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PREFACE

This Rate Training Manual is prepared especially for Navy and Naval
Reserve personnel who are preparing for advancement to AT3 and AT,
Sclection of its content is hased upon the “quals™ for AT2 and AT3 listed in
the Manual of Qualifications for Advancement. NavPers 18068 (Series).
However. this manual does not cover all of the qualifications. the remainder
being covered in basic Rate Training Manuals which are listed in the AT
section of the Bibliography for Advancement Study. NavTra 10052 (Series).

Personnel preparing for AT3 are not responsible for the entire content of
dll manuals referenced in NavTra 10052, but only for those areas which
cover “quals™ for the AT3. Personnel preparing for AT2 are responsible for
the entire content of this manual (AT 3 & 2) and also for the material listed
in NavTra 10052 for both the AT3 and AT2. Separate nonresident career
courses are available for AT3 and AT2 and reflect the division of study
materials. Those taking the nonresident courses are directed to study the
appropriat: material in all referenced manuals.

This Rate Training Manual was prepared by the Navy Training Publica-
tions Center, NAS Memphis, Millington, Tennessee. for the Naval T raining
Command. Credit for technical assistance is given to the Naval Air Technical
Training Center. NAS Memphis: the Naval Examining Center. and the Naval
Air Systems Command.

1973 Edition

Stock Ordering No:
0502-051-5860



THE UNITED STATES NAVY

GUARDIAN OF OUR COUNTRY

The United States Navy is responsible for maintaining controt 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 country’s glorious
future depends; the United States Navy exists to make it so.

WE SERVE WITH HONOR

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

At home or on distant stations we serve with pride, confident in the 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.

THE FUTURE 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 aw.

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 lie in a strong belief in the
future, in continued dedication to our tasks, and in refiection on our
heritage from the past.

Never have our opportunities and our responsibilities been greater.
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CHAPTER 1

AVIATION ELECTRONICS TECHNICIAN RATING

This training manual is designed as a self
study text for use by those personnel of the
Navy and Naval Reserve who are preparing to
meet the professional (technical) qualifications
for advancement to Petty Officer Third Class
and Petty Officer Second Class in the rating of
Aviation Electronics Technician, Minimum pro-
fessional qualifications for advancement in all
ratings are listed in the Manual of Qualifications
tor Advancement, NavPers 18008 (Series). The
qualifications list which was used as a guide in
the preparation of this manual was current as of
the August 1972 revision. Therefore, changes in
the qualifications occurring after the 1972 revi-
sion may not be reflected in the information
presented here,

This manual does not contain coverage on all
“quals™ listed in the Quals™ Manual. Some of
the “quals™ listed are wholly or partially covered
by the following basic Rate Training Manuals:

Tools And Their Uses. NavPers 10085-B.
Chapters 1.4, 7.

Basic Electricity. NavPers 10086-B, all chap-
ters.

Basic Electronics, Vol. 1, NavPers 10087,
Chapters 2-8, 10-27, 29,

Basic Electronics. Vol. 2. NavPers 10087-C.
Chapters 2, 4, 13.

Synchro, Servo, and Gyro Fundamentals,
NavPers 10105, Chapters {4,

Basic Machines, NavPers 10624-A, Chapters
1-9. 15,

It is important that personnel studying for
advancement be familiar with the content of
these chapters: advancement examinations will
also be based on this material as well as the
material covered in this Rate Training Manual,

This chapter provides information on the
enlisted rating structure, the AT rating. require-
ments and procedures for advancement, and
references that will help you in working toward

advancement and in performing vour duties as
an AT. Also included is information on how to
make the best use of Rate Training Manuals. It is
theretore strongly recommended that you study
this chapter carefully before beginning intensive
study of the remainder of the manual.

ENLISTED RATING STRUCTURE

The present enlisted rating structure consists
of genceral ratings and service ratings.,

General ratings identify broad occupational
ficlds of related duties und functions and may be
held by both Regular Navy and Naval Rescrve
personnel. This type rating provides the primary
means of identifying billet requirements and
personnel qualifications, is established or dis-
cstablished by the Secretary of the Navy, and is
provided a distinctive rating badge.

Service ratings identify subdivisions or special-
ties within a general rating which require related
patterns of aptitudes and qualifications and
which provide paths of advancement for career
development. (Not all general ratings have serv-
ratings—only some of them.) Service rating
may also be held by both Regular Navy and
Naval Reserve personnel and can exist at any
petty officer level: however., they are most
common at the PO3 and PO2 levels.

NOTE: The term “rate™ identifics personnel
occupationally by pay grade: “rating’™ refers to
the occupational field.

AVIATION ELECTRONICS
TECHNICIAN RATING

The Aviation Electronics Technician rating is
a general rating up to E-9, At pay grade E-9 the
AT rating loses its identity; all of the avionics _
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ratings are compressed into one rating at the £-9
fevel. The ATCS, AECS, AQCS. or AXCS who is
sclected for advancement hecomes a Master
Chict Avionies Technician, AVCM. Figure 1-1
itlustrates the paths of advancement trom Air-
man Recruit to Master Chiet' Avionics Techni-
cian (AVOM). Chief Warrant Officer (W-4), or to
Limited Duty Officer (LDO). Shaded arcas in
figure {-1 indicate carcer stages where quahified
enfisted men may advance to Warrant Officer
(W-11, and selected Commissioned Warrant Offi-
cors (W-2 or W-3) may advance to Limited Duty
Officer. Personnel in enlisted rates and warrant
ranks not in a shaded area may advance only as
indicated by the arrows.

Aviation Elkctronics Technicians inspect and
perform orgsnizational and intermediate main-
fenance on aviation detection, reconnaissance,
identification. communication, navigation, dis-
play. and special purpose clectronic equipment,
including target drone and pilotless aircraft
equipment. They also operate airborne CIC and
clectronic warfare (ECM) equipment.

As an Aviation Electronics Technician Third
Class or Second Class, your assignment possibili-
ties cover a wide range of duties and responsibili-
tics. Your specific duties will depend to a large
extent upon the type of organization to which
vou are assigned. It is probable that you will be
assigned to biflets which are concerned with the
maintenance of electronic and associated equip-
ment within the responsibility of your service
rating. You may be assigned to any of the
several types of aircraft maintenance activities.

In an aircraft squadron, your duties are
concerned primarily with the avionics division of
the maintenance departnent. You will work
under the supervision of the avionics division
chief on all routine maintenance functions and
on minor repair of electronic and associated
equipments. You will also perform such other
dutics as may be assigned 10 you by the avionics
officer or his representative. In some squadrons
you may be assigned in the capacily of plane
captain,

in the aircraft intermediate maintenance de-
partment (AIMD) of a naval air station, you may
be assigned dutics similar to those in a squadron,
You may also be assigned to a check crew or to
a trouble-shooting crew.

On aircraft carriers you may be assigned to 2

crew which aids in the incorporation of required
changes and modifications in squadron aircraft
or ¢electroniv equipment. You may be required
to perform work involving shop tools and
wrvices. You may perform more extensive main-
tenance than that normally performed by the
squadron.

One of the billets available to the AT2 is that
of instructor in a training activity. Instructor
duty may be performed either as a shore duty or
as a sea duty assignment.

Instructor billets are normally filled on a
voluntary basis. Detailed information concerning
assignment to instructor duty is contained in the

Enlisted Transfer Manual, NavPers 15909
(Series).
LEADERSHIP

One does not have to be a member of the
Armmed Forces very long before realizing that
more keadership is required of the higher rates.
Advancement not only entails the acquisition of
superior knowledge, but also the demonstrated
ability to handle people. This ability increases in
importance as one advances through the petty
officer rates.

In General Order No. 21, the Secretary of the
Navy outlined some of the most important
aspects of naval leadership. By naval leadership
is meant the art of accomplishing the Navy's
mission through people. It is the sum of those
qualities of intellect, of human understanding,
and of moral character that enable a person to
inspire and to manage a group of people
successfully. Effective leadership therefore is
based on personal example, good management
practices, and moral responsibility. The term
leadership includes all three of these elements.

The current Navy Leadership Program is
designed to keep the spirit of General Order No.
21 cver before Navy personnel. If the threefold
objective is carried out effectively in every
command, the program will develop better
leaders. As one advances up the leadership ladder,
mor snd more of his worth to the Navy will be
judged on the basis of the amount of efficient
work obtained from subordinates rather than
how much of the actual work he performs.

For further information on the practical
application of leadership and supervision, the
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latest edition of Military Requirements for Petty
Officer 3 & 2. NavPers 11050 (Series), should be
studied.

ADVANCEMENT

Some of the rewards of advancement are casy
to see. You get more pay. Your job assignments
txwcome more interesting and more chatlenging.
You are regarded with greater respect by officers
and enlisted pensonnel. You enjoy the satisfic-
tion of getting ahcad in your chosen Navy
canreer, '

The advantages of advancement are not yours
alone. The Navy also profits. Highly trained
personned are essential to the functioning of the
Navy. By advancement, you increase your value
to the Navy in two ways: First. you become
more valuable as a technical specialist in your
own rating: and second. you become more
valuable as a person who can train others, and
thus muake far-reaching contributions to the
entine Navy.

HOW TO QUALIFY
FOR ADVANCEMENT

What must you do to quality for advance-
ment? The requirements may change from time
to time, but usually you must:

1. Have a certain amount of time in your
present grade.

Y, Complete the required Rate Training Man-
uals by cither demonstrating a knowledge of the
material in the manual by passing a localty
prepared and administered test, or by passing
the Nonresident Career Course based on the
Rate Training Manual.

3. Demonstrate your ability to perform ali
the practical requirements for advancement by
completing the Record of Practical Factors,
NavTra 1414/1.

4. Be rccommended by your commanding
offices. after the petty officers and officers
supervising your work have indicated that they
consider you capable of performing the dutics of
the next higher rate.

S. Successfully complete the applicable mili-
tary/leadership examination which is required
prior to participating in the advancement (pro-
fessional) examination.

Remember that the requirements for advance-
ment can change, Cheek with your educational
services office 1o be sure that you know the
most recent reguirements.

Advancement is not automatic. After you
have met all the requirements, you are cligible
for advancement. You will actually be advanced
only if you meet all the requirements tincluding
making a high ¢nough score on the written
examination) and it quotas permit,

HOW TO PREPARE
FOR ADVANCEMENT

What must you do to prepare for advance-
ment? You must study the qualifications for
advancement. work on the practical factors,
study the required Rate Training Manuals, and
study other material that is required. You wili
need to be familiar with the following:

I. Manual of Qualifications, for Advance-
ment, NavPers 18068 (Series).

) Record of Practical Factors, NavTra
1414/1.

3. Bibliography for Advancement Study.
NavTra 10052 (Series).

4, Applicable Rate Training Manuals und
their companion Nonresident Carcer Courses.

S. Examinations for advancement,

Collectively. these documents make up an
integrated training package tied together by the
qualifications. The following paragraphs describe
these materials and give some information on
how cach one is related to the others.

*“Quals™ Manual

The Manual of Qualifications for Advance-
ment. NavPers 18068 (Serics). gives the mini-
mum requirements for advancement. This man-
ual is usually called the “*Quals™ Manual, and the
qualifications themselves are  often called
“quals.” The qualifications are of two general
types: military requirements, and professional
(or technical) qualifications.

Military requirements apply to all ratings
rather than to any one particular rating. Military
requirements for advancement to third class and
second class petty officer rates deal with mili-
tary conduct, naval organization, military jus-
tice. security, watch standing, and other subjects
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which are required of petty ofticers in all other
ratings.

Professional  quatlifications are  technical or
professional requirements that are directly re-
lated to the work of cach rating.

Both the military requirements and the pro-
fessional qualitications are divided into subject
matter groups: then, within cach subject matter
group, they ane divided into practical factors and
knowledge factors. Practical factors are things
you must be able to DO, Knowledge factors ane
things you must KNOW in order to perform the
duties of your rate.

The qualifications for advancement and o
bibliography of study materials are available in
yvour educational services office. Study  these
qualifications and the military requirements
carcfully. The written examination for advance-
ment will contain  questions  relating to  the
knowledge tactory and the knowledge aspects of
the practical factors of both the military require-
ments and the professional qualifications. If you
are working for advancement to second class,
remember that you may be examined on third
class qualifications as well as on second class
qualifications.

It is essential that the “quals™ reflect current
requirements of fleet and shore operations. and
that the new f{lectwide technical. operational.,
and procedural developments be included. For
these reasons, the qualifications are continually
under cevaluation. Although there is an estab-
lished schedule for revisions to the “quals™ for
cach rating, urgent changes to the “quals™ may
be made at any time. These revisions are issued
in the form of changes to the “Quals™ Manual.
Therefore, never trust any sct of “quals’’ until
you have checked the change number against an
up-to-date copy of the “Quals™ Manual. Be sure
you have the latest revision.

Personnel Qualification Standasds

Personnel Qualification Standards (PQS)
(OpNav Instruction 3500.34) are presently being
utilized to provide guidelines in preparing for
advancement and qualification to operate spe-
cific equipment and systems. They are designed
to support the advancement requirements as
stated in the “*Quals™ Manual.

The Quals™ and Record of Practical Factors

are stated in broad terms. Each POQS is much
more specific in its questions that kad to
quadification. It provides an analysis of specific
equipment and duties, assignments, or responsi-
bilitics which an individual or group of individ-
uals (within the same rating) may be called upon
to carry out. In other words, cach PQS provides
an analysis of the complete knowledge and skills
required of that rating tied to i specific weapon
system (aircraft and/or individual systems or
components).

Each qualitication standard has four main
subdivisions in addition to an introduction and a
glossury of POS terms. They are as follows:

100 Serivs -Theory

200 Series  Systems

300 Serivs - Watchstations (duties, assignments,

or responsibilities)

400 Series  Qualification cards

The introduction cxplains the complete use of
the qualification standard in terms of what it
will mean to the user as well as how to use it.

The Theory (100 Series) section specifies the
theory background required as a prerequisite to
the commencement of study in the specific
cquipment or system for which the PQS was
written. These fundamentals are normally taught
in the formal schools (Preparatory, Fundamen-
tals, and Class A) phase of an individual’s training.
However. if' the individual has not been to
school, the requirements are outlined and refer-
enced to provide guidelines for a scelf-study
program.

The Systems (200 Seriesy section breaks down
the equipment or systems being studied into
functional sections. PQS items are essentially
questions asked in clear. concise statement
(question) form and amranged in a standard
format. The answers to the questions must be
extracted from the various maintenance manuals
covering the equipment or systems for which the
PQS was 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 sche-
matic provided in the maintcnance manual while
studying the system or equipment. Emphasis is
given to such areas as maintenance management
procedures, components, component parts, prin-
ciples of operation, system interrelations, nu-
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merical values conadered necessary 1o operation
and mamtenance, and safety precauions,

The Watchstation (300 Serices) section includes
questions regarding the procedures the individ-
tal must Know to operate and maintain the
cquipment or system. A stady of the items i
the 200 series section provides the individual
with the required information concerning what
the syslem or equipment does, ow it does it
and other pertinent aspects of operation. In the
300 series section, the questions advangee the
qualitication process by requinng  answers or
demonstrations of ability to put this Anowledge
fo uw or 1o cope with mamtenance of he
system  or equipment. Arcds covered include
normal operation: abnormad or emergency opeer-
dtion: emergency procedures which could imit
damage and or casdtios assoviated with o par-
ticular operation: operations that  occur too
infrequently to be considered mandatory  per-
formance items: and maintenance procedures/in-
structions stich as checks, tests, repair, seplace-
ment, et

Fhe 400 series section consists of the gualiti-
vation ciards, Fhese cards are the accounting
documents utitized to record the individual's
safisfactony completion of items necessary for
beconmng qualificd i dutics assigned. Wisere the
individual starts in completing o standard will
depend on his assigiminent within an activity, The
complete POS is given to the mmdividual being
qualificd so that he can utitize it at every
opportunity to bhecome fully qualified in all
arcas of his rating and the cquipment or system
for which the POQS was written. Upon tomsfer to
a different activity, each individuasd must requal-
ify. The answens to the questions asked in the
quatlification standards may be given orally or in
writing to the supervisor, the branch or division
officer, and maintenance officer as reguined to
certify proper quabification. The completion of
part or all of the PQS provides i basis for the
supcrvising petty officer and officer to certify
completion of Practical Factors for Advance-
ment,

Record of Practical Factors

Before you can take the Navy-wide examine-
tion for advancement. there must be an entry in
your scrvice recond (o show that you have

{

qualitied in the practical tactors ot both the
mhitary requiremicents and the professtonal guali-
fications. A special form Known as the Record
of Practical Factors, Navira 14141 (plus the
abbreviation of the appropriatce ratmgs, s used
o heep o record of your practicad  tactor
qualitications, The tom bsts all practical tac-
tors. both aulitary and  professional. A you
demonstriate vour ability to perform cach practi-
cal Cactor, appropriate entnes are made in the
DATE and INTTIALS columna.

Changes are made periodically to the Manual
of Qualifications for Advancement and revised
forms of Navlra 14141 are provided when
necesary. Bxtra space is allowed on the Record
o Practical Factos for entering  additional
practical  fuctors as  they  are published i
changes. The Record of Practical Facton abso
provides space for recording densonstrated pro-
ficiency in skills which are within the general
scope of the rate but which are not identified as
mintmum qualifications for advancement.

It vou are transterred before yvou quality in all
practical factors, Navira 1413 1 should b
forwiarded with your service record to vour nest
duty station, You can save yvourself o Jot of
troubic by making sure that this torm is actaally
msricd in your service record before you are
transterred, 10 the form s not m your serviee
record, you may be required to start again and
requality in 9 e practival fuctors which have
alrcady been cheched ol

A secorkd copy of the Record of Practical
Factor shoukd be made avaifuble to cach man in
pay grades F-2 through E-8 for his personal
record and guidance.

The importance of NavTri 141471 should tw
ciiphasized continuously, 1 serves as a record 1o
indicate to the petty officens and ofticers super-
vising vour work that vou have demonstrited
profciency i the performance of the indicated
practical factors and s part of the critenia
utitized by vour commanding officer when he
constders recommending you for advancement.
tn addition, the proficient demoansteition of the
applicable practical facton listed on this form
can aid vou in prepanng for the examination for
advancement. Remember that the knowledge
aspects of the practical factors are covered m the
examimations for advancement, Certin knowl-
edge 18 required to demomstrate these practical
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factors and additional knowledge can be ac-
quired during the demonstration. Knowledge
factors  pertain to that knowledge which s
required fo perform a certain job, In other
words, the knowledge factors requined for g
certam rating Jdepend upon the jobs (practical
facton that must be performed by pervonnel of
that rating. Pherefore, the knowledge requined
to proficicntly demonstrate these pructical tac-
tors will detmitely aid vou in preparing for the
examination for advancement.

NavTra 10082

Bibliography tor Advancement Study, Navira
TOOSY (Series), is 4 very important publication
for anyone preparing for advancement. This
hibliography contains a section listing the mili-
tary references and another section listing the
professional reterences. These sections list e
quired and recommended Rate Training Manuals
and other reference material to be used by
personne! working  for advancement. NavTra
OS2 is revised and issued once cach year by
the Chiel of Navil Training Support. Each
revised edition is identified by a letter following
the Navlra number. When using this publicas
tion. be sure that vou have the most recent
cedition,

If extensive changes in qualifications occur
between the annaal revisions of NavTra 10052, a
supplementary list of study matevial may be
isstued in the form of a NavTra Notice. When
you are preparing for advancement. check to see
whether changes have been made in the qualifi-
cations. If changes have been made, see if a
Notice has been issued to supplement NavTra
1005,

The required and recommended references are
tisted by rate fevel in NavTra 10052. if you are
working for advancement to third class, study
the material that is listed for third class. If you
are working for advancement fo second class,
study the material that is listed for second class,
but remember that you are also responsible for
the references listed at the third class level.

In using NavTra 10052, you will notice that
some Rate Training Manuals are marked with
an asterisk (*3. Any manual marked in this way
is MANDATORY --that is, it must be completed

B_Mmdmdmkvdhemymmeh-

gible to take the Navy-wide examination for
advancement. Each mandatory manual may be
completed by passing the appropriate nonresident
career coursc that is based on the mandatory
training manual; passing locally prepared tests
based on the information given in the train-
ing manual: or in some cases, successtully com-
pleting an appropriate Class A School.

Do not overlook the section of NavTra 10082
which lists the required and recommended refer-
ences relating to the military standards/require-
ments for advancement. For example. all person-
nel must complete the Rate Training Manual,
Requirements for Petty Ofticer 3 & 2. NavPers
10056 (Series), for the appropriate rate level
betore they can be eligible to advance.

The references in NavTra 10052 which are
recommended. but not mandatory, should also
be studied carefully. All references listed in
NavTra 10052 may be used as source material
for the written examinations at the appropriate
rate levels,

Rate Training Manuals

There are two gencral types of Rate Training
Manuals. Rating manuals (such as this one) are
prepared for most enlisted rates, giving informa-
tion that is directly related to the professional
qualifications. Basic manuals give information
that applies to more than one rate and rating,
Basic Electricity, NavPers 10086 (Series), is an
example of a basic manual, because many ratings
use it for reference.

Rate Training Manuals are revised as required
to keep them up to date technically. The
revision of a Rute Training Manual is identified
by a letter following the Navlra or NavPers
number. You can tell whether any particular
copy of a Rate Training Manual is the flatest
edition by checking the NavTra or NavPers
number and the letter following this number in
the most recent edition of List of Training
Manuals and Comespondence Courses, NavTra
10061 (Series). (NavTma 10061 is actually a
catalog that lists current training manuals and
nonresident carcer courses; you will find this cata-
log useful in planning your study program.)

Rate ‘vraining Manuals are designed to help
you prepare for advancement. The following
suggestions may help you to sake the best use
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of this manual and other Navy training publica-
tions when you are preparing for advancement.

1. Study the military requirements and the
protessional qualifications for your rate before
you study the training manual, and refer to the
“quals” frequently as you study. Remember,
you are studving the training manual in order to
meet these “quals.”™

2. Set up a regular study plan. It possible,
schedule your studying tor a time of day when
yvou will not have too many interruptions or
distractions.

3. Before you begin to study any part of the
training manual intensively. become  familiar
with the entire manual. Read the preface and
the table of contents. Cheek through the index.
Look at the appendixes. Thumb through the
manual 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
detail, to see how it is organized. Look at the
table of contents again. Then, chapter by chap-
ter. read the introduction, the headings, and the
subheadings. This will give you a clear picture of
the scope and content of the manual. As you
look through the muanual in this way, ask
vounelf some questions: What do | need t0
fearn about this? What do | already know about
this? How is this information related to informa-
tion given in other chapters? How is this
information related to the qualifications for
advancement?

5. When you have a geaeral idea of what is in
the training manual and how it is organized, fill
in the details by intensive study. In each study
period. try to cover a complete unit- it may be a
chapter. a section of a chapter, or a subsection,
If you know the subject well, or if the material
S easy, you can cover quite a lot at one time.
Difficult or unfamiliar material will require more
study time. '
6. In studying any on:- unit - chapter, section,

or subscction write down the questions that
occur to you. Many people find it helpful to
makce 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, When you read about a process, a skill, or
a situation, try to see how this information ties
in with your own past experience.

8. When you have finished studying a unit,
take time out to sece what you have learned.
Look back owver your notes and questions.
Maybe some of your questions have been an-
swered, but perhaps you still have some that are
not answered. Without referring to the training
manual, write down the main ideas that you
have learned from studying this unit. Do not
quote the manual. 1f you cannot give these ideas
in your own words, the chances are that vou
have not really mastered the information.

9. Use Nonresident Career Courses whenever
you can. The nonresident career courses are
bascd on Rate Training Manuals or on other
appropriate texts. As mentioned before. comple-
tion of a mandatory Rute Training Manual can
be accomplished by passing its associated corre-
spondence course, You will probably find it
helptul to take other correspondence courses, as
well as those based on mandatory training
manuals. Taking a nonresident career course
helps you to master the information given in the
training manual, and also helps you s¢e how
much you have learmned.

10. Think of your future as you study Rate
Training Manuals. You are working for advance-
ment to third class or second cluss right now,
but someday you will be working toward higher
rates. Anything extra that you can learn now
will help you.

SOURCES OF INFORMATION

One of the most useful things you can learn
about a subject is how to find out more about it.
No single publication can give you all the
information you need to perform the duties of
your rating. You should leamn where to lock for
accurate, authoritative, up-to-date information
on all subjects related to the military require-
ments for advancement and the professional
qualifications of your rating.

- Some of the publications described in this
manual are subject to change or revision from
time to time -some at regular intervals, others as
the need arises. When using any publication that
is subject to change or revision, be sure that you
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have the Latest edition. When asing any publica-
tion that is Kept current by maeans of changes, be
sure you have a copy in which all official
Changes une been made. Studving canceled or

obsolete information will not help you perform
citiciently or to advance: it is likely 0 be o
wiste  of time. and may even be seriously
misleading,



CHAPTER 2

PUBLICATIONS, DRAWINGS, AND SCHEMATICS

There are many publications utilized in the
proper maintenance of avionies systems. The
systems in modem day aiccraft have become so
complex that maintenance is practically impossi-
ble without the use of technical publications.
Even a mere listing of the electronics equipment
carricd on some of the more modemn aircraft
would be quite lengthy. It is impossible for any
one pemson to be thoroughly familiar with all the
various types of electronics equipment in pres-
ent use: but with a good general background of
clectronic principles and circuit theory, a little
study will c¢nable the technician to rapidly
familiarize himself with any specific equipment,

The purpose of this chapter is to discuss some
of the sources of information available to the
technician, how to use these references, and how
to locate details on items of information and
technician needs in the performance of his
duties. Included in this chapter are discussions
of publications, both general and specific: draw-
ings and schematics, including illustrations,
block diagrams, and wiring and cabling diagrams;
charts and tables,

TECHNICAL PUBLICATIONS

Naval publications are important sources of
information for guiding personnel of the naval
acronautic organization. Generally, these pub-
lications fall into two broad groups- those deal-
ing with operational and administrative matters,
and those dealing with technical and material
matters.

The Secretary of Defense approved a reorgani-
zation of the Department of the Navy, which

- was effective 1 May 1966, This teorsaniutmu

increases the breadth of authority and responsi-
bility of the Chief of Naval Operations under the
continuing direction of the Secretary of the
Navy.
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The Chief of Naval Opcerations has four major
commuands under him  BuPers, BuMed, Chict of
Naval Material, and Chief of Naval Training.

The Chief of Naval Material heads the Naval
Material Command which consists of the follow-
ing six commands:

I. Naval Air Systems Command.

2. Naval Electronic Systems Command.

3. Naval Ship Systems Command.

. Naval Ordnance Systems Command.

Naval Supply Systems Command.

. Naval Facilities Engineering Command.
Each of the above commands is headed by a
Commander: i.e.. Commander. Naval Air Sys-
tems Command.

Concurrent with the establishment of the
Naval Material Command. the following office
and bureaus were abolished:

1. Office of Chief of Naval Material,

2. Burvau of Naval Weapons.

3. Bureau of Ships.

4. Bureau of Supplies and Accounts.

5. Bureau of Yands and Docks.

The Naval Air Systems Command is currently
issuing its own directives and incorporating
pertinent material now in BuWeps directives.
BuWeps directives and instructions will continue
to be used and referred to in training manuals
for sometime to come even though the Bureau
of Naval Weapons has been replaced by the
Naval Air Systems Command.

Publications dealing primarily with the opera-
tion and maintenance of aircraft and related
equipment within the Naval Establishment origi-
nating from the Naval Air Systems Command
are issued by authority of the Commander.
Naval Air Systems Command.

Publications concerned mainly with the train-
ing of flight personnel and air operations ema-
nate from the Office of the Deputy Chief of
Naval Operations (AIR).

oyn&-
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The Naval Air Fechnical Senvices Facility
undtions as the sponsor of both ypes of
publications and controbs the inttial distribution,
distibution  lists. pranting, and  retentivn of
reproducible copy.

Ihe Forms and Publications Supply Office
functions o8 anventory  manager for residuad
stochs of haoth types of publications, including
the supporting distribution system and numeri-
cal cataloging,

Ihe bhaste sources of technical acronantic
imformation are the technical manuals (formerly
called  handbooks) issued by the Naval Air
Svstenns Comnumnd. Letter publications usually
supplement the information contained in acro-
nautic technical manuals,

Technicians at the P-4 and F-§ levels are
primarily concemed with technical publications:
theretore,  this discussion is directed  mainly
toward them. However, it imcludes some cover-
age of general and administrative type publica-
tions of importance to all naval personnel.

CGood  technical manuals are vital to the
maintenance of modern weapons systems. Qur
Navy s combat readiness depends, to an increas-
ing degree. on the information and knowledge
possessed by maintenance  pessonnel, It these
men are o maintain increasingly complex weap-
ons systems. incorporatiag the latest devices and
svstems,  they must be able to obtain the
required information from technical manuals.

The Department of Defense, the Department
of the Navy. and the Naval Air Systems Com-
mand are working together to improve the
standardization and quality of acronautic main-
tenance manuals. The purpose of the following
discussion is to present some detailed informa-
tion concerning the contents and uses of these
manuals.

NAVAL AERONAUTIC
PUBLICATIONS INDEX

Al agsonautic publications are assigned a title
and code number. When they are available for
issue. all publications, except Instructions and
Notices. are listed in the Naval Aecronautic
Publications Index (NAPH.

A complete Naval Aeronautic Publications

= Index consists of several individual publications,

vach of which serves a specitic purpose. They are
identitied as follows:

Navy Stock Listy of Forms and Publications,
NavSup Publication 2002, Scection VI, Parts C
and D,

Equipment
00-500A.

Aircraft Application List, NavAir 00-5008B.

Directives Application List by Aircratt Con-
figuration, NavAir 00-500C,

Letter Type Technical Directives Equipment
and Subject Applicability List, NavAir 00-500D.

A description of these lists and their uses is
presented in the following paragraphs.,

Applicability  List.  NavAir

Navy Stock List of
Forms and Publications

The Navy Stock List (NSL) of Forms and
Publications (NavSup 200)) is a 13section
index of all the forms and publications used
throughout the Navy and stocked by the Naval
Supply Systems Command. Section VIl of this
Stoch List contains Naval Air Systems Com-
mand publications. This section is made up of
four parts A, B, C. and D. Parts A and B pertain
to ordnance publications, Part C and Part D
make up one part of the Naval Aeronautic
Publications Index. Part C is the numerical
listing of manual type aeronautic technical
publications, and Part D is the numerical listing
of letter type publications. These two parts-C
and D an referred to as the Numerical Se-
quence List or Numerical Index of the Naval
Acronautic Publications Index.

Part C (manual publications) is divided into
subject matter groups. and all publications with-
in a group are then tisted in numerical order, For
example, all manuals in the 00 series are listed
first, then followed by the 01, 01, 03, etc.,
through the 51 series. The listing includes the
publication code number, stock number, title,
date of latest issue or revision. security classifica-
tion, and requisition restriction code.

Part D is further divided into a number of
subsections. Some of these include general,
aircraft/airframe, accessorics. powerplants, and
support equipment. Listed in the general section
are Aircrew System Bulletins and Changes.
Aviation Clothing and Survival Equipment Bulle-
tins and Changes. Technical Orders, and Techni-
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cal Notes. ANl Aircraft/Airframe Changes and
Bulletine are listed in the aircraft/airframe sec-
tion. The accessories section contains a listing of
all Accessory Changes and Bulletins, Engine
Bulleting and Changes are listed in the power-
plants section. The support equipment section
contains a listing of all Support Equipment
Changes and Bulletins.

The basic index (NavSup Publication 2002,
Section VI, Parts C and D) is revised and
reissued annually, A separate supplement cov-
ering cach Part is issued bimonthly between
issues. The revision to the basic index. as well
as each supplement. is cumulative from the prior
revision.

Although the other parts of the Naval Aero-
nautic Publications Index (discussed in the
following paragraphs) must be used to identify
and locate publications. by code number. avail-
able for specific items of equipment and to
check the applicability of publications to spe-
citic equipment, the Numerical Index must be
used to completely identity and to order re-
quired publications. When an applicable publica-
tion number is found in one of the other parts
of the NAPL it can be easily located in the
Numberical Index. Here it can be more com-
pletely identified as to title and nomenclature,
stock number (for manual type publications),
security classification, and any restrictions con-
ceming the requisitioning of the publication. In
addition, the date of the latest revision or issue
of the publication is listed. This provides a
means whereby the issue and/or revision dates of
the publications on hand in an activity can be
checked against the dates listed in the current
issue and supplement of the Numerical Index,
thus assuring that the publications are current.

Equipment Applicabity List

Basically, the Equipment Applicability List,
NavAir 00-S00A. s a crossreference index
listing of NavAir manual type publications ac-
cording to model/type part number. Since this
index contains several thousand entries, one
document would be very cumbersome to use.
For this reason, this Index is divided into several
volumes. At the time of this writing. there are
seven volumes. Each of the first six volumes

.. contains 400 pages and Volume 7 contains the
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remaining entries, With the exception of several
small sections in the first part of Volume 1, the
Equipment Applicability List is one continuous
index of model/type part numbers listed in strict
alphanumernical sequence. In addition to an
introduction, the other sections in the first part
of Volume 1 pertain primarily to manuals for
aircraft, weapons systems. and aircraft engines.
Therefore, the publication numbers are listed
according to aircraft, aircraft engine, and weap-
ons system designation.

Publication numbers may appear in this Index
more than once, inasmuch as complete equip-
ment systems and their respective major compo-
nents are listed separately.

This list should be used when attempting to
determine what publications are available on a
particular item of equipment, and the class of
equipment, model, type, or part number are
known.

This tist is revised and reissued annually. It is
kept current by the issuance of quarterly cumu-
lative supplements.

Aircraft Application List

The Aircraft Application List (NavAir
00-500B) contains a listing of all manuals
grouped according to their application to an
aircraft. This part of the index does not contain
listings of any letter type publications, and all
manuals are listed by publication code number
only.

A list of basic numbering categories is pro-
vided in the front of the book. This list may be
used in determining the general type of equip-
ment covered in a publication. It may also be
used to detc rmine what manuals are available for
a particular model of aircraft.

This list is revised and reissued semiannually,
in March and September and is not supple-
mented between reissues,

Directives Application List by
Aircraft Configuration

The Directives Application List by Aircraft
Configuration (NavAir 00-500C) contains a list-
ing of the active NavAirSysCom letter type
technical directives with respect to their applica-
bility to sircraft. The lists in this volume are
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ammanged  fist by atrenalt  series, second by
afreratt contiguration, and thaed by Airframe/
Aircraft  Bulletin - and/or Change  numbers,
NOTE: Configuration refers to - maodifications
made to 1 basic aireratt maodel. For instange,
F4A, F4B, RF4B, F4G, ete., are all different
configurttions of the F-3 aircraft moael.

This list is revised and reissued semiannually .
in January and July and is not supplemented
between neissties,

Equipment and Subject
Applicability List

The Equipment and Subject Applicability List
(NavAir 00-5001 is a relatively recent addition
to the NAPL It contains a cross-reference index
listing of Naval Air Systems Command letter
type technical directives  (Bulletine  and
Changes). It serves the same purpose for letter
type technical directives as the Equipment Ap-
plicability List (NavAir O0-S00A) does for tech-
nical manuals.  However, since  the  NavAir
00-500D hists only those model/type part num-
bers for which technical directives have been
issucd, it i much smaller than the NavAir
00-500A. The complete List is contained in one
volumie but is divided into two parts. Part A s
the Equipment Index and Part B is the Subject
Index.

Part A contains a listing of all Naval Air
Systems Commmand letter type technical diree-
tives on gircraft components and related equip-
ment by model, type. and part number. Each
number s fisted in alphanumerical sequence
within its cognizant equipment series.

Part B contains a listing of Naval Air Systems
Command letter type technical directives by
subject, arranged in the following manner:

{. Prime System,

2, Component part of the system.

3. Airframe Title. Bulletin/Change Number.

NUMBERING SYSTEM
FOR MANUALS

Publications issucd by the Naval Air Systems
Command are designated according to a number-
ing system based on the type publication and its

material content. The system cannot be de-
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scribed tully in this manual because of ity
complex nature and many exceptions,

Coded designations assigned to technical man-
uwals consist of a prefix and an alphanumeric
scquence of three or four parts. The example
shown below will be used 10 explain the system
for designation of technical manuals:

NA 01-75PAA-28

|

Prefix —

Part 1

Part 11 S

Part 1L~ oo

Part 1V
Prefix

The prefix may consist of the letters NavAir
(NA). NavAer (NA)Y NavWeps (NW), AN, TO, or
CO. NavAer and NavWeps publications were
issued by the Buncau of Aeronautics and Burcau
of Naval Weapons, respectively. All new publica-
tions are dosignated with the NavAir (NA)
prefix.

The prefix AN was previously assigned for
technical manuals used jointly by the Navy and
the Air Foree: they were prepared to coordinate
military specifications.

TO was the prefix assigned to technical
manuals originated by the Air Forcee.

CO was previously used to designate a techni-
cal manual with a Confidential security classifi-
cation.

These piefixes, while no longer assigned for
new material, ‘'will remain in effect for existing
assignments until superseded.

Part |

Part 1 comsists of numbers to identify the
general subject  classification with the basic
subject to which they pertain. These numbers
usually have two digits: howewer, when an-
additional classification breakdown is necessary,
Part | consists of two digits followed hy 4 letter,
An example of this is found in the 02 (Power-
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plants) series. A tvpical entry in this series has
the number 2B immediately  following the
prefis NA. In this example, the 8 identifies the
powerplant as a jet propulsion type.

Fable 2-1 lists the general subjoct categories
and their numerical equivalent. In some in-
stances, it will be noted that an equipment
category has more than one numerical «quiva-
lent. In the case of electronics, which carries the
codes O8 and 1o, the oquipment category is in
the process of subdivision or change.

Part i

Part 1l of the publication number consists of
numbers (or numbers and letters) and indicates
the specific class, group, type. or model and

Table 2-1.-Subject categories and code
numbers for acronautic manuals,

General .. ... ... ... . 00
Alfowancelists. .. .. .............. 00-35Q
Training publications (aviation) . . ... .. 00-80
Aircraft .. ... . 0l
Powerplunts .. .. .. ... ........... 02
Accessories .. ... L L . 03
Hardwarcand rubber .. ... .......... (4
Instruments . . .................... 05
Fucls, lubricants, and gases . ......... 06
Dopesandpaints . ................. 07
Photography ..................... 10
Aviation armament . ..., .......... i
Fuel and oil handling equipment . .. ... {2
Parachute and personal equipment .. .13
Standard preservation and

packaging instructions . ........... 15
Electronies ...................... 08 & io
Machinery. tools, and test

equipment . .. ......... . 0n... 17& 18
Ground servicing and automotive

equipment . .. ... ... .. e, 19
Descriptive data for aviation

support equipment .............. 20
Chemical equipment ............... 4
Instructional equipment and

. training aids .. ... Cerei e e 09 & 28

Meteorology (acrology) . ............50
Ships installations . ............... .51
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mantdacturer of the ogquipment. The subject
breakdowns are listed at the beginning of cach
separate major division within NavSup Publica-
tion 2002, Cognizance Symbol 1, Section VI,
Part C.

For aircraft manuals and equipment manuals,
this part will be explained in more detail later.,

Part 111

Part 1l consists of a number or numbers
which designate a specific manual. For airframes
and engines, this part designates a specific type
manual. For other types of equipment, this part
is assigned in numerical sequence and has no
direct reference to the type of manual.

Part IV

Part 1V pertaine only to certain  specific
classes of manuals (such as the Maintenance
Instructions Manuals for aircraft), and designates
a particular manual of a set. Numbering is not
completely standandized. and may have decimal
or ¢ven double decimal suffixes. The exact
volume desired may be determined from the lists
or indexes of publications.

AIRCRAFT MANUALS

Aircraft manuals are prepared by the manu-
facturer and publiched for cach aireraft model in
naval use. The manual for a particular aireraft
model consists of a series of individual publica-
tions, cach dealing with a definite phase of the
overall operation or maintenance program. As
indicated in the preceding discussion, aircrafl
manuals fall into the 01 - series category, and
manuals pertaining to a particular model may be
identified by an alphanumeric designator imme-
diately following the 01 -

01 - Series Manuals

Aircraft  technical manuals are of several
different types. some of which are of extreme
importance to 1l ¢ maintenance technician in the
routine performance of his normal duties, These
types are discussed in some  detail in  this
chapter. Manuals of some other types are of

P



o

Chapter 2 PUBLICATIONS., DRAWINGS, AND SCHEMATICS

limited importance to avionics personnel, and
are discussed only briefly.

