arrives at their facility
more than thirty minutes later than
the time in format line 2?
1._ Preparing a service message to

trail. the message and informing'
the recipient of the time of
receipt and processing by the
center

2. Correcting the time in format
line 2; advising the mciginator
via the Message COrretlion Notice
"(DD 1503

3. Sending a service message to the
Originator and gne to the addressee
notifying them of the time of
processing

4. None ,

c-
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12-10: In what publication can the designators
for the language and media format be
found? .

1. °NTP 3
2. NWP-4
3. ACP.122
4. JANAP 128

12;11. Holly characters must therouting
indi or field contain?
1. 'Five
2: Six
3_ Seven
4. Eight

12-12. What SSN Would the next message after
9999 bear?
1. 0000
2. 0001
3_ 1001
4. 10000

12-13. If a message was drafted by the origi-
nator at 1530 local time (0930Z) and
was received by thi center at 1536
local time (0936Z), what 'should be
placed in positiong 25 through, 28
(time filed)?
1. 0930
'2: 0936
3. 1530
4. 1536

0

12 -14., What characters should go in positions
39 and 40, designated for the start

,of routing indicator?
1. SR
2. AA

4. //

12-15. (a) What is theltiaximum.numner of
addressee routing indicators that
can be listed without regyiring a
separate transmission,and (b) of
what does the end of routing signal
Consist?
. (a) 300, (b) a period
2. (a) 300, (b) a hyphen
3. (a) 500, (b) a period
4'. (a) 500, (b)/a hyphen



12-16. The first part of the End of Trans-
mission (EOT) consists of .a repeat
of positions 1 through 38. Of what
does the remainder consist for (a) a
single-record transmission and (b) a

multiple-record transmission?
1. a Ns in positions 77-80,

b N in position 80 only

2.' a Ns in positions 77-80,
4 Ns, in positions 77-80

3. (a) N in position 80 only,
(b) Ns in positions 77-80

4. (a) N in position 80 only,
(b) N in position 80 only

12-17. Unless an exception has been granted,
what is the minimum time for which
(a) data pattern messages must be
retained intact, and (b) the header
must be retained?
1. (a) 7 days, (b) 30 days

2. (a) 7 days, (b) 60 days

3. (a) 10 days, (b) 60 days
4. (a) 10 days, (b) 30 days

The following situation applies to questions
12-18 through 12-20: A center, using message
hatching or commingling, is preparing to com-

bine and send ten messages as one transmission.
To answer these questions, select from column
B the number that tells how many, if any, of
the items shown,in column A must be included
in the transmission.

A. Items for PosSible B. Number

Inclusion Required

12-18. Heider card 1. One

12-19. EOT, card 2. Ten

12-20. General purpose 3. None

content indicator
code
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12-21. A certain terminal does NOT receive
printed journal entries. Which of
the following selections lists two
actions communications personnel
must perform after receipt of data
pattern traffic?
1. Verifying the message record

count and recording the SSNs
in the log

2. Duplicating the header for record
purposes and recording the SSNs

in the log
3. Endorsing the header card to show

the time of receipt land dupli-
cating the header for record
purposes

4. cndorsing the header card to show
the time of receipt and verifying
the message record count

Learning Objective: Describe
Magnetic Tape Term Station
(MTTS) operation a d format.

12-22. What is the basic mode of Magnetic Tape
Terminal Station' (HITS) operation with
othgr AUTODIN tributary stations? f
1. °SiMplex only
2. Either simplex or duplex

3. Either simplex or store and forward
4. Either duplex or store and forward

12-23. What is the deciding factor in deter-
mining the sequence of transmission
of veraltge reels received for
tra

1. Th majority message precedence

le el

2. T e majority message classification
level

.3. (the reel rating according to a
formula based on both precedence
avd classification

4. The sequence in which the reels
farrived

12-24. A printout is made of the headers and
EOTs of messages on each reel. Who

is responsible for furnishing this
printout?
1. The messdO originator
2. A person a igned to the ,MTTS,

whose primary duties are limited
to receipting for reelS and making J

message header and EOT printouts
3. In each' case, the operator who

transmits that reel
4. The senior E-6 or below in the MTTS



12-25. Which of the following statements
reflects the policy or splicing
magnetic tapes used for traffic?
1. The splicing of such tapes is

authorized only if the angle
of cut is diagonal to the.side
of the tape and precision work
is done

2. The splicing of such'tape is
authorized only if the tape
is cut at right angles to the
edge of the tape and precision
Work is done

3. The splicing may be done at
any angle so long as precision
work is done

4. The tape may nOt be spliced

12-26. What is the languag' of transmission
from an MTTS?
1. Hollerith
2. ASC II
3. ITA #2

12 -27. An operator has records of 19 and 1152
characters, respectively, to send by
AUTODIN, and asks if he may send them,
without checking the addressee's
receiving capabilities. He should
have known that the addressee's
receiving capabilities must be checked
if the recbrd contains (a) less than,
and (b) more than what number of
characters?
1. (a) 18, (b) 1000
2. (a) 18, (b) 1200
3. (a) 20, (b) 1000
4. (a) 20, (b) 1200

12-28. Who is responsible for the preparation
of magnetic tape messages, formats,
routing, contents, and sequence on
tape?
1. The supervisor of the MTTS
2. A person specifically assigned

"tape control" duties by the
MTTS supervisor

3. The person who accepts and signs
for the reel

4. The originator

12-29. What is the minimum number of days for
which (a) originated tape reels, and
(b) header and EOT printouts should be
retained?
1. (a) 10, (b)

2. (a) 213, (b) 10 )

3. (a) 30, (b) 20

4. (a) 30, (b) 30

.
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12-30. What is the name of the MTTS log which
reflects the status and lists'outages,
repairs, etc. of equipment and
circuits?
1. The Status and Maintenance Log
2. The Daily Operations Lbg
3. The Master Station Log \

4. The Equipment/Circuit Log

12-31. What should be recorded in the Reel
Delivery Log?
1. Reel numb umber of messages

contained ig est classification,
and time delivered to the trans-
mitting operator or the addressee.

2. Reel n er, highest classifica-
tion, ghest.precedence, and time
deli ed to the transmitting
operavr or the addressee

3. Reel mber, from whom received,
highe" classification, and time
deliveA d to the transmitting
operat4v, or the addressee
Reel nu r and time delivered to
the transmitting operator or the
addressee only

Learning Objective: Describe
procedures following the
attempted transmission of
classified traffic over a
circuit NOT authorized to
carry it or to an addressee
NOT authorized to receive it,
and identify the location of
security regulations for
AUTODIN.

12-32. What action follows the sending of a
classified message to, an ASC over a
circuit-NO- ,Irized for use with
that degrc, lassific 1 ?

1. The mess accep ed, ut the
bell rings alert,,and a auto-
matically generated skrvice*ssage
is sent to the orig-i.n-ator, advising
of the possible security compromise

2. The message is rejected, the bell
rings an alert, and an automaticall2
generated service message is sent
to the originator, advising of the
possible-security compromise

3. The message is rejected, and an
automatically generated service
message is sent to the originator,
advising of the possible security
compromise only

4. The message is rejected only

59,t-



12-33. Which of the following sets of actions
is descriptive of those that occu
when a message is routed through the
ASC to a destination which does NOT
have the necessary clearance to receive:.
it, if it is (a) a single-address
message, and (b) a multiple=address,
message?.

1. (a) The message is accepted and
filed by ASC, and ASC sends a
service to the originator;
(b) the message is accepted and
forwarded to the authorized
recipients, and ASC sends a
service to the originator

' 2. Both (a) and (b), the message is
- rejected by ASC;.for invalid,

routing incLicatdrs, an automat-
ically generated service advises
the originator of the need for
retransmission

3. Both (a) and (b), the message is
rejected by ASC; alarms will apgear
at the originating terminal indi-
catingthe need for retransmission-

4. (a) The message is rejected by
ASC, alarms will, appear at the !
originating terminal indicattng-:,

the need for retransmission;
(b) the message is accepted and.
fOrwarded to any authorized
recipients; for invalid routing
indicator's, an automatically
generated service advises the
originator of the need for
'retransmission

12-34. In what publication can complete
security precautions and operating
rules for AUTODIN be found?
1. JANAP 128
2. JANAP 137
3. NTP 3
4. NTP

Learning Objective: Desc

the geographical coveraq,
AUTOVON and define some or
the terms associated with
that system.

II

12-35. The Defense Communications System
Automatic Voice Network (AUTOVON)
includes activities at which of the
following locations?
1. Continental United States (CONUS)

only
2. Overseas only
3. CONUS and five overseas locations

only
4. CONUS and many oN, .Ations
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12-36. What is the difference between an
AUTOVON subscriber and an AUTOVON user?

1. An AUTOVON subscriber gains access
to AUTOVON by dialing an access
code; an AUTOVON user gains access v,

by placing a call through a PBX
2. An AUTOVON subscriber has direct

access to AUTOVON; an AUTOVON user
has indirect access

,03. An AUTOVON user has direct access
to AUTOVON; an AUTOVON subscriber
has indirect access

4. An.AtTOVON subscriber is an activ-
ity which is served by AUTOVON; %
an AUTOVON user is the individual
who actually makes or receives
an AUTOVON call

12-37. , What is the term that means the seizing
of telecommunicatioris before or in
preference to other subscribers' calls,
even those already in progress?
1. Prioritization
2. Preemption
3. Precedence
4. Preference

12-38. What is the difference in the procedure
for joining in on a pre-set conference
and ,a random conference?
1. For pre-set, users dial a prescribed

number; for random, the AUTOVON
operator assists

2. For pre-set, users request connec-,
tin through an AUTOVON operator;
for random, users dial a prescribed
number

3. For pre-set, users have scheduled
the AUTOVON call previously by
message; for random, users call
other users to join them as the
need arises

4. For pre-set, users have had the
prescribed telephone number on
file for at least 3D days; for
random, a user must call for a
number and then relay it to the
others who will participate in
the conference



Learning Objective: Differen-
tiate among the classes of
telephone service available
on board military installa-
tions.

To answer questions 12-39 through 12-43, select
from column B the class of telephone that is
associated with the characteristic shown in
column A.

A. Characteristics

12-39. Service available for
transaction of official
business on DOD or
military installations;
NO access to commercial
telephone company
trunks

12-40. Service installed on
military installations
for official business;
restricted to special
classes of use, such
as fire alarm, crash
alarm, or security

12-41. Service available for
transaction of official
buSiness on DOD or military
installations; requires
access to commercial
telephone company trunks

12-42. Service installed in or
near a military PBX or
CENTREX system; authorized
for personal or unofficial
business; requires access
to commercial telephone
company trunks

12-43. Users of this class may
initiate outgoing official
business phone calls in
the AUTOVON network

B. Classes

1. Class A

2. Class B

3. Class C

4. Class D
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Learning Objective; Differen-
tiate among the types of calls
assigned each precedence.

To answer questions 12-44 through 12-47, select
from clplumn B the precedence assignment that
matches, the circumstance or type of informa-
tion described in column A.

AInformation B. Precedences

12-44. Calls pertaining 1", FLASH
to conduct of
diplomatic Rego- 2. IMMEDIATE
tiations critical
toward limiting 3. PRIORITY
or stopping
hostilities 4. ROUTINE

12-45. Calls requiring
rapid transmission,
but NOT preferential
handling

12-46. Calls requiring
expeditious action
by calling party and/or
calls which furnish infor-
mation essential for the
conduct of government
operations

12-47. Calls concerning intel-
ligence reports concerned
with national security'

5 22



Leariiing Objective: Differen-
tiate among the types of
service provided' for AUTOVON

users.

(

To answer questions,12-48 through 12-51,'select

from column B the type of serviceyassociated
with the characteristics shown in column A.

A: Characteristics

12-48. When the telephone
is lifted off its
cradle, it is
immediately connec-
ted to a predesig-
nated telephone
instrument at p
distant installation

12-49. By dialing direct
or by enlisting the
services of a local
operator, the sub-
scriber may contact
,other subscribers,
worldwide, for ddy-to-
day low-precedence
communication. When
push-button four-wire
telephone sets are
used, any precedence
calls may be employed

12-50. This type of service
provides access to
specially conditioned
trunks which provide
the transmission
capability sometimes
required by datai and
.facsimile statidns

12-51. Subscribers utilizing
this service may have
the privacy afforded by
a denial of access to and
)from other nets

1

B. Types of
Service

1. General
Purpose

2. Special

3. Off-hotk

4. Special
Grade

120

5)

Learning Objective: State

security ecautions relative
to AUTOVON, and tell where
to find instructions regardiq'
the use of AUTOVON.

Questions 12-52 and 12 -53, dealing
40 with general information for AUTOVON

users, are to be judged True or False.'

12-52. The AUTOVON is a secure line, but
users must be careful to make sure
NO one is within earshot ih the
office when classified subjects are
to be discussed.

12-53. An AUTOVON directory, containing
general instructions for placing
calls on AUTOVON and for reporting t
AUTOVON trouble, is published
periodically and distributed to
subscribers connected to respective
AUTOVON switches.

Learning Objective: Define
some basic terms relative to
Automatic Secure Voice Communi-
cations cAUTOSEVOCOM).

12-54. As it relates to naval communications,
what is'the meaning of the term
"approved circuit"?
1. A foreign harbor circuit for which

permission for U.S. Navy use has
been requested and granted

2. A circuit which has been authorized
for passing of encoded material of
specific security classifications

3. A circuit which has been authorized
for plain language transmissions,of
specific security classifications

4. Any circuit which conforms to
safety standards and is available
for Navy use

12-55. What does the term "cross talk" mean?

1. The garbled sound that results from
more than one operator speaking on
the same circuit at the same "r"

2. The sound heard in a recel'
resulting from telephone
in another channel

3. Intentional voice interferer
(or voice jamming) on a circu t

4. Communication by voice from one
mobile naval unit to another;
i.e., ship-to-ship



Learning Objective: State the
)ocation of instructions and
describe some of the procedures
concerning the operation of
AUTOSEVOCOM.

12-56. Where should you,/ook to find specific
instructions concerning correct place-
ment of calls on the AUTOSEVOCOM
network?
1. In the local AUTOSEVOCOM directory
2. In the local AUTOVON directory
3. In NTP 9
4. In ACP 125

12'-57.

12-58.

Which of the following statements
regarding precedents used via the
AUTOSEVOCOM network is correct?
1. .Since so many toers have routinely

assigned higher precedences than
required, it is now recommended
that a precedence one level higher
than that prescribed by existing
circumstances be assigned, as a
standard rule-of-thumb°

2. An IMMEDIATE call will normally
preempt an IMMEDIATE call in
progress

3. A4PRIORITY call-will normally
Preempt a PRIORITY call in
progress

4. Precedences used on the AUTOSEVOCOM
, network are as prescribed by the
Joint Uniform Telephone Communica-

. tions Precedence System

What is thesminimum classification
level at which the call originator
must authenticate, ensuring that
the called party is cleared for the
information to be discussed?
1. Confidential
2. Secret
3. Top Secret

12-59 If an.AUTOSEVOCOM user hears cross talk
on hts_call,,what should he do in addi-
tion to any required reporting of the
inadvertent.disclosure of classified

0 information?
'. He should employ tracer techniques

in an attempt to ascertain the
identity of the other party

2. He should immediately report the
incident, in detail, to the security
officer

3. He should hang up and call again
4. He should report the occurrence, in

detail, to the switch operator
serving the termination
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Learning Objective: Identify,
define terms associated with,
and describe purposes, proced-
ures, and benefits connected
with MPDS, LDMX, NAVCOMPARS,
and IXS.

12-60. For what is MPDS an acronym, and
what is it?
1. The Message Processing and

Distribution Systtm, a shipboard
message-switching system which
processes,-stores, logs, and
routes traffic

2. The,Multi-Purpose Digital System,
a step forward in the processing
of traffic by increased interface
with digital computers

3. The Multi-Purpose Data, System, an
innovation in overall handling of
data, including message traffic,
by more fully automatic means

4. The Multiplex/Phone/Duple* System,
a fascinating achievement in
shipboard communications, linking
various communications systems
together and making the entire
macrosystem available for rapid
processing of traffic

12-61. Which of the following actions does
LDMX NOT perform on outgoing messages?
1. Validating the message identifiers
2. Searching system' files to assign

correct routing indicators
3. Counting, verifying, and printing

group count
4. Arranging messages in precedence

order for transmission

12-62. If a major component of the LDMX
becomes inoperable, to what extent,
if at all, can the system continue
to operate?
1. The system can stillLoperate in

, the semiautomatic o anual mode
2. The system can still opera} 'n

the manual, but seldom in Lill.

semiautomatic, madg.
3. The system can still operate in

the manual, but NOT the semi-
automatic, mode

4. The system can not operate until
the faulty component is again
operable



12-63. In the LDMX system, the detection of
a mismatch in a security field of a
Secret message would result in which
of the following occurrences?
1. The display of the message to

an inrouter or outrouter for,
review and action,

2. The sounding of the discrepancy
alarm

3. The flashing of the red mismatch
light

4. All of the above

12-64. The LDMX system is rapid. In which
of the following ways can it also be
correctly described?
1. It is reliable and secure, but

lacks flexibility
2., It is reliable, secure, and

flexible, but it requires
significantly more personnel
and-equipment as the traffic
load increases

3. It is securtand flexible, but,
because of Iltequent maintenance
requirements, is.rather unreliable

4. It i5 reliable, secure, and
flexible, and it will handle
increases in traffic without
increases in manpower and equip-
ment

12-65. What is the primary purpose of
NAVCOMPARS?
1.. To maintain a running inventory

and maintenance record of all
communications equipment

2. To serve the fleet by providing
automated commthications processing
and routing

3. To provide automated communications
processing and routing among
various shore-based units

4. To link subscribers together for
the exchange of information by
way' of a satellite path

12-66. What is the maximum number of contin-
uous lines of message headings and
text a fleet unit operating directly
with a NAVCOMSTA equipped with
NAVCOMPARS may transmit without
dividing the message into two
sections?
1. 100

2. 100 text + standard heading
3. 350
4. 550

12-67. What is the IXS?
1. A newly-developed iritercommunica-

tions system
2. An up-to-date system used for

troubleshooting communications
equipment

3. A system by which subscribers
may exchange information via a
satellite path

4. A system whiCh simultaneously
transmits and receives messages
over AUTODIN to provide, rapid,
accurate, reliable processing

12-68. (a) On what type of unit is the
SSIXS intended for installation, and
(b) what is the relationship of the
SSIXS with other communications
equipment already installed?
1. (a) Submarine, (b) the SSIXS

completely replaces the
existing communications
system

.2. (a) Submarine, (b) the SSIXS
complements the existing
communications system

3. (a) Aircraft, (b) the SSIXS
completely replaces the
existing communications
system

4. (a) Aircraft, (b) the SSIXS
complements the existing
communications system

12-69. CUDIX is the automated information
subsystem that was developed especially
for the purpose of enabling rapid
exchange of information hetween/among
1. the aircraft squadron commander

and each member of his squadron
2. ships at sea and aircraft
3. fleet mobile units and activities

ashore
4. activities ashore
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Assignment 13
,

Fleei.Communic

Textbook Assignment; Pages 323 - 338

Learning Objective: Define the
. control.and organization of the
fleet multichannel broadcast
(MULCAST) system.

. Which pf the followidig actions is taken
to help assure, tha each ship can receive

- all transmissions ade by the Fleet Mul-
de*tichannel Broadca t ,(MULCASI) System,

regardless of shi location?

1. Immediately after each message is
broadcast, it is repeated

2. The HF broadcast is transmitted on
several frequencies at the same time

3. .Message traffic is transmitted from
five different Naval Communication
Area Transmitting Sftations (NAVCATS)
within each ocean area

4. Official traffic is routed through a
special amplifier unit, cal
Super Poet- Pack (SPP)

13-2. What are the locations of the
munications Area Master Statio,
as (a) NAVCAMSLANT d (b) NAVC;

respectively?
1. (a) 'Norfolk, (b) Nulles

2. (a) Lajes, (b) Naples
3. (a) Lajes,. (b) Gaeta
4. (a) Norfolk, (b) Gaeta

13-3. What are the locations of the Naval Com-
munications- Area Master Stations acting
as (a) NAVCAMSEASTPAC and (b)
NAVCAMSWESTPAC, respectively?
1. (a) Midway, (b) Cubi Point /Subic

Point
2. (a) Honolulu, (b) Cubi Point/Subic

Point

3. (a) Midway, (b) Guam
4., (a) Honolulu, (b) Guam

To answer questions 13-4 through 13-7, select
from 'column B the terms that match the defini-
tions in colump A.

A. Dernitions B. Terms

. Broadcast--
dontrol
Authotity (BCA)

13-4. The ctivity
r ponsible for
placing the
message traffic
directly into the
broadcast

13-5. The controller of
a specific broad-
cast

13-6. The activity that
engineers the
broadcast and.
delivers the
keying to the
transmitting
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2. kadcast
Control
Station (BCS)

3. Broadcast Keying
Station (BKS)

4. Broadcast
Radiation
Station (BRS)

<t , .Lte for

radiating a signal from
a broadcast supplied by
the activity that engineers
the broadcast and delivers
the keying

Learning Objective: Explain the
significance of the broadcast
designator, tell where to find
a list of broadcast designators,
and identify the components of
the fleet m ltichannel broadcast
system equj ment.
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Figure 13A.--FlOet multichannel broadcast ("N" system).

Refer to figure 13A in answering
questions 13-8 through 13-11.

To answer questions 13-8 through 13-11, selett
from column B the component represented by the
letter shown in coldmn A.

A. Identifying
Letters

13-8.

13-9. , B

13 -10. C

13-11. D

B. Components

1. Antenna
coupler

To answer questions 1'3-12 through 13 5, select
from column B the equipment repres ed by the
letter shown in column A.

A. Identifying B. Equgment
Letters

13-12. E

13-13.