Using the previous example of manual desig-
nation, the aircraft model to which a manual
applies may be determined from Part 1l of the
designator. The numbers are coded to indicate
the specific manufacturer, and the letters indi-
cate the particular aircraft model.

GENERAL AIRCRAFT MANUALS. -The
01-1 series manuals do not apply to specific
aircraft, but present some aspect of construc-
tion, operation, maintenance, repair, or inspec-
tion applicable to many models of aircraft.
Some important examples of this type manual
are NavAir 01-1A-505 (Installation Practices:
Aircraft Electric and Electronics Wiring): NavAir
01-1A-509 (Aircraft Cleaning and Cormosion
Control for Organizational and Intermediate
Maintenance levels).

FLIGHT MANUALS.- Manuals of this class
are identified by the number 1 in Part 1l of the
standard nomenclature. For a given model air-
craft, the complete flight manual usually com-
prises the standard NATOPS manual, pocket
checklist, and classified supplements. Although
this series is of primary interest to the pilot and
aircrew. much of the information is of general
interest to all personnel concemed in any
manner with that aircraft. One section of special
interest to avionics personnel is the functional
operation of the electronics equipment installed.

STRUCTURAL REPAIR.-Structural Repair
Manuals (identified by the number 3 in Part 11l
of the standard nomenclature) usually comprise
two manuals. The -3-1 manual is for use by
organizational and intermediate level mainte-
nance activities, while the -3-2 manual is for use
by depot level maintenance activities. These
manuals prescribe procedures and methods for
making repairs to structural components of the
aircraft.

MISCELLANEOUS MANUALS.-Although
the contents of most other aircraft manuals are
standardized, the numbering system is not.
Some typical examples are the Special Weapons
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(for guided missile and target aircraft), Source
Coded Data, Component and Shop Repair Data.
etc. Some aircraft have only a few manuals of
this type: others have marly.

Maintenance Instructions
Manual (MIM)

For this type manual, Part 11l of the standard
designator is the number 2. The MIM comprises
a variable number of individual publications,
each dealing with some portion of the overall
maintenance effort for the applicable model
aircratt. The MIM (formerly called Handbooks
of Maintenance Instructions) provides informa-
tion concerning the location. function, opera-
tion, removal, installation, testing. adjusting, and
troubleshooting of components. Maintenance
methods recommended are concerned with pro-
cedures such as those which can be performed
by an operating squadron.

These manuals provide the technician with an
invaluable aid in locating equipment compo-
nents and interconnecting cables in the aircraft,
and for inspection purposes us well as trouble-
shooting.

Before attempting any new task on an air-
craft, the Maintenance Instructions Manual for
that particular aircraft should be consulted. By
proper use of this manual, possible damage may
be prevented and much time may be saved.
Recommended maintenance methods are con-
cemed with procedures which can be accom-
plished by operating units, and include a Quality
Assurance Summary, which indicates the mini-
mum quality control inspection requirements
for each maintenance task.

In the past, these manuals were issued as a
single complete unit. They were arranged so that
the pertinent sections could be removed and
kept available in the shop. At present, the
separate sections of these manuals are being
issued as separate publications under individual
identifying numbers. This facilitates procure-
ment, storage. filing, and use of specific parts of
the manual by maintenance personnel.

Avionics maintenance personnel are con-
cemed most often with the sections covering
electrical and electronic systems. radio and
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NUMBER BREAKDOWN. Part IV of the
stundard designator for an aircraft Maintenance
Instructions Manual indicates the subject con-
tent of the manual. This designator may consist
of a single number, a number and decimal, or
even a number with double decimals, as required
to break down the information safliciently. Due
to the difterences in operational usage of various
maodels of aircraft, this system cannot be stan-
dardized completely. However, the following
partial listing is typical for mary of the new
atrenatt:

-2 Airframe Maintenance Instructions Manual

0 Maintenance Planning Data (For some

models of aircraft, this data is contained in
a -100 publication rather than in -2-0.)

-1.1 General Information and Servicing

-1.2 Corrosion Control and Decontamination

-) Aidrame Systems

-3 Powerplant and Related Systoems

<4 Instrument Systems

-5 FElectrical Systems

-5.1 Electrical Power Supply System

-5.2 Lighting System

-6 Electronic Systems

-7 Armament and Reluted Systems

-8 Airbome Misstle Control Systems

- Systems Integration

-10 Wiring Diagrams

-10.1 Wiring Data Diagrams

-10.2 Wiring Data Repair

Each category may be broken down into
single or double decimal subdivisions as the
occasion requires,

MANUAL BREAKDOWN. The typical vol-
ume of the MIM contains six sections as follows:
Section 1 Introduction. Provides a general
description of the manual, including the scope
of coverage, format, and arrangement of the
included information. It contains listings of

. applicable publications and technical directives

required by operating activities pertaining to the
specific model aircraft or equipment covered in
the manual.

Section H--Description and Operation. In-

-~ cludes a physical description of the aircraft or

equipment covered by the manual. It includes a
detailed listing of components, with separate
tables for equipment components, tube and

r_Jn_zmistm complements, and fuses and ciscuit

[——9N
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breakens. For oquipments, this section also
incorporiates detailed information regarding in-
put and output characteristios and requirements
and operating instructions. Also included is 2
briet discussion on the theory of operation,
definition of terms, explanation of terms and
symbols, simplitiecd and partial functional dia-
grams, and built-in test features.

Section {11 Organization Maintenance (Line
and Hangar). Presents information on testing
and operational checks on the vanious systems or
components covered in the manual. It includes
such information as a tools and equipment list,
manpower requirements, and test procedures
(with pertinent notes, wamings, and cautions),
In addition. this section includes system trouble.
shooting charts for installed equipment, and
instructions for removal and installation of the
equipment.

Sections 1V and V  Intermediate Maintenance
(Component Repair) (Section V is not always
included.) Some manuals combine all functions
of maintenance into a single publication: others
have various breakdowrs. When this level of
maintenance is included. the detailed contents
parallel those of Section IV. except that the
procedures for individual components (rather
than the complete unit ), are discussed.

Section VI Diagrams, Contains the complete
set of wiring and schematic diagrams for those
units covered in the manual.

Hustrated Parts Breakdown (IPB)

The lustrated Parts Breakdown normally
consists of several individual manuals: one for
cach major functional element of the aircraft,
and a final volume which is an index. It is
identified by the -4 following the aircraft desig-
nation in the standardized publication identifica-
tion system. It is useful in the procurement,
requisitioning, storing, issuing, and identification
of new or reclaimed parts.

It can also be used to determine the exact
part or item required for replacement in a repair
situation. It can also be used as a guide in
reassembly of units which have been disassem-
bled for testing, cleaning. or repair.

The separation of the IPB into its separate
manuals does not necessarily follow the same
order as the MIM breakdown: however, the type
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information available is consistent for nearly all
IPB's.

MANUAL BREAKDOWN. With the excep-
tion of the Index volume, cach volume of the
IPB 1ollows generally the same format. 1t is
divided into two sections Introduction and
Group Assembly Parts List,

Scction § Introduction. Contains specific de-
tailed instructions for use of the particular IPB
and the set to which it belongs.

Section 11 Group Assembly Parts List. Pro-
vides neference and identification data for the
various assemblics and subassemblies within the
scope of the manual. For cach assembly and
subassembly. the data consist: of a diagram and
table. (Sce figs. 2-1 and 2-2)) The diagram
indicates the location and general appearance of
the item and provides clues tfor assembling.

Inserts A, B. C, and D illustrate items which
are fumished as subassemblies of the major item.
In the “description™ column of the table, note
the progressive indentations. The first entry is
the complete assembly. and is begun lush at the
feft. Index numbers | through 15 refer to
individual items of material which are parts of
the assembly, and are indented one space. Index
numbers 16 through 30 are bits and picces of
subassembly D and anre indented two spaces.
Further disassembly would be indicated by
additional breakdown of one of the subassem-
blies. and the parts descriptions would be
progressively indented in the table.

Note also the system used to identify attach-
ing parts. Index number 9 is a cover, and the
attaching parts arce indexed as 10 and 11, This
shows that these two items are used separately
to + wch 9 to the assembly. Sometimes a screw,
wash.r. and nut (set) will be listed as a single
item having a single index number. In these
cases, the individual parts are still identified and
described in the table. An example of this is
index number 15. In each case, the words
“attaching parts” preceded and followed by
slant marks are inserted in the table immediately

the item they are used to attach.

The table fumishes the details regarding the
bits and pieces which make up the unit. It is
divided into five columns.

Column 1 gives the figure and index number,

_ This number is a three-part sequence with

17

hyphens separating the parts, The first part
references the volume or major subdivision of
the IPB. The second part indicates the number
of the figure referenced. The third part indicates
the callout number of the specific picce to
which the other information pertains. The first
entry always indicates the complete subassem-
bly. and does not normally include the third
part of the sequence.

Column 2 gives the part number for the
specific item. This part number is used in
conjunction with the Index volume of the IPB
for stock number identification.

Column 3 Description. Provides the item
name. manufacturer's code number tidentifiable
in the vendor's listing included in Section 1),
specification  drawings. additional breakdown
reference figures, and other pertinent data.

Column 4 Units Per Assembly. Specities the
total number of a given item in a single
assembly.

Column § Usable on Code. When a specific
item is used on certain aircraft of a given moxel,
and a different item is used on other aircraft of
the same hotel, this column is used. When all
modcls use the same item. this column is feft
blank. The coding is explained in the Introduc-
tion. Scction 1.

The first figure of each volumnn is normally of
the aircraft, showing the location of the major
items of the aircraft. The callout numbers are
referenced in the accompanying table, and are
crossindexed with the applicable IPB figure
number: this table gives no details except the
title of the item or assembly. This figure and
table are actually included in the Introduction,
Section 1.

INDEX BREAKDOWN. The Index volume
of the IPB comprises three sections—Introduc-
tion, Numerical Index, and Reference Designa-
tion Index.

Section [-Introduction. Contains details on
the contents and armangement of the volume.

Section H-Numcrical Index. Consists of a
numerical index containing all items listed in the
Group Assembly Pants Lists of the preceding
volumes. It is divided into two parts: The first
part lists all the contractor part numbers, and
the second part lists all the standard and vendor
part numbers. Each part of the section is divided
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mto five columns: Part Number, Federal Stock
Number. Volume Figure and Index Number,

Source  Code, and  Accountability/ Recovery
Code.
Section 1 Reference  Designation  Index.

Provides @ cross neferenee between the Refer-
ence Designation Number assigned to cach item
of electrical, electronies, or mechanical equip-
ment and the part number for cach such item.
Reference designation numbers for each of the
tems of equipment are determined from the
applicable section of the MIM.

USING THE IPB. In order to derive maxi-
mum benefit from maintenance functions. cer-
tain recornds and reports must be compiled. The
requirements for these vary somewhat in dif¥er-
ent type squadrons and in different arcas. The
reports and records required in each activity are
determined by the maintenancee supervisor as
one of his administrative duties. One type report
that is univerally required is the Unsatistactory
Material 'Condition Report. This and other re-
ports and records require details concerning
parts that have failed or that have been replaced
for any reason. These details are available from
the IPB. The procedures for locating the infor-
mation depends on what is known about the
part and what data s required. as shown in the
tollowing discussion:

1. When the part number is not known,
determine the function and application of the
part, Tum 1o the Table of Contents of the IPB
volume containing the affected equipment or
svstem and select the title that scems most
appropriate. Note the illustration pags number.
Tum to the page indicated and locate the
desired part on the illustration. From the illus
tration, obtgin the index (callout) number as-
signed to the part. Refer to the accompanying
description for specific information regarding
the part. (I the Federal Stock Number is
desired. next refer to the Index volume of the
IPB. Locate the part number and note the FSN.)

2. When only the part number is known,
refer to the Numcerical Index, Locate the part
number and note the figure and index number
assigned to the part. Tum to the figure indi-
cated. and locate the referenced index number.
If a pictorial representation of the part or its
location is desired. refer to the same index

number on the accompanying illustration, it the
FSN i desired. it may be determined directly
from the Index volume by locating the part
number.

3. When only the neference designation is
known, nrefer 1o the Reference  Designation
Index. Locate the reference designation and
note the figure and index number and the part
number assigned. Tum to the figure indicated
and lovate the index number. it a pictorial
representation of the part. or its location is
desired. refer to the indes number shown on the
accompanying illustration,

Periodic Maintenance
Requirements Manual (PMRM)

Periodic maintenance requirements for a par-
ticular model aircrafl are contained in the 0
scries of publications for that model aireraft.
The series includes (in addition to the Periodic
Maintenance Requirements Manuah) the cards
and charts used to plan and control the progress
of work in scheduled maintenance actions. They
provide step by step procedures for performing
the minimum inspections required for cach type
of scheduled maintenance action.

EQUIPMENT MANUALS

Most items of clectronios equipment or test
cquipment commonly used in naval aviation are
covered by a manual or a series of manuals,
These manuals are usually prepared by the
contractor and distributed by the Naval Air
Systems Command.  Standardization has  not
progressed 1o the same extent as it has in the
dircraft manuals: however, some generalizations
hold true for most manuals of this group,

08- Series

Manuals of this category usually apply to
older cquipments which still may be in use. The
OR- series is at present undergoing a complete
reorganization and is being combined with the
16- series for electronics equipment.

16- Series

Manuals of this series ane identified by a
numbering system similar to that used with the
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Fable 2-2. lo-Scries breakdown,
Subseries [ Classification
o - - me—
1 " General
5Q Radiv
5§ | Redar
30 Joint Nomenclature Radio Equip-
ment
35 ~ Joint Nomenclature Radio Com=
punents
40 Signal Corps Nomenclature Equip=-
ment
45 Commercial British and Navy
Radio Equipment
50 Automatic & Semiautomatic Elec~
E tronic Checkout Equipment
55  : Radio, Radar, Electronic, and

Spare Parts Lists

aireratt manuals, consisting of 4 three-part desig-
nation following a prefix, The prefix and the
Part | sene the same purpose and follow the
same rules as outlined in the preceding section.
Parts It and 11 ane not completely standardized
except for subsections 30 and 35, The subdivi-
sions of the 16- series are listed in table 2-2.

GENEFRAL. The 16-1 Series manuals include
several publications of many types. the contents
of which do not permit inclusion in any other
subseries. They include :manuals pertaining to
general maintenanee practices, training manuals,
design guidance data, e¢te. Some of these man-
uals have heen individually referenced in this
chapter: some others are referenced in the
current indeses of publications.

RADIO AND RADAR. Manuals of the 5Q

and 88 subseries pertain to older oquipments
and the manuals do not conform to present
standardization format. They include miscellune-
ous openttion and maintenance data for radio
and radar equipments,

JOINT NOMENCULATURLE RADIO EQUIP-
MENT. Manuals of this subseries normally ap-
pear in the standard format. Part 1f of the
identifying designator specifies the equipment to
which the manual applies: Part HI specifies the
type manual, Although Part 1 is not complete-
Iv standardized. the number refers to the follow-
ing type manuals:

Opcration Instructions

Service Instructions

Overhaul Instructions

fustrated Parts Breakdown
Many smaller and less complicated cquipments
combine two or more of these manuals into one
volume. but cach of the above manuals will be
discussed separately in a later section of this
chapter.

OTHER SUBSERIES. Manuals of the 35§
stthseries are basically the same as those of the
30 subseries. except that they deal with compo-
nents rather than complete equipments. Manuals
of the 40, 45, 50. and 55 subseries cannot be
readily identified as to equipment applicability.

Equipment Nomenclature System

The Joint Communication - Electronic No-
menclature System (CAN" System), formerly
Anown as the Joint Army-Navy Nomenclature
System, is designed so that its indicators will tell
at @ glance many things pertinent to the item.
For example, it tells whether the item is a set or
a component. and such other information as
where it is used, the kind of equipment, and its
purpose.

An indicator for a complete set begins with
the letters AN, This is followed by a slant bar
and a threeletter group. The three letters of the
sceond group give the general nature of the
installation, the type of equipment, and the
purpose of the equipment, respectively. Follow-
ing thg threedetter group is a number which
indicates the specific modet of the equipment.
An example of the basic designation is
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AN/ARC-38. As can be seen in table 2-3, the
letters following the slant bar mean airborne
nidio communications,

When the system just described is applied to a
unit of the complete set. the designation is
formed by rneplacing the letters AN with a
letter-number group which indicates the type
and model of the unit in question, For example,
a control unit used with the AN/ARC-38 is
designated C-1398/ARC-38. The fetter C is an
indicator letter which in this case means control.
The number following C indicates the specific
maodel of control box. Table 24 presents com-
monly used unit indicator letters that are used in
the letter-number group.

Operation Instruction Manual

Operation Instruction Manuals cover the oper-
ation of specific equipments and the necessary
checks and adjustments required for optimum
performance. These instructions are  written
from the equipment operator’s viewpoint and do
not include all data vital to the maintenance
technician.

Service Instruction Manual

The Service Instruction Manual contains in-
formation on maintenance and usage of specific
equipment. it provides instructions for alining.
maintaining. troubleshooting, and repairing the
equipment. as well as concise tabular data on
fuses, power drain, number of units, ete. Be-
cause of the quantity and complexity of the
material involved. the manual is divided into
several sections.,

Section 1. Description and Leading Particu-
lars, give. a description of the equipment and
the general principles of its operation. Included
in the section is information on the interchange-
ability of components and any special electrical
or mechanical characteristics of the system or
components.

Section Il Spevial Test Equipment and Spe-
cial Tools, lists all necessary special test equip-
ment and tools (including test racks) which are
used for complete bench testing of the system or
the components. Any instructions necessary for
modifying the test equipment for special use or

for the fabrication of a special test harness are
also found in this section.

Section ., Preparation for Use and Reship-
ment, is divided systematically, showing the
method by which the equipment should be
handied from the time it is reccived until it is
ready for use by the operator. The section
contains general information on uncrating and
assembling the equipment on the test bench or
in the aircraft, removing it from the aircraft, and
recrating it for shipment. Detailed descriptions
of cable fabrication and the connections of
cables to the components are also included.
Applicable data on any checks and adjustments
required during instalfation of the equipment is
found in this section.

Section IV, Theory of Operation, presents a
general description of the equipment first, and
this is followed by the detailed explanations of
the individual circuits. The general description is
usually given from the viewpoint of circuit
development (see the discussion later in this
chapter conceming drawings and schematics).
and block diagrams are used to trace the
development path. The function of each unit is
explained, as well as its relationship to other
units in the cquipment.

Section V. Organizational and Operational
Maintenance, provides the instructions essential
for the maintenince of the equipment by
organizational maintenance personn-l, and indi-
cates the level of maintenance aciy sties desig-
nated to perform it. Included are the preopera-
tional and daily inspections and tests, the
bench-test procedures, and the troubleshooting
methods to be used by these activities. Each
performance procedure in this section includes
instructions essential for the proper use of test
cquipment in diagnosing a trouble within a
specific equipment.

Section VI, Field Maintenance. includes the
instructions required for servicing the equipment
at the field maintenance levels. In addition to
alinement and parts removal procedures, infor-
mation is given for checking component func-
tions by means of performance checks. Also
contained in this section are systematic trouble
isolation procedures which assist in localizing a
defective part or component to a circuit or
group of circuits, depending upon the nature of
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Table 2-3.--Set indicator letters.

First letter

(Designed instaliation classes)

Second letter
(Type of equipment)

Third letter
(Purpose)

A - Piloted aircraft

B - Underwater mobile,
submarine :

C - Air transportable (inac-
tivated, do not use)

D - Pilotless carrier

F -~ Fixed ground

G - General ground use

K - Amphibjous

M - Ground, mobile

P - Portable

S - Water surface

T - Ground, transportable
U - General utility

V - Ground, vehicular

W - Water surface and
underwater combination

A - Tnvisible light, heat
radiation
B - Pigeon (do not use)
C - Carrier
D - Radiac
E - Nupac
*F - Photographic
G - Telegraph or teletype
I - Interphone and public
address
J - Electromechanical or
Inertial wire covered
K - Telemetering
L - Countermeasures
M- Meteorological
N - Sound in air
P - Radar
Q - Sonar and underwater
sound
R - Radio
8 - Special types, magnetic,
etc., or combinations of
types
T - Telephone (wire)
V - Visual and visible light
W- Armament (peculiar to
armament, not otherwise
covered)
X - Facsimile or television
Y - Data processing

.,

A - Auxiliary assemblies (not
complete operating sets used
with or part of two or more
sets or sets series)

B - Bombing

C - Communications (receiving
and transmitting

D - Direction finder, reconnais-
sance, and/or surveillance

E - Ejection and/or release

G - Fire-control, or search-
light directing

H - Recording and/or reproduc-
ing (graphic, meteorological
and sound)

K - Computing

L - Searchlight control (inacti-
vated, use G)

M - Maintenance and/or test
assemblies (including tools)

N - Navigational aids (including
altimeters, beacons, com-
passes, racons, depth,
sounding, approach, and
landing)

P - Reproducing (inactivated,
use H)

Q - Special, or combination of

purposes

R - Receiving, passive detecting

8 - Detecting and/or range and
bearing, search

T - Transmitting

W - Automatic Flight or remote
control

X - Identification and recogni-
tion

. *NOTE: Not for U.S. use except for assigning modification letters to previously type-designaied

items.

By

23
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Yy

Cm.np
Ind

AB

AM

AS

-

!
!

i
{

*AT
BA
BB -
BZ
© Controls
CA

- Capacitor bank
CG

C

cB

CH

CK

CM

Table 24, Unit indicator letters.

Fami!y‘
Name

Supports, antenna
Amplifiers

Antennae, simple and complex
Antennae, simple

Battery, primary type

Battery, secondary type

Signal devices, audible
Commutator assemblies, sonar

Cable assemblies, R-F

Chassis, drawer, door

Crystal kits

- Comparators
CN

cp

98 33773 3pY 9

Compensators

Computors

- Crystals

Couplers
Converters (electronic)

. Covers

———

P ' Ground rods

Cable assemblies, non-R-F
Cases and cabinets

Dispensers
Load, dummy
Detecting heads

Dynamotors
Hoists

Filters

Furniture

Froquency measuring device
Generators, power

Gonlomoiers

-

ettt o m———— 4 a4 -

Example of use (Not to be econstrued as limiting
the application of the unit indicator)

Antenna mounts, mast bases, most sections, towers, ete.

Power, audio, interphone, radio frequency, video,
electronic control, cte.

Arrays, parabolic type, masthead, whip or telescopic
loop, dipole, reflector, etc.

For new assignments use AS.

B batteries, battery packs, etc.

Storage batteries, battery packs, etc.

Buzzers, gongs, horns, etc.

Control box, remote tuning control, etc.

Peculiar to sonar equipment.

Used as a power supply.

R-F cables, wavepuides, transmission lines, ete., with
terminals.

A framework designed to accept plug-in modules. May
include circuitry and/or receptacies. Does nol in-
clude the plug-in module(s). It is not a storage facil-
ity or blank chassis.

A kit of crystals with holders.

Compares two or more input signals.

Electrical and/or mechanical compensating regulating
or attenuating apparatus.

A mechanical and/or electronic mathematical calculat-
ing devico.

Crystal in crystal holder.

Impedance coupling devices, directional couplers, etc.

Electronic apparatus for changing the phase, frequency,
or from “one® medium to “ancther.”

Caver, g, roll, cap, radome, nacelle, etc.

Non-R-F cables with termirnals, test leads, also com-
posite cables of R-F and non-R- F conductors.

Rigid and semirigid structure for enclosing or carrying
equipment.

Chaff, leaflet, flarc, napalm, bomblet, etc.

R-F and non-R-F test loads.

Magnetic pickup device, search coil, hydrophone, etc.
(see R-F). .

Dynamolor power supply.

Sonar hoist assembly, ete.

Bandpass, noise, telephone, wave traps, etc.

Chairs, desks, tables, etc.

Frequency meters, tuned cavity, etc.

Electrical power generators without prime movers, (see
PU and PD).

Gonjometers of all types.

Ground rods, stakes, ete.




iy

Chapter 2 PUBLICATIONS, DRAWINGS. AND SCHEMATICS

Table 24. - Unit indicator letters - Continued.

Comp

MU

*+*0QA

**0B

**OF
*+OF
*e0QG
*SOH
“*Q0J
*+*OK
s20L,

" Indicators, noncathode-ray tube

-

-

Family
Name

Head, hand, and chest sets
Crystal holder
Eavironmental apparatus

Insulators
Intensity measuring devices

Indicators, cathode-ray tube
Junction devices
Keying devices

Tools, line construction
Loudspeakers

Microphones

Magazines

Modulators, demodulators,
discriminators

Meters

Magnets or magnetic field
generators
Miscellaneous kits

Meteorological devices
Mountings
Miscellaneous

Memory units
Oscillators

Miscellaneous groups

Multiplexer and/or
demultiplexer groups

Ocenographic devices

Indicator groups

Antenna groups

Adapter groups

Amplifier groups

Simulator groups

Consoles and console groups

Control groups
Data analysis and data pro-

cessing groups

Example of use (Not to be construed as limiting
the application of the unit indicator)

Includes earphone.

Crystal holder less crystal

Heating, cooling, dehumidifying, pressure, vacuum
devices, etc.

Calibrated diais and meters, indicating lights, etc.
(see IP).

Strain, standoff, feed-through, etc.

Includes SWR gear, field intensity and noisc meters,
slotted lines, etc.

Azimuth, elevation, panoramic, etc.

Junction, jack and terminal boxes, etc.

Mechanical, electrical and electronic keyers, coders,
interrupters, etc.

Includes special apparatus such as cable plows, etc.

Separately housed loudspeakers, intercommunication
station.

Radio, telephone, throat, hand, etc.

Magnetic tape or wire, etc.

Device for varying amplitude, {requency or phase.

Multimet ers, volt-ohm-milllammeters, vacuum tube
voltmeters, power meters, etc.

Magnetic tape or wire eraser, electromagnet, perma-
.nent magnet, etc.

Maintenance, modification, etc., except tool and crystal
(see CK, TK).

Barometer, hygrometer, themometer, scales, etc.

Mountings, racks, {rames, stands, etc.

Equipment not otherwise classified, includes subassem-
blies. Do not use if better indicator is available.

Memory units.

Master frequency, blocking, multivibrators, etc. (for
test oscillators, see SG).

Groups not otherwise classified. Do not use if a more
specific indicator, such as OD, OE, OG, etc., applies.

Multiplexer groups, demultiplexer groups, composites
thereof.

Bathythemographs, etc.

All types.

All types.

All types,

All types.

All types.

All types.

All types.

All types.

28
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4

-

**OM ;| Modulator and/or demodulator ' Modulator groups, demodulator groups, composites

Table 24. Unit indicator letters- -Continued.

Family

Comp !
_Name

#
i
+

! groups
**ON . Interconnecting groups
++0p | Power Supply groups

**OQ | Test Set groups
**OR | Receiver groups
08 : Oscilloscope, test

**OT | Transmitter groups
**OU Converter groups
**OV  Generator groups
**OW Terminal groups
**OX Coder, decoder, interrogator,
transponder groups

**OY - Radar Set groups
**0Z Radio Set groups

PD ' Prime drivers

PF  Fittings, pole

*PG  Pigeon articles

*PH - Photograghic articles

PL  Plug-in modules

PP Power supplies

PT . Plotting equipments

PU Power equipments

R ; Receivers

RC . Reels

RD | Recorder-reproducers

RE , Relay assemblies

RF | Radio frequency component
RG | Cables, R-F, Bulk

RL ! Reeling machines

RO | Recorders

RP | Reproducers

RR | Reflectors

i
!
i
1
i

Example of use (Not to be construed as limiting
the application of the unit indicator)

thereof.

All types.

All types.

All types excluding power generating equipment.
Telegraph, telephune, radio, etc.

| All types,

{ Do not use if a more specific indicator, such as OE, OR,

.
!
I
i

OT, etc., applies.

; Do not use if a more specific indicator, such as OE, OR,

OT, etc., applies.

- Gasoline engines, electric motors, synchros, diesel

motors, etc.

Cable hanger, clamp, protectors, etc.

Container, loft, vest, etc.

Camera, projector, sensitometer, etc.

Plug-in modules not otherwise classified. Do not use if
more specific indicators, such as AM, R, T, apply.

Nonrotating machine type suchas vibrator pack rectifier,
thermoelectric, etc.

Except meteorological. Boards, maps, transparent
maps, plotting table, etc.

Rotating power equipment except dynamotors, motor-
generator, etc.

Receivers, all types except telephone.

All types (see RL).

Sound, graphic, tape, wire, film, disc, facsimile, mag-
netic, mechanical, etc.

Electrical, electronic, etc.

Composite component of R-F circuits. Do not use if
better indicator is available.

R-F cable, waveguides, transmission lines, etc. without
terminals.

Mechanisms for dispensing and rewinding antenna or
field wire, recording wire or tape, etc.,

Sound, graphic, tape, wire, film, disc, facsimile, mag-

netic, mechanical, ete.

Sound, graphic, tape, wire, film, disc, facsimile, mag-
netic, mechanical etc.

Target, confusion, etc., except antenna refiectors
(see AS).
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-Comp‘
RT

SA
SB

SM
SN

Su

TA
TB
TC
TD

TF
TG
TH
TK
TL
TN
TR

TV

K]

;] (B383383° &% 4
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Table 2-4. - Unit indicator letters-Continued.

| Family
Name

Receiver and transmitter

Shelters

Switching devices
Switchboards
Generators, signal
Simulators
Synchronizers
Straps

Optical device

- Transmitters

Telephone apparatus
Towed body

Towed cable

Timing devices

- Transformers
" Positioning devices

Telegraph apparatus
Tool kits

Tools

Tuning units
Transducers

Test items

Teletypewriter and facsimile
apparatus

Tester, tube

Tapes and recording wires

Connectors, audio and power
Connactors, R-F

Vehicles

Signaling equipment, visual
Cables, two-conductor
Cables, four-conductor
Cables, multiple-conductor
Cables, single-conductor
Cables, three-conductor
lmpedance measurlng devices

JERERURIY SRS

Exam;)le of use (Not to be construed as limiting
the application of the unit indicator)

Radio and radar transceivers, composite transmitter
and receiver, etc.

House, tent, protective shelter, etc.

i Manual, impact, motor driven, pressure operated, etc.

’ Telephone fire control, power, panel, etc.

| Test oscillators, noise generators, etc. (see O)

i Flight, aircraft, target, signal, etc.
Equipment to coordinate two or more functions.

! Harness, straps, etc,

'Telescopes periscopes, projectors, and boresigh.mg

| scopes.

l'rransmitters, all types, except telephone,

, Miscellaneous telephone equipment.

lBuoy, fish, paravane, target, eic.
Articulated towing strut, faired cable, etc.
- Mechanical and electronic timing devices, range device,

multiplexers, electronic gates, etc.

: Transformers when used as separate items,

i Tilt and/or train assemblies.

: Miscellaneous telegraph apparatus.

| Miscellaneous tool assemblies.

‘ All types except line construction (see LC).

"Receiver, Transmitter, antenna, tuning units, etc.

: Magnetic heads, phonopickups, sonar transducers,
vibration pickups, etc. (see H, LS, and M).

Test and measuring equipment not otherwise included;
boresighting and alignment equipment.

Miscellaneous tape, teletype, facsimile equipment, ete.

Electronic tube tester.

Recording tape and wire, splicing, electrical insulating
tape, etc.

Unions, plugs, sockets, adapters, etc

Unions, plugs, sockets, choke couplings, adapters, el-
bows, flanges, etc.

Carts, dollies, trucks, trailers, etc.

Flag sets, serial panels, signal lamp equipment, etc.

Non-R-F wire, cable and cordage in bulk (see RG).

Non-R-F wire, cable and cordage in bulk (see RG).

Non-R-F wire, cable and cordage in bulk {(see RG).

Non- R-F wire, cable and cordage in bulk (see RG).

Non-R-F wire, cable and cordage in bulk (see RG).

Used for measurtngQ, C‘L, R, or PF, ete

*NOTE: Inactivated for U 8. use except for assigning modifcation letters to previously type-

designated items

**NOTE: Collection of items part of or used with one set or set series.
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the equepment. Fach performance procedure in
thiy section ancludes instructions essential tor
the proper use of the test equipment in diagnos-
ing & trouble within a specific equipment.

Scetton VI, Diagrams, is described fater in
this chapter. under the heading, **Drawings,
Schematios, and Charts”

Scetion VHEL Diftference Data Sheets, may be
added when required) to provide information
on unproved or maoditicd maodels of the original
vygupment,

Overhaul Instruction Manual

Fhe Ovechaul Instruction Manual provides
detatled information for overhauding the clec-
tronies eqatipment and/or component. This in-
cludes such procedures as disassembly, cleaning,
repair, recalibrution, testing, and any other steps
necesary  for complete overhaul, The manual
also includes a tabulated list of test equipment
recommended for overhaul, 1t is jssued primarily
to overhaul activities because the nature of the
work described is usually beyond the capacities
and tacilities of ficld maintenance activitios,

Hlustrated Parts Breakdown

The Hlustrated Parts Breakdown for equap-
ments s similar in format, purpose, and usage to
the IPB for aircraft as previously discussed.

Combined Manuals

Frequentiv. especially for components and
small items of electronics test equipment, two or
more of the above manuals are combined into a
single publication. In most of these cases, the
general matenal content may be determined
from the title. but the arrangement of sections
within the manual will vary with the individual
publication.

REVISIONS

In an effort to provide maintenance activities
with the latest and most accurate information
possible, the Naval Air Systems Command has
instituted a program of continuous review and
frequent revision of technical publications and

manuals. These revisions are classed as format or
intormal.

FORMAL revisions are printed and  distrib-
uted as a new manual or as a partial replacement
on a page-by-page basis. Formal revisions are
reflected in  the cumulative supplement to
NavSup publication 2002. INFORMAL revi-
sions include changes authorized by other means
such as messages, notices, fetters, or periodicals.
They are normally “pen-and-ink™ type changes.

Incorporation of Revised Material

When making a pen-and-ink change to any
official publication or directive. e sure to
record the source of the corrected material or
the authority for the change. In this manner,
subsequent usens of the document will know
that the change is official and also where to look
for additional details. Eliminating the contusion
which results from too much information, some
of which may b incorrect, will make the
document much more valuable as a tool for
maintenance,

When making a substitute page type revision
to a manual, be sure to double check that all
instructions forwarded with the change copy are
complicd with. These instructions nomually in-
clude the removal of certain pages. and substitu-
tion of other pages in their place. Be sure that ail
canceled pages are removed and disposed of in
the proper manner, and that all pages not
canceled are retained in their proper sequence.

When making a revision of any type to any
official document, record the data concerning
the number of the change, authority, date of the
incorporation of the revision, and the name or
initials of the person making the incorporation.
In most technical manuals, a special page is
included for this purpose.

Reporting of Errors in Manuals

As g part of the program to improve the
quality and accuracy of its technical manuals,
the Naval Air Systems Command has initiated a
program for encouraging users {0 report errors
and discrepancies. At the time of this writing,
the program applies only to certain specified
types of manuals: however, it is expected that
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the program will be expanded in the near future
to include all technical manuals. The basic
reporting document is the Unsatisfactory Materi-
al/Condition Report (UR), OpNav 4790/47.

SPECIFICATIONS

A specification is a minutely detailed descrip-
tion or designation of the characteristics, partic-
ulars. values, or tolerances which must be met
by a product or process.

The technician is concerned with specifica-
tions every time he performs an inspection,
calibration, adjustment. operation, or repair on
any unit of clectronic equipment. In order for
the aquipment to fulfill its purpose. it must
opexate in a specified manner it must meet
definite requirements of sensitivity, power out-
put, timing, phase. frequency, signal character-
istics, ete. Specifications for a particular unit are
found in the operation and inspection mantals
and procedures for the applicable aircraft or
oquipment,

Failure of an item of clectronics equipment to
meet its specifications will prevent the aircraft
from performing at its maximum capability.
This condition calls for the removal, adjustment,
repair. or calibration of the defective unit, To
insure that all equipments are operating within
the tolerances allowed in the specifications,
operational inspections must be performed at
frequent intervals. and in a precise and thorough
maniner. ]

Federal Specifications

Federal specifications are prepared under the
direction of and promulgated by the Administra-
tor of General Services, and apply to items in
general usage by governmental agencies.

Military Specifications

Military specifications cover materials, prod-
ucts, or services used predominantly by military
activities, but which may be used by other
federal agencies. These specifications are issued
and promuigated by the Office of Standardiza-
tion. Defense Supply Agencics.

2

Standards

A standard is a reference or a sampke set up or
ostablished by competent authority to he used
as a guide for comparison or evaluation

The technician is constantly involved with
standards. Every time he measures voltages in a
circuit, he is comparing the potentials in that
particular circuit with the standard volt, Every
time he reads a schematic or block diagram, he
recognizes the standard symbols used in the
drawing. Every time he reads an explanation of
the theory of operation for a circuit. he recog-
nizes and understands the meaning of standard
terms. When he replaces a defective resistor or
capavcitor, he installs a standard item.

Standards make possible the rapid. clear, and
concise communication of facts, ideas, and
information: without standards. modern tech-
nology would be impossible.

FEDERAL STANDARDS. -Federal standards
are documents that establish engincering and
technical limitations for items, materials, pro-
cosses, methods, designs, and engineering prac-
tices. These documents are for general use by
governmental agencics.

MILITARY STANDARDS. Military stan-
dards are documents that establish engincering
and technical limitations and applications for
items, materials, processes, methods. designs. .
and engineering practices. These documents are
intended primarily for use by agencies of the
Department of Defense.

INSTRUCTIONS AND NOTICES

The Navy Directives System is used through-
out the Navy for the issuance of directive type
releases. Some of these prescribe policy, organi-
zation and methods. or procedures: others con-
tain general information, The directives system
provides a uniform plan for issuing and main-
taining directives; conformance is required of all
bureaus, offices. activities, and commands of the
Navy. Two types of releases are authorized
under the plan —Instructions and Notices,

Information pertaining to action of a continu-
ing. nature is contained in Instructions. An
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Instruction has permanent reference vailue and
remans in effect until the originator supersedes
or cancels it Notices contain information per-
taining to action of a onetime nature. A Notice
does not have permanent reference value and
contains provisions for its own cancellation.

For purposes of identification and accurate
filing. all directives can be recognized by the

originator's authorized abbreviation: the type of

release (whether an Instruction or Notice): a

subject classification number: and. in the case of

Instructions only, a consecutive number. (Be-
cause of their temporary nature, the consecutive
number is not assigned to Notices.) This infor-
mation is assigned by the originator and s
placed on cach page of the release.

The manner of numbering and identifying
directives can be better undenstond by consider-
ing a typical identifier:

SECNAV

INST 525.1A

(a) (h) ) ()

(a) The authonized abbreviation of the origi-
nator of the directive.

(b)Y The type of release (in this case an
Instruction).

(¢t The subject number of the directive
(obtained from the Table of Subject Classifica-
tion Numbers),

(d) The consecutive number (found only on
Instructions). An originator would assign consec-
utive numbers to those consecutive instructions
with the same subject classification number.,
In the example above, the subject classifica-
tion number 8215 concerns “lssuance Systems™
If the originator. SceNav, issued  additional
Instructions dealing with issuance systems, they
would be assigned the numbers §215.2, 5§215.3,
5215.4, etc. The letter A indicates that this is
the first reissue of the same basic directive.

Subject classification numbers are listed in the
Table of Subject Classification Numbers found
in SecNav Instruction P§210.11. This table
contains a numerical and alphabetical listing of
numbers with their related subjects, and has
reference value when information or instructions
of a particular nature are desired. This Instruc-
tion contains all necessary information concern-

ing the use and procedures of the Navy Diree-
tives System.

TECHNICAL DIRECTIVE SYSTEM

The Technical Directive (T System has
been established for control and issue of all
technical directives. This system standardizes the
method of issuance for such directives and is the
authorized means for directing the accomplish-
ment and reconding of maodifications and one-
time inspections to cquipment procured by and
for the NavAirSysCom. The TD system is an
important element in the programs designed to
maintain equipment in a configuration which
provides the optimum conditions of safety and
operational and material readiness. This system
encompasses (wo types of Technical Directives
differentiated by their method of dissemination.
These two types are Forma detter type) and
Interim (message type). In general terms, they
are both considered as letter type technical
directives. These directives contain instructions
or information of a technical nature which
cannot be satisfactorily  disseminated by revi-
sions of changes to technical manuals. This
information (instructions) is disseminated in the
form of Changes, or in the case of special
circumstances. by Interim Changes or Bulletins,

A formal T is a document issuced as a
Change, or an Amendment or Revision there-
to. and promulgated by letter. Formal techni-
cal directives are used to direct the accom-
plishment and recording of maodifications to
WCAPOnS, wedpons systems, support equipment.,
trainers, and related oquipment and are com-
prised of changes and amendments and/or revi-
sions thereto,

An interim TD is a document issued as a
Bulletin or a Change. or as an Amendment or
Revision thereto, and promulgated by message
to insure expeditious dissemination. The interim
TD is weserved for those instances requiring
expeditious  correction of an operational or
safety condition which embodies risks calculated
to be intolerable within the lead time of a
formal directive or maintenance publication
change, Interim Changes are superseded by a3
formal change directive which will have the same
number as the interim directive, Interim Bulle-
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tin directives are not superseded by formal but
letine as was previously the case. The NavSup
)2, Section VI, Part 1), will still have many
formal bulletine listed until they are eventually
phased out.

A Change is a document containing instruc-
tions and mtormation which directs the accom-
plishment and recording ot a material change., a
repositioning. a maditication, or an alteration in
the charactenstics of the equipment to which it
applies. A Change is issued to direct that parts
be added. removed, or changed from the existing
configuration or that parts or material be al-
tered, relocated, or repositioned.

A Chaige may be issuaed in parts to accom-
phish spevific parts of & total directed action or
to accomplish action on different configurations
of affected equipment. A Change may also be
isucd for Record Pumposes. A Record Purpose
Change is a 11) issued to provide documentation
of a madification which has been completely
incomporated by the contractor or  in-hotse
gotivity in all accepted equipment and which
does not require retrofit or the modification of
repainables in the Navy's possession,

An Amendment is a document comprised of
information which clanfies. comrects, adds to,
deletes from, makes minor changes in require-
ments to, or cancels an existing technical direc-
tive. It is only a supplement to the existing
directive and not a complete directive in itself. A
maximum of three Amendments may be applicd
to g TD. cach remaining in effect until rescinded
or supenseded by a Revision, A requirement for
further amendment action necessitates the issu-
ance of a Revision.

A Revision is a completely new edition of an
existing dincctive. It supersedes the original di-
rective or revision and all existing amendments,

A Bulletin is an interim document comprised
of instructions and information which directs an
initial inspection o determine whether a given
condition cxists, It specifies what action is to be
taken if a given condition is found or not found.

Interim bulletin directives are self-rescinding
with rescission dates of 30 June or 31 Decem-
ber. whichever is appropriate for the case at
hand. Rescission is the process by which TD's
are removed from active files after all require-
ments have been incorporated. Final rescission

action is directed in the TD Index, NavSup
Publication 2002, Section VI, Part D, All
activities maintaining active technical libraries
should maintain the TD's on file until they ane
deleted from the TD Index.

Cancellation of a technical directive is the
process whereby the TD is removed from the
active files when it is determined that a previous-
ly issued TD is not to be incorporated. Cancella-
tion is directed by the issuance of an Amend-
ment to the T, The cancellation explicitly
states the required configuration of cach artick
initially specified for madification: for example,
whether installed maodifications are to remain
instatled or are 10 be removed. cte.

The title subject of a Change or Bulletin will
he one of the following as appropriate:

Airframe

Powerplant

Avionics

Aviation Armament

Support Fquipment

Propeller

Phiotographic

Airborne Weapon

Aircrew System

Accussory

Target Control System

Mcteorological dquipment
EXAMPLES:

Avionics Change No. RSA

J-79 Powerplunt Change No. 27

Air Crew System Change No, 289

A4 Interim Airframe Change No. 261

A-S Interim Airdrame Bulletin No, 111

If the technical directive involves safety of
flight the word “SAFETY"™ will appear immedi-
ately following the title and number.

Technical directives are numbered by two
different methods. Some are numbered consecu-
tively from the heginning of the calendar year
with the last two digits indicating the year of
issue. Thus, a Change or Bulletin designated
47-54 would be the 47th Change or Bulletin of
that type issued in 1954, This type of number-
ing system is no longer being used for identify-
ing new directives. However, those which have
been numbered in this manner and are stifl in
effect are cataloged under this system.

The present numbering system is a4 consecu-
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tn e mumencal apphcation regardloss of the vear
of e For evample, Aviomes Change 204
would he the 204th Avionics Change  issued.
Fhin numbcering svstem has been i effect for
some time and most techmcal dincctives are
cataloged under this svstem,

Fhe numbens asaigned to Changes and Bul-
fetins are provided by the Technical Directives
Control Center, which is located at the Naval
Air Technical Services Facility (NATSE), Phila-
delphia. Changes or Bulletins that have been
ammended will have therr basic number tollowed
by the words “Amendment 1.7 “Amendment 2"
cle. A revised directive will have the basic direc-
tive pumbwer followed with the words *Rev, A
“Rev. B ete., as appropriate to denote the tint,
seond, ete, revision to that basie directive.

Fhe Changes and Bulletins are automatically
distributed to all concerned activitios. Al TD's
are assted by NavAir or NavAirTechSerlaac os-
copt mn cases where the tune delay m obtaining
approval is unaceeptable. In such cases the con-
trofling custodians are authorized to isstue in-
terim TD's to preclude unacceptable risks to per-
sonnel or equipment. The Changes or Bulletins
are generally based on Contractor Senvice Bulle-
tins, other lettens of recommendiation, or pro-
posed madificiations from ficld service activitios,

Directive Categories

Fechnical directives are assigned i@ “category ™
in accordance with the importance and urgencey
of accomplishing the work involved. A category
of Immediate, Urgent, Routine, or Record Pur-
pose isassigned cach technical directive.

The category Immediate Action is assigned o
directives which are issued to correct safety
copditions, the uncorrected existence of which
waottld probably result in fatal or serious injury
to personnel, extensive damage, or destruction
of property. These directives ane identified by a
border of red X's broken at the top center of the
page by the words IMMEDIATE ACTION.

The category Urgent Action is assigned 1o
dircctives which are used to correct  safety
conditions which. it uncorrected. could result in
personnel injury or property  damage. These
directives are identified by the words URGENT
ACTION at the top of the first page and a
border of red disgonals around the cover page.
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Rautine Action directives are those concerned
with cquipment or procedural deficiencies of a
material  mechanical, operational, or tactical in
nature the uncorrected  existence  of  which
could constitute a hazard. They are identified hy
the words ROUTINE ACTION printed at the
top of the cover page.

The category Record Purpose is used when a
madification has been completely incorporated
by the contractor or in-house activity in all
accepted equipmient and when retrofit is not
reguired of repairables in the Navy's possession,
They are identified by the wonds RECORD
PURPOSE printed in black capital letters at the
top center of the fist page.

PERIODICALS

Many periodicals of interest to the technician
are published and issued by naval activities and
commands. A few of the most important are
discussed in the following paragraphs.

Approach

Approach, The Naval Aviation Safety Review,
is published monthly by the U.S. Naval Aviation
Safety Center, 1t is distributed to naval acro-
nautical organizations on the basis of one copy
for cach ten personned assigned. 1t presents the
most accurate information currently available on
the subject of aviation accident prevention, It is
an unofficial publication, and its contents are
not to be considered as regulations. orders, or
directives. 1t shoukd, however, be read cuch
maonth by all aviation personnel.

Naval Aviation News

Naval Aviation News is published monthly by
the Chiefl of Naval Operations and the Naval Air
Systems Command. Its pumpose is to disseminate
information on aircraft, aviation training and
operations, and other acronautical matters, This
publication should be read cach month by all
naval aviation personnel,

Naval Ordnance BULLETIN

The Naval Ordnance BULLETIN is a maga-
zine issued quarterly by the Naval Ordnance
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Systems Command. This Bulletin contains infor-
mation concemning aviation and ordnance pro-
jects of special and general interest. including
new developments, The information ranges from
stggestions which shoukd help in using present
cquipment to fumnishing a background of infor-
mation on advianced developments and concepts.
Chhis publication is normally classitied CONFI-
DEENTIALY

Mech

Mech. the Naval Aviation Maintenance Safety
Review, is published quarterly and is directed at
the enfisted avistion maintenance personnel. 1t
presents the most gccurate information available
on maintenance~caused mishap prevention and
general aviation ground safety directed at redue-
ing maintenance errors and handling mishaps.
Contents of Mech are intended to be informa-
tional and should not be considered as ordens.
regulations, or directives

All Hands

ALL HANDS, Nav-Pers-) Series. the Burcau
of Navad Personnel Career Publication. is pub-
lished monthly by the Burcau of Naval Person-
nel for the information and interest of the naval
service as a whole. His not an official publica-
tion in the sense of constituting authority for
action based on information contained thervin:
nor is it a statement of official policy. However.,
it is an important publication in that it contains
information vital to naval personnel.

Distribution of Al Hands is automatic to cach
activity, and is based on one copy for cach ten
penonnel  assigned. 1t should be read cvery
month by all personnel.

DRAWINGS, SCHEMATICS, AND CHARTS

Neady all technical manuals make extensive
use of drawings and diagrams. The technician
uses these drawings and diagrams in locating and
identifying units and components, troubicshoot-
ing. signal and/or circuit tncing, and installing
and adjusting replacement units. They are also
useful in studying the principles of operation of
circuils and equipments.

.,..,,___hm particular type illustration is suitable
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!
for all applications: therefore, many  different
types are required. Several of the different types
are discussed in the following paragraphs. Fach
type has its own advantages and disadvantages.

ILLUSTRATIONS

Hustrations are commonly used to present
viswally the idea of a text. To this end. illustra-
tions are used in many forms. A few of these are
the photograph. line drawing. shaded sketch,
cutaway view, blueprint, cte. Some of the more
common illustrations are discussed briefly in this
chapter.

Pictorial

Pictorial illustrations normally indicate physi-
cal appearunce. They may present details con-
cerning the lociation, size, construction, physical
refationships of size and location, or  parts
arrangement. They appear throughout manuals
of afl types, and are useful for locating and
identifying systems, cquipments. components,
or parts. They ane used in connection with
installation. inspection, servicing, operation, ad-
justment, calibration. troubleshooting. and ne-
pair functions,

Pictorial illustrations may be accurately de-
tailed representations, or they may be merely
generalized indications, depending on their pur-
pose. They may be photographs. halftone or
shaded sketches. or line drawings.

Cutaway View

A cutaway view is an illustration used to show
some detail of construction which would be
estremely difficult or impossible to show by
conventional pictorial views. 1t is often used in
connection with discussions of physical con-
struction and the operation of mechanical de-
vices. It is frequently used in assembly diagrams
and in construction details.

Location and Dimension

Location diagrams ane used to show physical
position relationships, and may or may not be
sufficiently detailed to show physical appesr-
ance. They are primarily uscful for familisriza.
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tion, and are commaonly used in Flight Manuals,
in the General Informution and Servicing section
of the Maintenance  Instructions  Manuoals
(MIM's), in the Hlustrated Parts Breakdown
Manual (IPB), and in the Operation and Main-
tenance Instructions for cquipments,

Dimension diagrams denote physical size and
distance. They are useful in planning the layout
of bench stations, making equipment installa-
tions, or packing materials for reshipment. They
are frequently used in the general information
sections of technical manuals, and in those
sections devoted to familiarization, installation,
and shipment. They are also frequently found in
change type technical directives,

Location and/or dimension diagrams may by

combined with other type illustrations. thus
providing additional details without increasing
the number of illustrations.

Assembly Diagrams

Assembly  diagrams, as the name  implics,
provide details of construction which are useful
in assembling parts into a unit. They are also
useful in explaining the operation of mechanical
or clectromechanical devices.

BLOCK DIAGRAMS

Block disgrams are not used to show physical
shape, size, or location; they are used to present
a generalized explanation of overall functional
operation. They range from very simple to very
complex. depending on the type equipment, the
quantity and quality of details to be covered,
and the purpose for which the information is
inciuded. They are found in nearly all manuals
dealing with basic or detailed theory of opers-
tion, whether of relatively simple subassemblics
or of very lamge and complex systems. The more
complex the equipment, the more probable the
nced for block dingrams,

Many block diagrams are used in connection
with clectromechanical devices, as well as with
electrical or mechanical systems. Proper use of
this type diagram helps incrcase understanding
of functional relationships and operation.

Symbols

Since block diggrams are used mainly to
provide a general analysis of functional opera-
tion, symbols are generally used to represent
individual circuits or functional components, In
onder to make maximum use of block diagrams,
it is essential to recognize the symbols, and to
understand their meanings and limitations. Ap-
pendix 1 of this manual contains many of the
common symbols found on blowk disgrams.
Numerous block diagrams are included in this
manual.

Signal Flow

One special type of block diagram ix called
the signal Now diagram or signal Mow chart. It is
usually used in connection with overall opera-
tion of complicated systems such as fire control
computers, ASW gystems. aircraft control or
power distribution systems, or scarch or naviga-
tion radar systems. It includes all features
normally associated with block diagrams, and in
addition it includes considerable detail negarding
signal paths, signal waveshape, timing sequence
and relationships, magnitudes ol potentials or
signals, frequer. cies, ete.

WIRING DIAGRAMS

The wiring diagram presents detailed circuitry
information conceming ckectrical and clectronics
systems. A master wiring diagram is a <ingle
diagram that shows all the wiring in a complete
system or in an aircraft. In most cases, this
diagram would prove to be too large to be
usable: it is normally broken down into logical
functional scctions, each of which may be
further subdivided into circuit diagrams. By
breaking a system into individual circuit dia-
grams, ¢ach individual circuit may be presented
in greater detail. The increased detail provides
for easier circuit tracing. testing, and mainte-
nance,

Wiring diagrams fall into two basic classes
chassis wiring and interconnecting diagrams
cach with specific pumposes and many varniations
in appearance (depending on application), Wi
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ing diagrams are not generally used for discus-
sions of theory of operation of specific circuits,

Figure 2-3 (A) is an example of one type
chassis wiring disgram commonly usced. This
drawing shows the physical layout of the unit,
and all component parts and interconnecting tie
points are shown. Each indicated part is identi-
fied by reference designation number, thus
facilitating use of the IPB to determine values
and other data. (The values of resistors, capaci-
tors. or other components are normally not
indicated on wiring diagrams.) The polarity of
semiconductor diodes and of the polarized
capacitor is shown. Since this specific diagram
shows physical layout and dimensioning details
for mounting holes, it could be used as an
assembly drawing and also as an instaliation
drawing.

Figure 2-3 (B) shows the reverse side of the
same mounting board, together with the wiring
interconnections to other components. Actual
positioning of circuit components is not indi-
cated, and wire bundles are represented as single
lines with the separate wires entering at an angle,
(The anglke indicates the direction to follow in
tracing the circuit to locate the other end of the
wire.)

The wire identification coding on this diagram
consists of a three-part designation. The first
part is a number representing the color code of
the wire in accordance with Military Specifica-
tion MIL-W-76A. (Many other chassis wiring
diagrams designate color coding by abbreviations
of the actual colors.) The second is the reference
part designation number of the item to which
the wire is connected. The last is the designation
of the specific terminal to which connection is
made.

Figure 2-3 (C). while not a wiring diagram,
illustrates 4 method commonly used to show
some functional aspect of sealed or special
components.

Figure -3 (D) illustrates several methods used
to indicate connections at terminal strips. The
details of wire identification coding used are
discussed below. ‘

Wiring diagrams are nommally the major con-
tent of the last volume of a MIM set, or the last
section of most other maintenance manuals,
This volume or section contains wiring diagrams

for all electrical and electronic systems of the
aircraft. The diagrams are prepared separately
for each circuit and provide all data necessary to
understand the construction of each circuit, to
trace each circuit within the system to make
continuity and resistance checks, and to perform
specific troubleshooting on inoperative or mal-
functioning circuits.

Aircraft Wire Identification Coding

To facilitate maintenance, all aircraft wiring is
identified on the wiring diagrams exactly as
marked in the aircraft. identification of each
wire is coded by a combination of letters and
numbers imprinted on the wire at prescribed
intervals along its entire run. Figure 2-4 and the
accompanying discussion explain the code used
in aircraft wiring installation. Complete details
are to be found in the latest revision of
MIL-W-5088.

The unit number (shown in dashed outline) is
used only in those cases having more than one
given unit installed in an identical manner in the
same aircraft. The wiring concerned with the
first such unit bears the prefix 1, and corre-
sponding wires for the second unit have exactly
the same designation except for the prefix 2,
etc.

The circuit function letter identifies the basic
function of the unit in accordance with table
2-5. Note that circuit function R, S, and T

ing may bear a second letter to designate the

inctional breakdown of the circuit.

Each wire within a given circuit function
group is assigned a separate wire number. Wires
that are segmented by the use of splices, plug
and receptacle connectors, terminal strip tie
points, etc., are given a letter segment designa-
tion. Passage through a switch, relay, circuit
breaker, efc., requires assignment of a new
number.

Wire size numbers are omitted in the case of
coaxial cables; they are replaced by a dash and
coded designator when part of a ihermocouple
arrangement.

A suffix is added to designate the phase (or
ground) in 3-phase a-¢ power wiring. In the case
of thermocouples the suffix denotes the metal
element involved.
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Figure 2-4.—Example of wire identification coding.

Cable Construction

Cable construction diagrams present details
conceming the fabrication and construction of
cables, These details usually include designation
of the type connectors or terminals, the identifi-
cation of wires for each terminal, method of
connecting wire to terminal, potting require-
ments, length of wires. lacing or sleeving specifi-

cations, and any other specifications, or special
considerations involved.

Cabie Routing

Diagrams of major systems generally include
an isometric shadow outline of the aircraft
showing the approximate location of equipment
components, and the physical routing of inter-
connecting cables. A cable, regardless of the
number of conductors, is represented _on an
isometric wiring diagram as a single line: no
attempt is made to show individual connections
at equipment units or in connection boxes. An
isometric type drawing thus shows at a glance a
picture of the layout of the entire system.

SCHEMATICS

The major purpose of the schematic diagram
is to establish the electrical operation of a
particular system. It is not drawn to scale, and it
shows none of the actual construction details of
the system (such as a physical location within
the aircraft, physical layout of components, wire
routing, or any other physical detail) not essen-
tial to understanding circuit operation,

Schematic drawings differ from block dia-
grams (discussed earlier) by presenting more
detail concerning each circuit. Whereas the block
diagram deals with functional units of the
system, the schematic disgrum indicates each
individual part which contributes to the func-
tional operation of the circuit,

NOTE: The National Bureau of Standards is
now using in all its publications the term hertz,
abbreviated Hz, as the term applied to a unit of
frequency, one hertz being one cycle per second.
Table 2-6 will give you a quick rundown of a
few applications of the term to show you how it
works.

Simplified Schemstics

In large or complex equipments, 8 complete
schematic drawing may be too large for practical
use. For this reason, most technical manuals
present partial or simplified schematics for
individual circuits or units.
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Table 2-5.-Wiring «. - 'iit function code.

Circul
function Circuits
letter

A Armament

B Photographic

Cc Control surface

D Instrument

E Engine instrument

Flight instrument
Landing gear

H Heating, ventilating, and
de-icing

J Ignition

K Engine control

L Lighting

M Miscellaneous

P D-c power
Wiring in the d-c power or power
control system willbe identified
by the circuit function letter P.

Q Fuel and oil

R Radio (navigation and communi-
cation)
RN-=Navigation
RP-Intercomnunications

Circuit
function Circuits
letter
RZ-Interphone, headphone
S Radar

SA-Altimeter
SN-Navigation
SQ-Track
SR-Recorder
S8-Search

Special electronic
TE - Countermeasures

TN-Navigation
TR-Recetvers
TX-Television transmitters
TZ-Computer

D=c power and d-c control wires
for a-c systems will be iden-
tified by the circuit function
letter V.,

Warning and emergency

A=c power
Wiring in the a-c power
system will be ident#’led by
the circuit function letter X.

Armament special systems
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Table 3-6.—Hertz table.

Unit/quantity Old term Old abbrev. New term New abbrev.
Frequency Cycles cps hertz Hez
Per Second

10‘3 Cycles Millicycles me Millihertz mHz
Per Second Per Second

103 Cycles Kilocycles ke Kilohertz kHz
Per Second Per Second

106 Cycles Megacycles Mc Megahertz MHz
Per Second Per Second

109 Cycles Gigacycles Ge Gigahertz GHz
Per Second Per Second

Simplified schematics normally omit parts
and connections which are not essential to
understanding circuit operation. In studying or
troubleshooting equipment. the technician fre-
quently must make his own simplified drawings.
In these cases he should include only those items
that contribute to the purpose of the drawing,
but he should take care to include all such items.
In using the schematic drawings throughout this
manual (and those in technical manuals. text-
books, and other publications), many techniques
for simplifying schematics will become apparent.
Special attention should be paid to those tech-
niques found useful by the individual mainte-
nance man-they can be extremely important
tools in his work.

Electromechanical Drawings

Electromechanical devices such as synchros,
gyros, accelerometers, autotune systems, analog

- computing elements, etc., are quite common in

avionics systems. For a complete understanding
of these units, neither an electrical drawing nor a
mechanical drawing would be adequate -and
confusion could result from the use of two
_drawings. Therefore a combination type draw-

e

ing, using some aspects of each component type,
is used. These drawings are usually simplified
both electrically and mechanically, and only
those items ess.utial to the operation are indi-
cated on the drawing.

CHARTS AND TABLES

Charts and tables of many types are used
throughout all types of technical publications to
present factual data in a clear and concise form.
As the terms are used in this discussion, a chart
is used to present information in lists, pictures,
tables, or diagrams: a table is one type of chart,
and is used to present or list information in a
very condensed form,

Tables prove valuable in instances when the
same geners! type information is to be presented
with respect to numerous items. The corre-
sponding details for the items may be listed in
columns, armanged so that reading across will
present details regarding a specific item, while
reading down will present a comparison of ifems
with respect to a certain detail. One very
common and useful table of this type is repre-
sented by the IPB listings discussed earlier in this

chapter.
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CHAPTER 3

ELEMENTARY PHYSICS

The Navy technician is associated with some
very complex machines and equipment. He is
expected to undenstand. operate, service, and
maintain these machines and equipment. and to
instruct new men so that they can also perform
these functions. No matter how complex a
machine or item of equipment is, its action can
be satisfactorily explained as an application of a
few basic principks of physics. In order to
understand. maintain. and repair the equipment
and machinery necessary to the operation of the
ships ard aircraft of the fleet, un understanding
of these basic principles is essential. There can
be no question that the technician who possesses
this understanding is better equipped to mect
the demands placed upon him in his everyday
tasks.

Physics is devoted to finding and defining
problems. as well as to scarching for their
solutions. It not only teaches a person to be
curious about the physical world, but also
provides a means of satisfying that curiosity.
The distinction between physics and other sci-
ences cannot be well defined. because the
principles of physics also pertain to the other
sciences. Physics is a basic branch of science and
deals with matter. motion, force, and energy. it
deals with the phenomena which arise because
matfer moves.  exerts  force, and  possesses
energy. it is the foundation for the laws govern-
ing these phenomena., as expressed in the study
of mechanics, hydraulics, magnetism, electricity,
heat, light, sound. and nuclear physics. It is
closely associated with chemistry and depends
heavily upon mathematics for many of its
theories and explanations.

BASIC CONCEPTS

In any study of physics. it soon bSecomes

obvious that specific words and terms have

specific meanings which must be mastered from
the very start. Without an understanding of the
eXxact meaning of the term, there can be no real
understanding of the principles involved in the
use of that term. Once the term is correctly
understood. however, many principles may be
discussed briefly to illustrate or to emphasize
the particular aspects of interest. The first part
of this chapter is devoted to definitions of some
physical terms and a brief general discussion of
certain particular principles of vital interest to
all technical personnel.

MEASUREMENT

In all branches of science. measurement is a
very important consideration. In order to evalu-
ate results, it is often essential to know how
much. how fur. how many, how often. or in
what direction. As scientific investigations be-
come more complex, meiasurements  must
become more accurate, and new methods must
be developed to measure new things.

Measurements may be classed in three broad
categories - magnitude,  direction. and  time.
These categories are broken down into several
types. each with its own standard units. Meas-
urements of direction and time have become
fairly well standardized and have comparatively
few subdivisions. Magnitude. on the other hand,
is an extremely complex category with many
classes and subdivisions involved.

The unit of measurement is just as important
as the number which precedes it. and both are
necessary to give accurate description.

Two widely used sets of fundamental units
are the metric and the English. The metric units
are most often used to express scientific observa-
tions where the basic unit of distance is the
meter, of mass is the kilogram. and of time is the
second. This is called the meter-kilogram-second

e ———
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awatem. or the mks swastem. Another widely used

metric svstem uses the centimeter for units of

distance, the gram for units of mass, and the
seond for units of time, and so s called the
centimeter-gram-sweoond system. of cEs systeti,
The English system tses the foot for distance,
the pound avoirdupois for mas, and the second
for tume. and so is called the foot-pound-second
system, or ps system. See table 3-1 for other
units.

Units of Distance Measurement

I'he AT should e tumiliar with both the
Foglish and the metric systems of measurenient.

Table 3-1. —Frequently used units of

measurement.

English system  Metric system General
acre angstrom tLECTRICAL
Btu (British bar ampere

thermal unity  calorie coulomb
bushel dyne decibel
dram org lurad
fot aram henry
gallon hectare ol
herts herts volt
homepower hour watt
hour joule LIGHT
inch fiter candle
knot meter candela
mil metric ton lambert
mile 1 1.000 kg) lumen
minute micron MAGNLTIC
ounce minute PAITEN
ek newton githert
pint quintal maxwell
pound second (G
quart stere
second
slug
ton (short,

2.000 Ib

fong. 2.240

i
yard

41

For example, radar range units are usually
exprossed in the Baglish system as yards or
miles. while wavelength is most often expressed
i the metric system with the meter as the basic
it

METRIC UNTTS OF LENGTH. Mctric units
of fength are based on the standard meter which
was finnt intended to be one ten-mittionth part
of the distance between the earth’'s Equator
and one of the poles.  Although more recent
measurements show this distance to be close to
OO RR0 metens, the original length of the
meter is still aceepted as stundard.

When farge distances are measured it is cus
tomary to use the kifometer. which is 1.000
meters; | kilometer ¢kmy = 1,000 metens (m).
For smaller measurements the meter is divided
into smaller units, One meter equals 100 cen-
timetens (1 m = 100 con and 1 centimeter equals
10 millimeters (b cm = 1Omm), so 1T ometer
equals 1000 mittimeters (1 m = 1LOGO mm). The
table in Appendix HE hists other prefixes used
with hasic units.

The micron is stilh smaller, and is the unit
often encountered in stating, the wavelength of
light, or in referring to the size of a particle of
foreign matter that may pass through o certam
swreen of filter in the hquid cooling system of
clectronic  cquipment. The micron s one-
thousandth of a4 millimeter or one-millionth of 3
meter, the muflimicron s one-thousandth of o
micren, and the micromicron is one-thousandth
of o millimicron or one-millionth of a4 micron.

ENGLISH UNITS OF LENGTH. The com-
mon units of the Englan system of distanee
measurement are inches, teet, yards, and miles,
where | foot equals 12 mehes ¢ f0=12 1m0 |
yard equals 3 feet (lyd =3 10= 30 in.) and |
mile  equals 1,700 yards (1 mile = 1.760
yd = 5280 11 = 63.360 m.). The nautical mile is
6.076.115 fect. The mil is 1/1000 inch.

In 1860 the Usnited States. by an act of
Congress, defined the yard to be 3600/ 3937 part
of a standard meter, of in decimal form appross-
mately 0.9144 meter. Thus, other comversions
Ictween the systems oty be found by proper
multiplication or division. Sosme  approxinate
convensions are listed in table -2,
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Table 3-2..-Conversion factors for units of length.

Am m om mm
tkm= | 1.000 0000 1 X 10
Im= O4XM H 100 1.000
tem= 1x10°% 0.01 ! 10
lmm= 1X10° IX10' ot 1
lin.= 254X 10% 84X 10?2 254 54
L ft= JRX 10Y (LUM4N .48 3045
Ivd=  9044x 109 Q9143 91.44 92144

J.otpr 34

160934 1609390 63360

R R gy - B L LT M Uiy, e R

in. 1 vd mile
370 328083 1.093.61 0.621369
39.37 328083 1.09301 6.214 X 104
0.3937  0.03280% 1.094X 102 6.214X 10€
0.03937 328X 1038 104X 103 6.214X 107
! 0.08333 0.02777 1.5 X 108
12 1 0.33333 189X 109
3o 3 | S.08X 104
$.280 1

1.760

O

NOTE: When a number is multiplied hy a power of ten. the decimal point is moved the number of places represented by
the power. A negative power moves the decimal point 10 the lefi: a positive power moves it to the right. Thus 84 X 102
=.K4, and ¥4 X 102 = X300, Simply stated. a power of ten merely .aoves the decimal point left or right.

Units of Mass. Weight, and Force

The measure of the quantity of matter which
a4 body contains is called mass. The mass of a
body does not change. 1t may be compressed to
a smalier volume. or expunded by the applica-
tion of heat, but the quantity of matter remains
the same.

It was intended that the metric unit of mass
he based on the gram (gnn being equal to the
mass of | cubic centimeter of pure water at 4
temperiature of 49 Celsius, and for practical
purposes this is ossentially correct. The ULS.
Burcau of Standards hds two blocks of platinum
which are identical to the standard kilogram
(1,000 gm) block of platinum preserved at the
International Burcasu of Weights and Measures
near Paris. The standard pound (1h) is the mass
equal to 0.45306 kilograms or, 453.6 grams.

The mass of 4 body is constant no matter
where the body is located. Its weight. however.
is the force with which it is attracted toward the
carth. and is slightly higher at the poles than at
the Equator. and becomes less as the body is
moved away from the carth’s surface.

In addition to grams, kilograms. and pounds
being used as units of mass, these same units are
also used to describe the weight of a body by

‘comparing the body's weight to the weight of a
standard mass unit. Unless otherwise specified.

when an object is described as having a weight of

I pound, it means the object has the sume pull

of gravity that a4 mass of | pound would have
ncar the carth’s sea level. At sea level, the
numerical values of weight and mass of a given
object are cequal when expressed in the same
units.

To avoid confusion. the slug is sometimes
used as the unit of mass. This is the mass which
weighs 32 pounds at sea level. [ts relationship to
pounds weight and pounds force and the advan-
tage of its use will be discussed in more detail
luter in this chapter. Also 1o be discussed are the
metric foree units of dynes and newtons. At this
point. however, it can be said that at sca level a
mass of 1 gram (gm) exerts a downward force of
980 dynes due to gravity, and that 1 kilogram
(kg) exerts a downward force of 9.8 newtons.
Since 1 kg = 1,000 gm, o Kilogram exerts a force
of 1.000 X 980 dynes or 980.000 dynes, which
is equal to 98 newtons. Thus | new-
ton = 100.000 dynes.

To relate the newton to the English system, 1
newton equils 0.2247 pound force. or 1 pound
force equals 4.448 newtons. Also, the mass unit
of 1 slug cquals the mass of approximately 14.6
kifograms. so 1 Kilogram of muss is approxi-
mately 0.0086 slug.

Convenidon between weight units of the
metric system is simpke since it is only a matter
of moving the decimal point: 1,000 milligrams
(mg) =1 gm: 1,000 gm =1 kg: and 1 000 kg = |
metric ton. The English system requires more
citort. since the pound is divided into 1o

ot —
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ounces. and the ounce mto 1o drams. The
“short ton™ 1 2000 pounds, while the “long
ton™ 1s 2.240 pounds. The metric ton is fairly

close to the “long tén™. converting to 2,208
pounds.
Derived Units

Units based on combinations of two or three
fundamental units can always be expressed as
some combination of these units. The watt (unit
of power) could be written as joules (unit of
work) per second. The joule in tum could be
expressed as newtons (foree) times meters (dis-
tance) and the watt then becomes newton-
meten per second. Likewise the unit of honse-
power could be expressed in foot-pounds per
seond. Although there are convenion factons
between derived units of the English system and
the metric system. fundamental units of the two
systems are not combined. For instance. if foree
ts given in pounds and distance in metens., one or
the other must be changed before combining
them to get work units.

SPEED AND VELOCITY. One exampk of a
derived unit is the knot, a unit of speed. This

unit combines the nautical mile as the unit of

distance and the hour as the unit of time. and is
derived by dividing the distance traveled by the
time nequired. Thus, it a ship traveled at a
constant rate for 15 minutes (0.25 hr) and
moved a distance of 6 nautical miles. its speed
would be 6/0.25 or 24 knots, The rate of travel
(speed) may also be used to solve for distance
traveled when time is known. If the above ship
traveled 24 knots for 3 hours. it would move 72
nautical miles. Likewise, ihe time required for
moving 4 certain distance may be determined
when the speed is known. A move of 36 nautical
miles traveling at 24 knots would require
36/24 = 1.5 hours, or 1 hour 30 minutes.

Very often speed is expressed with two
fundamental units such as miles per hour,
kifometers per hour, or feet, inches, meters of
centimeters per minute of per second. Con-
version is a matter of replacement of one unit by
its equivalent in another unit. For example. a
speed of 60 miles per hour (60 mph) may be
converted to feet per second by replacing the

;;_mems 280 feet and the hour with 3.600

seconds, Thus a speed of 00 mph = 00 (5,280
11/3.000 sec)= K8 feet per second.

Table 3-3 gives the convension factors be-
tween  metens per wcond, feet per second,
Kilometers per hour, miles per hour. and knots.

The terms “speed™ and “velocity ™ are some-
times used as having the sume meaning, How-
ever. velocity is a vector quantity  that s, it is
speed 1 a given direction. Thus, a car may move
around a circular path with a constant speed
while its velocity is continuously  changing.
When a body moves with constant speed along a
straight line wse direction is specificd, it is
customary to speak of its velocity (which s
numerically equal to its speed). Moving along a
curved path or along a straight path with no
reference being made to direction, it is proper to
speak of its speed.

WORK AND ENERGY. Units of work and
energy. also derived units, are the product of the
units of force and distance. In the cgs system,
the ene is the work done by a force of 1 dyne
acting through a distance of | centimeter. The
joule is the unit of work in ihe mks system
where | onewton acts through a distance of |
meter. Since 1 newton cquals 100,000 dynes
and | meter cquals 100 centimetens, then the
joule is equal to 10,000,000 ergs.

In the English system the unit foot-pound is
defined as the work done in lifting 1 pound a
distance of | foot against the force of gravity.
Thus the work done in hftmg 4 mass of §
pounds vertically 4 feet is 5 1b X 4 f1=20
foot-pounds. (Do not confuse this foot-pound
with the one used to measure torgue.) Since |
pound force equals 4.448 newtons, and 1 foot
cquals  0.3048 meter, then 1 foot-pound s
approximately 1.356 joules.

The calorie is the heat energy required to raisc
the temperature of | gram of water 1° Celsius.
The Btu (British thermal unit) is the heat cnergy
nqum-d to raise the temperatune of 1 pound of
water 1° Fahrenheit, and is equivalent to 252
calorices (and. incidentally. to 777.8 foot-pounds
of mechanical encrgy ).

POWER. Al units of power include measure-
ments of force. distance, and time. because
power cquals work which is force times dis-
tance) divided by time. The watt is the unit of
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Table 3-3. -Conversion factors for speed and velocity.

P Pl e =

Speed

m/sec 11/sec
I misee = 1 3,281
I ft/sec = 0.3048 i
I km/hr= 0.27778 09113
I mifhr = 0.44704 1.4607
| knot = 0.5148 1.689

power frequently used with clectrical units, but
is also the rate of doing 1 jouk of work in |
swoeond. Thus it a force of 5 newtons acts
through a distance of 12 meters in 3 seconds the
power required s P=f—‘r‘-1= 20 watts, It the
same work is to he done in 2 seconds, 30 watts
will he required.

The horsepower is g Larger unit of power and
is cqual to 550 foot-pounds per second. or 746
watts: therefore, 1 foot-pound per second s
7460/550 watts, or about .350 watls.

OTHER UNITS. To further illustrate the
complexity of the magnitude category . consider
only a few common examples of measturement
dealing with magnitude: weight, distanee, tem-
peraturne, voltage. size. loudness, brightness, cte.;
then consider measurements hased on combiny-
tions of magnitude: density (weight per unit
volume)., pressure (force per unit area). thermal
expansion (increase in size per degree change in
temperature), ete. In addition. measurements
combine categories: The flow of liquids iy
measured in volume per unit of time. speed is
measured in distance per unit of time, rotation is
measured in revolutions per minute. frequency is
expressed in cycles per second. (hertz) and so on
indefinitely.

The importance of measurement and the
necessity of selecting the proper measurement
cannot be overemphisized. Several systems of
measurement . further complicate mattens. For
example. distance may be measured in feet or in
meters; weight in pounds or in Kilograms;
capacity in quarts or in liters: temperature in
degrees Fahrenheit, Celsius, Rankine. or Kelvin:
density in pounds per cubic foot or in grams per
cubic centimeter; angles in degrees or in radians,

km/hr mi/hr knots

3.6 2.4 1.94

1.0v73 0.6818 0.5921

| 0.6214 0.5396

1.6093 1 0.8684
1.152 1

1.853

MATTER AND ENERGY

MATTER may be defined basically as “uny-
thing that occupies space and has weight or
nuass.” It exists naturally in three states  solid.
liquid. or gas, All matter is compos «d of small
particles  called molecules. Matter may  bhe
changed or combined by virious methods
physical. chemical. or nuclear. Matter has many
properties: propertics possessed by, all forms of
matter are called general properties. while those
properties possessed only by certain classes of
matter are referred to as special propertios,

ENERGY may be defined basically as “the
capacity for doing work.” 1t may be clussified in
many ways: but for this discussion. encrgy will
be classified as mechanical, chemical, radiant.
heat, light, sound. clectrical. or  magnetic.
Energy is constantly being exchanged from one
object to another and from one form to another.

Law of Conservation

Matter may be converted from one form to
another with no change in the total amount of
matter. Energy may also be changed in form
with no resultant change in the total quantity of
energy. In addition. a third statement has been
added within the past half century: “Although
the total amount of matter and cnergy remains
constant. matter can be converted into energy or
encrgy into matter.” This statement is known as
the law of conservation for energy and matter.
The hasic mathematical equation which shows
the relationship between matter and cnergy is

E=m?

where E represents the amount of CNCTRY. m__s
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represents the amount of matter (mass). and ¢
represents the selovity of light.

From the cquation it may te ~cen that the
destruction of matter ereates enengy. and that
the creation of matter requires expenditure of
energy. From this obsenvation it may be implied
that & given quantity of matter is the cquivalent
of some amount of energy. In common usage it
v usually stated that matter “posesses™ energy.

General Properties of Matter

Matter s all forms possesses certain proper-
ties. In the husic definition it has been stated
that matter occupies space and has mass. Those
two ddeas contain most, it not all, of the general
properties of matter.

SPACE. The amount of space occupied by.
or enclosed within, the bounding surfiaces of a
body i calied volume. In the study of physics.
this concept must be -omewhat modified in
order to bhe completel  accurate. As stated
previousiy, matter may . opear as a solid, as a
hqud, or as a gas cach having special proper-
ties. In o Later section of this chapter it will be
shown that for even a specific substance the
volume nuy vary with chuanges in circumstances.
It will also be shown that liquids and solids tend
to retain their volume when physically moved
from one container to another: gases tend 1o
asstme the volume of the container.

it will be discussed at some length later that
all matter is composed of atoms and molecules.
In order to clarify our concept of “occupying
space.” we must deal with these minute particles
of matter. which are in turn composed of still
stitadler particles separated from cach other by
empty space (which contains no matter). This
idea is used to explain two generas properties of
matter impenctrability and porosity.

Two objects cannot occupy the same space at
the same time: this is known as the “impenetra-
bility of matter.” The actual space occupied by
the individual subatomic particles cannot be
occupied by any other matter. The impenetrabil-
ity of matter may. at first glance, seem invalid
when a cup of salt is poured into a4 cup of
water the resalt is considerably fess than two
cups of «alt water. However, muatter has an

additional gencral property called “porosity ™
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which explains this apparent loss of volume: The
water simply oceupies space between particles of
stlt. Porosity is present in all material  but to an
extremely wide range of degree. Generally, gases
are extremely porous, liquids only slightly so:
solids vary over a wide range. from the sponge to
the steel batl,

INERTIA. Every object tends to maintain a
uniform state of motion. A body at rest never
starts to move by itselfs 4 body in motion will
maintain its speed and direction unless it s
catised to change. In order to catse a body to
deviate from its condition of uniform motion. a
push or a pull must be exerted on it. This
requirement is due to that general property of
all matter known as INERTIA.