2. Audio transfer
switchboard 13-14. G

13-15. H3.t, Filter

4. Receiver
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1. Black DC patCh
panel

2. Crypto equipment

3. Muitiplex
equipment

4. Teletype
machines



13-16. What Ao'the characters in the broadcast
designator signtfy?
1. The first indicates the type of

broadcast, and the second, the naval
communicatio4 area of origin,

2. The first indicates the type of
roadcast, the second and third con-

s of-the identification number
asst d, and the fourth identifies
the navel communications area of
origin

3. The first...identifies the naval com-
munications area of origin, subse-
quent charac rs indicate the type
of broadcast

4. The first identi ies the naval com-
munications area of origin;' the
second, the type of broadcast; and
the third and fourth, the identifica-
tion number

13 -17. In what publication can a complete list
of broadcast designators be found?
1. NTP 3
2. NTP 4
3. ACP 121
4. ACP 122

13-18. Into how many channels is the MULCAST'
divided?
1. 12

2. 14

3. 16

4. 18 ti

Learning Objective: Define
various MULCAST operating proce-
dures.

13-19. While an operator on a ship was copying
routine traffic, an emergency event
occurred which caused him to miss a
broddcast number. How should he obtain
it?

1. Br:sending "BREAK" to the transmit-
ting station, and, when his "BREAK"
is acknowledged, asking for a repeat

2. By sending a service message to the
broadcast control station, requesting

,a repeat
//

3. By copying it from his primary chan-
nel one hour later

4. By copying it from his secondary
channel one hour later

13-20 Where is the-broadcast alignment proce-
dure outlined?
1., NTP 3
2. NTP 4
3. JANAP 128
4. AtP 122
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13-21 When does the-AULCAST rect.' re restart?
1. At the beginning of ea h crypto da

only
2.' At the beginning of eac crypto day

and any time synchrqp4z tion is
lost only

3. At the beginn ng pf each crypto day
and after each time message serial
number 999 is received

4. At the beginning of each crypto day;
any time synchronization is lost,
and at the,Fhange of eacti watch

13:22. What functions does the TSEC/KWR-37
crypto device provide?
1. Decryption of message traffic.and

-timing for the TSEC/KG-14 only
.2. Encryption of message traffic and .

timing for the TSEC/KG-14 only
3. Decryption and encryption of message

traffic and timing for the
TSEC/KG-14

4. Decryption a d encryption of message
traffic onl

11-23. If a spare TSEC/KWR-37 is-available,
approximately how many minutes before
the new crypto day begins should (a)
the new day's key card be inserted, and
(b) the new TSEC/KWR-37 be patched in?
1. (a) 15, (b) 1

2. (a) 15, (b) 5

3. (a) 45, (b) 1

4. (a) 45, (b) 5

13-24. In what publication are the operating
instructions for the TSEC/KWR-37 found?
1. KAO -34 (series)

2. 'H.O. 117
3. JANAP 119
4. JANAP 128

13-25. If a ship is transitting the Atlantic
and is going to make a routine broadcast
shift, at what time should the operator.
(a) shift from, one broadcast "to another
and (b) send the broadcast shift mes-
sage?
1. (a) 0800Z, (b) in time to reach the

destination by 0001Z
2. (a) 0800Z, (b) in time o reach

the destination by 1600 , preceding,
day A-

3. .(a) 0001Z, (b) in time to reach the
destination by 1201Z, preceding day

4. (a) 0001Z, (b) in time to reach the
destination by 1600Z, preceding day

13-26. If an emergency broadcast shift occurs,
what precedence should the message of
notification have?
1. ROUTINE only
2. ROUTINE or PRIORITY
3. PRIORITY or IMMEDIATE
4. IMMEDIATE or FLAS7
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13-27. What is'the minimgm number of days for
.which broadcast copies, carbons, and
tapes must be retained?
1. 10.
2. 15

3.. 20
)

4. 30

13-28. If To1:6Secret messages which were
received but NOT addressed 'to an afloat
command are-destroyed, (a) how many wit-
nessing Oficials must initial the check-
off sheet next to the appropriate broad-
cast serial numbers, and (b) how logg
must the check -off list be retained?
1. (a) 1, (b) 30 days
2. (a) 2, (b). 10 days
3. (a) 3, (b) 10 days

'F 4. (a) 3, (b) 2 years

13-29. If a Radioman has missed broadiast num-
bers applicable to his ship and has
exhausted all other means of obtaining
them, without success, he should send a
Broaddast Screen Request. Who should be
(a) the action addressee, (b) the infor-

*. cation addralpf, and (c) a second infor-
mation addressee if more than 25
broadcast numbers were missed?
1. (a) BKS, (b) BCS, (c) BCA
2. (a) BKS, (b) the appropriate NAVCAMS,'

(c) his numbered fleet commander
3. (a) BCS, (b) BCA, (c) the appropriate

NAVCAMS
4. (a) BCS, (b) the appropriate NAVCAMS,

(c) his numbered fleet commander

13-30. At regular intervals, a message summary
heading recap is sent on each first-run
broadcast channel, How often does this
occur?
1. Once an hour
2. Once every ur hours
3. Once every x'hours
4. Once a day

A. To list t e number of messages
received ransmitted via the

broadcas

B. To list the precedence of each
message

C. To list the classification of
each message

D. To list the date-time group
(DTG) of each-message

E. To serve as the record of
destruction for classified
messages

List 13A

0 Use list 13A in answering question
13=31.

13-31. Which of the'preceding functions does -

the Broadcast Circuit Numberlog and
Record of Destruction serve?
rl. A throu E

2. A, B, C, d E only
3., A, B, a only
4. A, Co d E only

Learning Objectjve: Explain how_
to identify single channel broad---
casts, and define procedures
applicable to submarine broad-
casts.

t

13-32. Single Channel broadeasts are identified
as such by the COMMAREA designator .

followed by
1. SGL or SCB
2. SGL or SPG
3. RTT or SPG

' 4. RTT or SGL

13-33. Which of the following statements
reflects the normal procedure concerning
the new cryptographic day in the sub-
marine broadcast system?
1. The cryptographic day for all sub-

marine traffiCis 0001Z, and the
first transmission is the message
with the highest kecedence

2. The cryptographic day for all sub-
marine traffic is 0001Z, and the
first message is a traffic list

3. The cryptographic start times are
staggered, and tte2first message of
the cryptoday is a traffic list

4. The cryptographic day start times
are staggered, and the first message
of the cryptoday is the message with
the highest. precedence

9

13-34. How many times are transmissions repeated
on submarine broadcasts?
1. Twice only
2. Two, thrpe, or four times, as

required
3. Four, six, or eight times, as

required
4. Three, four, six, or twelve times,

required

15 2



13-36. What is VERDIN?"
1. The most widely used single channel

submarine broadcast system
2. A multichannel submarine broadcast

Ostia using minimum shift keying
(MSK)

3. A multichannel'MERCAST syitem which
transmits traffic 40% faster than
the old system

4. A category of weather schedules
dealing with - 'potentially dangerous

weather

Learning Objective: Describe
the Composite Fleet/General
Broadcast (CMP), and describe
related transmission f ats
and operating procedu es.

13-36. Which of the following statements cor-
rectly describe Composite Fleet/
General Broad (CMP)?
1. It is a .roadcast system serving

U.S. fle units which are unable to-
copy a covered broadcast, and also
serving Allied ships and other
authorized users

2. It is basically a teletype syitemof
communications, sending message traf-
fic and weather and hydrographic
messages to U.S. and friendly
foreign warships

3. It is a'single sideband communication
sy5tem..vh-kh bansiles_zmewge_ traffic

and weather and hydrographic messages
to and- from U.S. and friendly foreign
warships

4. It is a broad-coverage, world wide
CW commOnicAtion system, serving
both IlflEr41 and shore-based
units of M. nd=Triendly forces

13- 7 Which of the following transmissions is
in the correct format for a call-up for
a fleet schedule?
1. NERK NERK.NERK DE NAB NAB NAB FLEET
2. NERK NEItX NOK DE NAB NAB NAB K
3. NERK NERK NERK FROM NAB NAB NAB K
4, NERK NERK NERK FROM NAB NAB NAB

FLEET

13-38. Which of the following transmissions
- illustrates toe Correct format of the

complete trant-Mission immediately prior
to the first message of a fleet schedule?
1. NERK NERK NERK DE NAB NAB NAB K
2. ,DERK NERK NERK DE NAB NAB NAB ZBO 04

IEEEEEEE NERK NERK NERK DE NAB NAB
NAB ZBO 04 AR

4. EEEEEEEE NERK NERK NERK DE NAB NAB
NAB ZBO 04

13-39. What does the operating signal ZIA
preceding a message mean?
1. There has beep at least one other

message on this tame subject within
the past 24 hours

2. This me sage is sent out of sequence,
ahead g those with a lower prece-
dence

3. One or more classified messages
follow

4. This is the first section of a
multisection message.

13-40. After all fleet traffic has been trans-
mitted, a QRU tape should be transmitted
in which of the following formats?
1. NERK NERK NERK DE NAB QRU AR
2. NERK NERK NERK DE NAB 1AB NAB NR

004 QRU AR .

3. EEEEEEEE NERK NERK NERK DE NAB QRU
AR

.4"rfEEEEEEEE NERK NERK NERK DE NAB NAB
NAB NR 004 QRU AR

13-41. At the beginning of a fleet stnedule,
if the4ransmitting station has NO
traffic', the operator should send a
transmission in which of the following
formats?
1.- NERK NERK NERK DE NAB QRU AR
2. NERK NERK NERK DE NAB NR 004 QRU

AR

3. EEEEEEEE NERK NERK NERK DE NAB QRU
AR

4. EEEEEEEE NERK NERK NERK DE NAB NAB
NAB NR 004 QRU AR

13-42. In what publication is there detailed
information concerning MERCAST systems
during peacetime? ',A,
1. ACP 122
2.. ACP 149
3. H.O. 117
4. KAO 34 (series).

13-43 In.what publication are.the wartime
schedules and frequencies of each
Allied MERCAST area?
1. ACP 122
2. ACP 149
3. H.O. 117
4. KAO 34 (series)

13-44 How many minutes before the hydrographic
schedule time is the call-up usually
made?
1. 3 min
2. 5 min
3. 7 min
4. 10 min

/
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13-45. How should a Radioman find out the
schedule and frequencies for the Navy
weather schedules? 4
I. By requesting them from the BKS
2. By requesting then from the BCS
3. By requesting them from'the BCA
4. By Tooking in the COMMAREA CoMhunica-

dons Information pulletins (CI8g),

13450. For what purpose is the facsimile broad-
cast normally used?
1. To receive illustrated news

bulletins
2. To receive weather maps
3 To receive navigational maps
41 To receive operational and tactical

sketches of items such as'rendezvous
points

13-46. If the commanding officer and other
competent authority impose NO additional 13-51.

directives, what are the requirements,
if any, regarding the copying of the
weather schedule by (a) ships with
weather units, and (b) ships withdut
weather units?
1. Both (a)and (b), copy the entire.