The greater the tendency of a4 body 1o
maintain uniform motion. the greater its inertia.
The quantitative measure of incertia is the MASS
of the body.

ACCELERATION. Any change in the state
of motion of a4 body is known as acceleration.
and the cause which produces it is called an
aceelerating force. Acceleration is the rate of
change in the motion of 4 body. and may
represent cither an increase or a decrease in
speed and/or a change in direction of motion.

The amount of acceleration is stated as the
change of velocity divided by the time required
to make the change. For example. it a car
traveling 1S mph increased its speed to 45 mph
in 4 scconds. the 30-mph increase divided by 4
weonds gives 7.5 miles per hour per second as its
acceleration. By converting the 30 mph to 44
feet per second. the acceleration could he
expressed as 11 feet per second per second. or as
I ftsec?,

FORCE. Force is the action or effect on a
body which tends to change the state of motion
of the body acted upon. A force may tend to
move a body at rest: it may tend to increase or
decrease the speed of 4 moving body: or it may
tend to change the body's direction of motion.
The application of a force to a body does not
necessarily result in a change in the state of
motion; it may only TEND to cause such a
change.

A force is any push or pull which acts on a
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body. Water i a can exerts a foree on the sides
and bottom of the can. A tug exerts a push or 2
pull (force) on a barge. A man leaning against a
dulkhead exerts a toree on the hulkhead.

In the above examples, a physical object iy
exerting the foree and is in direct contact with
the body upon which the foree is being exerted.
Forces of this type are called contact torees.
There are other forces. which act through empty
space without contact in some cases without
even seeming (o have any mass associated with

——them, The foree of gravity exerted on a body by

-

—_—

the carth knawn as the weight of the body s
an example of a ftoree that acts on a body
through empty space and without contact. Such
a force is known as an action-at-g-distance force.
Flectric and magnctic forces are other examples
of these action-at-g-distance forees. The space
through which these action-at-g-distance forces
are effective is called a foree tield.

Foree is a VECTOR quantity: that is. it has
both direction and magnitude. A force is com-
pletely described when its magnitude. direction,
and point of application are given. In a force
vector diagram. the starting point of the line
represents the point of application of the force.

Any given body. at any given time, is sub-
jected to many forees. In many cases, all these
forces may b combined into @ single RE-
SULTANT force. which may then be used to
determine the total effect on the body.

Fach body of matter in the universe attracts
every other body with a force which is directly
proportional to the mass of the bodies and
inversely proportional to the square of the
distance between them. This force is called the
UNIVERSAL FORCE OF GRAVITATIONAL
ATTRACTION. Since every body exerts this
force on every other body, when considering
the forces acting on a single body. it is an
almost universal practice to resolve all gravita-
tional forces into a single resultant. At of
near the surface of the earth, this becomes a
fairly simple process due to its extremely large
mass, the carth exerts such a large gravitational
attraction that it is entirely practical to ignore
all other such attractions and merely usce the
carth's gravitational attraction as the resultant.

Although gravitational attraction is cxerted
by cach body on the other. in those cases where
there is a great difference in the mass of two

bodies, it is usaally more convenient to consider
the force as being exerted by the larger mass on
the smaller mass. Thus, it is commonly stated
that the carth exerts a gravitational force of
attraction on a body. The gravitational attrac-
tion exerted by the carth on a body is called
GRAVITY
The gravitational force exerted by the carth

on a body is called the WEIGHT of that body.
and is expressed in foree units. In the English
system. foree is expressed in pounds. If a body is
attracted by a gravitational force of 100 pounds,
the body is said to weigh 160 pounds. The
gravitational force between two bodies decreases
as the distance between them increases: there-
fore. a body weighs less @ mile above the surface
of the ocean than it weighs at sea level: it weighs
more a mile below sea fevel.
Density and Specific Gravity

The DENSITY of a substance is its weight per
unit volume. A cubic foot of water weighs 02.4
pounds: the density of water is 62.4 pounds per
cubic foot. (In the metric system the density of
water is | gram per cubic centimeter.)

The SPECIFIC GRAVITY (S5.G.) of a sub-
stance is the ratio of the density of the
substance to the density of water

weight of substance
weight of equal volume of water

S.G. =

Specific gravity is not expressed in units but as a
pure number. For example. if a substance has a
specific gravity of 4, 1| cubic foot of the
substance weighs 4 times as much as a cubic foot
of witer 62.4 times 4 or 249.6 pounds. In
metric units, 1 cubic centimeter of a substance
with a specific gravity of 4 weighs | times 4 or 4
grams. (Note that in the metric system of units,
the specific gravity of a substance has the same
numerical value as its density.)

Specific gravity and density are independent
of the size of the sample under consideration,
and depend only upon the substance of which
the sample is made. See table 3-4 for typical
values of spevific gravity for various substances.

A great deal of ingenuity is often needed to
measure the volume of irregularly shaped bodies.
Sometimes it is practical to divide & body into
series of regularly shaped parts and then apply
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Table 3-4. -Typical values of specific gravity.

|

Specific
Substance gravity
Aluminum a.7
Brass 8.6
Copper 8.9
Gold 10.8
Ice 0.92
Iron 7.8
Lead 11.3
Platinum 21,8
Silver 10.5
Steel 7.8
Mercury 1.6
Ethyl alcohol 0.81
Water 1.00

the rule that the total volume is equal to the
sum of the volumes of all individual parts.
Figure 3-1 demonstrates another method of
measuring the volume of small irregular bodies.
The volume of water displaced by a body
submerged in water is equal to the volume of the
body.

e
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47

A somewhat similar consideriution is possible
tor tloating bodies. A floating body displaces its
own weight of liquid. This may be proved by
filling a container to the brim with liguid. then
gently lowering the body to the surface of the
liquid and catching the liquid that flows over the
brim. Weighing the liquid displaced and the
original body will prove the truth of the
statement.

Pressure and Total Force

Pressure and  force, while closely related
topics, are not the same thing. A weight of 10
pounds resting on a table exerts a foree of 10
pounds. However. the shape of the weight must
be taken into consideration to determine the
effect of the weight. It the weight consists of
thin sheet of steel resting on a flat surface. the
effect is quite different than if the same sheet of
steel were resting on a sharp comer.

Pressure is concerned with the distribution of
a force with respect to the arca over which that
force is distributed. Pressure is defined as the
force per unit of area. or P= F/A. A flat pan of
water with a bottom arca of 24 square inches
and a total weight of 72 pounds eaerts a total
force of 72 pounds, or a pressure of 72/24 or 3
pounds per square inch, on the 1lat table. If the
pan is balanced on a block with a surface arca of
I square inch, the pressure is 7271 or 72 pounds
per squase inch. An aluminum pan with a thin
bottom is suitable for use on a flat surface, hut
may be damaged if placed on the small block.

This concept explains why a sharp knife cuts
more ecasily than a dull one. The smaller area
concentrates the applied force (increases the
pressure) and penetrates more casily. For hy-
draulic applications, the relationship between
pressure and force is the basic principle of
operation. In enclosed liquids under pressure,
the pressure is equal at every point on the
surfaces of the enclosing container, and there-
fore the force on a given surface is dependent on
the area.

Kinetic Enzrgy
Moving bodies possess e¢nergy because. by

virtue of their mass in motion. they are capable
of doing work. The energy of mass in motion is
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called KINE IO energy . and may be expressed
by the equation

Kinctic cnergy = 1 2 mv?

whoere morepresents the mass of the body. and v
is the velocity of its motion. When the moving
bady is stopped. it loses its Kinetic energy. The
ciiengy is not destroved. but is merely converted
into other forms of enerey. such as heat and
POTENTIAL encrgy. 1t is important to remem-
ter that bodies at rest also possess energy by
virtue of thesr postion,

STRUCTURE OF MATTER

Al matter is composed of atoms, and these
atoms are. in turn, composed of smaller sub-

atomic particdles. The subatomic  particles of

major interest in clementary  physics are the
clectron, the proton, and the ncutron. They may
e comsidered  electrical in nature, with the
proton representing a positive charge. the elec-
tron representing a negative charge. and  the
neutron  being neutral  (neither  positive  nor
negative). Although in general the compaosition
of taatter jollows a consistent pattern for all
atoms. the detafed arrungement of subatomic
particles is different for cach distinct substance.
It is the combination and arrangement of the
subatomic partictes which imparts  the distin-
guishing chemical and physical characteristios 1o
a substange.

The protons and the neutrons of an atory are
closely packed together in a nuclens tcore). with
the clectrons revolving around the nucleus.
Atoms are normally considered to be clectrically
neutral  that is. they normadly contain an equal
number of electrons and protons; but  this
condition does not actualfly prevail under all
circumstances. Atoms which contain an cequal
aumber of electrons and protons are called
balanced atoms: those with an cxcess of 4
deficiency of clectrons are called “ions.”

The proton and the neutron have approxi-
mately the same mass, which is approximately
1.836 times the mass of an electron. In any
atom. ncarly afl the muss is contained in the
nucleus. 1t may be assumed that under normal
conditions any change in the composition of the

 atom would involve a change in the number or

arrangement of the clectrons tdue to the smaller
mass. clectrons are more easily repositioned than
are protons). This assumption is generally cor-
rect the nmost notable exception being in the
field of nuclear physicos. or nucleomes, In chem-
istry and in general physios. Gncluding clec-
tricity  and  clectronios), it is the electron
complement that is of major concem.

ELEMENTS

The word clement is used to denote any one
of about 100 substances which comprise the
basic substance of all matter. Two or more
clements may combine chemically to form a
compound: any combination which does not
result in o chemical reaction between the dif-
ferent elements. is called @ mixture. The atom is
the smallest unit that cxhibits the distinguishing
characteristios of an ¢lement. An atom of any
one clement differs from an atom of any other
clement in the number of protons in the
nucieus. Al atoms of a given element contain
the same number of protons. Thus, it may be
seen that the number of protons in the nucieus
determines the type of natter,

The various clements are frequently tabulated
acvording 1o the number of protons. The num-
ber of protons in the nucleus of the atom iy
referred 1o as the atomic number of the clement.

Nucleus

The study of the nucleus of the atom. known
as nucleonics or nuclear physics. is the subject of
extensive modern investigation. Expeniments on
nuclei usually involve the bombardment of the
nucleus of an astom. using various types of
nuclear particles. By this method the com-
position of the nucleus is changed. usually
resulting in the refease of energy. The change to
the nucleus may occur as an increase of a
decrease in the number of protons and/or
neutrons,

I the number of protons is changed, the atom
has become an atom of a different clement. This
process. called “transmutation.” is the process
sought by the alchemists of the middice ages in
their attempts to change various metals into
gold. Scientists of that period believed trans
mutation coukl be accomplished by chemical
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means  hence the impetus given to the develop-
ment of chemistry.

if. on the other hand. only the number of
neatrons in the nucleus is changed. the atom
remine an atom of the same element. Although
all the atoms of any particular clement have the
sie number of  protons (atomic number),
atoms of certain clkements may contain various
numbers of neutrons. Hydrogen (the sole excep-
tion to the ruke that all atoms are composed of
three kinds of subatomic particles) normally
contains a simgle proton and a single clectron
and no ncutrons.  However, some  hydrogen
atoms do contain 4 neutron. Such atoms (al-
though they are atoms of hydrogen) are known
as deuterium. or “heavy hydrogen.” (They are
valled “heavy™ beciause the addition of the
neutron has approximately doubled the weight
of the atom. Deuterium figured prominently in
the rescarch which led to the development of
nuclear energy and the atomic bomb.) The
atomic weight of an atoms is an indiwation of the
total number of protons and neutrons in the
atomic nucleus.

Atoms of the same ¢lement but which have
different atomic weights are called isotopes.
Nearly all elements have several isotopes: some
are very common, and some are very rage. A few
of the isotopes occurring naturally and most of
those produced by nuclear bombardment are
radioactive or have unstable nuclei. These un-
stuble isotopes undergo a spontancous nuclear
bombardment which eventually results in cither
a new clement or a different isotope of the same
clement. The rate of spontuncous radioactive
decay is measured by “half<life” which is the
time required for onc-half the atoms of a sample
of mdioactive material to change (by spon-
tancous radioactive decay) into a different sub-
stance. Uranium, after a few billion years and
several substance changes, becomes lead.

Electron Shells

The physical and chemical characternistics of
an clement are determined by the number and
distribution of clectrons in the atoms of that
clement. The clectrons are arranged in successive
groups of clectron shells of rotation around the
nucleus: cach shell can contain no more than a
spectiic number of clectrons. An INERT cle-

ment (that is, one of the few gas elements which
do not combine chemically with any other
clement) is a substance in which the outer
electron shell of each atom is completely filled.
in all other clements, one or more electrons are
missing from the outer shell. An atom with only
one or two clectrons in its outer shell can be
made to give up those clectrons: an atom whose
outer shell needs only one or two electrons to be
completely filled c¢an accept clectrons from
another element which has one ur two “extras. ™

The concept of “needed” or “extra’ electrons
arises from the basic fact that all stoms have a
tepdency  toward completion (filling) of the
outer shell. An atom whose outer shell has only
two clectrons may have to collect six additional
ones (no casy task. from an cnergy standpoint)
in order to have the cight required for that shell
to be full. A much casicr way to achieve the
sime objective is to give up the two clectrons in
the outer shell and let the full shell next to it
serve as  the new outer shell. In chemical
terminology. this concept is called valence. and
is the prime detetmiining factor in - -edicting
chemical combinations.

COMPOUNDS AND MIXTURES

Under certain conditions, twe or more ele-
ments can be brought together in such a way
that they unite chemically to form a COM-
POUND. The resulting substance may differ
widely from any of its component clements: for
example, ordinary drinking water is formed by
the chemical union of two gases--hydrogen and
oxygen. When a compound is produced, two or
more atoms of the combining clements join
chemically to form the MOLECULE that is
typical of the new compound. The molecule is
the smallest unit that exhibits the distinguishing
characteristics of a compound.

The combination of sodium and chlorine to
form the chemical compound sodium chloride
(common tabke salt) is a typical exampie of the
formation of molecules. Sodium is a highly
caustic poisonous metal containing eleven elec-
trons; its outer shell consists of a single electron,
which may be considered “extra’ (a valence of
+ 1). Chlorine. a highly poisonous gas with
wventeen electrons. “lacks™ a single electron
(has a valence of ~1) to fill its outer shell. When

JE———
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the atom of sodium gives up its extra electron. it
becomes a positively charged ion. (It has lost a
unit of negative charge.) The chlorine, having
taken on this extra unit of negative charge
(electron) to fill its outer shell, becomes a
negative fon. Since opposite  electric charges
attract. the ifons stick together to form a
molecule of the compound sodium chloride.

The attracting force which holds the ions
together in the molecular form is known as the
“valance bond.” a term which is frequently
encountered in the study of transistors.

Note that in the chemical combination, there
has been no change in the nucleus of either
atom: the only change has occurred in the
distribution of clectrons hetween the outer
shells of the atoms. Also note that the total
nur-ber of clectrons has not changed. although
thce has been aslight redistribution. Therefore,
the molecule is electrically neutral, and has no
resultant electrical charge.

Not all chemical combinations of atoms are
on a once-for-one basis. In the case of drinking
witer. two atoms of hydrogen (valence of + 1)
are required to combine with a single atom of
oxygen (valence of =21 1o form a single molecule
of water. Some of the more complex chemical
compounds consist of many clements with
various numbens of atoms of cach. All mole-
citles, like all atoms, are normally considered to
be ciectrically neutral. There are some excep-
tions to this rule. however, with specific cases of
interest being the chemical activity in batteries.

Elements or compounds may be physically
combined without necessarily undergoing any
chemical change. Grains of finely powdered iron
and sulfur stirred and shaken together retain
their own identity as iron or sulfur. Salt dis
solved in water is not a compound; it is merely
salt dissolved in water. Each chemical substance
retains its chemical identity. even though it may
undergo a physical change. This is the typical
characteristic of a MIXTURE.

STATES OF MATTER
. Inthe

aiatural condition. forms of matter are

classified d grouped in many different ways.
One such clussification is in accordance with
their natural state solid. liquid. or gas. This
classification is important because of the com-

mon characteristics possessed by substances in
one group which distinguish them from sub-
stances in the other groups. However, the
usefulness of the classification is limited by the
fact that most substances can be made to assume
any of the three forms.

In all matter, the molecules are assumed to be
in constant motion. and it is the extent of this
motion that determines the state of matter. The
moving molecular particles in all matter possess
kinetic energy of motion. The total of this
kinetic energy is considered to be the equivalent
of the quantity of heat in a sample of the
substance. When heat is added, the energy level
is increased, and molecular agitation (motion) is
increased. When heat is removed, the energy
level decreases, and molecular motion dimin-
ishes.

In solids, the motion of the molecules is
greatly restricted by the rigidity of the crystal-
line structure of the material. In liquids. the
molecular motion is somewhat less restricted,
and the substance as a whole is permitted to
“flow.” Ir gases, molecular motion is almost
entirely random--the molecules are free to move
in any direction and are almost constantly in
collision both among themselves and with the
surfaces of the container.

This topic and some of its more important
implications are discussed in detail under the
heading “Heat" in a later section of this chapter.

Solids

The outstanding characteristic of a solid is the
tendency to retain its size and shape. Any
change in these values requires the exchange of
energy. The common properties of a solid are
cohesion .and adhesion, tensile strength,
ductility . malleability, hardness. brittleness, and
elasticity. Ductility is a measure of the ease with
which the material can be drawn into a wire.
Malleability refers to the ability of some mate-
rials to assume new shape when pounded. Hard-
ness and brittleness are self-explanatory terms.
The remaining properties are discussed in more
detail in the following paragraphs.

COHESION AND ADHESION.—Cohesion is
the molecular attraction between like particles
throughout a body, or the force that holds any

Bl
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sthstinee o bady together. Adhosion is the
molecudar attraction eaisting between surfaces
of bodies in contact, or the force which causes
unlike materials to stick together.

Cohesion and adhesion are possessed by dif-
ferent materials in widely varying degree. In
general, solid bodies are highly cohesive but only
shghtly adbesive. Fluids diguids and gases). on
the other hand, are ustadly quite highly adhesive
but only slightly cohiesive. Generally a material
having one ol these propertics to a high degree
will possess the other property to o rebiatively
low degree.

I'1-NSILE: STRENGTH. The cohesion
between the molecules of g solid explains the
property called tensife strength. This is a mea-
sure of the resistance of a solid from being
pulled apart. Steel possesses this property to a
high degree. and s thus very usetful in structural

work. When o break does occur, the picces of

the solid cannot be stuck hack together because
merely pressing them together does not bring
the molecules into close cnough contact to
restore the molecular foree of cohesion. How-
ever, melting the edges ot the break (welding)
allows the molecules on both sides of the break
to flow together. thus bringing them once agair
into the close contact required for cohesion.

FLASTICITY. U substance will spring back
to its original form after being deformad. it has
the property  of clisticity. This  property s
desirable in matcerials to be used as springs. Stecl
and bronze are examples of materials which
exhibit this property.

Elasticity of compression is exhibited to some
degree by all solids, liquids., and  gases: the
closeness of the molecules in solids and liguids
makes them hard (o compress, but guses are
casily compressed  because the molecules are
farther apart.

Liquids

The outstanding churacteristic of a liguid is its

- tendency to retain its own volume while assum-

ing the shape of its container: thus a liquid is
considered  almost  completely  flexible  and
highly fluid.

Liquids are practically incompressible; applied

prossune is transmitted through them instantane
ously. equally. and undiminished to all points on
the enclosing surfaces. Hydraulic apparatus can
be used to increase or to decrease input forees,
thus providing an action similar to that of
mechanical advantage in - mechanical systems,
Because of these properties, hydraulic servo-
mechanisms have advantages as well as disadvan-
tages and limitations when compared with other
Systems.

The fluidity of hydraulic liquids permits the
component parts of the system to be placed
conveniently at widely separated points when
necessary. Hydralic power units can transmit
ciergy around corners and bends without the
uw  of complicated geans and  kevens. They
operate with a minimum of stack and friction,
which are often excessive in mechanical linkages.
Uniform action is obtgined without vibration,
and the operation o the system remains largely
unaftected by variations in load. The accumu-
fator (which  provides the necessary  pressiri-
adtion of the system to furnise practically
instantancous response) can be pressurized dur-
ing pericds of nonaction, thus climinating the
“*butldup time™ characteristic of clectric servos,

However, the hydraulic hoses which transmit
the fluid from unit to unit are bulky and heavy
compared to clectric wiring. Many of the hy-
draulic fluids in common usage are messy and
constitute safety hazards. They contribute to
the danger of slipping. they cause deteriorution
of the insulation on electric wiring, they con-
duct clectricity and thus increase the hazards of
short circuiting, and some are flammable,

Gases

The most notable characteristios of & gs are
its tendency to assume not only the shape but
also the volume of its containers, and the
definite  relationship that exists between the
volume. pressure, and temperature of a confined
s,

The ability of a4 gas to assume the shape and
volume of its container is the result of its
extremely active molecular particles, which are
free to move in any direction. Cohesion between
molecules of a4 gas is extremely smail, so the
molectties tend to separate and distribute them-
selves uniformly throughout the volume of the
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container. In

an  unpressurized contamer of
liquid. pressurye is exerted on the bottom and the
sides of the container up to the level of the
liguid. In a4 gas, however, the pressure is also
exerted against the top surface, and the pressure
is equatd at all points on the enclosing surfaces.

The relationship of volume, pressure, and
temperature of confined gas are explained by
Boyle's law. Charles' law, and the general law for
EANCS.

Many laboratory experiments based on these
laws make use of the ideas of “standard pres-
sure’” and “standard temperature.” These are
not natural standards, but are standard values
selected for convenience in laboratory usage.
Standard valucs are generally used at the begin-
ning of an experiment, or when a temperature or
a pressure is (o be held constant. Standard
temperature is 0° C. the temperature at which
pure ice melts. Standard pressure is the pressure
exerted by 4 column of mercury 760 millimeters
high. In many practical uses these standards
miust be changed to other systems of measure-
ment.

All calculations based on the faws of gases
make use of “absolute™ temperature and pres-
stre. These topics require g somewhat more
detailed explanation.

GAS PRESSURE. Gas pressure may be in-
dicated in cither of two ways  absolute pressure
or gage pressure. Since the pressure of an
absolute vacuum is zero, any pressure measured
with respect to this reference is referred to as
“absolute pressure.” In the present discussion,
this value represents the actual pressure exerted
by the confined gas.

At sea level the average atmospheric pressure
is approximately 14.7 pounds per square inch

(psi). This pressure would, in a mereurial bar-

ometer, support a column of mercury 760
millimeters in height. Thus, normal atmospheric
pressuse i the standard pressure mentioned
previously.

However. the actual pressure at sca level varies
considerably. and the pressure at any given
sititude may differ from that at sea level
Therefore. it is necessary to take into consider-
ation the actual atmospheric pressure when
converting absolute pressure to gage pressure (or

_vive vensa).
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When o prossure is expressed as the difference
between its absolute value and that of the local
atmospheric pressure, the measurement is desig-
mted “gage’ pressure. and is usuatly expressed
in “pounds per square inch gage™ (psig). Gage
pressure may be converted to absolute pressure
by adding the focal atmoespheric pressure to the
ZAEC PROssufre.

ABSOLUTE ZERO. Absolute zero. one of
the fundamental constants of physics, is usually
exprossed in terms of the Celsius scale. Hs most
predominant use is in the study of the kinctic
theory of gases. In accordance with the kinetic
theory. if the heat energy of a given gas sample
could be progressively reduced. some tempera-
ture should be reached at which the motions of
the molecules would cease entirely. I accurately
determined. this temperature could  then be
taken as a natural reference, or a true “absolute
ero” value.

Experiments with hydrogen (i king use of
the proven correlation with the volume. tem-
perature. and pressure of gases and by calcula-
tions hased on this correlation) indicated that if
a gas were vooled 10 =273.16° C (used as -273°
for most calculations), all molecular motion
would cease and no additional beat could be
extracted from the substance. It is believed that
at this point both the volume and the prc\\urc
of gas would shrink to zcro.

When temperatures are measured with respect
to the absolute zero reference. they are said to
be expressed in the absolute, or Kelvin, scale.
Thus, absolute zero may be expressed cither as
0° K oras —273° (..

BOYLE'S LAW. The English scientist Robert
Boyle was among the finst to study what he
called the “springiness of air.” By direct meas-
urement he discovered that when the tempera-
ture of an enclosed sample of gus was kept

constant and the pressure doubled. the volume

was reduced to half the former value; as the
applicd  pressure was decreased. the resulting
volume increased. From these observations, he
concluded that for a constant temperature the
product of the volume and pressure of an
enclosed gas remains constant. Boyle's law is
normally stated: “The volume of an enclosed
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diy gas varies invensely with its pressure, pro-
vided the temperature remains constant.™

In cquation form. this refationship may e
cyprossed cither

V,Pl = V,P: L ur

vV, P

vV, "P,

be

where Voand Py oare the oniginal volume and
pressure, and V, and P, are the revised volume
and pressure.

CHARLLES' LAW. The French  scientist
Jacques Charles provided much of the tounda-
tion for the modern kinetic theory of gases. He
found that all gases expand and contract in
direct proportion to the change in the absolute
temperature, provided the pressure is held con-
stant. Expressed in equation form, this part of
the law may be expressed

V,T, =V, 1,. or

vl
vV, 1T,
where Vo oand V, refer to the original and final
volumes, and 1, and T, indicate the corres-
ponding absolute temperatures.

Since any chunge in the temperature of o gas
catises i corresponding change in volume, it is
reasonable to expect that if a given sample of a
gas were heated while confined within a given
volume. the pressure should increase. By actual
experiment. it was found that the increase in
pressure was approximately 17273 of the 0° €
pressure for cach 19 € increase. Because of this
fact. it 1 normal practice to state this relation-
ship in terms of absolute temperature. In equa-
tion form. this part of the faw becomes

PT,=PT,.0r

In words. this oquation states that with a
constant volume, the absolute pressure of a gas
varies directly with the absolute temperniature.

GENLRAL GAS LAW. The facts coneerning
gases discussed in the preceding sections are
sumiined up and illustrated in figure 3-2. Boyle's
law is expressed in (A) of the figure: while the
cffects of temperature changes on pressure and
volume (Charles’ law) are illustrated in (B) and
(C). respectively.

By combining Boyle's and Charles’ faws, a
single expression can be derived which states all
the information contained in both. This cx-
pression is called the GENFERAL GAS EQUA-
TION., a very useful form of which is given by
the tollowing cquation. (NOTE: The capital P
and T signity absolute pressure and temperatune,
respectively )

PV, BV,
f, I

It can be seen by examination of figure 3-2
that the three equations are special cases of the
general equation. Thas, if the temperature re-
mains constant. T, cquals T, and both can be
climinated from the general formula. which then
reduces to the form stiown in (A). When the
volume remains constant, V, equals V,. therehy
reducing the general equation to the form given
in (B). Similarly, P, is cquated to P, for
constant pressure, and the equation then takes
the form given in (C).

| | I
YOLUME
TEMPIRATHRS constant ms&;‘
CONSTANT % . % CONSTANT
AT 1 o N om
1 f'
(A) B) C)
AT. 1

Figure 3-2.—The genars! gas faw.
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It should be undentood that the gencral gas
taw applics only when one of the three meisure-
ments rentins constant. When o gas s com-
pressed. the work of compression is done upon
the gas. Work energy is converted to heat endrgy
in the gas ~so that dvnamicat heating ot the gas
takes place. Experiments have shown that when
air at 07 C s compressed in a nonconducting
cviinder to halt its original volume its nse in
temperature is 90° C.and when compressed to
one-tenth, ity rise is 4297

Fhe general gas law applies with exactiess
only 1o ideal” gases in which the molecules are
assumed 10 e pertectly clistic. However, it
describes  the behavior of  achuad gases  with
stfficient accuracy for most practical purposes.

MECHANICS

Mechanies s that bruncht of physies which
deals primardy with the deas of foree, mass, and
motion. Normally considered the tundamentad
branch of physics, it deals with matter. Many of
its principles and ideas may be seen, maeasared.
and tested. Sinee all other branches of physics
are dalso concerned (to some extent at feast) with
force. nuss, and motion. a thorough  under-
standing of this section will aid i the under-
stiundhinge of Liter sections of this chapter.

FORCE. MASS. AND MOTION

Each particle in g bady is acted upon by
gravitational force. However. in every  body
there 1 one point at which o single foree, equat
to the gravitationdd foree and directed upward,
would sustain the boady in 4 condition of rest.
This point b known as the CENTER OF
GRAVITY. and represents the point at which
the entire mass of the body appears 1o be
concentrated. The gravitational cffect is mea-
sured from the center of gravity. In symmetrical
objects of uniform mass, this is the geometrical
center. In the case of the carth. the center of
gravity is near the center of the carth,

When considering the motion of a body., it is
usually convenient to describe the path followed
by the center of gravity, The natural tendency
of a4 moving body is to move in a manner so that
the center of gravity travels in a straight line.
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Movement of this type is aalled 1INFAR
motion.

Some moving badies, however, do not move
in a stright line. but deseribe an are or g circular
path. Circular motion talls into two general
chiasses  rotation and revolution.

Since objects come in muany different shapes
and in otder to discuss rotary and revolutionary
motion. it becomes necesary o consider e
location of the center of gravity with respect to
the body. Refer to figure 3-3 for the following
discussion,

In ¢A) the center of gravity of a hall
coincides with the physical center of the ball.
However, in the flat washer (Bh, the center of
gravity does not coincide with any part of the
object. but is located at the center of thie hollow
space  instde  the ring. In o drregalardy shaped
bodies. the center of gravity may be difficult to
locate exactly.

It the bady is completely free o rotate. the
cenfer of rotation coincides with the center of
gravity, On the other band. the body may be
rostricted in such o mumner that rotation s
about some point other than the conter of
gravity, In this event, the center of gravity
revolves around the center of rotation. Hhese
conditions are itlastrated in figure 3-4.

in general usage. the gyro rotor €A s said (o
ROTATE about its anis, and the badl (B 18 said
to REVOLVE about a point at the center of its
path.

(A} BALL {8) FLAT (C) IRREGULAR

GRAVITY

AT.22
Figure 3-3.—Center of gravity in various bodies.

e e e e A 4 4 e
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(a) (&
HALL ON & STRING

36'040 NQTUM
]
i -

CENTEN 8 cNaetTY

-
K PN O ROTALION

AT.23
Figure 3-4.—Center of gravity and center of rotation.

CENTEN OF
HOTATION

MASSES IN MOTION

MOTION muy be defined as the “act or
process of changing place or position.™ The
“state of motion™ refens to the amount and the
type of motion possessed by a4 body at some
definite instant (or dunng some interval) of
time. A bady at rest o not changing in place or
posttton it s satd to have zero motion, or to be
motionlew.

The natural tendency of any body at rest is to
reman ot rest; @ moving bady tends to continue
moving in a straight line with no change in speed
or direction. A body which obeys this natural
tendency s said to be in uniform motion.

Any change in the speed or direction of
motion of & body is known as acceleration and
requires the application of some foree. The
acccleration of a body is directly proportionat to
the force causing that acceleration: acceleration
depends alvo upon the mass of the body. The
greater mass of a lead ball makes it harder to
move than a wood ball of the same diameter.
The wood ball moves farther with the same
push.

These observations point to a connection
between  force, mass, and  acceleration, and
indicate that the acceleration of a body is
directly proportional to the foree exerted on
that bady and inversely proportional to the muass
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of that body. In mathematical torm. this rela-
tionship may be expressed s

- F
as
imn

or. as it is more commonly stated - Foree is equal
to the product of the mass and acceleration
(F = ma.

Acceleration Due to Gravity

The small letter g used in formulas for solving
for wceight when mass is known, (W = mg)
represents the acceleration of 4 body in free fall,
neglecting any friction. This can happen only in
a vacuum. At sca leved near the Eguator, g has
the approximate values of 32 {t/sec? in the fps
system, 980 cm/sec? in the cgs system and 9.8
m/sec?  in the mks system. Transposing the
formula W = mg to solve for m. the absolute
units of mass of 4 body may be determined
when its weight is known. Thus, when we use
the formuly stated in Newton's Second Law of
Motion force = mass times acceleration  to find
what force would be necessary to give a one-ton
car an acceleration of 8 ft/sec?. we substitute ¥
- - 2,000 th ®
for mass so that force = U0 5 X8t/
see? = 500 pounds. '

The slug. mentioned carlier, is o mass which
would be accelerated 1 oot per second per
second by a force of | pound. Since any miss
falling freely under the pull of gravity has an
acceleration of 32 ft/sec?. this acceleration
imparted to 1 slug could only be caused by a
force of 32 pounds. In other words, a slug of
mass weighs 32 pounds.

Example: A wagon weighing 160 pounds (S
slugs) stands at rest on a level surface. Neglecting
friction, what acceleration will be given by a
force of 20 pounds?

201b
slugs

a= = 4 ft/sec?

3in

The advantage of using absolute units for
mass is more apparent when considering bodies
in motion far removed from the carth where the
pull of gravity is reduced or ewen zero. The
S-slug wagon would experience the sume acceler-
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atton when adted on by the given force, even
though s weight be greatly reduced

In the metric system the newton s the foree
winch would  cause g nss of T ke to Ix
aocclerated T secs . Since g 9.8 i sed? - then
P Re mass oneris g foree of 9N newtons due to
eravity A newton s cqual to 1) 224 1h,

Fhe dyne s the torce windh would cause
s of Fem 1o be aceclerated 1 om sec? . o
ent exerts o toree of 980 dy nes due o gravity .

it the accelerating torce s apphed 1o the
confer ol eravily o such o e as o
daocelerate the bady with no rotation, it s called
4 PRANSE ATIONAL torce. A toree apphied m
sudch o omuanner as o cause the body 1o rotate
about g pomt s called 4 TOROQUL torge.

Laws of Motion

Among  the most anportant  discoveries in
theoretical physies are the three tundamentad
Laws of motion atinbuted to Newton, Although
somte of these hiws huve been used i espla-
nations of varieus topaes carbier i fins clapter.
they are restated and consolidated at this point
to clants and summarize much of the discussion
regarding mechamcd physies. This restatement
and  consoludation are also used to mtrodice
additionad aspects mvolving the applications of
o mechianiedd principles,

Loobvery body tends to mamtam o state of
uniform otion unless g force o applicd to
change the specd o direction of motion,

2othe acceleration of o bhady s directly
proporttomnad o the magnitude of the applicd
force and imversely proportional to the mass of
the bady: aceclention i in the direction of the
applicd force,

2 For every foree applicd 1o g bady, the
body  enerts an cquiad torce i the opposiie
dircetion,

Momentum

Fvery moving bady tends o mamtain uni-
form motion. Quantitative measurement of this
tendency is proportional (o the mass of the
body, and abvo 1o ity velocity. (Momen-
tum = mass X velocity ) Haus eaplains why heavy
objects in motion 4t given speed are harder to
stop thun highter objects, and also why i s

casier 1o stop o given body moving at low specd
than 1t s to stop the sume body moving at high
spead.

WORK. POWLER. AND ENERGY

As detined carlier. cnergy is the capacity for
doing  work. o mechanical physics. WORK
mvolves the idea of g nuss in motion, and s
usially regarded as the prodact of the applied
force and the distance through which the mass is
moved (work = force X distance ). Thus, if @ man
ntises o weight of 10O pounds to g height of 10
teet he accomplishes 1O foot-pounds of
work. The amount of wortk accomplished is the
sime regardless of the time involved. However,
the RATE of doing the work may vary greatly.

the rate of doing work (called POWER) i
defined as the work accomplished per unit of
tinte (power - work timed. In the example cited
above. it the work i accomplished in 10
seconds, poser is being eapended at the rate of
100 toot-pounds  per second; it it takes §
minttes GO0 seconds). the rate is approvimately
3.3 foot-pounds per second.

In the Faglish system of measurements, the
unit of mechanical power is called the HORSE-
POWER and is the cquivadent of 33000 foot-
pounds  per minte. or S50 foot-pounds per
secotid. Stnce energy is readily convertible from
onge torm  to another. the work and power
measurements based on the copvension ot energy
must also be readily mm‘crlih\-. As an example,
the clectrical unit of power is the watt. Elec-
trical energy may be converted into mechanical
cenergy.  therctfore,  clectrical power muast e
convertible into mchcanical power. One horse-
power is the mechanical cquivalent of 746 watts
of clectrical power, and is capable of doing the
sine amount of work in the sane time.

The accomplishment of work always involves
a change in the type of energy. but does not
change the total quantity of encrgy. Thus,
encrgy applicd to an object. may produce work,
changing  the  composition  of  the  energy
possessed by the object.

Potential Energy

A body s said to have potential encrgy if by
virtue of its position or its state it is able to do
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work. A wound clock spring and o evlinder of
compressed  gas both possess potential energy
sinee they can do work in returnmg to thesr
uncompressed  condition. Also. o weight raised
above the carth has potential energy sinee it can
do work in retuming to the ground. Thus,
potential energy  results when work has been
done agnnst g orestoring foree. Fhe water in i
reservoir above a hydroclectric plant s po-
tential cuergy regardless of whether the water
was placed there by work applied via o pump or
by the work done by the sun to fitt it from the

Cstand place it in the reservoir in the form of

rain.
Kinetic Energy

Fhie ability of a bady to do work by virtue of
its, MOTION iy called its Kinetic energy A
rotating wheel on o machine has Kinetic energy
of rotation. A car moving along the highway has
Kinctic energy of translation,

For g given muss m, moving in a steaight line
with & velocity v, the Kinetic energy s detor-
mined by

fm IS N grns
191 s

when
Rincticenengy = mv?
/m -1l 111> 10 shugs
when {

! VS IO POT WY

Vs it por sec

Example: The Kinetic energy of a4 3. 200-1b car
which s traveling at 30 miles per hour can be
found by expressing the 3.200 {h as 100 sfups
and the 30 mph as 43 feet per second. Inserting
these values  into the formula  gives  Kincetic
Cferey = ‘, X 100 X 44 X 44 =90K800 foot-
pounds of energy. This amount of Kinctic energy
is the result of Y0800 foot-pounds of work
(plus that to overcome frictiom) having been
applicd to the car to get it traveling at the rate
of 44 feet per second. The same amount of
energy could do the work of lifting the 3.200
pounds vertically o distance of 30.25 feet, and
so could have been potential encrgy if the cur
had been at rest on an incline and then altowed
to coast 1o a point which is vertically 30.25 feet
below its sarting point (again neglecting fric-
tion).

Eificiency

Provided there is no change 1 the quantity of
matter, encergy is convertible with no gin or
toss, However, the encrgy resulting from o given
action muy not be in the desired form it may
not even be usble in ity resudtant form. In all
branches of phissios, this conaept is Known as
FEFICIENCY.

The energy expended is alwavs greater than
the energy recovered. An automobile in motion
possesses a quantity of Kincetic energy dependent
on its mass and velocity. In order to stop the
car. this energy must be converted into potential
energy. When the car comes 1o rest, its potential
cncrgy s considerably s than the kinetic
cnergy it posessed while i motion. The dif-
ference. or the “energy {ost™ is converted into
heat by the brakes. The Leat serves no useful
purpose. so the recovered encrgy s fess than the
expended energy  the system is less than 100
pereent etficient in converting kinctic (o poten-
tal encrgy .

Ihe term  cfficiency  is normally  used in
connection with work and power considerations
to denote the ratio of the mput to the output
work. power. or energy. T always espressed as
a decinugd or as g percent fess than unity.

Friction

In mechamical physics. the most common
cause for the loss of efficiency is FRICTION,
Whenever onte object v Slid or rolled  over
another, irrepatlaritios in the contactimg surfuces
interdock and cause an opposition to the foree
heing exerted. Even rubbing two smooth pieces
of ice together produces friction. although of a
much smaller magnitude than in the case of two
rough stones. Friction also exists in the contact
of air with all exposed parts of an gircralt in
flight.

When o nail is struck with a hammer. the
energy of the hammer is transferred to the nail,
and the nail is driven into a board. The depth of
penetration depends on the momentum of the
hammer. the size and shape of the nail. and the
hardnes of the wood. The larger or dulier the
nail and the harder the wood, the greater the
friction. and thercfore the tower the efficiency
and less depth of penctration but the greater
the heating of the mail.
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Friction s alwavs present m moving  ma-
chmery, and accounts in part tor the fact that
the usetul work accomplished by the machine is
mever as preal as the energy applied. Work
accomplished i overcoming triction is usually
not recoverable. Friction can be minimized by
decreasing the numbwer of contacting points, by
making the contacting arcas s small and o
stitoxath as posable, by the use of bearings, or by
the use of lubricants.

There are two Kinds of friction  sliding and
rofling, with rolling friction usaally of lower
magnitude. Therefore, most machines are con-
striucted so that rofling friction is present rather
than shding friction. The ball bearing and the
roller bearing are used to convert stiding friction
to rofling friction. A third type, the common (or
triction) bearing, utilizes lubricants applied to
surfaces which huve been made as smooth as
possthle. Many new types of machines atilize
sif-lubricating bearmgs to mimnimize friction and
thus maxunize efficiency.

Mechamical Advantage

The concept of mechamcal advantage  has

proved to be one of the great discoveries of

wicnve, I permits an increase in foree or
distance and represents the hasic principle in-
volved in fevers, block and  tackie  systems,
sorews, hydrhe mechanisms, and other work

sving devices. However, in the true sonse, these
devices do not save work, they mercly enable
humans to accomplish tasks which might other-
wise be beyond their capability. For example, a
human woukd normafly be considered mcapable
of hifting the rear end of i truck in order to
change a tire: but with a jack, a block and
tackle, or o lever, the joh can be maxde com-
paratively casy.

Moechanical advantage is usually  considered
with respect to wark, Work  represents  the
application of a force through o distance in
order to move an obicct through o distance.
Thus, it may be seen that there are two forees
involved, cach with an appropriate distance. This
is illustrated by the simple lever m figare 3-S5,

Assuming perfect efficiency. the work input
(Fy Dy is equal to the work output (F,D,).
Assummg. ciual distances Dy and D, a force nf
10 pounds must be applicd at the source in
order 1o counteract a weight of 10 pounds at the
load.

By moving the fulerum acarer the load, fess
force s required to balance the same load. This
iy o mechanical advantape of foree. I the force is
applicd in such 4 manner as to rtise the load 1
foot, the source must e moved through a
distance greater than 1 foot. Thus, mechanicat
advantage  of  foree  represents o mechanical
disadvantage of distance. By moving the fulecrum
nearer the source, these conditions are reversed.

LOAD
SOURCE by
J
1) 02
— = ———— - L .
i N
FULCRULW
w -

INPUT

ouTPur

AT.24

Figure 3-5.—Mechanical advantage.
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St the apeat worh cquads the outpat work
Cassuntrinne to fossest the mechuatacal advantage
ey be stated s o tatio of the torce or of the
distances, In ac el stfhuations, trction results in
chiciy and dedteased ofticienoy . thereby
fequpemty an even ereater mput to gecomplish
the sante work

‘t NS

REVOLVING BODIES

Rovohanye hodies reprosentt fnisses 11 imotion;
theretore, they possess all the characterstios
cand obey b the Laws) assoctated with moving
badies. Inaddition. sinee they possess a speditic
0 pe of motion. they have special properties and
Lactors which must be tahen into consideration,

Rovohvings bodies travel ina constantly chang-
me dircction, so ey must be constuntiy sub-
weoled toan aceeleratimg force Momentum tends
to produce himcar motion. but this is prevented
by apphcation of o toree which restriins the
object. s restranming togee prevents the object
from continume i o strapht hine, and s Kknown
oS CEN R"" ‘ Ad foree. .~\ccurdmg {0
Sewton's thard Law of motion. the centripetal
force mtst be opposed by an equad force which
tends to produce imear mobion. This second
torce v Antown as CENTRIFLGAL foree. The
tIwo forces. ther relatienships, and therr etfects
are tlnstrated u fivure 340,

Fhe sattous torces mvolhved it revolang
bodies ey be dfustrated by ouse of o ball and
string. A ship koot s bed i the center of a
FO-toot fength of twine sa as to shorten the bine

tor S feet: o orabber hadf s attached to one end of

the string. Holding the other end of the line.
winrl the ball slowiv in a cirele. Note that the
Pafl exerts o foree against the hand (through the
strngr. and that m order to restrain the ball in
tis crircubar pathn the bund muast exert o toree
(through the string) on the ball. As the ball is
revolved at higher speed, the forces increase. and
the ball continues in a circulur path. As the
rotational  velocity of the hall s gradually
increased. note the increasing forces.

At some rotational speed. the forees involved
bueconie gicat cnough (o overcome inertial ric-
tion. and the knot «dips. At this time, allow the
velocity of the rotation to stabilize (stop increas-
ing in rotationdl velocity . but not sfowing down,
cithery, so that the existing conditions may be

59
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Figure 3-6.—Forcss on revolving bodies,

atudyzed. When the knot sips, the hall s
temporarily unrestrained and is free 1o assume
lincar motion in the direction of travel at tha
imstant (tangent to the circle at the instan-
tancous position). The ball travels i o straight
line until the string reaches its full fength; dunng
this time. no toree is exerted on or by the faand.
As soon as all the sluck is taken up. there is a
sharp jerk an accelerating force s exerted in
order to change the direction of motion from its
lincar path into a circular rotation. The ball
again asstimes rotational motion, but with an
increawe in radius,

The ball does not make as many revolutions
in the same  time (rotational velocity s de-
creased ). but it does maintain its former linear
velocity., (The kinetic energy and the momen-
tum of the hall have not changed.) Sinee the
change in direction is fess abrupt with a large
radius than with a small one, less accelerating
force is required. and the hand will feel fess
foree. I the hall is then accelerated e the same
rotations, velocity as immediately prior to the
dipping of the knot, the lincar velocity of the
ball becomes much greater than hefore; the
contripetal and  contrifuged  forees are much
greater., also.
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I this example, it has been assumed that the
hand is fixed at a point which represents the
center of rotation. This asstimption, while some-
what erroncous, does not affect the general
conclusions.  For practical purposes, the two
forces are equal at all points along the string at
any given time. and the magnitude of cach foree
iy equal at all points along the string.

In summarizing the conclusions reached by
the above example and explanation, consider the
tollowing relationship:

foree = s X velocity?
radius

where velocity represents the lincar velocity of
the ball. This emphasizes that the centripetal
and the centrifugal forces are equal in magnitude
and oppasite in direction. Each foree is directly
proportional to the nuss of the body and
invenely proportional to the radius of rotation.
Each foree is also proportional to the square of
the velocity.

In revolving or rotating bodies, all particles of
the mattes which are not on the axis of rotation
are subjected to the forees just described. The
statement is true whether the motion is through
a complete circle, or merely around a curve: An
aircraft tends to skid when changing counse: an
automobile tends to take curves on two wheels.
The sharper the curve (smaller radius) or the
higher the velocity. the greater the tendency to
skid.

WAVE PARAMETERS

“Wave parameten™ is a general term  that
applies to all types of waves water. radio.
sound. light, heat. All types of waves exhibit
some characteristics in common, that is. they all
experience transmission, reflection. refraction,
and absomption in very similar manner.

WAVE MOTION

Encrgy may be trunsferred progressively from
point to point in a2 medium by a disturbance
which may have the form of an elastic deforma-
tion. or of a variation of pressure, electric or
magnetic intensity, electric potential, or temper-

ature which advinces with o finite  velodity
through the medium. Encrgy s transterred from
one point to another without the passage of
matter between the two points, although in
some cases particles of matter do move to and
fro around their equilibrium position. A single
disturbance induced into the medium is called a
wave pulse. and g series of waves produced by
continuous variations is called a train of waves
or wave train.

Transverse Waves

In describing any periodic wave. it is said to
be TRANSVERSE if the disturbance takes place
at right angles to the direction of propagation.
This motion can be easily observed when a hemp
line is fustened at one end 1o 4 stanchion and its
free end moved up and down with a simple
pwriodic motion. The motion of the waves will
be along the length of the line but cach particle
of the line moves at right angles to its length.

Electromagnetic waves do not involve moving
particles of matter. but rely on clectric and
magnetic force tickds. The variations of these
ficlds are also at right angles to the direction of
wave movement and so are transverse waves,
Also. the variations of electric field intensity and
those of magnetic field intensity are at right
angles to cach other as well as to the direction of
propagation of the wave. For example. it an
clectromagnetic wave is moving foward  the
north and is horizontally polarized. the viria-
tions of the clectric field intensity are cast-west
horizontal to the carth’s surface. while variations
in the magnetic field intensity are  vertical.
Electromagnetic waves are known as  radio
waves, heat rays, light rays, cte.. depending on
their frequency.

Longitudinal Waves

Longitudinal waves are those in which the
disturbance takes place in the direction of
propagation. The compressional waves that con-
stitute sound such as those se¢t up in air by a
vibrating tuning fork are longitudinal waves,
When struck. the tuning fork scts up a vibratory
motion. As the tinc moves in an outward
direction, the air immediately in front of the
tine is compressed so that its momentary proes-
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sure is rased above that at other points in the
sturroundimg medium. Because air is clastic. this
disturbance s transmitted  progressively i an
outward direction as a compression wave. When
the tine returns and moves in the inward
direction. the air in front of the tine is raretied
s that its momentary presune is reduced bwlow
that at other points in the surrounding madium.
Flus disturbance is also propagated. but i the
form of a4 rarctaction (espansion) wave. ana
tollows the compression wave through the med-
inun.

The compression and  expanston waves are
abvo called longitudimal waves, because the par-
ticles of matter which comprise the medium
move  bach  and  forth  longitudinadly i the
direchion of wave travel. Figure 3-7 is a simpli-
fied representation of the use of g tuning fork to
produce 4 longitudinal wave, The transvenw
wave shown helow  the longitudinal wave s
merely o convenient device  to indicate  the
relative density of the particles in the medium,
and does not reflect the movement of the
particles.

Waves in Water

The motion ot the surface of water having
wives passing by is a4 combination of both
transverse and longitudinagl waves. The particles
of water move in circdes or in ellipses. This
motion can be seen by placing a small cork on
the surface of the water and observing it from
the side. The cork will be carried upward and in
the direction of the wave motion as the crest of
the wave approaches: after the crest has passed
the cork falls and is then carnied backward.

Terms Used in Wave Parameters

VELOCTTY. The velocity of propagation is
the rate at which the disturbance trnsverses the
medium, or the velocity with which the crest of
the wave moves along. This velocity of the wave
must not be confused with the speed of a
particle which is always less than the velocity of
the wave. The velocaty of the wave depends both
on the type of wave and the nature of the
moedium.
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Figure 3-7.—Compression and expansion wave propegstion.
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FREQUENCY . Tne trequency of any peri-
adic mnotion s the number of complete varia-
tions por umt of e Wath waves, the time unit
in the second and the trequency usit is herty
(Hz Hertz s the number of complete ey cles per
sccond. and s, theretore, the number of com-
plete waves which  pass g given point cach
sevond.

PERIOD. The period of 2 wave s the time
required to complete o full cvele. and so the
period and the frequency of a given wave are
reciprocils of cach other. Thus,

—

poriod = -
frequency

and frequency = =
T period

I a sound wave has a frequency of 400 Hy its
pertod s T 400 = QL0028 second. I sticcessive
crests of a water wave pass a given point cach §
sweonds, the freguency of the wave s 1S
= 0.2 Hs.

WAVELENGTH. Wavelength,  denoted by
the symbol N (Greek Limbday. s the distance.
along the direction of propagation of the wave,
between two successive points in the medium
that are at precisely the same state of disturb-
ance.  In a water wave, this is the distance
between  two adjacent  crests. Wavelength s
dependent upon both the frequency of the wave
and the velocity upon both the frequency of the
wave and the velocity of propagation of the
wave i a given medium. In compatibie units of
s,

avelength = -~y
wavelength = Frequency”
Compatible units means that if frequency s
waves por second e hertz then velocity must
be in distance units per sccond-c.g.. feet per
second of meters per second. Also, if velogity is
given in feet per second. wavelength will be in
fect: if velocity is given in meters per second.
wavelength will be in meten,

Standing Waves

Stunding waves may be produced by two
wave trains of the same type and of cquad

frequency traveling in opposite directions in the
e medium, whether the medinm be solid.
hquid. or gas Figure 3-8 illustrates the forma-
tion of 4 standing wave represwented by the solid
curved line. The points “A™ and N7 along the
horizontal axis of the graphs are fixed points
within the meditm and are stationary or “stand-
ing.” Points N7 are the locations within the
minimum where the amplitude of the standing
wave is always medium and are called nodes.
Successive nades are one-halt” wavelength apart.
Haltway between the nodes are the antinades
(or loops) represented by points A" on the
graph. and are the locations where the standing
wave  reaches  its maximum  amplitude  tone-
quarter wavelength from a4 node). The dotted
curved line represents a4 wave train traveling
trom left to right and the dashed curved line
reprosents an equal wave train traveling {from
rght to left, as they would appear it cach were
the only wave within the medium. However. as
they meet  they combine with  cach other.,
forming the resultant standing wave as shown hy
the solid curved line, and so cease Lo exist in
their original form,

In the top drawing the crests of the two
identical component waves are approaching cach
other, and i a moment will coincide st pomnts
“AT. AL this time. the standing wave  will
perease o oo nunanum amplitude equal to the
sum of the two components.

After another interval of time. the crests of
the component waves pass cach other as shown
iy the jower drawing, and the standing wave
decreases until it becomes zero at the time the
two component waves exactly neutralize cach
other. After this. the standing wave will increase
in smplitude in the opposite direction from that
in the drawings. However, it may be seen that
the points of maximum variation of the standing
wave are not moving: also. that af points *N”™
the stunding wave is always at 7zero. because for
any position of the two component waves their
magnitudes are the same and gheir deviations are
Opponitce.

Afthough the drawing appears  simifar  to
transverse waves, the lines may alvo reprewent
the magnitude and direction of any devistion
within the medium catised by the waves,
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Figure 3-8.—Formation of a standing wave.

REFLECTION

Lines drawn from tie source of waves indi-
cating the path slong which the waves travel are
called RAYS. These tines are frequently used in
iHustrations as o convenient method of denoting
witve propagation. When several rays are drawn
from a ncarby source they may bhe shown
dwverging from the source. but rays drawn from
a distant source are usually shown as being more
nearly paraiiel

A WAVEFRONT is a surface on which the
phase of the wave has the same value at alt
points at a giver instant. Wavefronts near the
source are sharply curved, but as the distance
from the source mcrcases they hecome more
nearly lat.

Within a uniform medium. a ray travels in a
straight line. Only at the boundary of two
media. of in an arca where the welocity of
propagation of the wave within the medium
changes. do the rays change their direction.

When an advancing wavetront encountens a
medium of different characteristios. some of its
encrgy is reflected back into the initial medium,
and some may he transmitted into the second
medium where it may continue at a ditferent
velocity or may be absorbed by the medium. In
some caswes all three processes (reflection, ab-
sorption. and transmission) may oceur in some
degree.

REFLECTED waves are simply those waves
that are neither transmitted nor absorbed, but
are thrown hack from the surface of the medium
they encounter, If a ray is directed against a
reflecting surface. the ray striking the surface is
called the INCIDENT ruy. and the one that
bounces back iv the REFLECTED ray. An
isaginary line perpendicular to the aeflecting
surface at the point of impact of the incident
ray is called the NORMAL. The angle between
the incident ray and the normal is calied the
ANGLE OF INCIDENCE. the angle hetween the
reflected ray and theenormal is the ANGLE OF
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REFLECTION. These terms are illustrated in
figure 3-9.

It the surface of the medium contacted by the
mncident ray is smooth and polished (as a
mirror). cach reflected ray will be thrown back
at the same angle as the incident ray. The path
of the ray reflected from the surface forms an
angle exactly equal to the one formed by its
path m reaching the medium. This conforms to
the luw of reflection which states: The angle of
incidence is cqual to the angle of reflection.

The amount of incident wave energy which is
reflected  from a surface depends upon  the
miture of the surface and upon the angle at
which the wave strikes the surface. The amount
of wave energy reflected increases as the angle of
incidence increases, being greatest when the ray
is nearly parallel to the surtace. When the
incident ray is perpendicular to the surface.
more of the wave energy is transmitted into the
stbstance and less is reflected. At any incident
angle. a mirror reflects almost all of the wave
cnergy. and a dull black surface reflects very
little.

Waves which are reflected  directly  bhack
towiard the source cause the standing waves
discussed earlier in this chapter.

REFRACTION

When o ray (or wave) passes from one
medium inte a medium  having a4 different
velocity of propagation for the wave. if the ray
is not perpendicular to the boundary between
the two media. a change of direction of the
wave, or a bending of the ray callea <EFRAC-
TION. will occur. As in the discussion of
reflection, the ray striking the boundary is called
the incident ray. und the imaginary line perpen-
dicular to the boundary is called the normal.
The angle between the normal and the path of
the ray through the second medium is the angle
of refraction.

-—-A light ray is shown from points A to B in _

figure 3-10 and is labeled INCIDENT RAY as it
approaches the boundary between the air and
the top of the glass plate. Here it bends toward

= the normal and takes the path B-C through the

glass and becomes both the refracted ray from
the top surface and the incident ray to the lower
surface.

§
remammaa. .!- OV s S B ¢ SR, £, 1 T S
-~
-~
- -
ANGE T LE REELELTON
L~ RO LECIED Ay S %

e i

ATZ?

Figure 3-9.~Terms used to describe the reflection of waves.
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Figure 3-10.—Refraction of s wave.

The angle formed by the ray and the normal
to the lower surface is the second angle of
incidence. As the ray passes from the glass to the
air it is again refracted. this time away from the
normal. and takes the path C-D.

ol
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Retraction alwass tollows a general rule
whoen o ray passes trom one medium to another
having a lower welocity of propagation for the
waves, refraction s toward the normal so the
angle of retraction s smabler than the angle of
incidence: when passing into a4 medium having
higher velocity of propugation for the waves,
refraction is away from the normat so the angle
of refraction is Larger than the angle of inci-
dence. The angle of refruction is found by
experiment 1o depend on two factors: (1) the
angle of incidence, and (29 the index of refrac-
tion. which is the ratio of the velodities of the
waves within the two media. The greater the
angle of incidence. the greater the kending: also.
the greater the difference between the velocitios
of propaguition in the two media, the greater the
bending.

When the two surfaces of the glass are
parallel. the ray leaving the glass will be parallel
to the ray ontering the glas. The distance
between these two paths (between lines A-E and
C-D in fig. 3-10) is called lateral displacement.
Lateral displacement is zcro when the incident
ray is directed along the normal. and increases as
the angle of incidence increases  Lateral displace-
ment is greater in thicker glass than in thin,

A boundary between two media does not
always have a sharp point of transition such as
from the surface of glass 1o air. Air layers above
the carth’s surtace having ditferent temperatures
may cause refraction of sound waves, as do
thermal fayers in the ocean. Variations in the
ionosphere cause refraction of radio waves and
light rays.

Ay stated before, whien a wave encountens g
medium having a higher velodity of propagation,
refraction is away from the normal with the
angle of refraction being larger than the angle of
incidence. When the angle of incidence is in-
creased to the angle at which the refracted wave
is 90° to the normal (paraflel with the bound-
ary ). this angle of incidence is called the criticul
angle of refraction. Any angle of incidence larger
than this will result in total reflection of the
incident wave, rather than refraction. The size of
the critical angle of refraction is dependent upon
“the index of refraction of the two media -the
lasger the index of refraction, the smaller the
critical angle of refraction,

DIFFRACTION

Dittfraction is the bending of the path of
waves when the wavefront is limited by an
obatruction. This is very casy to observe in water
waves. Generally, the lower tfrequency wives will
diffract more than those at higher frequency. In
sound waves, this may be observed by listening
to music from an outdoor band and then
stepping behind g solid obstruction such as a
brick wall. The high notes. having less dif-
traction. will scem to be reduced in loudness
much morce thun the low notes. Broadeast hand
radio waves often travel over to the opposite
side of 4 mountain from their source due to
ditfTfraction. while higher frequency T.V. signals
from the same city might not be detected on the
opposite side of this mountain,

DOPPLER EFFECT

When there is relative motion between the
source of & wave dnd a detector of that wave,
the apparent frequeney at the detector position
differs from the frequency at the source. It the
distincee between the source and the detector is
decreasing, more wavefronts are encountered per
sccond than when the distance is constant. ‘This
results 0 an apparent incrcase in {requency.
Converscly . if the separation is imcreasing, fewer
waves are encountered. with an apparent de-
crease in frequency,

The pitch of the whistlie on a fast-moving
train sounds higher as the train is approaching
than when the train is departing. Though the
whistle is geneniting sound waves of constant
frequency. and though they travel through the
air at the same velocity in all directions. the
distance between the approaching train and the
listener is decreasing, so cach wave has fess
distance to travel to reach the observer than the
wave preceding it. Thus the waves arrive with
less intervals of time between them.

These apparent changes in frequency are
called the Doppler effect, and affect the opera-
tion of cquipment used to detect and measure
wave cenergy. The amount of change in the
apparent  frequency varies directly with the
relative velocitios of the source and detector and
inversely with the velocity of propagation of the

. hil d
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wave withm the medium. The Doppler effect is
inportant i dealing with sound wave propa-
gation as apphcable to sonar equipment operi-
tion, and in dealing with clectromagnetic wave
propagation as applicable to radar search, target
detection, fire control, navigation, cte.

HEAT

Heat represents o form of energy : theretore, it
must be readily enchangeable with, or converti-
bie mto. other forms of energy. When a picce of
fead is struck o sharp blow with a hammer, part
of the Kinctic energy of the hammer is converted
into heat. In the core of a transtformer. clectrical
and magnetic energy are exchanged: but due to
hysteresis and eddy currents. some of the energy
tv fost as heat. These are some examples of the
unwanted conversions, but there are many in-
stances when the production of heat is desirable.
Many devices are used almost exclusively to
prraduce heat.

Regardies of how or why it is produced. heat
possesses certain characteristios which make it
important to the technician. A Knowlkedge of the
mature and behavior of heat may prove helpful
in understanding the operiation of some types of
clectronics  cquipment  or in determining  the
ciie of nonoperation or faulty operation of
others.

NATURE OF HEAT

There are several theories regarding the nature
of heat. none of which satisfactorily explain all
the characteristios and properties exhibited by
heat. The two theories most commonty included
in discussions regarding the nature of heat are
the kinetic theory and the radiant  energy
theory.

In the kinctic theory. it is assumed that the
quantity of heat contained by 4 bady is repre-
sented by the total kinetic energy possessed by

~ thie molecules of the body.

The radiation theory treats radio waves, heat,
and light o the same general form of cnergy.
_differing pnmarily in frequency. Heat is con-
“sidered as a form of electromagnetic ene
involving u spuecific bund of frequencies falling
" between the radio spectrum and light.

A common method used (o produce heat

encrgy is the buming process. Buming is a -

chemical process in which the fuel unites with
osygen. and a flame is usaally praduced. The
amount of heat liberated per unit mass or per
unit volume during complete burning is known
as the heat of combustion of a substance. By
experiment, scientists have found that cach fuel
produces 4 given amount of heat per unit
quantity bumed.

TRANSFER OF HEAT

There are three methods of heat transtor
conduction, convection. and radiation. In .idi-
tion to these, a phenomenon called absorption is
related to the radiation method.

Conduction

The metal handle of a hot pot may bum the
hand: a plastic or wooden handle. however,
remains relatively cool even though it is in direct
contact with the pot. This phenomenon is due
to a property of matter known as thermal
conductivity. All materials conduct heat some
very readily, some to an  almost  negligible
extent. When heat is applied to a body, the
molecules at the point of application become
violently agitated, strike the molecules next to
them. and cause increased agitation. The procoess
continues until the heat energy s distributed
evenly throughout the material, Aluminum and
copper are used for cooking pots because they
conduct heat very readily to the food being
cooked. Wood and plastic are used as handles
because they are very poor conductors of heat.
As a general rule metals are the best conductons
of heat, although some metals are considerably
better than others.

Among solids, there is an extreme range of
thermal conductivity. In the original example,
the metal handle transmits heat from the pot to
the hand, with the possibility of bums. The
wooden or plastic handle does not conduct heat
very well, so the hand is given some protection.
Matcrials that are extremely poor conductors are
called “insulatons™ and are used to reduce heat
transfer. Some examples are the wood handle of
soldering irons. the finely spun glass or rock
wool insulation in houses, or the asbestos tape
or ribbon wrapping used on steam pipes.
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I qunds are eenenadly poorer conducton than
metids In figare 3-11 note that the we in the
bottom of the test tube has not vet melted.
although the water at the top s boiling. Water is
such o poor conductor that the rate of heating
of the water at the top of the tube v not
stfticient fo cause rpid melting of the ice at the
hottom.

Since  thermal conduction s 4 process iy
which molecular energy is passed on by actuul
contact, gases are generally even poorer con-
ductons than liquids because the molecules are
tarther apart and molecular contact s not so
pronounced. A double-pane window with an
arrspace between the panes is o fair insulator.

Convection

Convection i the process in which heat s
transferred by movement of 4 hot fluid. For
canple, an clectron tube gets hotter and hotter
until the air surrounding it begine to move. The
motion of the arr s upward because heated air
eapands i volume and is torced upward by the
denser ool air surrounding it The upward
motion of the heated air carnies the heat away
trom the hot tube by comvection. Transfer of
heat by conmvection muay be hastened by using a

AT 31
Figure 3-11.~-Water is a poor conductor of hest.
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venttlatimg fan to move the air surrounding o hot
object, The rate of cooling of 4 hot vacuum tube
can also be increased by providing copper fins to
conduct heat away from the hot tuhe. The fins
provide farge surfaces against which cool r can
be blown.

A convection process nuy take place m g
liquid as well as oo opas. One esample is a
transformer in an ol bath. The hot oil iy fess
dense thas less werght per unit volumed and rises.
while the cool oil talls, is heated. and rises in
turn.

When the circulation of gis or liquid is not
rapid cnough to remove satficient heat, tans or
pumps may be used to accelerate the motion of
the cooling material.  In some  instatlations,
pumps are used to circulate water or oil to help
cool farge equipment. In airbomne instatlations
clectric fans and blowers are used to and con-
vection.,

Radiation

Conduction and convection cannot wholly
account for some of the phenomena that are
asociated  with heat transfer. For example,
heating  through  convection cannot  oceur in
front of an open fire because the arr currents are
moving toward the tire. It cannot occur through
conduction because the conductivity of the air is
very low, and the cooler currents of air moving
toward the fire would more than overcome the
transter of heat outward. Therefore, heat must
travel across space by some means other than
conduction and convection.

The existence of another process of heat
transfer s still more evident when the heat from
the sun is considered. Since conduction and
convection take place only through molecular
contact within some medium, heat from the sun
must reach the carth by some other method,
(Outer space iy an almost  perfect vacuuam.)
Radiation is the name given to this third method
by which heat travels from one place to another.

The term radiation refens to the continual
emission of cnergy from  the surface of all
badies. This encrgy is known as radiant energy.
It is in the form of electromagnetic waves and is
identical in nature with light waves. radio waves,
and X-rays, exeept for a difference in wave-
fength. Sunlight is 4 formy of radiant heat energy

n
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winch  traveds great distances  through  cold.
Gy space 1o reach the carth. Hhese electro-
plgncte hieat waves are absorbed when they
comte mocontact with pontransparent  bodies.
e net gesult s that  the motion of  the
molecules 1 the body sowercased. as indicated
by an merease i the temperiature of thie body,

the differences i conduction, convection,
Jd raduation e as tollows

o Although conduction and convection are
catremely slow, radittion takes place with the

specd of hight, Pl fact is evident at the time of
ant echpse of the sun when the shutting off of

the heat trom the sun takes pliace at the sime
tante s the shutting ot of the hght,

20 Radunt heat may pass through o medium
without heating it For example, the air insdde a
greenhouse niay be much warmer than the ghss
through which the sun's ray s pass,

3. WJHhough conducted  or convected  heat
iy ael i roundabout routes, radiant heat
always traveds o strnght fine. For example.
radiation can be cut off with o sereen placed
between the source of heat and the body 1o be
profected.

Absorption

fhe sune g e and an clectne light bath ol
radagte encrgy, but o body need not glow (o give
oft hicat A Rettle of hot water or g ot sofdering
ot radutes heat, 1 the surtace s polished or
hght i color, less heat s rdiated. Bodies which
do not reflect gre pood  radigtors ad pood
abworbers, and bodies that reflect are poor
radeators and poor absosbers, FThus s the reason
white clothing n worn m the sammer. A
practical example of the control of heat o the
Phermos bottle. The Task itselt s made of twao
watlis of “sidvered™ ghiss with o vacuum etween
them. The viacuum prevents the foss of heat by
comduction and  convection and  the “silver™
S caating reduces the loss of heat by radition,

The silver-colored paint on the “radiaton’ i
freating systenis s ised only tor decoration and

—sheereises the efftcweney of heat transter. Lhe

most effective color for heat transfer o dall
black . dull dlack v the wdeal absorber and also
the et radiator.

Aruitoxt provided by Eic:

TEMPERATURE

I an object is hot 1o the touch, it s sand to
have a “high™ temperature: it i s cold to the
touch, it has & “low” tempentture. In other
words, temperature s ased s aomeasuse of the
hotness or coldness o an object being deseribed.
However, hotness and coldness are only relative.
For example, on o cold day. metals seem colder
to the touch thun sonmetals  because  they
conduct heat awiay from the body more rapdly.
Abso, upon feaving a warin room the outside air
swoms coofer than it really s, Gomg from the
outside cold into @ witrin room, the room seems
warmer than it really s In other words, the
temperature o penon feels depends apon the
state of s body,

Temperature Conversion

There are many  systems  of  temperatuse
maastrement; it s frequently necessary to con-
vert from one to the other. The four most
coutmon sarles mouse today are the Fahrenhest
(), Celsius (O, Rankine (R). and Kelvin (K.

FAHRENHEEE SCALE. The most Gamiliar
switle to most Amenicans is the Fabrenheit scale
which was established so that s zero point
approvmates the tempeniture prodaced by mas-
g cqual quumtitios by weight ot snow and
comnion salt.

Under standiard atmosphienie pressure the bogt-
g pomt of water s 212 degrees ibove zero and
the ficeang point 32 degrees above 7ero. Tach
degree represents an cqual division. and there ane
ERG such divisions between treczang and boidling.

CEESIUS SCALE. Fus scale. tormerly called
the Centigrade scale, uses the Treezimg pomt and
botling point of water under standard atmos-
pheric pressure as fived points of (0 and 100,
respectively, with 100 cquad divisions between,
These 1O divisions sepresent the same difter-
cance o temperature as 180 divistons of the
Fabrenheit scale. This ratio of 1O/ 1RO reduces
to 5749, which means a change of 171 is equal 1o
a change of §/97C. A change of 87 on the
Celeius sale, therefore, is equal to g change of
9" on the Falisenbent seale. Because O on the

i ki“
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Celstis seale correspoinds to 327 on the Fahren-
et sea'e. o ditterence i reference pomnts exists
between the two saales, (See Fig. 3120

To vomert from the Fahrenheit swale to the
Celsius saade, subtract the 327 difference and
multiphy the result by 5 90 Ay an example.
comert 087 Fahrenhen to Celsius

s 5 o -
qu A= qx 6= 20 (

Lo convert Celsius to Fahrenhent, the reverse
procedure is necessany . Fist multiply the read-

$ARENNELY CELSIUS RANKINE KELVIN

22° 1600 s;ff-: e72° 373
¢ 650° - -
180°
1500 ——-
SQG
1NQ*°
550° ~ s00°
400
320 — o et a3 ° 2130
MELTS
0°
450° — 250°
-8Q0° - s 0 400° - -
BT 150° -— 200°
- 180° 100°
! 300°
. — 150°
700 250° -
250° rie0®
200°
100°
- 00° 15Q°
— ﬂ___mﬂ
180° —
100° 50
- B --2%0° 50°
-450° - 2730 ABSALUTE o° 0°
ZER0
AT.?7

Figure 3-12.—Comparison of tha four common
temperature scales.

ing on the Celbius thermometer by 9/5 and then
add 32 to the resalt

:tlm +32=3064+32=08"F

One way 1o remember when to use 9/ and
when to use 579 is to keep in mind that the
Fahrenheit sale has smaller divisions than the
Celvits saale. In going from Celsius to Fahren-
heit. multiply by the ratio that is larger! in going
from Fahrenheit to Velsius use the smaller ratio,

Another method of temperature convension
which uses these same ratios is based on the fact
that the Falirenheit and Celius scales both
register the same temperature at =407 that s
-30° F cquals  —30° C. This  method  of
convension.  sometimes  called  the 40 rule”
proceeds as follows:

1. Add 40 to the temperature which is to be
converted. Do this whethei the given tempera-
ture is Fahrenheit or Celsius,

2. Multiply by 9/5 when changing Celsius to
Fahrenheit; by 5/9 when changing Fahrenheit to
Celsius.

3. Subtract 40 from the result of step 2. This
is the answer.

As an esample to show how the 30 rule is
used. convert 1007 C to the equivalent Fahren-
hett temperature:

100+ 40=140
140 X 95 = 2582
52— 40=212

‘Therefore, 100° C = 212° F. Remember that the
multiplying ratio for converting F to € is §/9.
rather. than 9/5. Also remember to always ADD
40 first. then multiply. then SUBTRACT 40,
regrdless of the direction of the conversion.

it is important that all technicians be able to
read thermometers and to convert from one
scale to the other. In some types of electronic
equipment.  thermometers are provided as a
check on operating temperatures. Thermometers
are also used to check the temperature of a
charging battery.

KELVIN SCALE. Also known as the anso-
jute scale. the Kelvin scale has as its zero point
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the temperature which has been indicated by
experitents with hydrogen as the pomnt where
Sl molecalar motion would cease and no addi-
tonal heat could be entracted from the sub-
stance. Theoretically,  this s referred 10 as
absolute  zero temperature. This  point s
~2T30 C0obut 27370 0s used for miost
vilctbhitions as shown in figure 312, The spacing
between degrees s the same as for the Celsius
saale. and so conversion trom the Celsius is made
by adding 273 1o the Cebsius temperature.

RANKINE SCALE. This scale has the same
spacing between degrees as the Fahrenheit seale.
but hias ity zero corresponding 1o 0° K tabsolute
rerod). Hhis s calcubkited 1o be 43906497 |, qut
4007 s usually used. To convert Fahrenheit
to Rankine, add 460 to the Fahrenheit tem-
perature,

Since Ratikine and Kelvin both have the same
et pomt. convenion between the two selos
requares no additton or subtraction. Rankine
temperature s equil 10 92785 times Kelvin temper-
ature and Kelvin temperature s equal to 579
Rankine temperature

Formulas may  be derived for converting
hetween  Fahrenhert and Kelvin and  hetween
Cebus and Runkine from the information al-
ready given. and since they are o trequenty
nevded e not included here.

Thermal Expansion

Nearly all substances evpand oF increase in
stize when their temperature mcrcases. Raitroad
tracks are fad with ol gaps between the
sottons oo prevent buckling when the tem-
perature increases mosunmmer. Conerete pave-
ment has strips of soft material inserted  at
intervals 1o prevent buckling when the sun heats
the roadway . A steel building or bradge s pitt
together with red-hot rivets so that when the
rivets cool they will shrink and the separatce
preces will be pulled together very tightly.

A a substance s expanded by heat. the
weight per unit volunie decreases. This iy e
cause the weight of the substance remains the
same while the volume i increased by the
- application of heat. Thus the demsity decreases
with an increase i temperature.

Experiments show that for o given change in
femperature. the change in length or volumie

different for cach substance. For example, a
given change in temperature catises g prece of
vopper Lo expand ncarly twice as muach as a
piece of glass of the same size and shape. For
this reason, the connecting wires into an clee-
tronic tube cannot be made of copper but must
be made of @ metal that expands at the same
rate as ghiss. 11 the metat does not expand at the
satne rate as the glass, the vacuum in the tuiwe is
broken by air leaking past the wires in the glass
stem. The metal usually used for this purpose is
an altoy called kovar.

Fhe amount that a unit fength of any sub-
stance expands for a 19 rise in temperature is
Known as the coefficient of lincar expansion for
that substance. The temperature scale used must
be specificd.

COFFFICIENTS OF EXPANSION. To esti-
mate the expansion of any object, such as i steel
rail. it is necessary to know three things about
it its length, the rise in temperatare to which it
i sihjected, and ity mate or  coctTicient  of
espansion. The amount of  expansion is ¢x-
pressed by the following equation:

expansion = cocetficient X length
X rise in temperature

o

¢ = k"l_. -

In this cquation, the letter k represents the
cocflicient of expansion for the particular sub-
stance. o some instances. the Greek fetter a is
used to indicate the coefficient of lincar exXpan-
son,

PROBLEM: I a steel rod measures exactly 9
feet ot 207 € what as ol length at 887 C? (The
cocticient of  hincar  expansion  for  stee! i
FEX 1050 U1 the equation ¢ = k1 (1, - 1,1 i
used. then

e=H X ™) X 9 X (55 - 21
e =0.000011 X 9X 34
¢ = 0.0033066

This amount, when added to the originad fength
of the rod. makes the rod 9.003 300 fect long.

-I:|| |

e ——
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(Sinee the temperatare has mercased., the rod s
longer by the amount of ¢ I the temperdure
had been Jonered. the rod would have become
shorter by g correspondig amount.)

Ihe mercase in the fength of the rod s
rebatively smadl: but o the rod were placed where
it could not expand freely. there would be o
tremendaous foree enerted due to thermal expan-
ston. Thas, thermal expansion must be taken
into convderation when designing ships. build-
mngs. and .l forms of machinery.

fable 3-5 v a list of the coefficients of
approvimate  lincar  expamsion  of some sub-
stances per degree €.

A practical apphcation for the differences in
the coetticients of linvar expansion is the ther-
mostat. This instrument comprises two strips of
dissinitar el fastened  together. When the
temperature changes. a bending takes place due
to the uncqual expanston of the metals (fig.
313 Thermostats are used in overload relays
for motors. m temperature sensitive switches
and in clectnie ovens., (Sce {ig. 3-140)

Fhe coetlicient of surface or arei cXpansion is
appronmmately  twice the coefticient of linear
enpansion. The coctficient of volume expansion
is approvimately three times the coefticient of
finear enpansion. It is interesting to note that in
4 plate contaming i hole. the area of the hole
enpands at the same rate as the surrounding

Table 3-5. Expansion cocfficients.

_———r=Tise — ~ PP vty i it R e

Coefficient of

Substance linear expansion
Aluminum M XI0e

Brass 19xXige
Copper 17X 10
Cilass 4109X10°
Kovar 409X 10#
Lead XX {0

fron. Steel i1 xXioe
Quartz 04X 10¢

Zinc 2oX 10#

71

AT.34

Figure 3-13.—Compound bar.

AT.3S

Figure 3-14.—Thermostat.

material. In the case of a volume enclosed by a
thin solid wall, the volume expands at the same
rate as would @ solid body of the material of
which the walls are made.
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fhemometers

Fhe measatensent of temperature s hnown as
THERMOME IRY Many modemn thetmometen
use hiqueds 1 seated contamens. Water was the
trst hquid used. bat beciuse 1t treezes it U7 C it
could  not measure tempendures below  that
pomt Nter much enperimentation. seicntists
deaded  that the best hquads 10 use i the
comtruction of thenmometers are alcohol and

mercary because of the low freezmg points of

these hquids

HIQUID LHERMOMETERS, The oo
struction ot the common boratory  ther-
mometes gives some adea s 1o the mcaning of i
change of 1o tempendure. A bulb s blowan at
one end ot g prece of ghiss tubmg of sialt bore.
The tube and bulb are then fifted with the liquid
o be used  The temperature of both the liquid
A the tube dunng this process are hept at a
point hngher than the thermometer will reach in
norptal u- oo The ghiss tube s then sealed and
the thermometer s allowed 1o cool. During the
coolmg process. the hquid talls away trom the
top of the tube and creates o vacuum within the
thermometer.

For marhing. the thermometer s placed in
metting we. Phe heght ol the hguid column s
nutked s the 0 C point. Neat. the ther-
mometer s placed i stean at g pressure of 76
centimaters of mercury and o mark s made of
that pomt to alnch the bqud maide rses. That
v the botlimg pomt or the 1O C, nrark. T he
space between these two marks is then divided
mto 10O cquad parts. Fhese spacigs are known
as DEGREES, Tt a6 this 1vpe of thermometer
that 8 tsed almost eschisively i Laboratory
work and n testing clectrical equipment. 1t is
the Cebstus thermometer mentioned carlier.