Navy broadcast for their:areas /

2. (a) Copy the entire Navy broadcas/t
fotheir areas, (b) copy Ott least
the syncptic-schedules of Vie Navy
broadcast for their areas

3. (a) Copy at least the synoptic sched-
ul es of the Navy broadcast for their

(b) none
4. Both (a) and (b)., none

13-47. In what order are Composite Fleet/
General Broadcast schedule messages
'filed in the communication center? 13-52.

1. By date-time group
2.. By classification
3. By subject
4. Incoming, by station of origin;

outgoing, by addressee

13-48. At least how often should entries be a 13-53.

made in the radio log?
T. Every five minutes
2. Every ten minutes
3. Every fifteen minutes
4. Every twenty minutes

13-49.' When, if ever, must the radio log be
signed in ink?
1. When the watch changes, when a net

or circuit is closed down, and when
any abnormal or unusual circumstance
is recorded in the log

2. When the watch changes and when a
net or circuit is closed down only

3. When the watch changes only
4. Never. Operator initials or

designator letters are used

Learning Objective: State the
purpose of the facsimile broad-
cast, and describe related
general operating procedures.

For how many minutes before the begin -
ning of a facsimile schedule should a
station (a) make a preliminary test
call, and (b)- transmit the synchronous
signal?
1. Both (a) and (b), 2 min
2. (a) 2 min, (b) 5 min
3. (a) 5 min, (b) 2 min
4. Both (a) and (b), 5 min

Learning Objective: Identify '
the primary means of delivering
traffic to ships, and describe
various ship/shore circuits
and procedures.

What is the primary means of delivering,
traffic to ships?
1. Fleet Multichannel Broadcast System
2. VERDIN
3. Composite' Fleet/General BroadCast-
4. Merchant Ship Broadcast

What is the primary means of ship/shore
communications today.? 4?-'

1. CW
2. Radioteletype
3. Single sideband reduced carrier
4. Single sideband suppressed carrier,

.13-54. What are ORESTES circuits?
1. Fully duplex nonsecure ship/shore

radioteletype circuits over which
traffic may t processed very
rapidly q

2. Secure ship/shore radioteletype cir-
cuits which may be operated in
simplex or semiduplex modes of
operation only

3. Secure ship/shore radioteletype cir-
cuits which may be operated in
simplex, semiduplex, or fully dUplex
mode .

'4. Radiotelephone circuits for ship/
shore use
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1355. The Federal Communications Act of 1934
provides' for what penalty for those
found, guilty of transmitting obscene,
indedent, or profane language.by radio?
1. Not more than $5,000 fine or one

year's.' imprisonment,.; both
2, Not more than $5,000 fine or two

yAars' imprisonment, or both
. 3. Not more than $10,000 fine or one

year's imprisonment, or both
4. Not more than $10,000fine or two

years'. imprisonment, or both

13-56. If a unit observes for the first time -
a certain deviation from prescribed
procedure, which of the following actions 13-60.

should it take?
1. It should send a Communication

Improvement Memorandum (CIM) to the

violator
2. .It should send a CIM to the fleet

..commander-in-chief, with a copy to 13-61.

the'violator
It should send a speedletter report
o thekviolator
It should send a speedletter report
to the fleet commander-in-ch4ef,.
with copies td,COMNAVTELCOM, the

':,type commander, and the violator

13-59. Depending upon the type of transmitter
used in conjunction with RFCS, the
transmitter frequency must be set to
either -the exact carrier frequency or
to a frequency that is
1. 2 Hz below the carrier frequency
2'. 2 Hz above the carrier. frequency
3. 2 kHz below the carrier freqUendy
4. 2 kHz above the carrier frequency

Questions 1340 through.13-62,, pertain-
ing to full duOlex FSK ship/shore/ship

equipment, are, to be judged True or(RFCS)
Wse.

1.

Learning ObjeCtiftt- s6te the -

highest degree of, classification
that may be processed over RFCS
.circuitry, and describe the
basic equipment ;that is a part

-- of this system.,-

T3-57. What is thehipest security marking of
traffic which.can be cleared for trans-
mission on a fUll duplex FSK ship /shore/
ship radio frequency carrier shift
(RFCS) system covered by a TSEC/KW-7CR?
1: Unclassified
2. Confidential
3. Secret
4. Top Secret

The basically crystal-controlled R-1051
receiver, capable of receiving radio
signals in the 2 to 30 MHz frequency
range, is the, primary receiver now used

for ship/shore communications.

For space diversity reception, two
receivers are tuned to the same carrier
frequency, but their antennas are
physically located, some distance,apart;
for frequency diversity reception, two
receivers are tuned to different carrier
frequencies that are carrying identical
information.

.A.

13 -62. The TSEC/KW-7CR crypto,equipment is a
duplex device which can be used to send
on one channel and receive'on the other
channel at the same tine.

6, -13-63.

'13 -58. To learn the operation of each equipment
used in the primary ship/shore system,
where should you look?
1. NTP 3, Annex C
2. NTP 4, Annex D
3. The operator's section of each equip-

ment technical anual

4. ACP 149, Annex
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In the ORESTES system, a restartat the
beginning of a crypto day can be made
very quickly and easily. How is this

done?
1. ',By replacing the old card in the

card reader with a new one
2. By pressing a-- button and holding ,it, 14

in while turning the knob above the

button coUnterclockwise.
3. By inputting a prepared restart

program on paper Uwe
4. By inputting the letters "RST" and

date.and time by means of the
keyboard

Learning Objective: State the
number of key cards in a book
and the tiTiklimit for key card

destruction.



13-64. Mow many ship/shore key cards come in
complete'bdOla
1. 1'6

)

2. 21
3. 31

. 4. 34

13-68. Within how-many hours after. being Super-
seded must a key card be destroyed?
1. 24
.it 48*

3 72
4. 94.

Learnidg Objective: :ID isCuSs,

traffic flow on pri ry and
Secondary shig/shore circuits.

13-66. Which of the following actions occurs
when a message arriving at a NAVCOMPARS-
e4uipped station has an error in the

0. critical fOrmat line?
. i

1. A time-delay occurs at the NAVCOMPARS-
equipped,station because pf required
manual intervention and service
action

2. A service message will automatically
be generated to the sender, dvising

- that,.because of an error, e mes-
sage is rejected and shoul be

'retransmitted'in correct form 13-70.
3. A service message, automatically sent

to the originator, causes the ell to N .

. ring, and directs the retransmission,
in correct form, of a-Specified por-
tion, of the message

4. The error will not be detected as it
passes through the NAVCOMPARS-.
equipped station; however, the exist-
ing error may, trigger other errors,.
or the message may be missent

13-69. Briefly, what are (a) the operating
principle and (b) the purpose of
MIDDLEMAN?
'1. (a) An operator in an aircraft

copies ships' transMisstons'on UHF
and retransmits them on HF,
(b).to permit message traffic to
continue withbut'violating EMCON
restrictions

2. .(a), An operator in an aircraft copies,
ships' transmissions on UHF and
retransmits them on R. (b) to
increase the iradsmisdion range

3. (a) An Operator in an aircraft copies
ships' transmissions on HF and
retransmits them on UHF, (b) to
increase the transmission range

4 (a) An operator in an aircraft copies
ships' transmissions on HF and

13-67:-. Which of the following types of circuits
is the secondary ship/shore circuit?
1. Radiotelephone
2. CW
,3. Radioteletype classified
4. Radioteletype unclassified

13-68, How, if in any way, would it be permis-
sible for a classified message to be
sent on the secondary ship/shore circuit?
1. In any way, as this is a secure,

circuit,
2. By first encrypting it off-line
3. BY precedin. it with the classified

material preparatory operating
signals

4, In no way

13-71.
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retransmits them on UHF, (b) to
permit message traffic to continue
without violating EMCON restrictions

Learning Objective: Describ
AUTOCAT andIMIDDLEMAN opera
-dons-, procedures for use when
the shipboard HF must be shutj
d and procedures used in
the Pigeon Post system.

What is the difference between MIDDLEMAN
and AUTOCAT?
1. MIDDLEMAN use an aircraft in its

retransmission procedure; AUTOCAT
..uses a ship

2, The. procedure is the same; but the
frequencies are different

3., In MIDDLEMAN operations, an operator
copies and retransmits; in AUTOCAT
operations, the equipment receives
and retransmits, automatically

4 . Retransmissions,via MIDDLEMAN Are
at the same speed as the originil'
transmission; retransmissions via
AUTOCAT are at a' higher speed

If the HF transmitters on a carrier must
be shut down when, for instance, air- j
craft are.being armed, how, if in any
way, can ship/shore communications be
maintained?
1. Message traffic may be-passed by

Pigeon
2. After a

tion t
operat
fic b

3. The o

ost, but in no 'other way
service message of notifi
the NAVCOMMSTA is sent, th

r may send and receive tra
UHF

erator may transmit via UHF to
a relay ship that will then relay
the mesFage via HF to a NAVCOMMSTA

4. In no w



44,

13-7Z. What is the procedure involved in
Pigeon .Post?

1. An operatbr.physically carries
the messages to be sent and
goes to another ship to send'
them

2. Messages and other material
are flown from one shipto
another, but the operators
remain aboard their'own ships

3. Messages are prepared on precut
tapes, bagged, and flown to a
message center for transmission

4. A temporary communications
shelter is set up ashore for
use while the ship is in that
port
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Assignment 14
fl t Communications (Continued): Distress Communications

Textbook Assignment: Pages 338 - 355

Learning Objective: Describe
the Fleet Flash Net (FFN) and
related procedures.

14-1. What is the Fleet Flash Net (FFN)?
1. A duplex TSEC/KW-7CR covered Top

Secret net, the main purpose of
which is to'provide communications .

among operational command sub-
scribers

2. An uncovered net which has preemption
capabilities over other nets, and
which is used only for destructive
weather flashes or other similar
warnings in which rapid transmission
is crucial

3. A duplex net, secure up to Secret
only, used primarily for tactical
purposes during actual or simulated
encounters with hostile forces
An uncovered net over which a sub-
scriber may "ring up" the subscriber

"touchtone" : buttons

14-2. Normally, of what precedence(s are
messages transmitted on the FF ?
1. ROUTINE and PRIORITY

- 2. PRIORITY and IMMEDIATE
3. IMMEDIATE and FLASH
4. FLASH only

N
* J

14-3. For messages on the FFN, what is the
. maximum number of Ca) addrgssgg.4., and

(b) roups? .,_.7 ,.:_

1. a) 12, lek;1;06- -":- I" '...-,. .