SOLID  THERMOMETERS. Sccause the
range of ol liquid thermometen is extremely
Aimited, other methads of  thermometry  are
necessary. Most liquids freeze ot tempenitures
between 07 and - 200 Celsus, At the upper end
of the temperature riunge where high heat levels
#e crcountered, the uswe of liquid thermometers
is limited by the high vapor pressures of those

liquids. Among the most widely used types of

thermometers other than the standard liquid
thermometens are the resistance thermometer.
and the thermocouple.

the RESISTANCE THERMOMETER makes
use of the fact that the clectrical resistanee of
metals changes as the temperature changes. This
type thermometer s usually  constructed  of
platimum wite wound on 4 mica torm and
enclosed in o thinewalled  sibver twabe, 10 s
entremely accurate from the lowest temperature
to the melting point of the unit.

Hhe THERMOCOUPLY shown w figure 341§
iv esentally an clectie circuit. fs operation s
bused on the principie that when two unlike
mebals are joined and the junction s a1 a
ditterent temperature from the remainder of the
ancuit, an clectromotive foree is produced. This
clectromotive foree can be masured with great
decuracy by oa galvanometer. Thermocouples can

focated wherever measurement of the tem-
perature is important. and  wires run to g
galvanomater ocated at any convement point.
By means of o rotary selector switeh,  one
wilvanometer can read  the  temperitures of
thenmocouples at any of @ number of widely
sparited pomts,

The principle of the compound bar (figure
3130 8 also used i thermometers, The bar may
bean the stape of a sparal, or perhaps a helin, so
that withan i given enclosure o greater length of

CHROMEL

COPPER

SN e g g

MULEL

~

~

AT.23

Figure 3-15.—Thermocouple.



i

Chapter 3 FLEMENTARY PHYSICS

the compound bar may be used. thereby in-
creasing  the mosement of the free end per
degree of temperatare change. Also. the indi-
cating pointer may be joined to the moving end
of the compound bar by means of distance
multiply ing linkage to make the thermometer
cavier 1o read. Often this linkage is arranged to
give circular movement to the pointer.

MEASUREMENT OF HEAT

A unit of heat must be defined as the heat
necessary o produce some agreed-on standard
of change. there are three such units in common
tig'.

1. One British thermal unit (Bu) s the
quantity of heat necessary to raa the tempera-
ture of 1 pound of water 1° 1.

Y One pram~caloric (small calorie) is  the
quandity of heat nccessary to raise 1 gram of
water 17 (.

3. One Kilogram-vttoric (large caloric) is the
quantity ot heat necessary to raise | kilogram of
water 17 C. (One kilogram-caloric equals 1,000
gram-calories.) Fhe gram-calorie or smadl calone
is much more widely used than the kilogram-
calorie or farge citloric, The large calorie is used
in refation to food energy and for mceasuring
compariatively farge amounts of heat. Through-
out this discussion, unjess otherwise stated. the

term calorie means gram-calorie. For purposes of

convenion. one Btu equals 252 gram-calories or
0.252 Kilogram-calories.

‘The terms quantity of heat and temperature
are commonly misused. The distinction hetween
them should be undemstood clearly. For ex-
ample. suppose that two identical pans, con-
taining different amounts of water of the same
temperature, are placed over identical gas buraer
flames for the same fength of time. At the end
of that time. the smaller amount of water will
have reached a higher temperature, Equal
amounts of heat have been supplied. but the
ncreases in temperstures are not coqual. As
another example. suppose that the water in both
pans is at the same temperature. say 80° F, and
both are to be heated to the boiling point. It is
obvious that morce heat must be supplied to the
larger amount of water. The temperature rises
are the same for both pans. but the quantities of
heat necessary are different.

Mechanical Equivalent

Mechanical encrgy is usually expressed in ergs,
joules, or foot-pounds. Energy in the form of
heat is expressed in calories or in Btu. In
precise experiment in which clectric energy is
converted into heat in g resistance wire im-
mened in water. the results show that 4.1806
joules equals 1 gram-catorie. or that 778 foot-
pounds cquals 1| Btu. The following equation is
used when converting from the English system
to the metric system:

I Btu = 2582 calories

Specific Heat

One important way in which substances difter
from one another is that they require difterent
quantities of heat to produce the same tem-
perature change in a given mass of substance.
The thermal capacity of a substance is the
catories of heat needed. per gram mass, to
increase the tempenature 1°C. The specific heat
of a substance is the ratio of its thermal capacity
to the thermal capacity of water at 15° C. Spe-
cific heat is expressed as a number which, because
it is a ratio, has no units and applies to both the
English and the metric systems.

Water has a high thermal heat capacity. Large
bodies of water on the carth Keep the air and the
surface of the carth at a fairly constant tem-
perature. A great quantity of heat is required to
change the temperature of o large lake or river.
Therefore, when the temperature of the air falls
below that of such bodies of water. they give off
large quantities of heat to the air. This process
keeps the atmospheric temperature at the sur-
face of the carth from changing very rapidly.

Table 3-0 gives the specific heats of several
common stbstances listed in descending order.
To find the heat sequired to raise the tempera-
ture of a substance. multiply its mass by the rise
in temperature times its specific heat.

Example: It takes 1.000 Btu to mise the
temperature of 100 pounds of water 10° F, but
only 31 Btu to raise 100 pounds of lead 10° F.

CHANGE OF STATE

A thermometer placed in melting snow be-
haves in a strange manner. The tempenature of
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Table 3-0. Specitic heats of some
COMMonN substances.

Hydrogen cat constant pressurey. .. ... 3.409
Waterat 4°C. oo 1.0049
Waterat 13°C .. L 1O
Waterat 30°C ... ...... . 0.9971
leceatQO°C. o, 0.502
Steamat 100°C ... ... . 0.421
AIF Gt constant prossiech. .. .. .. ... .. .237
Alummum .. ... ... ... . ... ....... 0.217
Glass . (.100)
] 3 0.114
Copper ... ... e, 0.003
Brass.zinc ... ... 0.002
Silver ... L 0.057
Tin. ..o 0.050
Mereury oo 0.033
Gold fead ... .................... 0.03]

the snow rises sowly until it reaches 0°
Provided that the minture is stirred constantly .
it remanns at that point until all the snow has
changed to water: when all the snow has molted,
the temperature again begins to rise. A definite
amount of heat is required 10 change the snow
to water at the same femperature. This heat is
required to change the water from crystal form
to fiquid form.

Heat of Fusion

Fighty gram-calories of heat are required to
change 1 gram of ice at 0° C to water at 0° C. In
English units. the heat required to change |
pound of e at 32° F to water at 32° F is 144
Btu. These values (80 gram-calories and 144
Btu) are called the HEAT OF FUSION of water.
The heat used while the ice is melting represents
the work done 10 produce the change of state.
Since 80 calories are requined to change a gram
of ice to water at 0° C, when a gran of water is
frozen it gives up 80 catories.

Many substances behave very much ke

water. AL a given pressure, they have a definite
heat of tusion and an esact melting point. There
dare many omatenals. however, which do not
vhange from a liguid to a solid state at one
temperature. Molasses, for example. gets thicker
and thicker as the temperature decreases: but
there s no o exact temperature st which the
chiange of state occun. Wan, celluloid. and glass
are other substances which do not change from a
hquid 1o a solid state at any particular tem-
perature. In fact, measuirements of the glass
thickness at the bottom of windows in ancient
cathedrals tend to indicate that the glass is still
lowing at an extremely dow rate. Most types of
solder used in ¢lectronios maintenance also tend
to become mushy before melting.

Heat of Vaporization

Damp clothing dries more rapidly under a hot
fatiron than under a cold one. A pool of water
cvaporates more rapidly in the sun than in the
shade. Thus. it may be concluded that heat has
something to do with evaporation. The process
of changing a liquid 1o a vapor is similar to that
which occurs when a solid melt.

I a given quantity of water is heated until it
cvaporates  that is, changes to a gas (vapor) a
much greater amount of heat is used than that
which is necessary to raise the same amount of
water to the boiling point. For example, §40
calories are required to change | gram of water
10 vapor at g temperature of 100° C, It takes
972 Btu to change 1 pound of water at 21° F
to water vapor (steam) at 212° F. The amount
of heat necessary for this change is called the
HEAT OF VAPORIZATION of water. Over five
times as much heat is required to change a given
amaunt of water to vapor than 1o raise the same
amount of water from the freezing to the boiling
point.

BOILING. When water is heated. some vapor
forms hefore the bhoiling point is reached. The
change from water to vapor occums as follows:
As the water molecules take up more and more
cnergy from the heating source, their Kinetic

energy increases. The motion resulting from the

high kinetic encrgy - of the water molecules
causes o pressure which b called the vapor
pressure.  As  the velocity of the molecules
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increases. e vepor pressure morcases. At wed
level, atmosphienic pressaire s normally 2992
inches of mercury. The bodhing point of & hquid
is that temperature at which the vapor pressure
cquals the external or stmosplicric pressure. At
normal atmospheric prossure at s tevel. the
bothing pomt of water is 107 Cor 2127 1.

Winle the water s below the boiling point. a
number  of moleculos acquire enough Kinetic
energy 1o break away from the liquid state into
avapor. For this reason some evaporation slowly
tahes place below the boiling point. At the
boiling point or above, fanee numbens of mole-
ctifes have enongh energy to change from ligquid
to vapor and the evaporation takes place much
more rapadly .

it the molecules of water are changing to
wiler vapor in an open space. the air currents
carey them away quickly. In a closed container.
they rapidly become crowded and some of them
bounce hack into the liquid as a result of
collisions. When as many molecales are returning
to the hiquid state as are leaving oty the vapor is
atid 1o be saturated. Faperiments have shown
that saturated vapor in a closed contamer exerts
a proessure and has o given density bt every
tempernature.

LIGHT

fhe exact mature of hght s not fully under-
stood. although men have been studying the
sibject for many centuries. Some experiments
seem to show that light s composed of tiny
particles. and some mdicate that it is made up of
Waves.

Fint one theory and then the other attracted
the approval and acceptance of the physicists.
Today there are seientific phenomena which can
te explained only by the wave theory and
another farge group of occurrences which can be
made clear by the particle or corpuscular theory.
Physicists. constuntly searching for some mew
discovery which would bring these contradictory
theories into agreement. gradually have come to
accept @ theory concerning light which is o
combination of these two views.,

According to the view now gencrally ac-
cepted. light is @ form of clectromagnetic radis-
tion: that is, Jight and similar forms of radiation
are made up of moving clectric and magnetic
forces.

75

CHARACTERISTICS

When hght waves, which travel in straight
lines., encounter any substance. they are trans-
mitted. retlected. or absorbed, Those substances
which permit clear vision through them. and
which transmit almost gl the light Galling upon
them. are said to be trunsparent. Thowe sub-
stances which allow the passee of part ol the
light. but appear clouded and impair vision
substantially. are catled transhicent. Those sub-
stances which  transmit  no  light are called
O

Ohijects which are not light sources are visihle
only  beaause they reflect part o the light
reaching them from some fuminous source. i
light is neither trnsmitted nor retlected. it is
absorbed or taken up by the medium. When
light strikes a substance. some absorption and
reflection adways tuke plice. No substance com-
oletely transmits, reflects, or absorhs all the light
which reaches its sarfiuce.

Luminous Intensity and
Intensity of lHumination

Though these two terms may sound like the
description of the same property.  luminous
intensity refers to the total light produced by a
woree while intensity of illumination deseribes
the amount of light received per umit arca at o
distance from the souree.

CANDLEPOWER. ‘This unit of luminous in-
tensity was once defined as the light produced
by the flame of a certain type of candle. the
constituents of which were specified by inter-
national  agreement. The modern  standard
candlepower is the amount of light emitted by a
1/60 square centimeter of platinum at its
melting point of 1,755 (.

FOOT-CANDLE. The intensity of illumina-
tion of a surface (iffuminance) is directly propor-
tional to the luminous intensity of the light
sotrce and i inversely  proportional to  the
square of the distance between the light source
and the surface. Figure 3-10 is a graphic iltustra-
tion of the inverse square kaw of light. If a card
is placed 1 foot from a light souce, the light
striking the card is of 4 certain infensity, i the
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ciatd v moved to 2 feet away, the intensity of

hght decreases wath the square of the distance
(22X 2000 4 tmmesy and s 13 s bright 1t the
card o moved Lo 3 feet away, the dectease
3K 3 or the hight o 19 v intense. §t the card i
woved 1o 3 teet away, the hght s 1 1o s
HlCns.

Fhe toot-candle s one umit of measuning this
intensty ol mncdent hight using the tormuala

Hlumsation i toot-candles

vandiepower of source

fdintanied i teot)?

A surtace T ool from g F-amdlepower sotree
would huve an lumination of 1 toot-candie. but
omoved 1o g distance of 4 el @ to-candle-

L]

LIGHT COVE

ISQFT
B le—

2FT

AS MUCH LIGHT AS IT DID AT A

Cle—m

SAME AMOUNT OF LIGHT COVERS
4SQ FT BLACK SQUARE RECEIVES U,

power source woukd be requied tor the same
tHunmunation

Fhe myverse square law of Light holds true tor
undirected hght ondy © that . light cimissions ot
controlled by g reflector or feas. For light that
directed. the sate at wiuch ats mtensty dinn-
mhes s dependent upon the rate o divergence of
the bea.

FUMEN. They amit s the amount ot hght
flowmg through o solid angle of 1 radian (that .
to o surtace area ot 1 osquare foot placed | toot
trom the sourced trom i standard candle A hight
sotirce of | candiepower. placed i the conter of
a4 sphere which has o wadias of 1 fool, will
lummate every pomt on the surtace of the
sphere at an omtensity of 1 toot-candle Then
VACTY MQtare toot of the surtace recenes 1 lumen

(]

3FT

SAME AMOUNT OF LIGNT COVERS 9 SQ.FT
BLACK SQUARE RECEIVES g AS MUCH LIGHT AS IT DID AT A

—.1

D~

SAME AMOUNT OF LIGHT COVERS 16 SQ.FT
BLACK SQUARE RECEIVES Vig AS MUCH LIGHT AS IT DID AT A

PH.22

Figure 3-18.—1nverse square law of tight.
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of hight  The total sartace of the sphere s tound
by the tormula 47 o that when the radis s
I toot the gica s 4« 314l X ° 12 S04
sjtrare feet Fherctore o source of 1 cindlepower
cittits 125004 hunens,

Fhe output of hght balbs oy be given eather
i candicposwer o famens, bat since the ight
baulh may not distibate the hght equally e ald
dircctions, the fumen s most trequenty ased. 1t
i dustomay tor hight bulh manutacturers to
meastite the heht output e ali directions and
specity s fotal output m lumens. When the
totd output n lumens s known. the average
candlepower. more conmmonly known as the
mean caindlepower, s obtained by dividing by
47 0120 Seudy .

fhe common gas-tilted tungsten flament hight
bulbs are usually more efficent m the Lirger
szes For example. one wath an imput power of
25 walts praduces about 200 hnsens (104
fumens  per watr winle a0 200-watt butb
produces o3 lumens (8.2 Tumens por watt),

FUN. To evpress the mtensity - o atluin-
mation given to g object using fmens, it s
pecessdry to give lumens per unit arca. Thus |
foot-candle v cquat to 1 lamen per square toot.
One fumen por spare meter os the unit lus in
the mks svstem. Since there are 10,704 square
feet g squnare meter the toot-candle s 10,764
fun. The tas. then is the lumination given toa
sirface §ometer away from o 1 candlepower
sorrce anid s sometunes cilled o meter-candle.

PHOL. Another unit of illamination.  the
phot. s equad to 1 iumen poer square centimeter.
Since 1 square contuncter cquals 0.001070
suare foot. a foot-candle i cqual 1o 0.001070
phot. the phot, then. s the smmnation given
to o srface | ooentimeter away ftrom oa |
candivpower source and i sometimes called a
centimeter-candie.

LUMINANCE. Whether g body is  self-
fuminous or just a reflector of the light that falls
upon i1, lunnance (or brightness) refens 1o the
light a surface gives off in the direction of the
observer. The LAMBERT in the unit of fumi-
mance oqual to the uniform huminance of a
pedectly diffusing surfuace cmitting or reflecting
fight at the rute of 1 lumen per square cen-
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tincter §or g petdectiy retlecting and pertectly
dittusimge santace. the numisa ot fambents s
cquad to the number of phots Gaadent highty,
The FOOT-LAMBERT o the unit of lua-
el of asurface cinitting or reflecting 1 lumen
por squiare toot. For o pertecty reflectimg and
perfecthy diftusing surtace. the number of foot-
Laimbaerts s cqual to the nuber of toot-candles
tnadent highty, One toot-Lanixert o cqual to
0001076 Lanbert ¢ 1070 nulhilambenty.

Reflection

Light waves obey the Law of retlection i the
witie nranner as other types of wases, Optical
devices meorporated specificatly tor the purpose
of retlecting light are eenerally clissed s mar-
rors. They may be ot a polished opague surtace.
or they nay be o specially coated ghiss, In the
cise of the gliss nvirros, there s some refriaction
as wall as retlection: however. i the ghiss is of
poid  quality and ot encessively  thick, the
refraction will cause no trouble. The following
disctssion s hased on the polished surfiace type
MIFror.

Severdd chisses of nnrrors are ilustrated m
figtre 3-17. AR the devices work on the basis of
the previously discussed Taw of petlection, and
the applications are ondy brictly  summarized
here. Basically . the reflector is used 1o change
the direction of o4 hight beam (AL Lo facus a
beam of light (B, or 1o intensify the tlunmation
of an arca (C)

In figuse 3-17 (AL the angle of the retlected
light may be changed to g greamter or fesser
degree by merely changing the angle at which
the incident light impinges upon the mirror. iIn
figune 3-17 (B the focusing action of 4 concive
murror is mdicated. The point of focus may be
made any convenient distance from the reflector
by proper selection of the are of curvature ol
the mirror the sharper  the  curvatare.  the
shorter the focal fength. In figure 3-17 (C) the
principie of intemsification of illumination for a
specific arca is illustrated. The flashlight is an
enample  of  this application. In the  system
shown, note that  the light source (bulb) i
focated  approximately at the principal focus
point, and that all rays reflected from the
surface are paraflel. Also note that the reflector
alone does not concentrate all the rays sonmwe
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Figure 3-17.—Reflr tors of light.
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are transmitted without being reflected and are
not imcluded in the principal beam.

Refraction

As light passes through a tonsparent sab-
stance. it travels in o straight line. However, as it
passes into or out of that substance. it s
refracted i the same manner as other waves
which were discussed carlicr. Retraction of light
waves residts from the fact that fight travels at
slightly different velocity  in ditterent  trans-
parent media. In order to simplify the probiem
of undemstanding the action of light refraction.
and to make it possible to predict the outcome
of specific applications. many transparent sub-
stances have been tested for refractive cffective-
ness.  The ratio of the speed of light in air to its
speed in cach transparent substance is called the
“index of refraction™ for that substance. For
example, light travels about one and  one-half
timos as fast in air as it does in glass, so the
index of refraction of glass is about 1.5, When
using the law of refraction in connection with
light, a “denser” medium refers to g medium
with a higher index of refraction.

Refraction through a picce of plate glass is
shown in figure 3-1K8, The ray of light strikes the
glass plate at an oblique angle along path AB. if
it were to continue in g straight line. it wouald
cmerge from ghe plate ot point N but
accordance with the law of refraction. i1 s bent
toward the normal, RS, and emerges trom the
glass at point C. Upon entering the air. (he ry
does not continue on its path but is bent away
from the normal, XY, and along the path CD in
the air. If the two surfaces of the glass are
parallel, the ray leaving the glass is paralicl to the
rty entering the glass. The displacement depends
upon the thickness of the glass plate. the angle
of entry into it, and the index of refraction for
the dass.

All rays striking the glass at any angle other
than perpendicular are refructed in the sume
manner. in the case of a perpendicular ray, no
refraction takes place, and the ray continues
through the glass and into the air in a straight
line.

PRISMS. When a ray of light passes through
a {lat sheet of glass, it emerges paralle! to the
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Figure 3-18.—The law of refraction.

incident ray. This holds true only when the two
surfaces of the ghiss are paraticl. When the two
surfaces are not paratlel, as in a prism, the ray o
retracted differently at cach surface of the glass
and does not emerge parallel to the incident ray .

Frgure 3-19 (A) shows that both refractions
are m the same direction. and that the ray
conmimg out of the prism is not parallel to the ray
going into it. The law of refraction expliins
what has happened. When the ray entered the
prisi, it was bent toward the normal; and when
it emerged. it was hent away from the normal.
Notice that the deviation is the result of the two
normals not bemng paraliel.

If two triangular prisms are placed base to
hase. as in figure 3-19 (B). parallel incident rays
passing through them are refracted anc caused
to intersect. The rays passing through different
parts of the prisms, however, do not intersect at
the same point. In the case of two prisms there
are only four refracting surfaces. The light rays
from different points on the same plane are not
refracted to a point on the same planc hehind
the prism. They emerge from the prisms and
intersect at different points along an extended
common baseline as illustrated by points A, B,
and € of figure 3-19 (B).

{A) SINGI § PRISM

f
- ’\\
P -
O& viaTION
NORMAL ’

INCIDENT RAY RAY £ MERGING
STRIKING ONE FROM OTHER
SURFACE SURFACE

(B) TWO PRISMS BASE TO BASE

{7

AT
Figure 3-19.—Pussage of light through 8 prism.

Paraltel incident light rays falling upon two
prisms that have been joined apex to apex (fig.
319 (C), are spread apart. The upper prism
refracts light rays toward its base; and the lower
prism refracts light rays toward its base, causing
the two sets of rays 1o diverse.
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Figure 3-20.-Positive lenses.

POSHEIVE LENSES. A positive (conveggent)
fens acts ke two prisms base 1o hase with their
surfaces rounded off into a curve. Rays that
strike the upper hatt of the kens bend downward,
and rays that strike the fower half bend upward.
A good fens ciuses all wavelengths within cach
ray to croxs at the same point behind the leas as
shown in figure 3-20 (A).

When the incident ray of light enters the
denser meditm (the fems)., it bends toward the
normal. When it passes through into the less

dense medium (the iy, it bends away trom the
normal. Figure 3-20 (89 tHusrates the refraction
of only one ray of light, but all ravs passing
through a4 poative fens are affected in the same
wiy . AlL mcident light rays cither parafle! or
shightly diverging will converge 1o a pomnt after
passng throuagh o positise fens,

The ondy tay of fight that can pass through o
fens without bending s the ray which strikes the
it surface of the keos ol a nght angle,
perpendicular or normal to the surtice. 11 passes
through that surtace without bendimg and strikes
the second surface at the same angle. 1 leaves
the lens without bending. This 1y s shown in
figure 3-20 (1)

Positive fens and converpent fens are syn-
onvimous terms, siee ather ot tem may
used o desenibe the action of 4 lens which
focuses (hrings 1o o pomnt of convergence) all
hight ravs passing through it AH simple positeve
fenses are sy 1o identity since they are thicker
in the conter than at the edges. The thiee most
coninon types of ample posttive fenses are
shown sy figure 3-20 ().

NEFGANIVE LENSES. Frare 3419 ) illus-
trates the retnction of fight rays by two prisms
apen to apes. B the prisme surtaces e rounded
the resalt s o nepative (divergenty lens, A
negative fens s called o divergent lens sinee o
docs not tocus the rays of heht passimg through
it Laght rays passing through a4 negative fens
diverge or spread  apart as shown in figure
321N

Figure 3-21 (B) applies the faw of refracton
to one ray of hght passing through a negative
fens. Just as in o positive lens, a ray of light
passing through the center of o negative fens is
not affected by refraction and passes through
withou! bending.

Three simple negative lenses are shown in
figure 3-20(C). They are often referred to as
concawe fenses and are readily identified by their
concave sirfaces. The simple negative fenses are
thicker at the edges than at the center. They are
gencrally used in conjunction with simple posi-
tive lenses where their primary use is (0 aswist in
the formation of 4 sharper image by helping to
climinate or subdue various defects present in an
uncorrected simple positive Jens.
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Figure 3-21.~Negative lenses.

FREQUENCIES AND COLOR

The clectromagnetic waves which produce the
sensation of light gre all very high in frequency.
which mcans that they have very short wave-
fengths. . Theswe wavelengths are mcasured in
miflimicrons (uillionths of millimeters, or 10
meters). Figure 3-22 indicates that light with a
wavelength of 700 millisaicrons is red. and that o
fight with g wavelength of 500 millimicrons is
blue-green. This drawing is subject to erroncous

Ri

interpretation. Inactuad tact, the color of hight is
Jependent on its frequency, not its wavelength.

When the wavelength of 700 millimicrons is
masured in sir, it produces @ color known s
red. but the sime wave measured in another
medium as o wavelength other than 700 nulli-
microns. When red fight which has been traveling
in air enters glass, it loses speed and it wave-
length becomes shorter or compressed. but o
continges to be red. This illustrates that  the
color of light s dependent upon trequency and

not on wavelength. fhe color scale in tigure 3-22
is hased on the wavelengths inair,
Al color-component  wanvelengths of  the

visible spectrinm are present in equal amounts in
white light. Variations in composition of the
commponent wavelengths result o other charac-
feristic colo,

Faperiment has shown that when a beam of

witite tight is passed through g prism, as shown
i fipure 3-220 01 s refracted and dispensed into
its component wavelengths, Fach of these wive-
lengths react ditterently on the eye which then
sees the various colors that compose the visible
spectrum. The visible spectrum s recorded as a
mixture of red, orange, yellow, green. biue,
indigo. and violet, It can e readily demon-
strated  that white light results when the PRI-
MARIES (red. green, and  bluc) are mixed
together in over-lapping beams of hght. (NOTE-:
These are not the primaries used in mixing
pigments.)  Furthermore,  the COMPLEMEN-
TARY or secondary colors (magenta, yellow,
and cvan) gy be shown with equagd case by
mining any  two of the primary  colors in
overapping baams of light. Thus, red and green
light mixed in cqual intensities will make yellow
light, green and blue will produce blue-green
light which is termed cyan; and blue and red
light correctly mixed will render magenta (a
purplish red).

It should e noted that o few modern texts
vary the treatment of the color scale Sightly
from the seven spectral colars, This is duc partly
to developmients in the mixing values of pig-
ments (paints). This difference in approuch s
hased on a theory that the reting of the eye is
equipped with three varying groups of nerves,
sensitive roughly to red. green. and blue-violet
light.
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Figure 3-22. —Efectron.agnetic wavelengths snd the refraction of fight.

SOUND

BASIC CONSIDERATIONS

The term sound as generally used refers to

for trensmission, and o detector. As widely
different as sound sources may be, the waves
they produce have certain basic charactenstics.

Wave Motion

hearing: but when used in physics, the term has

to do with a particular type of wave motion and
with the genceration, propagation. transmission,
characteristics. and cffects of those waves.

COne exampie of the generation and propaga-
tion of sound waves is the tuning fork discussed
cartier in this chapter. Any object which moves
rapidly to and fro, or which vibrates rapidly in
sich a4 manner as to disturb the surrounding
medium, may become a sound source. Sound
—___sequires three components @ source, a medium

IToxt Provided by ERI

are also subject to the Doppler effect.

Sound waves are Jongitudinal type waves
which rely on 4 phvsical medium for propa-
gation and transmission. Since the waves are
transmitted by the compression and rarefaction
of partickes of matter in the medium, they
cannot he transmitted through a vacuum. Sound
waves are similar o waves of othoer types in that
they can be reflected, absorbed. or refracted
according 1o the Liws previously discussed; they
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e e ditterences between the waves of
sound and the waves of heat and hight are the
trequencies, the natuse the wave, and the
velovdies of wave tavel

ol

Conduction Media and
Velocity of 1 mnsmisaion

tnoany gotorm medigtn ander given phiysical
corndiions  sound tveds at o defimte speed. In
sope substances, the velocity of sound s lagher
than 1 others, Bven o the same medinm under
ditterent conditions of temperature the velocity
o sound vartes Densty and clasticity ot
meduan are basie phiysical properties . which
poverit the velocity of sound.

the selocity m centimeters per second of
cotnpressional waves nugy be caleuliated when
the chasticnty and density of the medium are
enven o ce. untts byousing  the tormuli
Volacity \,"',:‘.‘.::'\‘. The clinticity of most lyg-
wids and solids v so et greater than that of
gases that the velodity of sound s faster in them
i spate of thar larger demstties. The coetticient
of elasticity for water s 15,230 tames that of air,
whitle water has ondy 773 tames the density of
ar Becatuse of this, sound travels over tour
tunes Lister i water than it does mar,

Fable 37 gives sonie velocities as tound by
testing and  they  correspond very closely to
thow derived froni the formula, Other mferest-
ing mparisons are between fead and water and
hety cen steel and wunnnum. Lead bas a density
whtich is greater than T times that of water, vet
the velocity of sound is only slightly less in fead
than in water. The density of steel is over twice
that of aluminum, but due to the grester
clisticity of sfeel, the velocity of sound is almaost
the same in the two.

Phe clasticitios of most gases at cqual pres-
sires are the same, so the veblocity of sound
through gases is invenwly proportional to the
suare root of their densities. For example. the
density  of  air is almost 16 times that of

hydrogen, so the velocity of sound in air is

sightly more than 4, or -} the velocity of
sound m hydrogen. ln the other direction, air
has o density of slightly less than 2/3 the density
of carbon dioxide. o the velocity of sound in air
is approximately ‘/;,%;—; ur-;;l;- or 1.25 tunes the
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Tabk 3-7. Comparison of velocity of sound
in various media.

Temperature Veheity

Modium 1) (1)

Arr 32 1087
Air O8N 1.127
Afumium ON 16,700
Cathon diovide RN XS0
Presh water R 4.009
Frosh water O8N 4. .805
Hydrogen R 4.219
| JPOTY OR 4.030
Saft water K 4. 800
Salt water O 4953
Steed 32 16,410
Steel ON 6,850
velocity i carbon dionide, (See table 3-7 for

actual values)

Fhe velocity of seand i a gas, such as air, s
independent of pressure, for when the pressure
is incrcased,  the density and  cliasticity  bath
increase att the sime rtio, and consequently the
velocity is constant so long s the temperature is
not changed. But if the temperature is mised.
pressure being comstant, the density diministies
so the velocty of sotind increases. Using abso-
lute values for temperature (Kelvin or Rankine),
the velocitios of sound in air are related o air
temperatures by the relation ~i' . Dhis
amounts to about 2 feet per seond lmrc.m' for
cach degree Celsius rise in temperature and
about 1.1 feet per second increase for cach
degree Fahrenheit rise in temperature. Sivgce air
temperature is usually lower at higher altitudes,
the velocity of sound is also lower at these
altitudes. _

For a fixed temperature, the velocity of
sound is constant for any medium and s
independent of both the frequency and the
amplitude of the sound waves.

Characteristics

Numerous terms are used to convey  im-
pressions of sounds, including whistle, scscam,
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rumble, and ham. Most ot these are classiticd as
totses i contrast to musical tones. Hhe disting-
tion s based on the regulanty of the vibrations,
the degree of dampang, and the abilhity of the car
to recognize components having 4 mnscal
UTTIIITYC

the car can distimeuish tones that are dit-
ferent i prtch, mtensity . or quality. Fach of
these cluaracteristios s assoctated with one of the
propetties ot the vibiating source or of the
waves that the source produces. Thas, pitch o
determmed by the number of vibrations per
swoond. mitensty by the amphitude of the wine
motion, and gty by the nambes of overtones
tharmonics) which the wave contims, A sound
wave can best be desenibed by s fiequency
rather than by s seloaty o wavelenpth, s
both the selocity and the wavelength change
when the tempensture of the ar changes.

PHHOCH. The term pitch s used o deseribe
the frequency of o sound. The outstanding
recognizable ditterence between the tones pro-
duced by two differert Revs on o piano s a
ditference o pitch. The pitehr of o sound
proportionad to the numbe - of compressions and
rarclactions received per second. wineh i turn i
deternnned by the vibration frequency ol the
soundig soaree.

Patch is usuadly mcisured by conppatrison with
d standard. The stundard tone iy e produced
by o tuning forh of known frequency or by g
sirent whose frequency s compated tor 4 par-
ticubar spead  of rotiution. By regulating the
speed. the prich of the siren s ande equal 1o
that of the tone being mciasured., The car can
determine  this  oquality  directly it the two
saurees  are sounded  altermately, or by the
chimination of beats by regulating the speed ¢
the siren it the two sources are sounded fo-
gether,

Sound waves vary in length: a long wive-

dength is heard as o fow pitch, while 4 short

wavelengtl i heard as o high pitch. It the sound
is below 1S5 hertz or above 20,000 herts, it
gormally cannnt be hwa d by the human car.
The frequency range over which sound cian he
heard is called the audible range. and the sounds
heard are known as sonics. Sounds befow 15
hertz are subsonics: those above 20,000 hierts

. are ultrasonios.

On the musical seale the pitch refen Lo the
standard trequency of o given note on the saale,
Thes standard of prtch his bween changed so often
durmg  the history of music  that pone can
unversadly be called standard. In g few ciases 250
Hy s used tor the Keynote. sometimes catled
middle C. For many scientitic purposes, the A
string of the violin is tuned to 440 Hz, which
makes middie € 264 Hy on the dintonie seale or
2ol.0 Hy on the equal tempered saale. But in
any of these cases, the note one octave higher
than the fin has a frequency twice that of the
tist and one an octave lower s one half the
frequency of the et Thus a pitch change from
55 17 1o 11O Hz s of just as much consequence
as the change trom 440 Hz 10 880 1,

QUALTTY. Most sounds and musical notes
are nof pure tones. They are mistures of tones
of different freguencies. The tones praduced by
most sources G be represented by companite
waves i which the sound of fowest piteh, the
fundamental tone, s awecompanicd by several
harmonics oF overtones laving freguencies that
are 2030 4 or more times that of the funda-
mental frequency. The quality of o tone depends
o the number of overtones present and on their
frequencies  and  aintensities relative 1o the
fundamental tone. It s this charactenstic of
difterence in quedity that distinguishes tones of
bke pitch and  intensity - when sounded  on
different types of musical inatruments (piano,
ongan. violin, ctc.).

INTENSITY. When o bell rings, the sound
wives spread out in all directions and the sound
is heard in all directions. When o bell is struck
lightly. the vibrations are of small amplitude and
the sound is weak. A stronger blow nroduces
vibrations of greater amp? 'ude in the bell, and
the sound is Jouder. It s evident that the
amplitude of the air vibrations is greater when
the amplitude of the vibrations of the ssuree s
increased. Henee the loudnes of the sound
depends on the amplitude of the vibrations of
the sound waves. As the distance from the
sotiree increases, the energy in cach wave spreads
out, and the sound becomes weaker.

The intensity of sound is the energy per unit
arca per second. Inoa sound wave of simple
harmonic motion. the energy is half kinctic and
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halt potential, halt s due to the speed of the
patticles, and halt is duce 1o the compressson and
rrcractton of the madium. These two eactgics
are ) out of phase at any mnstant that s,
when the speed ot - particle motion s at
v, the pressure s normal; and when the
pProssitre as at g nuisamng or g o, the
speed af the particles s scro

Fotdness s subjectose messurement of an
aditony  sensation wineh depends  prisanily
upon the sound pressase ot the stmulus, but 1
diso depends upon the frequencey and waveform
of the stimalus, Intensity of sound is an objee-
tve measurciment ol the sound  power being
delivered and i usually mcasured s the power
Howing through o unit arca taken normal to the
daection of the waves One such method speci-
fies microwstts 1l through an arca of |
wiEIre centimeter. cac microwatt s cquivalent
to 10 ergs per second or 10 joudes per second.

AL any distance trom a point source of sound,
the intensity of the wave varies mvensely as the
sprrare of the distance from the souree.

As o osoumd wave  advinces,  vanations in
prossure oceur gt all pomts in the trunsmitting
meditm. Fhe greater the pressure varitions, the
more mtense the sound wiave will be, It can be
shown  that mtensity s proportional to the
swjttare of the pressure varation regardiess of
frequency . Phus, by measuring pressure changes,
intensitios of sounds having different frequencices
calt be compared directly.

Measurement of Sound

Fhe range of sound thot the human car can
detect varies with the individual, The normal
range extends from about 20 o 2000 vibra-
tions per second. In the faintest audible speech
sounds, the intensity at the car is ahout 1070
watts/em?. At the threshold of fecling, the
maximum intensity  that the car percetves as
sound is about 10 watts/em?,

fhe buman car 8 a nonlincar unit that
functions o i logarithmic hasis.

If the car is tested with tones of any one
frequency. the threshold of audibility is reached
when inteasity is reduced to o sufficiently low
fevel so that auditory sensiation ceases. On the
other hand. the threshold of feeling is reached
when intensity is increased to a sufficiently high
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level so that the sound produces the sensition of
feching and becomes painful. 1t this procedure s
performad over a wide frequency range, the data
van be uwed 1o plot two curves, one for the
lower limit of audibility and the other for the
nunimum auditory response (fig. 3-23). Relow
the lower curve, the sound is too fnnt to be
atidible. Above the upper curve, the sensation s
one of feching vather than of hearing: that s, the
sensation of sound is nusked by that of pain.
Fhe area between the two curves shows the
pressure nnges for auditory response at vanous
frequencies. Note that the sales of frequeney
and pressure are logarithimic. An advance of one
horizontal space doubles the frequeney., and an
advance of one vertical space multiplies  the
pressure by ten.

SOUND UNITS. The loudness of sound is
not mcastred by the same type of swale used to
measure length. Units of sound mcasurement are
used that vary logrithmically with the ampli-
tude of the sound variations. These units are the
et and decibel, which refer 1o the difference
between soutds of unequal intensity or sound
fevels. The decibwel, which is one-tenth of i bel, s
the minimum change of sound level perceptible
to the human car. Thence. the decibel mercly
describes the ratio of two sound levels, A sound
for which the power & 1O times as great as that
of another sownd level ditfers in power fevel by
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I bel, or 10 decibels. For example. § devilwels
may  fepresent almost any volume of sound.
depending on the intensity of the reference level
or the sound level on which the ratio is based.

In sound svstem conginecring, decibels are used
to enpress the ratio between clectrical powens or

between acoustical powens. It the amounts of

power 1o be compared are P and P2, the ratio
i1 decibels (db) s

(§ A
th = 10 X {og
¢ 1 ’"E(PH

(NOTE: When  the logarithmic base i not
indicated. i1 is assumed 1o be 10))

I P2 s greater than Pl the decibel value is
positive and cepresents a gain in power. I P2 i
lews than PL the decibel value is negative and
reprosents {oss in power.,

INTENSITY LEVEL. An  arbitrary  zero
reference level is used 1o accunticly describe the
loudness of various sounds. This zero reference
level is the sound produced by 107 watts per
square  centimeter of surface arca tacing the
sottree. This level approximates the feast sound
perceptibie to the cay and is usuably called the
threshold  of  audibility, Thus, the sensation
eaperienced by the car when subjected to a
noise of ) decibels above the reference leved
would e 10,000 times as great as when sub-
jected to g sound that is barcly perceptible.

ACOUSTICAL PRESSURE. Typical values
of sound {evels in decibels and the corresponding
intensity levels are summarized in table 3-8, The
values in this table are based on an arbitranly
chosen zero reference level. Note that tor cach
tenfold increase in power, the intensity of the
soutkd increases 10 decibels. The power intensity
doubles for cach 3-decibel rise in sound in-
tensity.

POWER RATIO. The decibel & used to
express an clectrical power ratio, such as the
gain of an amplificr, the output of 4 micro-
phone, or the power in a circuit compared to on
arbitrarily chosen reference power fevel. The
value of decibels is often computed from the
voltage ratio SQUARED or the current ratio
= SQUARED. These are proportional to the power

ratio  for equal values of resistance. I the
resistances are not equal, a correction mast by
made.

To find the number of decibels from the
voltage raio, assuming tha the resistances are
cqual. substitute B2 for Pin the basic equation:

B BN

db =10 X Jog—= =10 X log (-}') .or
i1 k1
l."

dh =20 X log ﬁ

To find the number of decitwels from the
current ratio. assuming that the resistances are
vqual, substitute 12 for P in the basic equation:

\?
db =10 X lug(‘:"’) or

I
dh =20 X lngﬁ

The power level of an clectrical signal is often
expressed in decibelds above or below a power
level of Q.O0T watt ¢ milliwatt) as

!)
= \J pr— -—

dbm = 10 X log (U.(KH )
where dbm is the power fevel above one milli-
watt in decibels, and P is the power in watls.

The volume fevel of an electrical signal com-
prising speech, music, or other complex tones is
measured by specially  calibruted  voltmeter

Table 3-8. -Values of sound levels.

PRV SR S

Sound level Pressure Intensity fevel
(decibels) (dynes/em?) {walts/cm?)
0 0.000?2 1Q e
20 0.002 10 34
40 0.02 g 2
60 0.2 10 1o
80 2 10 %
100 20 106
- 120 200 104




Chapter 3 FLEMENTARY PHYSICS

valled a volume mdicator. The volume levels
read with this indicator are expressed in v
units” (vud the number being numerically equal
to the number of decihels above or below the
reference volume level Zero va represents o
power of 1 milliwatt dissipated in an arbitranly
chosen load resistance of 6UO0O ohimes (corresponds
to g voltage of 0.7740 volt). Thus, when the vu
meter i connedcted to a 000-ohm  load. vu
readings m decibels can e used as a direct
measure of power above or below 1 milliwatt.
For any other vidue of resistunce the following
correclion must be .;uldcd to the va reading to
obtam the correct vu value:

vu 7 ovu readmg + 10 X fog hg“

where v iy the actuat volume level. and Rois the
actual lowd, or resistance. across which the vu
measurement is made. I the volumce fevels are
mdicated 0 units other than vu. the meter
calibration, or reference fesel. must be stated
with the decibel value.

ACOUSTICS

Acoustios i the science of sound. including its
propuggation. transmission, and effect. The per
formance of an announcing system or soind
system © hien used in a room or enclosed space
depends on the acoustical characteristics of the
enclosure. Sound originating in an  enclosed
space is partly reflected and partly absorbed by
enclosing surfaces such as the walls, ceiling, and
floor of 4 room. This action introduces echoes
and reverberations. which may seriously impair
the quality or character of the sound.

Acoustical Disturbances

Light is often thought of first whenever
reflection iy discussed: bowever, reflection s
equally common in other waves. As an example.
echoes are caused by reflection of sound waves.

ECHO. An ECHO is the repetition of a
sound caused by the reflections of sound waves.
When a surface of a4 room is situated so that a
reflection from it is outstancing, it appears as 4
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distinct echao, and is heard an appreciable inter-
val fater than the direct sound. I the surface is
concave, it may have a focusing eflect and
concentrate the reflected sound energy at one
locality. Such a reflection may be several tovels
higher i intensity than the direct sound. and its
arfival  at o later ume may  be particulasly
disturbing.  Some  possible  remedies for  this
condition are:

1. Cover the offending surface with absorbing
malterial to reduce the intemsity of the reflected
sound.

2. Change the contour of the offending sur-
face and thus send the neflected sound in
another direction.

3. Locate the
position.

4. Vary the amplitude or the pitch of the
signal.

loudspeaker in a different

REVERBERATION. Reverberation is  the
penistence of sound due to the multiple reflec-
tion of sound waves between sevaral surfaces of
an enclosure. 1t is one of the most common
acoustical  defects of o large  enclosure. s
duration varies directly with the time intervad
between reflections (the size of the enclosure)
and invensely with the absorbin _ efficiency of
the reflecting sarfaces. The resalt is an over-
lupping of the original sound and its images. 1f
excessive, reverberation  causes g general con-
fusion that & Jdetrimental to geech  intelti-
gibility. The hangar deck of an aircraft carrier is
an example of an extremely reverberant arca.
The volume s large, and the hard steel interior
strfaces offer very little absorpticon to sound.

it a single Joudspeaker is motnted in a large
reverberant arca, such as a hangar deck. intel-
ligibility directly in front of the loudspeak or is
satisfactory. Intelligibility decreases rapidly with
an increase of cither the distance from the
joudspeaker or the angle betweca the listener
and the loudspeaker’s sound axis. In other
words, sound from a Joudspeaker in a reverber-
ant spuace is composed of direct sound that
reaches the listener directly without any reflec-
tion, and indirect sound that his received at
least one reflection.

Inteltigibility under these conditions is refated
to the ratio of direct sound to indirect sound. As
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the fistener moves away trom the loudspeaker,
the ratio of disect sound to andirect sound at the
listenimg position decrcases, and  mtetyinlity
decteases contespondingly . Henee, i o highly
reverberant space  mtelligibafity  decreases wath
distancd tram the loudspeaker.

Lo prevent the sound fqom becommg umntel-
hgable o highly  reverberant space. several
spedkens can be mstalfed about the area rather
than just one. The power requircments rentain
the same: one 25-watt speaker could be replaced
by 5 speakens. cach consuming § watts. This
would  greatly  increase the  direct-to-indirect
sotand ratio.

INTERFERENCE. Two soundwaves moving
through the same medinm at the sime time will
advance mdependentiy. cach praduocing the same

disturbance as it it were alone. The resultant of

the tvo waves can I obtained by adding
algebratcatly the ordinates Gnstantiancous magni-
tudes) of the component waves.

Two sound waves of the same frequency. in
plhas with cach other and moving in the same
direction are additive. The resuftant wave s in
phase with, and has an amplitude cqual o, the
suin of the component wines,

Fwo sound waves of the same frequency. in
phase opposition and moving i the same diree-
tton. are subtractive. I the component waves
e cqual amplitudes. the resultant wave s
ero. This addition or subtraction of waves is
often <alled interference.

Fwo sound waves of shightly ditterent fre-
quency and moving in the some direction pro-
duce a beyt note. I the two waves originate
from two vibrating sources at the same point,
and the frequency of onie wave is one vibration
por second greater than that of the other at
particulur instant.  the sources  will produce
additive disturbances at some points and sub-
tractive disturhances at some other points on the
relative positions of the waves. These changes
will continue to occur as long as the sources are
kept vibruting,

The resultant wave has a periodic variation in
tntensity at o frequency equal to the difference
between the originad frequencies of the com-
poneat waves, The difference frequency. -
ferred to as the beat frequency. produces a type
of pulsating tnterierence particularly noticeable

— .

in sound waves. The effect of beat frequency,
catled beats, praduces alternately loud and sott
pulses or throbs, The effect is most pronounced
when the component waves have ogual ampli-
tudes.

RESONANCE. Resonance. or sympathetic
vibration, is 4 common problem encountered in
acoustios. It i somewhat more senious than
some of the other problems discussed. because
the possibility exists for dange to cquipment.
Reverberation and resomance are trequently con-
fusd. but they arce distinetly ditferent in natare.
Reverberation s o resalt of the reflection of
sotnd waves iand of the intersction between the
direct and reflected wound. Phere is only a single
saurce mvolved.  In resonance. however,  the
otfending object becomes a sound source uder
certimn conditions, This may be evpliinad by the
following examnple:

Assume that the mtural trequency ot vibrg-
ton of a steel shaft, which is waghted on one
end and held fiomly on the other, » 25
vibrgions per second. Suppose that with the
sysfem at rest, g sound wave produces a foree
which acts on the shaft with o to-and-fro motion
125 times por second. This force sets the system
vibratimg o1 125 vibrations per sweond. These
vbigtions would e of o small amplitude -
catse the rod and weight arc tryving to vibrate at
their matural rate of only 25 vbrations per
second. During part of the time the system is
resisting the driving foree. The motion of the
system i this case is called o forced vibration.

I the force is slowed from 125 vibrations per
weond to the shaft's nstural frequency of 28
vibrations per second, the amplitude of vibration
becomes very farge. The amplitude will build up
to a pomt where the driving force is enough to
overcome the inertia of the system.

When these conditions exist. the system is
said 10 be in resonance with the dnving force,
and sound waves are produced by this vibration.

A common example of resonance is found in
a crystal oscillator circuit. When an alternating
voltage is applicd to a crystal that has the same
mechanical (resonanty frequency as the applicd
voltage it vibrates and only a small applied
voltage is needed to sustain vibration. In turn,
the crystal genenstes a relatively Large voltage at
its resonant frequency.
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MASERS AND LASERS

Fhe nuaser eMictowave Amphfication by Stin-
ulated Fmisvon ot Radiation) s an important
meber of the rapadiy growng tamily of gquan-
tum clectrome devices. The optical maser, called
the Liser thipeht Amphfication by Stimulated
F nisvion ot Radigtiony, opetates 1 the vivible
and near mtrared portion of the clectronugnetic
spectrisn.

fhe teasthihity of o optical nuser was first
sigpested i TSN The first operating laborgtory
moded was constructed m 1900, Tess than 2 ycapn
Lter Rescarch. deselopment and apphiciation of
the faser are cunently  proceedmyg ot g pace
evceedmg that of gny other deviee m the history
of clectrones.

THEORY OF OPERATION

fhe peneration of cobicrent radiation e the
viseble repion of the clectronugenetic spectriun
mvolves  mteraction of radation and anatter.
(Nee fig 32240 1 the mapnmitude of an ob-
wivable quantity . m some or gl ot ats ninge. s
alwavs o mulople of o defimte umt, then that
unmit s catled o quantam of the quantityy. The
quantum  of - clectromagnetic enerey o e

I h o«
where b Planch sconstunt of 6,024 > 10 27 ¢
seotid
I treducing

A givens 1o ot atom cn nnike the transition
to g dngher energy fovel by absorbing o photon
trom n clectiomagncte ekl B can make a
tansbionn to a lower feve! in cither of twoe
Wiy s spontancous caiisston G random processy,
or stunubited enssion G cohierent process  the
plusse of the mpmgimge wane s retaned i both
tune and spuce ).

When radiation of  the proper trequency
enters it arca contaming tons i thermal egunli-
brigm. it will strike an son. The won struck will,
it gt the upper energy level transter to the lower
cicrgy fevel by stimulated ennssion, bat at ot s
G The tower encrpy Tevel it will transter to the
upper fevel v absorption. Smee under egin-
brium condthions (g, 32259 there are always
more 1ons st the lower coerey leved than gt the
higher fevel, the overall net ettect s absorption.
I were possible, however, o begin the
operition with mmore ons i the fugh energy
fevel thuan m the low energy level, the reverse
wouhld e trae. Phen. enterimg clectropugnetic
ciergy of the correct frequency would catse net

i1

PHOTON. The photon s the guantam of encergy stimahted  emission (radiation of - coherent
(1 and s determmed by TWIVCN)
R PR R ] {
—
e e e U SR -
L ¢
e e e e e o —— —— o ———— e i
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Figure 3-24.—-Spectral range of sources of electromagnetic waves.
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Figure 3-25.-Energy lavals of typical laser materials,

Soveral ditferent techmques tor producimg won
population imvenion (switching energy levels)
are employed. The method commonty used in
sofid state Lisers s deseribed i terms of ruby an
aluminum  oxude contammmg  chromium.  FPhe
energy  levels responsible tor the  absorption
process are shown in figure 3-25. Anon m level
I absorbs green light and goes to Jevel 3 11
rapidly gives up encergy i the form of heat and
drops to level 20 The mean tune that the on
remains at the metastable level, fevel 20w on the
order of 1 illisecond Gibout 200 times as lone
as it level 30, then it spontancously retumns to
level | by emistting a particular trequency in the
red recion of the spectrum, i the orystal s
dluminated with sufficient green light of the
correct wavelength, the population invension to
level 2 can be maintained. This illumination is
commonly termed Upumping.”’

If the materiad is properly selected and suf-
ficiently pure, the stimulated emission can be
limited to specitic frequencies; i.e., freqaencies
that are known and determined by the physical
properties of the clements involved.

LASER OPERATION

The ative ion makes a transition from cocrgy
fevel 1 to the pemp level tlevel 3) when it
absorbs energy from the pump source. The ideal
pump source would emit photons of only the
desired energy (frequency ). however, since such

sottrces are crely avaslable, it s usually neces-
sary (o compromise and use white hight. Tins
prump energy could be tocused on the crystat by
sunhipght, clectromie  flashtabe,  or any  other
sutticiently mtense source.

he on rapadly falls fiom the anstable pump
lesel 1o the metastable osel by o photon
transttion. The metastable fevel teads to become
heavily populated it the pump ate s suthicently
high to put jons mnto the metastable fovel taster
than they drop back 1o level 1 by spontancons
CINSION.

Atter lightly more than halt of the ons have
been pumped from level 1 to the metastable
level tseveral hundred microseconds for g typical
ruby Liserd, any spontancousty generated hight at
the correct frequency (f = :.l. corresponding to
the enengy ditference between the ground and
metastable energy levels, will cause net stune
fated emission. The device will generate coherent
clectromagnetic encrgy. colierent light. Because
of the design of the equipment the light gen-
crated will be of a given frequency. will have a
fixed phase relationship, ard will be radiated
paratic] to the longitudingl axas through the
fightly silvered end of the laser rod.

PRACTICAL REQUIREMENTS

A practical Liser desice nast meet the fol
lowing requircmciits. .
1. Be of a material (g or solid ) which emits

s
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behit ot the doesited trequenoy and s tanspugent
to that feequency  Fhe Bt pasconts Liset, asing o
bebuan neon s tige comitted fiphit ot g wave-
fenpth of s gucrons (1 1S < 100 neters) o
2o tetabicrty €200 2 FVY 2y Phe buindwnith
sprectiam of thie cotted fieht was about S A,
because of tteguenoy putling cansed by medban
toad Vibtateon 1 the strodtute

YoBe o adeguate panity himpatities tend to
abisott o setract the amtted cncmey - amterfenmg
witht the Laset action, foweomyge etfioeney and
Attt anwted lotspots

B¢ cocapsalated 1o prosote optimum
ciiacnoy  Proper doesignn msiies  nras inm
coupling o puiup coctey o the lawt Corpedt
dumensomng  msiies the masanim evel of
stinulated canssion i the destied direction of
propagation

P Have an eticsent pamp soutce, that s g
st which waill mastam the desied energy
lovel anvession with the sounus amouant of
apphicd cocrpy Hhis moreases etfietency  and
decteases heat dissipation problkeans  The aaby
Laset bas two pump trequency bands, centenmg
an CLHO0 and SO0 angstroms ¢ angsttom

1O M mieterny

The Liset shown i tieate 3 00 8 setined as
follows g lughly pure ruby covstal s prown,
machined qand pobished to oa teht coculae cvhin
dee uane tedhmques descloped by transistor

et I
e e \ RV R
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Figure 3-26.—Simpls laser.

techinodopnts One end ~ polishicd optically tat
ad sibvered to become completely etlective 1o
visible  frequenaies. The othe end i adso
podishiad aptically smooth, bt s ondy pastially
retlectne  The civstal iy machaed 1o an enadct
madaple o the wavelenpth of the desieed opwer-
atotyy Liequency of the Liser, the as st thas icts
o fesoiant cluamber . continuonsly getlecting
ciocrey alone e longitadatd avis Fhe hgehtly
mtntoted  end will transat o pottion of  the
citetpy whach stethes noteal (perpende alany to
ty sty

Fhe cmtted encipy can ne focased o othes-
wise freated m the sune punncr as osdmary
fieht B dtteis trom nonmal light i that ot
composed  of an esttemely martow band of
Heguencees and it s o debimite spatial phase

Crelationsig.
I carly November 1900, 1IBM. GE. and
Pincoln  §abottory  annovnced  sanaftaneous

development of a gathivm ansiosde dede. s
Laser Bas o mmch lughes etficsency potental and
tar sompler modubsion  gpechanmm than s
predecesson, 1 contitates the gnest magor Mop
forward e faser development. Faated by high
cuntent densties Gueater than FOGUD gnp/cim )
At ity qunction, o eomits colietent ligehit i the near
IR (X400 qnpstroms) trom s polished surfice
with g bee - oudth on the order of 4 degrees

he Liser oy doestined 1o become an unportant
wement of the clectromes industey Most high
trequeacy systems (nndar, pusdance, commimi-
cations) will cmploy masers of some type. b the
optical regron, the Liser, only o theory o few
years dago, fullilis tor the firnt time the deeaim of
scientists since Newton a source of coberent
It

APPLICATIONS

It is anticipated that Lisers and guesens will
tind extenstve applications in many major fickds.
in view of the known characteristics of masens
amd Bsers, studies are currently  conducted 1o
find specific applications i the following fickis:

Lo Supweal tool, Usinig o converginge  kens
system, the Laser heam can e foased o
approach @ true pomnt sotiree of light at the tocal
pomnt. The theosetical it of the spot ducter
waithl be approsimately | wavelenpth (6,943
angstroms {or the raby Liset) ' he entie encigy
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radiated could be focused at one spot. creating
at that spot a temperature more intense than
that at the surfuce of the sun. This laser beam
could be used ux a superscalpel, or welding
torch. for surgical operations on the human cye
and nerves.

2. Communications device. The laser beam
can be used as g super-directional communi-
cations link in a new uncluttered part of the
spectrum. Many rescarchers ane experimenting
with methods of modulating the laser beam. One
methoad of modulating the beam with audio
frequencies has already been developed.

3. Energy transfer device. The laser beam
vonstitutes the most intense form of energy
propagation yet put at man’s disposal. Labora-
tory models have been used to bum holes
through sheet steel. If g sufficiently high-power
laser were available, it could rudi«te sufficient
energy from the ground to powes sateliites or
robot helicopters. with practically no energy loss
due to transmission.

4. Frequency and distance standand. Since
the frequency emitted by a laser depends upon
the atomic properties of the material used. the
frequency would be known with a high degree
of accuracy and would remain constant for the
operating life of the laser. The laser will permit
all research laborutories to maintain an accurate
secondary frequency/distance standard. (1 meter
= 1.650.763.73 wavelengths of the orange-red
spectral line of krypton 86.)

5. Precision radar system. Lasers have such
high spectral purity and directionality that they
can be used as precision radar systems. An
carth-based laser radar, with an optical system

only inches in diagmeter, has such a high resolu-
tion that the beam at the surface of the moon
would only be a few miles wide. In a test at the
MIT Lincoln Laboratory, the beam of a laser
was focused on the moon by a telescope, and
returned radiation was detected by a photo-
multiplier tube atter being collected by another
telescope. The illuminated area on the surface of
the moon was estimated to bhe 2 miles in
diameter.

0. Undersea utilization. Rescarchers are at-
tempting to develop a laser which will operate in
the blue-green portion of the visible spectrum.
Water is quite transparent at this band of
frequencies. A secure undenca communications
link or an undemsca optical radar has under-
standably desirable qualitics.

7. Guidance systems. The “smart bombs™
used successtully in Viet Nam in the spring of
1972 had either telewssion or laser guidance
systems. Both nrequired favorabie weather con-
ditions. The laser system added only $3.100 to
the cost of cach bomb. whereas the television
system added $15.000 per bomb.

X. Land surveys. RCA is producing a portable
luser land surveying system under o contract
funded by the U.LS. Forest Service. Two back-
packageable units are used at distances of up to
one mile apart. The puised faser beam is fired
vertically and the receiving telescope is elevated
as much as 45° until it clears all intevening
obstacles and picks up the beam. Accuracy is ¢ |
foot over 4 distance of | mile. The system can
readily be adapted to situations where tn.mgu!.:— '
tion is required.



CHAPTER 4

SPECIAL TOOLS AND MATERIALS

A skilled technician can be identificd by the
wiay he handles and cares for his tools and
materials. Tools are a costly investment and
should be cared for and used to full advantage.
There seems to be something about good tools
that stimulate an average technician to tum out
above average work, This fact alone more than
justifies the slightly higher cost of quality tools.
Even more important is the fact that low quality
tools become defective more readily and can
result in injury to the user or damage 1o the
equipnient undesgoing repair.

Similarly, proper use of quality materials
improves the performance of any maintenance
task and reduces the possibility of new failures.
The primary duties of all maintenance personnel
dare to become thoroughly familiar with the tools
and materials of his trade and be proficient in
their care and use.

Some excellent sources of information re-
garding handtools and their use and care are the
Rate Training Manuals, Airman, NavPers
10307C, and Tools And Their Uses. NavPers
10085-B. Since these manuals are basic to all
aviation ratings, the material covered in them is
not duplicated in this discussion: review of that
material should be accomplished before pro-
ceeding with this chapter.

SPECIAL TOOLS

A wide variety of special tools is required to

maintain the modern aircraft of today's Navy.
These tools are furnished by the manufacturers
of the aircraft. engines. and refated equipment.
Proper use of special tools greatly reduces the
man-houn required for maintenance work.
These tools are listed in allowance lists pub-
lished by the Naval Air Systems Command, and
their use is explained in the Maintenance In-

structions Manual covering the particular air
craft, engine, or piece of equipment for which
they were designed. An example of a special tool
that is required for special main cnance of
cquipment is' the cable assembly connector
wrench. This wrench is used to remove the sonar
dome from the clectrical special purpose cable
assemibly. (See fig. 4-1.)

NONMAGNETIC TOOLS

Tools made of nonmagnetic materials are
available through normal supply channels. They
are used for performing specific maintenance
functions on certain classes of equipment or

© components -such as maintaining the detecting
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heads of MAD equipment. These tools, normally
made of berylium-copper, are used because steel
tools may become magnetized through normal
use,
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Restricting the use of the nonmagnetic tools
to the purpose tor which they are intended will
increase their value to the technician, Use of
these tools for general maintenance would allow
them to teansfer metal or other foreign particles
into electronic equipment. The gears and bhear-
imgs of the detecting head are casily fouled by
simall particles of dust or metal. In addition to
mechanical tfouling, the introduction of metal
particies that are magnetized would cause mag-
netic noise in the detecting head.

Nonmagnetic tools should also be used in
tuning RE circuits which are susceptible to
frequency change resulting trom the introduc-
tion of new muagnetic ficlds (or the distortion of
the existine magnetic ficlds). Many slug-tuned 1F
circuits invesoe this potential trouble,

Good general maintenance practice involves
wiping the tools before use and again af'ter use.
This is ospecially  advisable in the case of
nonmagnetic tools. A lint-free cloth dampened
with a suitable cleaning solvent may he used for
this purpose.

Nonmagnetic metals are usualy softer than
steel, S0 use of these tools for general main-
tenance could dlso damage the tools.

INSULATED TOOLS

Satety considerations require use of insulated
tools whenever the danger of clectrical shock or
short circuit exists, Many types of tools are
available in insulated form  directly  through
supply channels at little or no additional cost.
These toals should be obtained and used when-
ever available, However, many types of insulated
tools are not readily available (or are available
only at consideriable added expense). If essential,
these tools should be procured or conventional
tools may be maodified. Insulated sleeving may
be put on the handles of pliers and wrenches and
on the shanks of screwdrivers. Tools modificd in
this manner should be used only for low voltage
circuits because of the limitations of the in-
sulating materials. For higher voltage uses,
special insulating handles are available for many
of the common types of tools.

In some instances, it is necessary to use tools
which are made of msulating material, rather
than merely having an insulating handle. In these

"_instances, the tools should be requisitioned

through normal supply channcls, if’ possible. If
they are not available through normal supply
channels. they may be purchased on the open
market. ‘

RELAY TOOLS

Two of the more common handtools used to
repair relays are the bumishing tool and the
point bender. The use of these two items is
discussed in the following paragraphs.

Burnishing Tool

Many relays have been damaged or ruined by
the use of sandpaper or emery cloth to clean the
contact points. Use of these abrasives causes
bending of the contacts: and attempts to
straighten them with long nosed pliers cause
further damage, cventually requiring replace-
ment of the relays. This can be avoided by using
a burnishing tool to clean dirty contact points.

Figure 4-2 illustrates a burnishing tool being
used on a relay.

Two common types of bumnishing tools are
stocked in supply activitics and may be obtained
through nomal supply channels. These two
common bumishing tools are J 33/64 inches and
S inches in length.

Be sure to clean the tool thoroughly with
alcohol and do not touch the tool surface with
your fingers prior to use.

Burned and pitted contacts cannot bhe re-
paired by burnishing. Relays having trouble this
scrious should be replaced.

Point Bender

Another handy tool that is often found in a
toolbox is a point bender. The point bender (fig.
4-3) is used to straighten bent relay contacts.
This bender can be fabricated locally from
0.125-inch diameter rod stock according to the
dimensions in the figure.

WIRE AND CABLE TOOLS

An innovation in clectrical connectors is the
taper pin electrical connector for aircraft. The
taper pin works on the principle of driving a
taper wedge info a tapered hole and depending
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Figure 4-2,—Bumishing tool,

on friction to retain the pin in the hole. The
taper pin connector makes i very good electrical
and mechanical connection because of the high
metal to metal contact pressure developed dur-
ing the driving action of the insertion tool.
Laper pins permit circuit changes to be quickly
and casily performed without a soldering iron.
Tests show that vibration and corrosion, over a
petiod of time, improve the electrical continuity
and increase the mechanical pulling force re-
quired to remove a taper pin. Another advantage
of taper pins is the accessibility of test points for
voltage and circuit continuity checks.

Insertion and Removal

A special tool, shown in figure 44, is used to

——___properly insert the taper pin into the terminal
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Figure 4-3.—Point bendey.

block socket. The insertion tool has a calibrated
driving spring, a calibrated pull test spring, a
taper pin captive key. and a taper pin removal
feature,

The driving spring adjusts to apply the proper
driving impact to the pin. The pull test spring
adjusts to apply the correct pull force on the pin
to check for proper pin insertion, The captive
key insures that cach taper pin has a 100 percent
pull test before the tool is disengaged from the
pin. The removal lever is rotated to remove the
taper pin from the terminal block socket,

In order to maintain the reliability of the
system, it is imperative that the taper pin be
properly inserted into the terminal block
sockets, Pushing the pins inti- the sockets with
the fingers or pliers will not make them stay
they must be driven in with the insertion tool.
The tool must be calibrated to insure that the
proper pressures are used. When inserting the
taper pins, the insertion tool must be held at
right angles to the terminal block, an? pushed

-
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AE.38
Figure 4-4.—Taper pin insertion and removal tool,

straight  toward the terminal block  without
twisting the tool. The pins are very sensitive to
twists, which could cause a faulty connection or
a broken pin. Bent or broken pins should always
be replaced. However, it correct instatlation
procedures are followed, a taper pin may be
installed and removed as many as 25 times
before a replacement is necessary. A properly
installed taper pin will pass the pull test of the
insertion tool,

Three different sizes of taper pins are used to
terminate wires from size 16 through size 2.
The sizes are identitied by color coding of the
insulating sleeves. A crimping tool is used to
attach the taper pin to the wire. This taper pin
crimping tool is similar (o other types of wire
terminal crimping tools, such as those discussed
later in this chapter.

Stripper

Nearly all wire and cable used as electrical
conducton are covered with some type of
insulation. In order to make ckectrical con-
nections with the wire, a part of this insulation
must be removed. feaving the end of the wire
bare. To facilitate the removal of this insulation,
use a wire and cable stripping tool similar to the
one shown in figure 4-5.

Although several variations of this basic {ool
are available. the most efficient and effective is

the type illustrated. Its operation is extremely

simiple insert the end of the wire in the proper
direction to the depth to he stripped. position
the wire so that it rests in the proper groove for
that size wire. and squecze. The tool functions
in three steps as follows:

1. The cable gripping jaws close. clamping the
insulated wire firmly in place. The wire must be
inserted so that the jaws clamp the main section
of the wire rather than the end 1o be stripped.

After coble has been placad
between gripping and cutting jows,
squeeze hondies together

/.-
.
Y
s
STRIPPER <o
INSULATION CUTTING JAWS CABLE

LENGTH OF \
TERMINAL .
BARREL "

Direction of jows olter insulation is eut

AEY?
Figure 4-5.~Wire and sabile stripper.



Chapter 4 SPECIAL TOOLS AND MATERIALS

2. The insulation cutting jaws close, cutting
the insulation. It the wire is not inserted in a
groove. the conductor will also be cut. If the

wire is positioned info too small a groove, some
of the strands will be severed. If the groove is CRIMPING TOOLS
too large. the insulation «vill not be completely

severed,

Inserted properly into the correct Type MS 25037-1

groove, the insulation will be cut neatly and

completely, and the wire will not be damaged.

3. The two sets of jaws separate. removing
the clipped insulation from the end of the wire.

If cable and wire strippen of this type are not
available, notches may bhe cut in the jaws of
diagonal pliers or pocket fingernail clippers,
using jeweler's files. Care must be taken to file
the grooves into the proper positions in oppos-
ing jaws. and the size of the groove must be
appropriate for the size wire on which it is to be

TERMINAL LUG N JAWS OF
CONNECTING TOOL MS 250371

(CUTAWAY VIEW OF JAWS)

used. When properly modified. these tools will
perform  satisfactorily it the more  desirable
stripper is not available.

The standard tool MS 25037-1, issued for
crimping solderless terminals, is for use with
standard insulated copper terminal lugs manu-
factured according to MS 25036. The standard
tool employs a double jaw to hold the terminal
lug or splice. One side of the jaw applies
crimping action to fasten the termmnal to the
bare wire when the terminal is inserted, as
shown at the left in figure 4-6. When the tool is
used correctly, a deep crimp is placed in the B

SN,
- e

Y
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arca of terminal lugs and splices, as shown in
diagrams on the right of the figure. A shallow
crimp is applicd to the portion of the terminal
or splive which extends over the insulation of
the wire, as indicated by the A area in the
diggrams. This clamping action is provided by o
revessed portion in the other side of the divided
faw. A guard. which should be in the position
shown when crimping terminals, gids in proper
paositioning of the terminal. However. the guard
must be moved out of the way when the tool is
used for crimpang splices.

Without the guard. the tool may be used
incorrectly . for example, the terminal might be
inserted from the wrong side of the tool. The
result is that the deep crimp is placed in the A
arca of the terminal or splice and. afthough the
wire may be held securely in place. the con-
nection w poor. Common sense indicates that
the deep crimp must clamp the metal of the
terminal to the bare metal of the wire in onder
to provide a good electrical and mechanical
connection.

The MS 25037-1 tool requires occasional
checking. A No. 30 (0.100) drill rod should not
be able 10 enter the smaller (red or blue) nest
when the tool is fully closed. If it does enter,
have the (ool repaired.

Instruction in proper crimping procedure
should be fumished to all who need to make
solderless  teiminal connections. Handbook of
Installation Practices for Aircraft Electric and
Electronic Wiring. NA 01-1A-505. contains de-
taifed procedures for using many  solderless
consectorn tools,

Type MS 3191-3

This tool is the latest standard crimping tool
designed specifically for use with type MS 319]
contacts for clectrival connectoms. 1t features
interchangeable heads to accommodate various
size terminals. It may be used with the turret
tfig. 47 (AD for normal use. or without the
turret (fig. 4-7 (BY) for eyeball crimping.

Before using the tool, the comect selection
must be made on the positioner head and also
on the indentor gap sekector plate. To release the
tueret for indexing, press the trigger and the
spring-loaded  turret snaps out to its indexing

. position. Sclect the desired position from the
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colorcoaded nameplate and rotate the lun;cl to
aline the selected positioner with the index.

Depress the turret untit flush, and the turret will,

automatically lock into place. To prevent fur-
ther indexing, insert lockwire through the hole
provided in trigger.

To crimp a terminal, select the proper size
and type terminal and insert the prepared wine
into the contact pocket until the wire seats on
the bottom. The wire should be visible through
the inspection hole and the insulation should
enter the contact insulation support. Insert the
contact and wire into the terminal crimping
tool, making sure that the contact is properly
swated in the positioner. Actuate the crimping
tool handles to crimp the contact and wire. At
the completion of the stroke the ratchet re-
leases; open the handles and remove the crimped
contact from the tool.

Inspect the crimped terminal and wire. The
wire must be visible through the inspection hole.
The insulation must be inside the insulation
support. The crimping indents must be posi-
tioned between the inspection hole and the
front of the insulation support. The contact
must not be bent. The crimped contact is now
ready to be installed into a connector.

FFor eyeball crimping, remove the head as-
sembly from the tool. Select the proper wire size
and move the thumb button until the pointer is
alined with the selected wire size on the in-
dentor gap selector plate. Holding the contact in
the crimping tool, stowly close the handles and
at the same time position the contact so that the
indentors are positioned midway on the contact
barrel. Insert the wire, making surc it is bot-
tomed in the contact. then close handles fully.

After releasing the handles, remove and in-
spect the crimped contact. The contact must not
be fractured, and the conductor must be visible
in the inspection hoke.

DIAGONAL PLIERS

Diagonal pliers are described briefly in Tools
And Their Uses, NavPers {0085-B. The fol-
lowing discussion describes a modification which
is advantageous when the diagonal pliers are
used in the maintenance of equipment aboard
aircraft where working clearances are likely to
be close.
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NAMEPLATE

(A) WiITH TURRET INSTALLED

(B) WiTH TURRET REMOVED

Figure 4-7.-Crimping tool MS 3191.3.

The diagonal pliers (fig. 4-8) have been
modified by adding potting compound to the
jaws. This prevents loss of small picces of wire
into the equipment when cutting wire. The
potting compound also allows the technician to
cut the wire without hokling onto the picce
being cut away. (Figure 4-8 (A) shows the
disgonals before being modified.) If you do not
have a pair of these modified diagonal pliers,
manufacture your own by adding potting com-
pound. Before applying the potting compound.
clean the diagonals with solvent; then secure the
. handles with 3 rubberband (fig. 4-8 (C)) and

apply the compound. Allow 24 hours for the
compotind to dry. The jaws may be separated by
slicing them apart with a single edge razor blade.

CANNON PLUG PLIERS

Figure 4-9 displays a set of special pliers used
to remove threaded electrical connectors when
they arc on so tight that they cannot be
removed by hand. A slip joint keeps its smooth
gripping jaws paralle!, thus preventing damage to
the electrical connector during the removal
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Figure 4-9.—Cannon plug pliers.

PRINTED CIRCUIT REPAIR TGOLS

A kit containing hand-held tools. microck-
ment-handling units. and soldering materials. alf
selected because of their usefulness in repairing
avionics modules, is kKnown as an  avionics
modube repair kit. This kit may e ordend
through normal supply channels by any author-
ized maintenance activity. (The federal stock
number is VX 4920-808-6663.) It consists of 61
items stored in the trays of a portable case.
Figure 4-10 shows the upper tray of the carrying
case, and figure 4-11 shows the arrangement at
the bottom of the carrying case. The items ane
numbered in figures 4-10 and 411 1o cor-
respond with the numbers in table 4-1 which
also lists the nomenclature of the items.

A brief description of most of the items in the
kit is given below to help the technician realize
how valuable this kit can he in repairing printed
circuits.

Items 1-10 are used with the flexible drive
shaft and handpicce assembly (items 37 and 38).
which in tum are powered by the portable
power pak (item 61) to do the necessary drifling,
cutting, grinding. and polishing when com-
porents are removed. When these attachments
are used, they should be operated at a uniform
speed and applied with controfied pressure.

Hem 11 contains tips for the solder ectrction
system, which is described later.

Item 12 is used with the small aica spray
system (item 41) and solvent (Gitem 39) to ckean
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Figure 4-10.—Upper trays of carrying case.

Item 13 containe blades for the thermal
stripper. which is discussed later.

ltem 14 contairs tips for the vacuum tweezer.,
which is disctissed later.

ftems 15, 1o, 17 and 33 are various wrenches
and screwdrivers which. when used. should he
used with moderate pressure to prevent breakage
or damage to the printed circuits.

ftems IR, 2o, and 27 are heat sinks and
clamps which are used 1o prevent damage to
compoments by the dissipation of the heat
required to desolder or solder.

ltems 19-28 are various pliens used for bend-
ing leads, cutting wire. and general circuit work.
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ltems 14 and 28 comprise the vacuum
tweezer and cleaning system. ftem 28 is @
cylindrical type vacuum probe that has no valve,
but only a hole open to the atmosphere. The
probe is connected 1o the vacuum source by
means of the plastic hose assembly (items §2
and 53). The appropriate tip (item 14) is
attached to the end of the probe closest to the
finger hole.

The probe is designed to handle small parts
and provides instantancous and positive pickup
and release of parts. Effective use of the probe
can prevent damage (o miniature parts. as it is
capable of handling items as small as 0.0006
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inch in diameter. It can also pick up ceramic and
ghass substrate. paper-thin eloments. waters., pel-
fets, ete. The Kit contains three probe tips,

The probe operates by activating the foot
switch of item o1 1o produce a vacuum and then
covering the hole with a finger 1o estend the
vacuum to the tip of the prode. To release an
object. simply remove the finger from the hoke.
Complete vacuum cleaning of electronic com-
ponients can be accomplished with brush type
tipw.

ftem 34 is high temperature lubricant which
should be applicd to soldering gun tips, stripper
tip serews, and other arcas in which heat may
cause a threaded part to seize. It should he
applied to the threaded part before the mating
part is attached,

Item 37 i a flexible drive shaft driven by the
power pak Gitem 01) and is used in conjunction

with the handpicce titem IN) o drive the

{02

various drills. ball mills, stotting saws. and
abrasive wheols.

tem 47, 4 thermal wire stripper (fig. $-12) is
4 compact self-contained unit that uses no
external transformers or power  supplies. Ty
steckalloy heated blades Gitem 13) are mounted
on clectrodes protruding e m the front of the
unit. The upper-blade-andcicctrode assembly is
mounted on o movable arm. which is operated
by the thumb 1o apply pressure 1o close the
jaws, and contains a small red button that is
depressed 1o heat the blades.

As shipped from the factory, the Mades are
notched to receive AWG 24 or Larger wire, To
meet exacting stripping requirements, the notch
should be slightly farger than the diameter of the
wire to be stripped. The tool can be used with
wire as small as AWG 43, For wire smaller than
AWG 32, however, unnotehied blades should be
used, Additional blades, which may be obtained
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Table 4-1.-Parts list of kit items.

ftem No. Description

1-viat o} Mandre}, screw clamp
Maadrel, screw thread

2-vial 2 Drm%l;ch
. 047

.0e2
-078

. 083
3-vial 43 Ball mills, inch

¥%E583388

snsn dia.
3/18" dia.

. 088" dia.

e wheel, fine, red, 8/8™ dia.
Abrasive wheel, coarse, green, 5/8" dia.
G-ﬂal .G MQ m -m" mo, m. m mmt

- Abrastve point . 183" dia., red, hard material

Abrasive point , 108" dia., conical, white, soft material
Abrasive point, .106" dia., conical, red, hard material
Abrasive wheel, silicon carbide, red, hard material, 7/16" dia.
7-vial #7 Abrasive wheel, tapered, red, 7/8" dia.
Abrasive wheel, tapered, green, 7/8" dia.

4-vial ¢4

T
3t

S-vinl ¢§

ﬁs

8-vial 48 Bristie brush, 3/4" dia
Bristle brush, 3/8 dia.

9-vial #9 Fine gbrasive point, red, 1/4" dia.
10-vial 410 Coarse abra~ive point, green, 1/4" dia,
ii-vial o1l Tips, &mmm system, inch

. 036

061

.008
12-vial 413 Noszle tips, spray system
13-vinl #13 Blades, therma! stripping system
14-via} 614 Tips, vacusm tweezer, straight with ,080 ID, 45 degrees

Tips, vacuum tweezer, angled with , 080 1D

Tips, vacuum tweezer, angled with , 050 ID with soft brush at tip
1S-vial #18 Allen wrench set #4, 40 & #8; Phillips screwdriver set size #0 & 1
18-vial #16 Fiat screwdriver: awl set biade sizes . 053, .mh.m, . 100; awl size .10
T-vial a7 Socket wrench set 8/04, 3/38, 7/684, 1/8and 8/

Open end wrench set 5/64, 3/38, 7/64, 1/8 and 5/32
Miniature heat sinks

18-vtal ¢18

lz% Diagonal cutting gucn 41/3%
1] Extra-{ine needienose pliers 6"
12 Side-tip nose cutting pliers 6"
23 Short-ctain nose pliers 5"

84 Flatnose plier 4 1/

25 Roundnose pliers 5%
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Table 4-1. P «ts list of kit items--Continued.,

Item No. Description
28 Straight heat-sink clamp
& Curved heat-sink clamp
28 Vacuum tweezer and cleaning system
29 Utility screwdriver
k1) Tweezer, serrated, nonmagnetic stainiess
3 Tweezer, smooth, nonmagnetic stainless
32 Fiberglass brush
33 Handle to fit tool sets contained in vials 15, 18, 17
34 High=temperature lubricant
35 Oxide remover
36 Epoxy kit consisting of:
(a) Wood spatula
(b) Work platen
(c) Brush
(d) Mixing cup
(e) Epoxy-resin cement
37 48" flexible drive shaft
38 #8 handpiece
39 4-ounce trichloroethane solvent
40 d=-ounce stripvar
41 Small-area spray system
42 2~ounce bottle nalgene with #2104, 2 1/4" tube
43 Pencil soldering iron
414 Tip for pencil soldering iron
45 Energized rosin-cored solder 60/40 .032" dia.
46 Soldering paste--2-ounce
47 Thermal stripping
48 Cleaning unit
49 8-ounce silicone coating
30 2-power magnifying lens
8 Mirror extended 45 degrees
52 Hose assy, flexible plastic hose, §' with 1 De Vilbias #630
TA cutoff and 1 Hansen B-1-TI25 fitting
53 Hose assy, clear piastic tubing, 5'with | Hansen B-1-T135 fitting
54 Hose assy, clear plastic tubing, 5'with 1 Hansen B-1-T125 fitting
85 Polarized plug
56 Heat probe system
57 Heat probe, directional cones
58 Spare reservoirs for solder-extraction system
59 Solder extraction system
80 Iluminated work-holding-and-positioning unit
6l Portable power mk
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AQ.364
Figure 4-12.—Thermal wire stripper.

directly from the manufacturer. are feft un-
notched so that the user may notch them to his
own requirements. Notched blades for any size
of wire may be obtained on special order from
the manufacturer.