2. a) 12, (b) 1:50

3. (a) 15, (b) TOO'
4. (a) 15, {b) 150

14-4. What is the meaning of the term
"hubbing"?
1. Routing the signal of the calling"

party through all subscribers of
the net and back to the calling
party

2. Gaining access to a circuit already
in use, and causing interference
with the ongoing transmission by
testing or transmitting

3. Batching messages for transmission
rather than sending them individually

4. Calling in and identifying on the
net in order to ensure that all sub-.
scribers are accounted for and able
to copy

1

Learning Objective: Describe the
Interim Command Switchboard (ICSB),
its purpose, and gentral operating
procedures,

14-5. Detailed information concerning the
FFN is in NAVTELCOMINST C2303.6 (ser4es).
Your textbook telljsou that which Of
the folTowing.pubriCations also contains
information on that subject?
1. ATP 121
2. ATP 122
3. NTP 3
4: NTP 4

14-6. What is the Interim Command Switchboard
(ICSB)?
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1:-.14- fully AUtOmatsd interface between
Nlvojce radio circuits and telephone

lines ashore'.
2. A manually operated,interface among

subscribers at.sea (ships)
3. A fully automated ship/air and air/

ship interface
4. A manually operated interface between

voice radio circuits and telephone
lines ashore



14-7. What is the main purpose of the ICSB?
1. To provide the tactical linkage

necessary among the captains of
different ships at sea

.2. To facilitate the inter-unit cool-
..

munication necessary during search
and rescue operations

3. To provide the linkage necessary to
enable naval commanders to communi-
cate with their subordinates

4. To provide the linkage necessary in
case of medical, fire, or destructive
weather emergency

14-8. What types of communications are allowed
on ICSB?
1. Official business calls, up-to and

including Secret
2, Unclassified official and personal

calls, with the official having
4,precedence over the personal

3. Unclassified official calls only

4. Official business calls, unclassified
and Confidential only

)4-9. If a fleet or airborne subscriber
attempts to place, through ICSB, an
official unclassified call that olves
tolls, which of the following a tions
'would normally be taken?
1. The call would be Complet , and/the

NAVCOMMSTA transferring th call

would pay the tails; usingl ons

funds A
2% The call would be'completed, and the

-originating subscriber would pay the

tolls
3. , The call would be completed, and the

tolls mould be cancelled, by.agree-
ment between the government and the
telephone companies
The call would not be completed

/

14-10'. Frequencies ruse in`the ICSB network
are assigneg "by'
1. the cognizant NAVCAMS
2. the'cogni.zant numbered fleet

commander
3. the cognizant Fleet Commander-in-

Chief .

4. CNO

Learning Objective: Identify,the
source of control over the HICOM
network and its components, 4"

identify the frequency of the
Fleet Warning/Tactical Net, and
Aescribe HICOM and Fleet Warning/
Tactical Net operations.
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14-11. Who has direct control over the entire
HICOM network?
1.. The Secretary of Defense
2. The Chief of Naval Operations

3. The OrectOr of the Defense Communi7
cations Agency

4. The Commander, Naval Communications
Command

14-12. Into how many area voice nets is HICOM
divided?
1. One
2. Two
3. Three
4. Four

14-13. Units in which of the following cate-
gories mays be designated to maintain a
continuous guard on, the HICOM network?.

1. Aircraft carriers and command ships
,2: -CrUisers and command ships
3. Command ships only
4. All of the above

14-14. Which of the following statements con-
cerning the relationship of naval ships
with HICOM is correct? ,

1. ,A11 naval.ships, stations, and air-
craft are automatically members of
the.HICOM net
Alt-naval ships,.$tations, and air-
craft should be prepared to communi-
cate via HICOM as they may be
directed.to-do so

3. All naval shies and stations should,
be prepared to tommunicate via
HICOM -if directed to do so, but air-
craft are exempt from this requ'ire-
ment

4. As membership in the neteis highly
restrictive, and the operating

. frequencies associated with HICOM,
are - classified, no unit should be

concerned with operating procedures
or equipment unless it is a permanent
member of the net .



14 -15. What is the prescribed procedure for
'tuning. transmitter's assigned to HICOM
net, use?

1. Transmitters should be pretunea and
calibrated in a dummy load, and the
final tuning accomplished during live
transmissions, as tuning is not per-
mitted on HICOM frequencies

2. Each net member is assigned a certain
block of time each day in which to
tune the transmitter on HICOM fre-
quencies s.

3. Each net member is assigned a certain
block of time each week in which to
tune the transmitter on the HICOM
frequencies

4. All net members may tune transmitters
on HICOM frequencies between 2000
and 0600 local time on a not-to-
interfere-with-traffic basis

14-16. The HICOM net may be used for messages
of which of_ the following precedences
ancylassification categories?
1. tAll precedences and classification

categories
2. FLASH or IMMEDIATE in any classifica-

tion category only
3. All precedence of unclassified mes-

sages only
4. FLASH or IMME ATE unclassified

messages only

14-17. What is the frequency of the Fleet
Warning/Tactical Net?
1. 500 kHz
2. 121.5 MHz
3. 277.8 MHz
4. 282.8 MHz

Learning Objective: Identify
the two basic types of ter-
minations,' and describe' proce-
dukes and circuits involved
in single-channel and variable
frequepcy carrier telegraph
(VFCT) terminations.

.14-18. As given in your textbook, what are the
two-basic types of terminations?
1. Complete and partial
2. Temporary and permanent
3. AM and FM radiotelephone
4. Single channel and multichannel

radioteletype

14-19. Under normal cdnditions, (a) where should
a termination request be sent, and (b)

at least how many hours before the
'requested time of termination should the
request, be made?
1. (a) To CNO, (b) 36
2. s(a) To the appropriare>fleet com-

. mander, (b) 36
3. '(a) To CNO, (b) 48
4. (a) To the appropriate NAVCAMS,

(b) 48

14-20. In what publication are procedures for
requesting a termination outlined?
1. NTP 3
2. NTP 4
3. .ACP 121
4. ACP 122

14-21. If the signal of a transmitting unit is
NOT at traffic quality, which of the
following has the responsibility for
initiating or requesting frequency
shift?
1. The receiving unit
2. The transmitting unit
3. The appropriate.NAVCOMM TA
4. The local security grof

14-22. What is the difference, if any, between
the operating procedure on a ship/shore
circuit and that on a full termination
net?

,l. On a-ship/shorelcircuit, the sending
station must transmit the calls of
the receiving and the sending units
three times;'on a full termination
circuit, only one time

2 Messages sent on a ship/shore circuit
ore limited to 25 words each; on full
termination there is no limit

3. On a ship/shore circuit, as tppos d
to a full termination net, units ust
wait their turns to transmit

4. There is no difference in procedure;
only,in frequency

Questions 14-23 and 14 -24,, relative to
terminations, are to be judged True or
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ID

False.

14-23. When variable frequency carrier tele-
graph (VFCT) is used, the signals from
the various teletypewriters (channels)
are multiplexed together into a "tone
package" at the transmitting station for
transmission. Then, at-the receiving
station, the signals are demultiplexed
into individual signals and distributed.

14-24. A single channel full period termination
circUit'on board ship is covered by TSEC/
KW-7CR cryptographic equipment.

.
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14-25. State the number and assigned functions
of the teletypewriter(s) in a single
channel, full period termination.
1. One; used for both transmitting and

receiving
2. Two; one for transmitting and of

for receiving

43. Three; one for.transmitting, and two
for receiving

4. Two; each for both transmitting and
receiving

14-26.' Which of the following statements is
correct concerning thektone channels of
a division multiplexing teletype
terminal?
1. There are two tone channels set and

stabilized at 500-Hz separation
2. There are four groups of tone chan-

nels, each group containing three
channels tuned to the identical
frequency, and each group slightly
displaced in frequency from the
others/

3. There dre six'pidrs of /tone chan-
nels, each pair containing two.than-
nels tuned O'the identical
frequency, and each:pair slightlx,
displaCed in frequency from the '1"

4.

others)
There are a number of tone channels,
each slightly displaced in frequency

14-27. If a ship has been requested to stop
sending (QRT) because its kplansmtssions

.
are-garbled, what should t the operator

do?e
He should immediately shut down and
turn off all transmitters

2. He Should alternate five minutes
transmitting, five minutes silence

3. He should type "RYRY..." on the key-
board until the circuit is restored

4. He should begin sending a test tape

14-28. Ships maintaining a full period ter-
mination must send a report at 0001Z
daily (unless otherwise directed) con-
cerning circuit outages during the
previous radio jaay. What are (a) the
name and (b) the precedence of the
report?
1. (a) COMMSTAT, (b) PRIORITY

2. a) COMMSTAT, (b) IMMEDIATE
COMMSPOT, (b) PRIORITY

4. (a) COMMSPOT, (b) IMMEDIATE

Learning Objective: Explain the
meanings of the characters that
comprise the radio emission
designator.

3

Questilips 14-29 through 14-32 relate to the
characiertthat comprise the radio emission
designator "3A3J." To answer these questions,
select from column B the character which gives,
the information specified in column A.

A. Information

14-29. Type of.

transmission
.(Telephony)

14-30. Supplementary
information
(Single side-
band suppressed
carrier)

14-31.

14-32.

B. Characters

1. 3 (1st character)

2. A (2nd'character)

3. 3 (3rd character)

4. J (4th character)

Type of modulation (AM,),

Necessary bandwidth (in kHz) '

Learning Objective: Explain

procedures and regulations
regarding transmitter tuning,
and 'state the frequency range
of satellite Communications.

14-33. When you tune a transmitter, the final
stage of which will be tuned on the air,
you should ensure that the antenna ism

groundedrand then folloW which of the
procedures listea telow?
1. First, tune the antenna stage, using

average operatingipower; then, using
reduted power, tune the transmitter
through all the.remaining stages,
beginning at the first stage

2. First, tune the transmitter through
all the stages preceding the antenna
stage; then, in three separate tests
--,at low power, average power, and
high power -- test the antenna

3. First, tune the transmitter through
all the stages preceding the antenna
stage; then test the antenna at low
power only

4. First, tune the antenna stage, using
low power; then, still using low Ap..

power, tune the transmitter through
all the remaining stages, beginning
at the first stage

14-34. Nonially, when should antennas for fre-
quencies (a) between 15 and 30 MHz, and
(b) in the VHF and UHF range be tuned?

o 1. (a) After darkness, (b) during day,
light hours

2. Both (a) and (b), after darkness

3. (a) During daylight hours, (b)
after darkness

4. Both (a) and (b), during daylig4
hours

13



14 -35. What l's the maximum allOwable.time
interval bitween frequency meter Checks .

of the frequency of radio. receivers
(unless crystal controlled) on circuits
withN0 or few transmissions?
1. Every hour

Every two hours
-3. Every three hours
4. Every four hours

14 -36. What is themaximum allowable time inter-
val between checks of the shipboard
frequency meters against the standard
-frequency broadcast?

. 1. Three days
2. One week
3. Fifteen days
4. One month

14%.37. When a ship is in port, who will control
any transmissions made,,for test purposes?
1. The communications operators
2. The communications officer
3. The senior-bfficer present
4. The senior enlisted communications

person present

14-38. In what frequency bands do Navy tactical
and strategic satellite communications
operate?
1. SHF and EHF
2. UHF and SHF
3. VHF and UHF
4. HF and VHF

Learning Oboe : Identify
the location of information
on the subjects of communica-
tions reports and procedures.

To answer questions 14-39 through'14'-42; select
froth coluthn B the publication which contains the
information'listed An column A. . e

A. Information

14-39. Examples of
COMMSTAT and
COMSPOT reports

14-40. Detailed infor-
mation concern-
ing the submission
of the frequency
eport

14-41.

finding ba width

14-42. Specific operate
procedures concerning
various satellites

B. Publicapds

1. Annex A to N/P-6

2. NTP 2

3. NTP 4

4. OPNAVINST 2400.7

4('
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\Learning Objective: Identify
the frequencies to be used
and describe the correct proce-

cdures for sending a distress
message.

14-43 If a ship sailing alone becomes involved
in a distress situation under circum-
stances in which security considthtions ,
outweigh the need for assistance, what
frequency(ies) is/are an operator
authorized to use tObsend a distress
message?
.1. .-Northal operating encrypted circuits

only
2. Normal operating encrypted circuits

and national distress frequencies
only

3. Normal operating encrypted circuits
and international distress fre-
quencies only

4. Normal operating encrypted circuits
and national and international
distress frequencies.

14-44. What frequency(ies) is/are an operator
authorized-to use to.send a distress
message if .the need for assistance out-
weighs security considerations?
1. Nuled) operating encrypted circuits

only
2. Normal operating encrypted circuits

anenational distress frequencies
only

3. Normal operating encrypted ircuits
and international distress e-
quencies only

4. Normal operating encrypted circuit's.
and national and international,
distreg.s is equencies

14-45. A distressed ship traveling in company
with other ships should transmit a
distress.mestage.addressed to
1. LQ (all stations)

-2.. the Officer in' Tactical Command
(OTC)

3. the nearest ship
4, the appropriate NAVCOMMSTA

Learning Objective,: Identify
various em6rgency and calling
frequencies 'the

observance of s lent periods.



the frequency that matc s the
To answer questions 14-46 through14-3, select
from col El

. descti on of distress. or. emergency viage given

in col nn A. ,

A. Usage B. Frequencies

44-46.. ,International
voice distress;
safety, and
calling

14-847. International
CW/MCW
distress and
calling

14-48. International CW/MCW
lifeboat, liferaft, and
survival craft

1. 500 kHz

.2. 1000 kHz

3. 2182 kHz'

4. 8364 kHz

To answer questions 14-49 through 14-51, select
from column B the frequency that matches the
description of'distress or emergency usage given

in column A.

A. Usage B. Frequencies

14-49. Joint/combined 1. 834 kHz

military voice
aeronautical 2. 5.MHz

emergency and
international 3.' 156.8 MHz

survival craft
4. 243.0_MHz

14-50. FM United States
voice distress
and international

' voice safety and

.1/
calli90

14-51. International voice
aeronautical emergency

14-52.. On what frequency should merchant ships
make contact with each other?
1. 318 kHz
2. 500 kHz
3, One of the standard frequencies

reserved for merchant ship message
traffic

4. The "merchant ship frequency of the
day" as designated daily by the
cognizant NAVCOMMSTA
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To answer questions 14-53 through 14-55, select
from column B the frequency that matches the
description of search and rescue (SAR) usage
given in column A.

A. Usage B. Frequencies

i4-53: An,international 1. 3023.5 kHz

SAR frequency
used by mobile
units at a search
site; also used
by shore stations
to communicate
with aircraft
proceeding to or
from the search
site. CW or voice

2.

3.

4.

4550 kHz

123.1 MHz

138.76 MHz

14-54. International worldwide
voice search and rescue
use

14-55. U.S. military voice SAR on-the-scene
use. Also used for direction finding

Learning Objective: Discuss

the control of distress message
traffic and procedures involving
the imposition of silence due
to a distress situation.

14-56. Through 'the International Telecommunica-:
tions Union (ITU) regions of the world, -

regular periods of silence are observed
on and immediately adjacent to the
international distress frequency (a)
beginning how.many minutes before and
after each hour, and (b) fOr how many e'

jminutes/
1. (a) 10, (b) 2
2. (a) 10, (b) 3

3. ( (

4. (a) 15, (b) 3

14-57 It is required that how many kHz on
each side of he international distress
frequency be ept clear during silent

periods?
1. 10 kHz

2. 20 kHz
3. 30 kHz
4: 50 kHz

515



14-58. What station is responiible for the
control of distress message "traffic when
it (a) does, (b) does NOT involve civil
aviation?
1. (a) The statiinvin distress, but_it

may be.dglegated to another station
on,frequency, (b) the station
addressed.

2. (a) The station addressed, (b) the
station in distress, but it may be
delegated to another station on
frequency

3. Both (a) and (b), the station
addressed

4. Both ('a) and (b), the station in
distress, but it may be delegated to
another station on frequency

14-59. What is the correct form of a CW distres
signal.to impose silence?
1. CW SOS
2. CW MAYDAY
3. QRT SOS

t. 4. QRT MAYDAY

. 14-60: What is the correct.form of a voice
distress signal to impose silence?
1.. SILENCE - MAYDAY
2. CLEAR CIRCUIT - SOS
3. CLEAR CIRCUIT - MAYDAY
4. STOP TRANSMITTING - MAYDAY

Learning Objective: Give the
'cO.rectname of the transmis- ,./
ston that,prpcedes a distress
call, describe action to be
taken by a station hearing
a distress call, and describe
the setting of the radio upon
ship abandonment'or when

, disaster is imminent.

14-61. What is the correct name for a transmis-
- sion that precedes a distress call and

consists of a series of dashes (CW) or
two sinusoidal tones (voice transmission)?
1. Alarm signal
2. Distress signal
3. Area alert
4. Distress alert

(

I-
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14-62. If a station which is sending traffic
hears a distress call, what action must
it take immediately?
1. Turning off its transmitter and

receiver in order,not to`interfere
with the emergency transmillsion

2. Changing frequency (QSY)-and con-
tinuing to send traffic

3. 'Calling the station sending the
distress message and asking the
nature of the distress, location of
the unit, and other particulars

4. Stopping the transmitter, staying'
on frequency, and listening

14-63-, Immediately before a ship/aircraft in
distress is abandoned or an aircraft is
crash-landed,'in what condition should
the radio equipment be placed?
1. Continuous emission

e2. Intermittent emission
3. Bower attached, but no emission
4. Equipment off and unplugged

iLearning Objective: Describe
correct procedures related to
acknowledging the receipt of
distress traffic, and describe
the contents of the follow-up
transmission.

Questions 14-64 through 14-66, relating
to acknowledging receiprof a distress

message, are to be judged True or False.

44-64. A mobile station-rece' ing distress
message frig' a nearby mobi ,station
must acknoWedge receipt i diately,
assuming proper'equipment i present
and NO restrictions are impOsed.

-14,65 A-mobile station receiving a diStress
message from a mobile station not initt,7
vicinity must acknowledge immediatal.

14-66. A mobile station, aware of an unacknow-
ledged distress signal but NOT able to
render assistance, may transmit. a dis-
tress signal for the station in distress

rif conditions warrant.

5 1;
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14-67. Which of the following transmissions
portrays the correct format fqr the CW
acknowledgement of the receipt of a
distress message?
1. WATER WATER HATER DE FIRE EIRE FIRE

RRR SOS AR
2. WATER WATER WATER DE FIRE FIRE FIRE

RRR RRR RRR SOS SOS SOS AR
'N---3:---WATER DE FIRE RRR*RWRRR SOS AR

A. WATER DE FIRE RRR RRR RRR SOS SOS
SOS AR

14-68. Which of the following transmissions,
portrays a correct format for the voice
acknowledgement of the receipt of a dis-
treSs message?
1. WATER WATER WATER THIS IS FIRE FIRE

FIRE RECEIVED MAYDAY OUT '

2. WATER WATER WATER THIS IS FIRE.FIRE
IRE ROMEO MAYDAYOUT.

. 3. WATER THIS IS FIRE RECEIVED MAYDAY
OUT

.° 4. WATER W TER'WAT.ER THIS IS FIRE FIRE
FIRE R E0 ROMEO"ROMEO MAYDAY OVER._

14-69'. What information must a mobile station
which has received a distress message
give in a follow-up message, and in
what sequence?
1. Its own identification; the time it

received the distress message; the
approximate time it will reach the
station in distre s only

2. Its own identifica ion; the time
it received the dis ress message; '
its own position; its speed; the
approximate time it will reach the
station in distress

3. Its own identification; its own posi-
tion; its speed; the approximate time

pit will take to reach the station in
distress; and the true bearings of
the unit in distress, if available,
whefi the position seems ddubtful'

4. Its own identification; its own posi-
tion; the time it received the dis-'
tress messaq its speed; the
approximate me it will take to

,reach the dis ressed station; the
true bearing f the distressed sta-
tion, if available when the position
seems doubtful'

Learning Objective: Describe the
format of transmissions for cessa-
tion of distress traffic.

139

14-70. What is the correct format for the CW
transmission for cessation of distress%

traffic? ,

1. CQ CQ CQ DE NEDO END SOS USS AUSTIN

. QUM AR
2. SOS CO'D goo 1615Z USS AUSTIN NEDO

NEDO

3.

-A
SOS CQ CQ CO,DE.NEDO 1615Z USS
USTIN NEDO QUM AR

4., SOS GQ CQ CQ DE,NEDQ NEDO NEDO QUM
AR

14-71. Which of the following examples is in a
correct format for the voice transmis- ;

sion for cessation of distress traffic?
1. MAYDAY HELLO ALL STATIONS HELLO ALL

STATIONS HELLO ALL STATIONS*THIS IS
FOXFIRE 1615 BLUEJAY DISTRESS
TRAFFIC ENDED OUT

2. MAYDAY CHARLIE QUEBEC THIS IS FOX-
FIRE 161$Z48EUEJAY DISTRESS TRAFFIC
ENDED OUT

3. HELLO.ALL STATIONS HELLO ALL STA-
TIONS,THIS IS FOXFIRE 1615Z-BLUEJAY.
MAYDAY DISTRESS TRAFFIC ENDED OUT

4. CHARLIE QUEBEC CHARLIE QUEBEC
CHARLIE QUEBEC THIS IS FOXFIRE .

4 1615Z BLUEJAY MAYDAY DISTRESS TRAF-
FIC ENDED OUT

14-72.

4
Learning Objective:rgiscribe
the composition of and proce-
dures involved With urgency and
safety signals. (This objective
is continued in Assignment 15.)

What is the CW urgency signal?

1. QQQ' QQQ QQQ
2. am, UUU UUU
3. XXX xx XXX
4. ZZZ ZZZ ZZZ

14 -73. What is the voice equivalent"for the

' urgency, signal?
1. DART DART DART

2. PAN PAN PA4,,,_

3. QUEBEC QUEBEC QUEBEC
4. UNIFORM pNIFORM UNIFORM

14-74. f an operator of a mobile station hears

an urgency signal as he is preparing to
transmit, what procedure should he fol-

low immediately?
1. Changing to another frequency and )

sending his traffic

2. Listening on the same frequency for
at least three minutes

3. Sending the following transmission:
"QRZ ORZ,ORZ DE (call sign) (call
sign)' (call sign) K"

4. Contacting shore, station and report--
ing the signal

4
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4 14-75. What is the CW safety signal?
1. CCC CCC CCC
2. MINI MAIM MMM

3. SSS SSS SSS
4. TTT TTT TTT

J
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Assignment 15

Distress Communications (Continued); Commercial Traffic

Textbook Assignment; Pages 355 377

Lear'njhg'ObjectiveN(Continued)
Describe the composition of
and procedures involved with
urgency and safety signals.

/15-1. What is the voice safety signal?
1. VENUS VENUS VENUS
2. METRO METRO METRO
3. SURETE SURETE,SURETE
4. SECURITE SECURITE SECURITE

15-2 Which of the following types of message
should be preceded by a safety signal?
1. One that concerns navigation safety

or "gives a meteOrological darning
2. One that warns OV possible impending

collision with alOther mobile unit
3. One that warns Of mines in the area
4. One that reports the sighting of a

hostile unit

Tolbanswer questions' 15-3 through 15-5, select
from colu B the distress signal useikby mer-
chant shi s to indicate the class of distress

\shown in mn A.

A. Classes of B. Distress

Distress' Signals

15-3. Armed merchant 1. AAAA
ship raids

2. MMMM

3. QQQQ

4. RRRR

15-4. Aircraft

15-5. Mine
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To-answer questions 15-6 and 15-7, select from
column B the distress signal used by merkhant
ships to indicate the class of distress shown
in column A.

A. -Classes of
Dist%4An

154, Warship raideri

y-7. Submarine

B. Distress
Signals

1. RRRR

2. SSSS

3. WWWW

4. XXXX

Learning Objective: Describe
the requirements for distress
watches ashore.

15-8. A NAVCOMMSTA that is open to public
correspondence must maintain, as a
minimum, a continuous watch on what
frequency?
1. 50.0 kH

2. 2182 kH

3. 3023.5 kHz
4. 123.1 MHz

15-9. All naval air activities with VHF/UHF
tower communications capability must
guard what two frequencies?
1. 121.5-MHz and 156.8 MHz
2, 121.5 MHz and 243.0 MHz
3. 121.5.MHz and 123.1 MHz
4. 156.8 MHz and 243.0 MHz

Learning Objective: Identify

the location of regulations
pertaining to commercial traf-
fic handling, and state the
policy- +egarding transmission
and delivery of commercial
traffic by U.S. naval com-
munications,



15-10. What publication Containt detailed
coverage of the handling of commercial
traffic by the U.S. Navy?

'1. NTP 4
2. NTI06
3. NTP,9
'4. NWP 4

15-11. Which of the following statements is
correct regarding the transmission and
delivery of commercial traffic by U.S.
naval communicatiOns?'
1. All commercial traffic must be

transmitted and delivdred within
24 hours

2. All commercial traffic must be
transmitted and delivered within
36 hours

. 3. Commercial and official government
traffic are transmitted, inter-
mingled, in the sequence in which
they al.e received

4. Within regulations, commercial traf-
fic is handled as rapidly as possi-
ble,,put official government traffic
has priority, and no guarantee is
made when (or that) commercial
traffic will be transmitted

4ngoObjective: Explain
d of desighetilompt,

AllIffle cTerl
htify his duties.

15-12. (a) By whom, and (b) how should the
commercial traffic!cleri-be designated?
1. (a) By the commandipg officer,

(b) by oral proclamation and thew
pinning on of'an identification
badge

2. (a) By the commanding officer,
(b) in writing

3. (a) By the communications officer,
(b) by oral proclamation and the
pinning on of an identification
badge

4. (a) By the communications officer,
(b) in writing

15-13. Which of the following duties is\NOT
-listed in your textbook as a dut3X of
the.commercial traffic clerk?
1. Keeping a complete file of all

incoming and outgoing commercial
mess ges

2. Mai taining and Understanding all
ins ructions and materials concerned
with handling commercial traffic

3:\ Preparing, and posting the communica-
tions watch bill

4. Collecting proper charges and safe-
guarding funds collected and in his
custed400

15-14. To whom should th
clerk forward for
reports he prepar

commercial traffic
eview the prescribed

1. The communications officer
2. The administration officer
3. The operations officer
4. The executive officer

Learning Objective: Explain
various procedures related to
commercial traffic funds.

15-15. Nava commercial traffic funds should be
inspected upon relief of the commercial
traffic clerk and at what regular time
intervals?
1. Every three weeks

.2. Every month
3. Every six weeks
4. Every two months

15-16. The regularly scheduled inspections of
the naval commercial traffic funds must
be conducted by whom?
1. The communications officer and an

officer he selects
2. The officer of the day and the senior

enlisted man in the communications
department

3. Two officers or senior enlisted
personnel, one 9f whom must be tiqf
communications officer

4. 'Two officers or senior enlisted
personnel, one of whom should be
from the supply department; if
possible

15-17. If NO irregularities are
inspection of commerc
the minimum length
report4must be retained?
1. 60 days
2. 90 days
3. Six months
4. One year
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time for which the



15-18.- If there are irregularities dilbsed
during the inspection of commercial
funds, to what destination must a report,
accompanied by endorsements,) be sent?

15-2 How often should reports of commercial
traffic be prepared and submitted,
tesuming that commercial traffic has

en handled?

1. Navy Regional Finance nter 1. Weekly

2. Director of Naval unications 2. Biweekly

3. Federal Communicat n Commission 3. Monthly

4. Naval Teltcommunic tons Command 4. Quarterly

15-19. What is the maximum amount of commercial
traffic funds allowed tb accumulate in
the custody of the commercial traffic

-clerk without special approval by
WMNAVTELCOM?
1. $50
2. $75

3. $100
4. $150

ig
15-20. When the time for remittance arrives,

in what form should deposited funds be
made available to the commercial_ traffic

clerk?
1. Cash

2. U.S. Treasury check

3. Postal Money Orders

4. Credit vouchers

Learning Objective: Explain
serial number assignment and
report symbol placement, and
name the reference which con-
tains instructions for word
count.

15-24. If a Class D message, entitled to Class

E privilege, bears the serial number

"SR 14C," what would be the serial
num e of a second unpaid service mes-
sag on it?
1. SRS 14CB
2. SRS 14C(2)
3. SRS (next available number)C
4. SRS 14C(SVC2)

15-21. Which of the following fees are listed
in your textbook. As authorized expendi- 15-25.

tures from naval commercial traffic
funds?
1. Money order fees,lkquired registra-

fees, typewriter and tele.type

ribbons
oney order fees, required postage
dIr mailing reports, pencils and
standard forms for communications

3. Money order fees, required postage
for mailing reports, required regis-
tration fees for registered'mail 'A,

4. Required-pos age for mailing reports, 15-26.

required pos ge for mailing Ho
liti

Home .00

Town News Re ease forms to home s.--"
towns of personnel, required regis-
tration and insurance fees for
registered mail

15-22. For which of the following reasons may
a refund be made. to a person sendipg a

non-Government message?

1. Addressee deceased
Addressee unknown

3. Addressee moved
4. Ship oL4 of range

14%
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A message, assigned serial number SRS
12D by the first station by which it is
transmitted, would be assigned what
serial number, if known, by the second
transmiltting station?
1. sts,...12p

2. W512 A
3. SRS 12 1

4. Unkno . The second station assigns
a num er in sequence with the list
df t station

Where show d report symbols (such as
NAVCOMRT 7 10 -1) be placed when a com-
mercial t ffic. eport is filed?
1. On a og in the. nit
2. On the envelope or cover only

3. On the abstra form only'
4. On both the envitlope or cover and

abstractiform

15-27. The Navy,uses two systems of word count,

mest.S.eand international. Where can
find details on these two systems?

I. NIP 4
2. NTP 6
3. NTP 9
4. NWP 4
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Learning Objective:"-Define
Clas-ses A and B messages, and
explain the system of handling

' abstracting, and accounting
for messages of these classes
which require commercial filing
or refiling.

15-28. Which of the following descriptions
correct 14( identifies ClaSses A and B
messages)
1. Official U.S. Government messages
2. Toll-free personal messages
3. Personal messages subject to tolls
4. Press releases

15-29. When a Class A or B message originating
from or addressed to a_person outside
the U.S. is filediwith a commercial
company, to what facility should it
ordinarily be sent first for relay?
1. The U.S. military communications

facility nearest the pbint of
edestination

2. The U.S. military communications
facility nearest the point of origin

3. The commercial communications office
nearest the point of destination

4. The U.S. Navy Overseasontrol
Facility in San Diego or Norfolk

15-30. When a me'sage is refiled by'a shore
station within the continentalU.S. and
addressed to a point in (a) Canada,
(b) Cuba, or (c) the Saint Pierre-
Miquelon Islands, should domestic or
international form find word count be
used?
1. (a) Domestic, (b) international,

(c) international
2. (a) International, (b)'inter-

national, (c) international
3. (a) Domestic, (b) international,

(c) domestic
4. (a) Domestic, (b) domestic,

(c) international

15-31. When a message is refiled by a shore
station outside the continental U.S. and
addressed to a point in (a) Hawaii,
(b) Canada, or (c) San Diego, should
domestic or international form and word
count be used?
1. (a) International, (b) international

(c) domestic
2. (a) International, (b) international

(c) international
3. (a) Domestic, (b) international,

(c) domestic
4. (a) Domestic, (b) domestic,

(e) domestic
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15-32. When the point of refile is treated as
the point of origin, where in the mes=
sage, if anywhere, is the point of actual
origin shown?
1. After the signature
2. Immediately aftelilhe date in the

heading
3. In parentheses at the beginning of

the first line of text
4. Nowhere

To answer questions 15-33 through 15-35, se
from column B the report form on which the r
described in column A should be prepared.

A. Report B. Forms

Descriptions

15-33. Report of out- 1.

going Classes A
and B and official
radiotelephone 2.

messages from a
Navy ship to a 3.

commercial shore
radio station

15-34. Report of incoming
Classes A and B messages
received by Navy ships,
from commercial shore
stations

et

Port

Speedletter
Form 2065

NAVCOMPT 2065

NAVCOMPT Form
2132

15-35. Report of Class B messages
refiled with commercial
communication companies by
naval shore stations which
are designated commercial
refile activities

15-36. How many copies, if any, of each message
reported must be sent with the monthly

e, report of Class B:messages refiled by.
commercial refile activities?
1. One
2. Two
3. Three
4. None 114

Learning Objective: Define Class
D messages, and explain the system
of handling, abstracting, and
accounting for them.
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15-37. Which of the following descriptions
correctly identifies Class D messages?
1. Official messages of the Department

of Defense
2. Offitia messages of U.S. Govern4nt

depart agencies other than

the- D went Of'Defe se
-3. Non-GWernment messa -140,ject to

tolls
4. Toll-free non-Government messages-

5 -38. On board U.S. Navy ships, who/is responi-
sible for approving Class D messages?
1. The commanding officer or an officer

designated by him
2. The executive officer or an officer

designated by him
3. The communications officer or an

officer designated by him
4. The coffimergial traffic clerk

15-39. On boardO.S. Navy ships, who determines
the word count and associated charges
for Class" D messages?
1. The communications officer

PCH DE NMIB NR4 INTL USS AMERICA/NMIB CK?

42 1350

BT MP BT

WAYNE JACO S

1423 WEST ATRICKST r

SANDIEGO'

BT

SELL HOUSE ON FIREFLYBLVD AT PRICE - QUOTED BT

SEAN GABRIEL AR NMIB K

Figure 15B

In answering question 15-42, refer to
figure 15B.

2. The assistant communications officer 15-42. How many chargeable words or groups are ,

3. The fiscal accounting clerk in the preceding Class D message,

4. The commercial traffic clerk international form?
1. 7

15-40. If doubt exists as to the proper charge 2. 9

for the transmission of a Class D mes- 3. 14

sage, and the unit is unable to obtain 4. 15

such information by a rate request,
what charge, if any, should be collected
at the time the message is filed?
1. The maximum charge
2. The minimum charge
3. The charge thought to be correct
4. Ndne

NR3 CK? DL NAVSTA ADAK 12 MAR 78 1103 AMC

DAVID CHRISTOPHER INC

TULSA OKLAHOMA

YOUR RECOMMENDATION IS REQUESTED REGARDING

OPTIMUM THICKNESS OF ALUMINUM FOR PURPOSE

PREVIOUSLY DISCUSSED. S. JERNIGAN

Figure 15A

In answering question 15-41, refer to
figure 15A.

15-41. Flgyi many chargeable words or groups are
in the preceding Class D message,
domestic form?

1. 13

2. 15

3. 20
4. 21 145

15-43. If the first line of a domestic form
message reads "NR4 CK16 DL NAVSTA ADAK 12
MAR 78 1115 AMP," what9information is
relayed by "AMP"?
1. "A" indicates that this is a Class A

message; "M" indicates it was
handled by military communications;
"P" indicates it is a press release

2. "A" indicates this is a Class A
message; "MP" is a service indicator

3. "AM" indicates the message was filed
in the morning; "P" indicates this

6is a paid commercial message
4. "AM" indicates the message was filed

in the morning; "P" indicates the
time zone is Pacific

Questions 15-44 and 15-45, on the subject
of abstracting Class D , are to

be judged True or False.

15-44. On a regular basis, ships that collect
money for the handling of Class D mes-
sages submit checks or money orders made
out to the commercial companies involved.

15-45. A unit must report all Class D messages (-
filed with it for which it has received
payment for transmission, but need NOT
report service messages or Class D mes-
sages that it has received over Navy
circuits.



15-46. Which of the following example is in

the correct format for reportin ship

identification on an abstract o ass

'D messages?
1. NJFK/USS JOHN F KENNEDY
2. USS JOHN F KENNEDY/NJFK

. 3. NJFK
4. USS JOHN F KE EDY

15-47. A meiSage'Iden fied by '"SitN" at the

beginqintrand end of the preamble has
absolute priority of transmission. For

what is "SVH" always an identifier?
1. Safety of Life Message',
2. Special Vessel Handling Message

- .3. Submerged Vessel Sighting Report
4. Sinking Vessel Alarm

15-48. Charges for commercial messages are sub-
(withject to change. What publication

up,to-date changes)Ahould be consulted
for rate information?

Inform ion for question 15-51: A Class
D messag titled to Class E privileges

\Was filed aboard shi It was transmitted to
another naval ship wh oh relayed it to a com-
mercial shore station. The message was then
delivered by a long-di tance call on commercial
telephone.

15-51. For what service will the sender be
charged?
1. The transmission and relay service

of the Navy, the receipt charge's, of
the commercial station, and the long-
distance telephone charges

2. The receipt charges of the commercial '
station and the long- distance tele-
phone charge only

3. The receipt charges of the commercial
station only

4. The long-distance telephone charges
only

1.

2.

3.

4.

NTP 4
'NTP 6

NT$ 9
NWP 4

'Information for question 15-52: Included
with the-monthly report of Class D mes-

7sages entitled to Class E privileges must be a
'copy of each message, with an attached QSJ or

Learning Objective: Define
Class D messages entitled to
Class E privilege, and explain
the system of handling, ab-
stracting, and accounting for
them.

15-49. Which of the following correctly
describes a Class D message entitled
to Class E privilege?
1. An emergency message filed by the

Red Cross
2. A message which, because of the

geographical location of its addres-
see, can not be sent as Class E,
although its contents meet the
provision of that class

1. An official Government message which
is placed ahead of all other Class D
messages for earlier transmission

4. A message concerning the health or
life of a member of the immediate
family of a member of the U.S. Navy

15-50. What symbol is placed as the first word
in the text to identify a Class D mes-
sage entitled to Class E privilege?
1. COMLE

2. QSJ,

3. POLE
4. DPRIE

service message.

15-52. What is the QSJ or service message?
1. A report of deliverx
2. record of the DTGtand word count
3. rate request
4. /In authorization for transmission

15-53. Which of the following statements rela-
tive to the remittance, if any, which
accompanies the abstract is correct?
1. Included should be a check or money

order payable to Navy Regional
Finance Center

2. Included should be two checks or
money orders, one to Western Union
Telegraph Company, and one to the
applicable telephone company

3. Included should be a check or money
order.payable to Western IThion Tele-

. graph Company only
4. No remittance should accompany this

abstract
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15-64. Which of the following statements
reflects the normal peacetime policy of
Navy handling of press releases from
correspondents aboard Navy ships at sea?
1. Press releases arg processed as

q ckly as possible after the trans-
of all messages filed by

naval personnel
2. Operational messages have priority;

then, all other messages, including
press releases, are sent on a
"first-come, first-served" basis

3.. Press releases take precedence over
all messages except emergency mes-
sages (distress, etc.)

4. Press releases take precedence
",....\$fmmediately after operational

messages

15-57: What letter is adde to a serial number
to identify the re ated message as a
press release?

(
1. C

2. M
3. P

4. X

15-55. Which of the following service indica-
tors could properly be used on a press

A release for which payment has NOT been
made, being sent directlb' to or from a
qp ntinental U.S. naval s ation and
handled commercially by the Western tii/A-,
Union Telegraph company only?
1. DPR COLLECT
2. DPR
3. PRESSE COLLECT
4. PRESSE up COLLECT

15-56. Which of the following statements cor-
rectly reflects a prOcedure that is
utilized for collection of tolls for a
press release?
1. The commercial 4arges must be pai

in advance, but the Navy charges
may be either paid in advance oil
charged to a newspaper or news
association

2. The Navy charges must/be paid'in
advance, but the commercial charges
may be either paid in advance or
charged to a newspaper or news .

association
3. The entire toll may be charged, in

which case the Navy Regional Finance
Center is responsible for collecting
the entire toll and making proper
remittance to the commercial car-
riers

4. The entire toll may be charged,
in which case the Navy Regional
Finance Center is responsible for
collecting the Navy tolls, and the
commercial carriers are responsible
for collecting the commercial tolls

Learning Objective: Explain
the system of handling,
abstracting, and accounting
for Class E messages.

558. Which of the following descriptions
corredtly characterizes Class E
messages?
1. They are primarily Government mes-

sages related to stores and supplies
2. -They are primarily Govdfiment mes-

sages related to operational tactics
3. They are primarily personal messages

sent by.naval personnel
\4. They are personal messages sent

approximately equally from Army,
Navy, and Air Force personnel, and,
o a lesser degree, from other

hers of the Armed Forces

9. Where are the refileloints for Class E
messageS from and addressed to authorized
persons on board ships and at overseas
duty stations?
1. San Diego, CA and Washington, DC
2. San Diego, CA and Norfolk, VA
3. Stockton, CA and Washington, DC
4. Stockton, CA and Norfolk, VA

A

15-60. Why are there charges for some ClasseE
messages and NOT for others?
1. '1.hose sent entirely on Navy circuits

are toll-free; others, sent entirely
on commercial circuits, have tol s

assessed
2. Those sent entirely on Navy circuits

are toll-free; others, sent partially
pn commercial circuits, have tolls
assessed for the commercial service

3. This service is free to active-duty
Navy personnel; tolls are collected
from other users

4. Fees are assessed for sending mes-
sageS,to or from an overseas station;
other messages are toll free Jr

15-61. What are the indicators, if any, used to
distinguish (a) telegrams, and (b) over-
night telegrams?
1. (a) None, (b).NL
2. (a) None, (b),OT
3. (a) T, (b) none
4. (a) T, (b) OT
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15-62. The minimum charge is for how many
words for (a) a (full-rate) telegram/
and (b) an fvernight telegram?
1. (a) 8, (b) 75

2. (a) 10, (b) 100
3. (a) 12, (b) 75

4. (a) 15, (b) 100

4

15-63. Which of the following statements rela-
tive to the remittance, if any, which
accompanies the Class E message report
is correct?
1. Included should be a check or money

order payable to Navy Regional
Finance Center

2. Included should be two checks or
money orders, one o Western Union
Telegraph Company, and one to the
applicable telephone company

3. Included sho ld be a check or money
order payable o Western Union
Telegraph Co ny only

4. No remittO e should be,include
with this report

A

Learning Objective: Define

coastal-harbor radiotelephone
service and explain procedures
relative to its use.

4 64 What is coastal rbor radiotelephone
service?
1. A telephoneybmmunication service

over naval circuits between, and
limited to, ships and the operating"
departments at their home ports

2. A telephone communication service
over commercial circuii4s between,
and limited to, coastal naval sta-
tions and naval vessels within a
few hundred milq,of the shore.

3. A telepnone communication servj,ce
over naval circuits between, and
limited to, coastal val stations

and naval vessels wi a few hun-
.% dred miles of the shore

4. A telephoae,communication service
over coOMercial circuits between
naval/ vessels Within a few hundred
mile, o,fLthe sholT and any land-
based telephone

V
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15-65. With certain limited exceptions, are f
harbor radiotelephone calls (a) incoming
to or outgoing from the ships, and (b)
usually prepaid or collect?
1. (a) Outgoing'frbm the ships,

(b) collect
'2. (a) Outgoing from the ships,

(b) prepaid
3. (a) Incoming to the ships,,

(b) collect
4. (a) Incoming to the ships,

(b) prepaid

15-66. (a) What publication shows the division
o 1 waters into rate areas for
coastal ha bor radiotelephone service , 4,

and (b) f m whom may rates be requested _
if assistance is required?
1. (a) NTP 4, (b) the nearesit commercial

operator
2. (a) NTP 4, (b) the marine operator
3. (a) NTP 9, (b) the nearest commercial

operator
4. (a) NTP 9, (b) the marine operator

Learning Objective: Explain
procedures relative to the
high seas radiotele hone
service.

9uestions 15-67 through 15-69, relative
t high seas radiotelephone service,

are to be udged True or False.

15-67. Authorization and availability of high
seasdradiotelephone service are the
same as that of harbor radiotelephone
service,,but there are some additional
limitatio4-ratmospheric, etc.) due to
the additie1lal distance involved.

15-68. When high seas radiotelephone is uti-
lized, an appwximation of the bearing
of the ship tithe shore station is
furnished.

15-69. Normally, all calls from ships using the
high seas radiotelephone service are made
prepaid.

15-70. In what publication are oper ing fre-

quencies and land //'and ocean ra reas

associated with h4-gh\\seas reioti ephoat"---

contained?
1. NTP 9

2. NTP 2

3. NTP 3

4. NTP 4

AP
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