CAUTION: Teflon. PVC. and silicone-rubber
instlations  should  be  stripped in a  well-
ventilated arca because in the process a4 small
amount of toxic gas may be emitted.

After considerable use. the stripper blades will
become encrusted with residue from the wire
coverings. Sometimes this residue can be burned
off by the application of full heat 1o the blades
for a minute. If heat does not burn off the
residue. the residue can be casily removed with a
soft wire brush without damage to the blades.

When installing new blades. carefully check
the alinement of the notches and be certain that
the retaining screws are tightened.

CAUTION: The stripper will not function or
heat properly unless the retaining screws holding
the blades are tightened as firmly as possible.

Item 59 is the solder extraction system: an
example of its use is shown in figure 4-13. It is
comnected to the power pak (61) by a clear
plastic hose contained in the kit. The vacuum
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outlet then sucks away the solder as it is melted
with the iron. The solder extractor has a large
arca of heat radiation, so the person using it
should be aware of its workhench placement to
prevent possible bum injuries and equipment
damage.

Item 60 is an- ifluminated work-holding-and-
positioning unit (fig. 4-11) and is used to hold
and position circuit boards or modules. Since
the light above the unit is usually insufficient,
additional light may have to be provided. When
this unit is holdine. assemblies other than circuit
boards, it will n necessary to attach chassis
holders or modular holders to the top of the
movable board-holder hars.

ftem ol. the portable power pak. supplics
comproessed air and vacuum for using the solder
extraction system, heat probe, vacuum tweezer.
and spray unit and has & mechanical drive chuck
for the tuming of the flexible drive shaft
handpiece assembly (item 37 and 38) during
drilling, grinding, and polishing operations. In
addition. the pak has three | 10-volt a-¢ clectrical
outlets that furish required power for the
various tools. Feoot operation of the power
pak to obtiin compressed air. vacuum, or
power s controlled by a microswitch, However,
the application of more or less pressure to the
foot switch does not permit control of speed.

AIRCRAFT HARDWARE AND
CONSUMABLE MATERIALS

MOUNTING PARTS

ftems of hardware used when installing equip-
ment in aircraft are specified in the applicable
Maintenance Instructions Manual. In all in-
stances, the proper parts should be used: if
substitution becomes necessary, care must be
taken that the substitute item is satistactory in
all respects.

It is not always desirable to use the same
mounting parts that were removed from the
installation. Prior to reinstalling the same items,
an inspection must be made to insure that the
parts are of the type specified. and are not
defective or damaged. It must also be de-
termined that instructions do not forbid their
reuse. Then. and only then. may the removed
parts be reinstalied.
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Figure 4-13.~Solder extraction tool.

General information regarding such mounting
parts as screws, nuts, bolts, washers, cte., is
included in various Rate Training Manuals.
Aircraft Structural Hardware for Aircraft Re-
pair. NA O1-1A-8, is a valuable source for
detailed information,

TURNLOCK FASTENERS

Turnlock fasteners are used to secure in-
spection plates, doors, and other removable
panels on aircraft. Turnlock fasteners are also
referred to by such terms as quick-opening,
quick-action, and stress panel fasteners. The
most desirable feature of these fasteners is that
they permit quick and easy removal of access
panels for inspection and servicing purposes.

Turnlock fasteners are manufactured and sup~
plied by a number of manufacturers under
various trade names. Some of the most com-

monly used are the Camloe stress panel fastener
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and Airloc, both of which are discussed in this
section. Other turnlock fasteners are covered in
the Rate Training Manuals Airman. NavPers
10307-C. and Tools And Their Uses. NavPers
100RS-B.

Camloc Stress Panel Fasteners

The Camloc stress panel fastener (fig. 4¢-14) is
a high-strength, quick-release, rotary type fas-
tener and may be used on flat or curved, inside
or outside panels. The fastener may have either a
flush or nonflush stud. The studs are held in the
panel with flat or coneshaped washers, the
latter being nused with flush fasteners in dimpled
holes

This fastener may be distinguished from
screws by the deep No. 2 Phillips recess in the
stud head and by the bushing in which the stud
is installed. A threaded insert in the receptache

provides an adjustable locking device. As the
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1. Tension spring.

2. Stud assembly.

3. Bushing.

4. Retaining ring.

5. Receptacle assembly.

AT.8S

6. Rece' tacle attaching rivets.
7. Ou‘er skin.

8. inner skin.

9. insart

10. Cover.

Figure 4-14.—Camioc stress pane! fastaner.

stid is inserted and turned counterclockwise 1/2
turn or more. it screws out the insert sufficiently
to permit the stud key to engage the insert cam
when tumed clockwise. Rotating the stud clock-

- wise 1/4 tum engages the insert: and continued

rotation screws the insert in, tightening the
fastener. Turning the stud 1/4 turn counter-
clockwise will then release the stud but will not
screw  the insert out far enough to permit
reengagement in instalfation. It is necessary to
turn the stud at least 1/2 turn counterclockwise
to reset the insert.

To unlock the stress-panel fastener and reset
it in the same operation, use a No. 2 Phillips
screwdriver, tuming the stud counterclockwise
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1/2 turn or more. Do not turn the stud past
stop.

CAUTION: Do not use a power screwdriver
on this fastener.

To lock. use a Phillips No. 2 screwdriver, push
the stud in, and turn clockwise until increased
torque is felt; then continue turning until the
fastener is tight.

NOTE: When installing a large panel, it may
be necessary to cngage all the fasteners before
tightening. This is done by pushing each stud in
and tumning it clockwise 1/4 tum. The stud
should engage the receptacle but remain loose. If
the stud does not engage. it will pop out,
indicating that the insert must be reset by

e ama
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turning the stud counterclockwise 1/2 turn or
morv.

Airloc Fastener

The Airdoc fastener consists of a stud, stud
cross pin. and a receptacle. (See fig. +15.) The
stud is attached to the access cover. and is held
in place by the cross pin. The recepracle is
riveted 1o the aceess cover frame. A quarter turn
of the stud (clockwise) locks the fastener in

FIXED TYPE
(A)

RECEPTACLE

>

PANEL

place: tuming the stud counterclockwise. un-
locks the fastener.

CONNECTORS

In the discussion which follows. the word
“connector” is used in a general wense. 1t applies
equally well 1o connectors designated by “AN™
numbers and those designated by “MS™ num-
bers. AN numbers were formerdy used for all
supply items cataloged jointly by the Army and

F
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Navy. Many items. especially those of older
design. continue to carry the AN designator.
even though the supply system is shifting over to
MS (Military Specification) numbers,

Connector Construction

Electrical connectors are designed to provide
a detachable means of coupling between major
components of electrical and electronic equip-
ment. These connectons are  constructed to
withstand the extreme operating conditions im-
posed by airborne service. They must make and
hold electrical contact without excessive voltage
drop despite extreme vibration, rapid shifts in
temperature, and great changes in altitude.

These connectors vary widely in design and
application. Fach connector consists of a plug
assembly and a receptacke assembly, The two
assemblies are coupled by means of a coupling
nut. and cach consists of an aluminum shell
containing an insulating insert which holds the

WALL MOUNTING RECEPTACLE
SOLOER: MS3II0 & MS3130
CRIMP: MS3120 8 M53140

current-carrying contacts. The plug is usually
attached to a cable end and is the part of the
connector on  which the coupling nut is
mounted. The receptacke is the half of the
connector to which the plug is connected and is
usually mounted on a part of the equipment.
When the two parts are joined by the coupling
device, the electric circuit is made by pin-and-
socket contacts inside the connector. The “live™
or “hot™ side of the circuit usually has socket
(female) contacts. Either the plug or the recep-
tacle may contain the live parts of the circuit.
The contacts are held in place and insulated
from ecach other and from the shell by a
dielectric insert.

Miniature Connectors

There are wide variations in shell type, design,
size, layout of contacts, and style of insert. Six
types of connectors are shown in figure 4-16 and
described in table 4-2,

SOLDER: MSM14 8 mS3134
CRIMP: MS3124 8 MS3144

CRIMNP: M33147

AT2
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Table 4-2.—Types of miniature MS connectors.

%—%

MS Type
MS3110

Descriptive comparison

A receptacle with flange for mounting to a wall or bulkhead: is coupled

by means of a bayonet lock: has solder contacts.

MS3130
MS3it20
MS3140
Ms3it2

Similar to MS3110 except that it has push-pull (fall-ock) coupling.
Similar to MS3110 except that it has crimp contacts.

Similar to MS3130 except that it has crimp contacts.

A receptacle for mounting to junction box or equipment case similar to

MS3110 except that it has no back shell; has bayonet lock coupling; has

solder contacts.,
MS3IR2
MS3122
MS3114

Similar to MS3112, except that it has push-pull coupling.
Similar to MS3112, except that it has crimp contacts.
A single-hole rear-mounting receptacle. with jam nut instead of flange:

has bayonet lock coupling: has solder contacts.

MS3134
MS3124
MS3144
MS3lio

has solder contacts.

MS3126
MS3ttv

solder contacts.,
MS3139
MS3137

has solder contacts.

MS3147

Similar to MS3114 except that it has push-pull coupling.

Similas to MS3114 except that it has crimp contacts,

Similar to MS3134 except that it has crimp contacts.

A straight plug for use at end of wire bundie: has hayonet lock coupling;

Similar to MS3116 except that it has crimp contacts.
A thru-bulkhead mounting receptacle: has bayonet lock coupling: has

Similar to MS3119 except that it has push-pull coupling.
A straight plug for use at end of wire or wire bundle: has bayonet coupling;

Similar to MS3147 except that it has push-pull coupling and crimp contacts.

There are five classes of miniature MS con-
nectors with solder-type contacts. These are as
follows:

Class E -an environment (moisture and vibra-
tion) resisting connector. moisture-proofed by
means of a wire grommet seal and clamping nut.

Class F - an environment resisting connector,
similar to class E. with the addition of a strain
relief clamp.

Class H-a hermetic sealed receptacle which
has a glass insert fused to the contacts and shell.

Class J-a connector incorporating a gland seal
for sealing a jacketed cable,

Class P- connectors supplied with a plastic
potting mold. so that the connectors may be
scaled by the application of a potting com-
pound.

NOTE: Miniature MS connectors with crimp-
type contacts are of the environment resisting
classes,

ito

Each MS connector is marked on the shell or
coupling ring with a code of letters and numbers
giving all the information necessary to identify
the connector. This symbol indicates the shell
type. the shell class, the size, the insert arrunge-
ment, the style of contact. and the insert
position. (See fig. 4-17.) An example is the
designator MS3114 E 12-10 PW,

The letters MS form the prefix and indicate
that the connector has been made according to
government standards. The number 3114 indi-
cates the shell type and identifies the connector
as one of the types shown in figure 4-16.

The letter E indicates the design of the shell
and for what purpose the connector is normally
used.
The number 12 indicates that the shell size
has an outside diameter three-fourths of an inch.

The number 10 is a designation of the insert

amrangement.  An explanation of various pin

et -
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INSERT ARRANGEMENT
NUMBER

CONTACT STYLE
INSERT ROTATION

AT3

Figure 4-17.—M$ connector marking.

arrangements may be found in the manual,
Installation Practices for Aircraft Electric and
Electronic Wiring (NA 01-1A-505).

The letter P means that the insert is a pin or
male insert. (The letter S is used to indicate a
socket or female insert.)

The concluding letter W is a designation of
the insert position. Connectors specially de-
signed for a particular application sometimes
have nonstandard contact or insert positions.
Four positions of the inserts are employed. and
these are W, X, Y, and Z. Each letter refers to an
angle by which the insert is rotated from the
standard position. When the standard position is
employed. no letter is shown at the end of the

MS designation.
Subminiature Connectors

Three common types of subminiature con-
nectors are shown in figure 4-18. Since these
connectors are the wireconnected type, they
have no flanges for mounting. However, the
receptacle shown in part (C) can be mounted
with nuts and lockwashers. They are used on
miniature instruments, switches, transformers,

amplifiers, and relays.

1

PLUGC WITH
PIN INSERT

B RECEPTA
PiIN INSERgLE WITH

AQ387

Figure 4-18.~Subministure connectors. (A) Plug with
socket insert; (B) plug with pin insert; (C) receptacie
with pin insert,

Coaxial Connectors

Coaxial connectors are divided into several
different scries and are shown in figure 4-19,
Each series consists of plugs. panel jacks, recep-
tacles, and straight and right angle adaptens.

Series UHF connectors are low-~cost, gencral
purpose connectors of nonconstant impedance.
The small and large couxial types are for use

[P
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with small and medivm size coaxial cables in
applications where line imbalance or increased
standing wave ratio is not important. Where
impedance matching is necessany. C. N, or BNC
series connectons are used. Both small and large
serive UHE connectors can be weatherprooted
for outdoor us but most are nonweatherproof.

The twin connectors are similar to the series
UHF connectors except for the fact that they
have twin center conductors and are to be used
with small and medium sized twinconductor
cables. Twin connectors are available in smatl
weatherproof and nonweatherproof’ types and
large nonweatherproof types.

Series N connectors are the most popular
constant impedance connectors for medium size
coaxial cables. They can be used up through
microwiave frequencies with minimum line im-
halance or increase in standing-wave ratio. Al-
though series N §0-ohm and 70-0hm connectors
do not mate. 70-ohm cables may be used with
50-ohm series N connectors whene impedance
matching is not critical. Series N connectons are
completely weatherproof,

Series ¢ connectors are similar to SO-ohm
series N connectons in that they are used with
the same cables. are weatherproof, and can be
used up through microwave frequencics. How-

ever. they are mechanically and clectrically |

superior {0 series N connectors. Series ¢ con-
nectons feature bayonetdock type coupling for

WASHER —\
- e 0.() é )¢
wr " CLAMP
FEMALE CONTACT

Figure 4-20.—Exploded viow of s standard BNC connector.

i3

quick connect and disconneet. an  improved
cable clamping mechanism for better cable grip
with minimum cable indentation, "and are in-
tended for use up to 1.000 volts.

Series BNC connectors (fig. 4200 are com-
monly used on small coaxial cables. All in-
corporate  quick  connect  and  disconnect
bavonet-lock coupling and are weatherproof.
Besides regular and modified low-voltage types
of nonconstant impedance. improved series BNC
connectons are available which have a constant
50-ohm impedance and yicld excellent clectrical
performance up to 10,000 megahertz.

Scries HN connectors are weatherproof, high-
voltage connectors of constant impedance for
usc with 50-ohm RF cables.

Series  LC connectors are large. 50-ohm,
weatherproof connectons designed for applica-
tions involving the transmission of large amounts
of RIF power.

Serics BN connectors are small, lightweight
connectons (of non-constant impedance) de-
signed for use with the same coaxial cables
which use BNC connectors. BN connectors are
not recommended for applications at  fre-
quencies in excess of 200 megahertz unless
clectrical requirements of the circuit are not
critical. They may be used at peak voltages up to
250 volts.

Series LT connectors are very similar in
appearance to serics LC: however, series LT

JACK 80DY
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differ not only incable accommodationbut ape
lighter than serivs LC connecton, Series LT
connectony are large, S0ohm, $.000wvolt con-
necton for use with Teflon RG-117/U0 eable.

Series TNC connecton ane basically identical
with serics BNC connectors. The major dif-
terence is that TNC connectors have a threaded
type coupling instead of the bayonet-lock
coupling. Consequently, INC connectons are
usually preferreéd in applications which are sub-
ject to extreme vibration,

Scries TPS connectors are weatherproof and
designed to produce minimum clectrical discon-
tinuities in small size $§0-ohm coaxial cabie up to
3 frequency of 10,000 megahertz. The con-
nectons are rated at 1,500 volts rms at sca level;
their use is governed by the femperature limita-

ons of their associated cables.

Serivs SM connectors ane nonweatherproof
fittings for coaxial cables of 1/4-inch overall
diameter and smaller, They may be used where
clectrical matching is not required. The SM
connectors are smaller and contain fewer parts
than the BNC series. The SM series employs a
femake centervonductor contact on plugs and a
mak centerconductor contact on jacks ang
receptacks. However, for consistency in cata-
loging and usage. a plug is still regarded as having
a male mating end and a receptacle or jack as
female. The SM series is not intended to replace
the BNC series except for internal ¢quipment
connections where weatherproofness is required,

The pulse connectors are designed for high-
voltage pulse or directcurrent applications,
They are nearly all weatherproof and available in
three  types rubber-insert.  ceramic-insert.
triaxial. The rubberinsert type PULSE con-
nectors have a peak voltage rating of 5.000 volts
at an altitud- of 50,000 foet. They are designed
principally for use with cables having an in-
sulated Neoprene layer under the braid, such as
RG-77/U and -78/U.

They may be used with cables cemploying a
conducting rubber under the braid (such as
RG-25/U, -26/U, and -64/U) provided special
- care s taken in assembling the connectors to
these. The ceramic-insert pulse connectors are
available in small (type A) and large (type B)
sizes. Type A connectors are designed for use
with the 8.000volt RG-25/U. -26/U and type B
with the 15,000-volt RG-27/U, -28/U cables.

114

(Special care is required when assembling con-
nectons to these.) Pulse connectors tend 1o leak
noise which may interfere with communications
cquipment.  Triaxial connectons ane used in
transmission line applications whene maximum
RE shickling and minimum noise radiation ane
required. They are commercially available in
sizes of the same diameter as the BNC series and
C series (and possibly othens). Some of these
connectors have been used in military cquip-
ment and some within-series adapters are com-
mercially available.

The SK1. connectors were originally designed
to provide a connection to a klystron tube,
Newer klystrons are being oquipped with BNC
connectons. Various moditications were subse-
quently  designed to provide general purpose
cable-to-cable connections and adapters.

Miniature connectors have a gold finish. screw
type coupling. and Teflon dickectric. They have
a nominal impedance of 50 ohnis. a seakevel
breakdown voltage of 1,500 volts rms, a pri-
tical frequency limit of 10,000 megahertz, and
are designed for operation up to 200°C

Terminal Junction Systems

A new method of terminating and distributing
clectrical power either in an entire weapons
system or in individual items of ckectronic
equipment is now replacing the problem-ridden
terminal board that has heen used in the
electrical systems of aircraft. missiles, and
ground power cquipment. Essentially. the com-
ponents comprising the ferminal junction system
(TIS) are pin contacts. modules. splices, and
tracks. The tracks are the holding membens for
the maodules.

Terminal boards (sce fig. 4-21) are heavy.
bulky and. because of their open construction,
easily contaminated by moisture. dust. and
fluids from their environment. In addition. their
open comstruction makes them susceptible to
electrical short circuits caused by metallic ob-
Jects inadvertendly dropped on them. To over
come ther: drawhacks the terminal junction
system was designed.

The environment-proof modukes which form
the heart of the TJS are mounted in tracks and
provide a higher concentration of contacts of
tesminations, lighter weight per contact, greater
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Figure 4-21.~Terminsl boards.

distribution fexibility, and casier access for
checkout of the system by the technician. The
modules are available with a wide variety of
contact arrangements. The components of the
system are used for interconnecting components
and cequipment in clectrical and electronic
systems. They are presently being used in some
helicopters. the F-4 and F-14A aircraft. as well
as the Sentinel Antiballistic Missike System and
the Apotlo Launch and Tracking Systems.

The principal items of the terminal junction
system are (!) modules containing a number of
socket contacts for the reception of wired pin
contacts and. (2) separate tracks in which a
variety of the modules may be mounted and
securely held. (See figure 4-22.) The flexible
system accommodatesany number of wire con-
nections from various components by the addi-
tion of extra modules and tracks as needed.
Modules containing size 22, 20, 16, or 12
contacts are available,

The compact, lightweight terminal junction
system is extremely useful in aircraft electronic
systems. Simply and speedily installed. the
flexible modules terminate or act as distribution
points for a broad range of wire sizes. Because
the prucedures and tooling are similar to those
for the the crimped connector contacts. the
technician has no n2ed to carry screwdrivers or

special box wrenches to the termination job.

115

JUNCTION MODULE
WIRE ACCOMODATION

SEAL'NG PLUG
(A} BLOCKS (B) TRACK
ATS
Figure 4-22.—Feodthrough moduies and track.

Installatic n and removal of the pin contacts are
accomplished through the use of the applicable
size insertion-extraction tools available in the
naval supply system. .

WIRE

Although modern technical literature has
been emphasizing the use of printed circuits and
microelectronic components in contemporary
electronic equipment, wire is still important as a
signal or current carrying device. Therefore wire
does descrve appropriate attention.

Since most naval equipment s of con-
ventional construction, and complete conversion
to the new forms of conducting components is
not yet imminent, traditional wire conductors
are in use. and probably will continuc to be in
use for some time 1o come. This means that
when wire is to be requisitioned, either for
installation or repair. care must be exercised in
its sclection. The three major factors involved in

[ ———)
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this sehection, in descending order of  im-

portance, are size. insublition, and the charag-

teristics required to atisfy specific environments

in which the wire must function. Wire is

. discussed in detail in Basic Flectricity, NavPers
100%0-8.

Conductor Size

For d- applications. the allowable voltage
drop and current-carrying capacity govern the
choice of size. At radio frequencies, the skin
effect and inductance may bhecome a controlling
factor. although generally texcept in inductors
of RF transformers) these parameters need not
be considered. Wire size is therefore hasically a
function of the current or the allowable ne
sixtance, except when this results in a very small
vonductor size.

Small copductors are difficult to handle and
are subject to breakage in soldering or due to
vibration. Fxpericnce has shown that these
difficulties may be avoided by using No. 22 or
No. 24 AWG for general circuit wiring and at
least No. 20 AWG for parallel connected tube
filaments. Solid wire should be used only for
short jumper connections not exceeding 3 inches
in length, unless the parts being connected ane
solidly mounted and not subject to vibration.
Clamps or “dress lugs™ are recommended for
long keads. In other words. the use of stranded
copper wire whenever possible is strongly recom-
mended, although under extreme conditions of *
vibration or where high flexibility is required,
oxygen-free copper is sometimes specified. Cop-
perclad steel is another possibility for applica-
tions requiring greater strength and rigidity.

insulation

A wide varicty of nsulating material is avail-
able. which makes its specification particularly
important. Since cach insulation has its peculiar
characteristics, no single type is therefore always
suitable for general usage. The major insulation
requirements include good diclectric strength,
high insulation resistance (intermal and surface),
wide temperature range (with high softening and
low brittle points). flexibility, color stability.
and resistance to abrasion, crushing, moisture.
fungus. buming, radiation, oil, and acids.
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Insulation requirements for electronic. as
opposed 1o power., applications are somewhat
more exacting due to the higher frequencies and
impedances and often higher voltages involved.
Insulation resistance and diclectric strength are
the prime considerations, although for RF appli-
cation the figure of mernit (capacity to Q ratio)
becoimes important.

Some of the insulations used for general
hookup wire include lacquered cotton. high
temperature  rubber,  butadiene  styrene
copolymers, Celanese, Fiberglas, nylon. vinyl,
polyvinykchloride.  celtlose  acetate.  poly-
styrene, polyethylene, Teflon, and various sili-
contreated materisls. An insulation wall thick-
ness of not less than 0.013 inch is recommended
for all wiring within the confines of an enclosure
or where mechanical protection is provided.
Where wiring is ¢exposed or subject to wear or
abrasion, heavier insulation is required.

Environments

Environmental factors such as temperature,
humidity. altitude. vibration. radiation. fungus.
contaminants, and corrosive clements must be
taken into consideration. These requirements are
included as a part of the specification for the
cquipment where the wire is to be used.

Wire Identification

Wiring in aircraft normally runs from point 1o
point. or plug to plug. without interruption (no
splices). However. there are aceeptable methods
of making permanent splices,

Wiring in aircraft is identified by a system of
numbers and ketters stamped on cach wire as
described in chapter 2 of this manual. The
Maintenance Instructions Manual gives the num-
ber of cach wire involved in cabling of clectronic
equipment. Should it become necessary to trace
and repair a wire in the aircraft. refer to this
manual to determine the routing of the wire
involved,

Wiring data for all clectrical and electronic
systems in cach model aircraflt are contained in
the Wiring Data section of the applicablke
Maintenance Instructions Manual. The diagrams
are prepared separately for cach circuit and
provide all data necessary 1o understand the
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constriction of caclt circuit, to trace cach circuit
within the system, to make continuity and
resistamee  checks. and  to perform  spevific
troubleshooting  on  inoperative  or  mal-
functioning circuits. Schematic diagrams  for
circuits and related components are found in
those volumes of the Maintenance Instructions
Manuals  specifically  covering a  system  or
SYSTCMS,

An excellent source of information in connee-
tion with power distribution and aircraft wiring
is Installation ', -ctices for Aircraft Electric and
Flectronic Winug, NA O1-1A-505. This manual
presents the recommended practices and tech-
niques 1o be used for installing. repairing, and
maintaining aircraft electric wiring.

COAXIAL CABLES

Flexible coaxial cables (sometimes called RF
cables) are o special type of cable used for
carrying video and RF signals, cath-ode-ray-tube
sweep currents and voltages, trigger range marks,
blanking pulses. and other signuls for radar
receivers,  transmitters, and  indicators. These
cables are constructed with special considera-
tions for shiclding. impedance, capacitance, and
attenuation. At of these factors are of im-
portance in many circaits. Coaxial cables have
neither induction nor rudiation losses. These
lines have low attenuation even at verv high
frequencies and are used as high as 3000 MHz.

The name coanial is derived from the con-
struction, in that the inner and outer conductors
have a common axis or coaxis. These cables
consist of an inner conductor, a diclectric
insulator. an outer conductor, and an outer
covering. The inner conductor is usually made of
copper plain,  tinned. or silver coated. The
diclectric  insuliation is usually polyethykenc,
although other materials are used. The outer
conductor is made of a single or double braid of
plain. tinned. or silver-coated copper. The outer
covering is made of a synthetic resin (vinyl).
Teflon tape. or chloroprene. This covering serves
both as weatherproofing and protection from
mechanical abuse.

Flexible voaxial cables are classified in four
groups: namely. general purpose. high tempera-
ture., pulse. and special characteristics. The
gencral purpose cables consist of various sizes of

cables as just described. The high temperature
cable is basically the same bt usually has a
diclectric made of Teflon, and the outer cover-
ing is made of Teflon tape and fiberglass braid
which enables it to withstand increased tempera-
tures. Pulse cables have the ability to withstand
high voltages because of conductor spacing and
the type of dielectric used in their construction.

The special characteristics cables are made of
various materials and sizes of inner conductor,
outer conductor, dielectric, and outer covering.
By varying these parts, the capacitance, im-
pedance, shiclding, attenuation, voltage rating,
and the ability to withstand weather and abuse
are varied to fit the required qualities. With
exception of the special characteristics type,
these coaxial cables have an impedance of 50 to
75 ohms. The impedance of the special charac-
teristics type is often much higher. An example
is the RG-65A/U which has an approximate
impedance of 950 chms and is used as a high
impedance video cable. In replacing a coaxial
cable. care should be exercised to use the comect
replacement, otherwise most of the advantages
of coaxial cables are lost.

At frequencies near 3000 MHz, flexible
coaxial cables have appreciable losses. At these
frequencics, rigid coaxial cables are used with air
as the diclectric. The inner conductor is sup-
ported by ceramic or polystyrene beads.

POTTING COMPOUND

Most clectrical connectors and some relays
used in aircraft are potted {0 prevent corrosion,
contamination, or arc-over between pins and
terminals. Because of temperature variations
throughout the aircraft, two different potting
compounds are used one is tan and the other
red. The temperature range of the potting
compound can be determined from its color.
The tan compound is used where the tempera-
ture under operating conditions does not exceed
87.8°C (190°F). The red compound is used
where the temperature is  higher, Should it
become necessary to replace or repot a relay or
connector. the potting compound used should
have the same temperature range (color) as the
onginal material, Care should also be taken to
duplicate the shape of the original potting so
that no installation problems will occur.
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Potting Procedures

At times, operating conditions demand that
ordinary clectrical connectors be given a mois-
turcproofing treatment. The hasis of moisture-
proofing is the application of a sealing com-
pound.

Moistureproofing reduces failure of electrical
connectors and  reinforees the wires at the
connectons against failure caused by vibration
and lateral pressure, both of which fatigue the
wire at the solder cup.

The scaling compound also protects chectric
connectors from corrosion and contamination
by cxcluding metallic particles. moisture, and
aircraft liquids. As a result of its improved
dielectric characteristics. it reduces the possi-
bility of arc-over between pins at the back of
clectric connectors.

The scalant is provided in kit form through
the normal supply channels. Sealing (or potting,
as it is called) is not required on environment-
proof £ connectors or connectors located in
areas where the temperature exceeds 200°F. The
scaling compound deteriorates after long e¢x-
posure to ambient temperature above 200°F.

A summary of the procedures involved in
sealing a connector is as follows:

. Prepare a used connector by removing
existing scalants and by claning. The cleaning
solvent used must clean thoroughly, evaporate
quickly, and teave no residue. Remove all
sleeving from the wires. Resolder loose or
soldered connections and add a length of wire
approximately 9 inches long to cach unused pin.
Remove any excess rosin from around the pins
and the insert: a stiff bristle brush is helpful in
doing this. Now. repeat the cleaning, and then
separate the wires evenly.

J. Thoroughly mix the accelerator and hase
compound (fig. 4-23). The ratio of the amount
of accelerator to the amount of hase compound
is critical: therefore, the entire quantity of
accelerator fumished must be added to the base
compaotind.

" 3. Place the plugs or receptactes on a table,
arranging thcm so that gravity will draw the
scaler to the bottom of the plug. Box receptacles
or plugs without back shells must be fitted with
a mold made of masking tape or cellophane tape
or equivalent. (Sec (a) of fig. 4-24.) This will

AE.85
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retain the sealant during the curing process. If
the back shell is used. apply a slight amount of
oil to the inner surfaces to prevent 1.+ com-
pound from adhering to it.

4. The compound is applied by a spatula,
putty knife, or paddle. It should *be packed
around the base of the pins. The part being
potted should be completely filled or at keast to
a point to cover 3/8 inch of insulated wire. The

. compound is now allowed to cure: temperature
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will affect the curing time. The normal curing
time is approximately 24 hours.
If it is desired that the entire connector
assembly (plug and receptacke) be sealed against
id entering or collecting between the two
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Figure 4-24.—(A) Msking mokd from masking tape;
(B) finished potted plug.

parts. it is necessary that a rubber O-ring be
fitted over the barrel of the plug. This will
provide a seal when the two parts are engaged
securcly. If properly instalied, this scal will
prevent moist air from entering due to variations
in temperature, altitude, or barometric pressure
on the ground. Rubber packing O-rings are
available for this purpose through normal supply
channels. Due to the aging of these rings in
serdice. it is necessary to examine them cach
time the connector is disussembled. If deterio-
rated. they must be replaced.

The purpose of soldering a short length of
wire to cach spare pin is to allow for growth
requiring additional circuits to be included in
the connector.

FUSES

Fuses provide a controlled, intentionally
weakened link in an electric circuit and serve as
safety devices in the event of undesired over-
loads. They are available with ratings of from 2

milliamperes to several hundred amperes—most-

ratings being available for normal, slow-action or
fast-action operation. Basic Electricity, NavPers
10086-B. describes fuses in detail.

identification Coding

Fuses and their corresponding fuse holders are
numbered according to a standardized system
for casy identification. The numbering system is
illustrated and explained in figure 4-25: some
actual fuses are shown in figure 4-26.

ACCOUNTABILITY

A definition of the word accountability is
“the state or quality of heing responsible -a
charge (object) for which once is responsible or
accountable.” The Navy has a code that is called
Material  Accountability Recoverability Codes
(MARC’s). These codes appear in column 3 of
the Section (G Altowance List. NA 00-35QG-0
Seriecs and arc illustrated by the following
examples:

Code:

B Exchange consumables requiring old
items for replacement items such as items
containing precious metal, highly pilferable
items, or certain high cost items. Example:

Prill, clectric  portable, FSN  9Q
5130-226-5384,
C -Consumables - ex pendables. Example:

Stripper, Wire, FSN 9Q 5110-268-4220.

CUSTODIAL RESPONSIBILITY

Most handtools are not feasibly repairable.
Duc to this fact and their original low cost
(compared to shop tools). they are classed as

[P
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Figure 4-26, —identification coding. (A) Fuse; (B) fuse holders.

vonsuniable, However, the dctivity must pay for
replacements. Therefore, it is the duty of cach
individual 1o help climinate the need for replace.
ments. One method of accomplishing this is by
carrving an inventory of tools in yaur {oolhox
so that upon completion of i job vou can e
sure that all of the 1ools are accounted for, A
tool that has been fost represents 4 waste of
funds: in addition. it is 4 definite liability. If it
has been feft toose in an aircarft, it can become o
dangerous missile when the aireralt is kiunched
or when the aircraft s performing  violent
muncuvers,

fnventory Requirements

The basic objective of an inventory is to
insure a proper balunce between the supply of,
and the demand for., those tools required for the
efficient operation und maintenance of a squad-
ron or mainlenance activity. To accomplish this
objective it is necessary that tools he identified
and cataloged 10 provide accurate knowledge of

the tools being used. Each item should be
decotunted for every 30 to 90 days in accordance
with squadron instructions. The number of
handtools on hand in relation to the number
required by the activity should be indicated by
the inventory.,

Reordering Tools

Tools are reordered as the inventory require-
ments dictate, Usually the senior petty officer or
his delegate reorders all tools both shop tools
and those for individual toolhoxes. as they are
needed. However, squadron or maintenance
activity policy is followed in all cases.

It is unwise 1o wait until the number of tools
needed is too large, as it is casier for the supply
department o fill a small order rather than a
large one.

Tools are ordered by reference to Consumable

General Support  Equipment for All Types,
Classes.  and  Models  of Aircraft. NA
00-35QG-010.
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Figure 4-26.~Aircraft fusss and fuse hoiders, typical exampfes.

MATERIAL REQUISITIONING

Maintenance personnel are likely to encounter
a variety of local requisitioning channels. all

designed to present a demand for an item to the

supporting supply department. Assigned levels
of maintenance, geographical location of shops
relative to supply facilities, and mission of
activities requiring support all influence the local
requisitioning channels. Local instructions
normally promulgate detailed procedures for
submitting your demand to the appropriate

supply point.

- Supply Activity

The mission of the supply activity is to
support the operational and maintenance efforts
of the activity or ship. Stocks of aviation
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oriented material carried are tailored and re-
plenished to this end. Positioning, replenish-
ment, and control of stocks of material in
maintenance areas are carried out as a result of
joint decisions by the supply and maintenance
officers concerned. They determine the range,
depth, and related procedures. The cost of
material used in maintenance is totaled so that
the costs of maintaining a weapons system can
be determined. This data is used as an inventory
management fool to determine geographic and
strategic distribution of stocks of material.

SUPPLY SUPPORT CENTER

Maintenance organizations have one single
point of contact with the supporting supply
activity. This single supply contact point is the
Supply Support Center (§SC) which responds to
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all. material requirements of the maintenance

~organizations. The SSC is an internal Organiza-
tion of the local supply activity. It is made up of

two sections the Supply  Response  Section
(SRS). and the Component Control Section
(CCS).

Supply support is available consistent with
the operating hours of the maintenance activities
supported. It maintenance is being performed 24
hours a day. then supply support is available 24
hours a day.

The supply support center maintains rotatable
pool material which consists of repairable ready-
for-issue items reserved primarily to satisfy the
requirements  of - onganizational  level  main-
tenance. Hems maintained in the pool are
capable of being repaired by the local inter-
mediate maintenance activity. have application
relationship 10 weapon systems supported by
local intermediate maintenance activities, and
have an  average organizational maintenance
level removal rate of at least one per month.
Defective components are turned in to inter-
mediate level maintenance for repair. The defec-
tive components repaired to an REI condition
are then returned 1o the rotataple poo! to
replace the components previously issued.

Low value, fast moving consumable items are
preexpended from supply. Such materials are
focated in the maintenance arca. The establish-
ment. maintenance. and replenishment of pre-
expended bins are  the responsibility  of the
supply organization.

Supply Response Section

The Supply Response Section (SRS) is re-
sponsible for preparing all necessary requisitions
(DD Form 1348) and related documents re-
quired to obtain material for local maintenance
use in direct support of weapon system main-
tenance. The maintenance organization verhally
notifies the supply organization of the need for
stich material. When material is available locally.,
the time frame for processing and delivery is as

follows: Process/Delivery
Priority Time
I-3 ! hour
4-8 Jhours
4.20) 24 hours

&)
1

Otherwise, the time frames as noted in table
4-3 will apply.

The SRS is responsible for receipt, storage,
and issuance of all ready-for-issue pool com-
ponents. [t is responsible for physical delivery of
RET material to maintenance organizations, and
the pickup of defective components from the
organizational maintenance activity and subse-
quent delivery to the intermediate maintenance
activity. Actual maintenance personnel are not
involved in the physical movement of material
between organizations.

This section also performs technical research
in regard to completion of requisition docu-
ments as well as determining the status of
outstanding requisitions and relaying this status
to the customer upon request.

Component Control Section

The Component Control Section (CCS) ac-
counts for all components being processed in the
intermediate maintenance activities. This section
also records on the status of all rotatable pool
componcents.

TOOL KITS, SHOP TOOLS,
AND TOOL CRIBS

One of the first steps taken when a new man
reports for duty to the avionics shop of a
squadron or activity is to issue him an individual
toolhox. The toolbox should contain the low-
cost. high-usage handtools that will enable him
to perform the tasks assigned. The purpose of
the individual handtool kit is to make the
necessary tools for performance of line and/or
hangar maintenance immediately available to the
individual. The contents of the individual hand-
tool kit are among the tools listed in Consum-
able General Support Equipment for All Types,

Classes. and Models of Aircraft, NA
00-35QG-016.

Under the crew leader concept of main-
tenance, the crew leader's kit has the same type
tools as the individual handtool kit. It is issued
to an individual of a crew and is 1o be used by
all members of that crew. Thus, the crew
leaders handtool kit will have several of the
same type and/or size tool where the individual
kit has only one.
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Table 4-3.—Processing time trames.

8-18

20 days

16-20

30 days

Shop tools are the larger. low-usuge. and
special tools for use on specific equipments. A
shop tool bin is normally utilized to make
available to the technician those special tools
and medium-usage tools needed to perform the
various phases of shop maintenance. However.
shop tools also include any handtools required
to perform more extensive maintenance than
can be accomplished from a toolbox or a crew
leader’s kit. To determine the types and number
of shop tools allowed, refer to the applicable
allowance list from the NA 00-35QG-0 series.

Frequently a squadron toolcrib has the re-
sponsibility for all tools in the squadron, in-
cluding issuance of tools, inventory of tool-
boxes. and ordering new tools for replacement
of broken or lost tools. A squadron toolcrib is
se¢t up under the responsibility of the main-
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tenance  department. Its purpose is for the
stowage and issuance of low-usage handtools and
those which are common to more than one
shop. Special tools provided by the aircraft
manufacturer are also stowed in the toolcrib. A
complete list of these special tools can be found
in the Maintenance Instructions Manual, section
one, for each type aircraft.

The tools used in an aircraft maintenance
activity are determined by the mission of the
activity and the type aircraft to be maintained.
In view of this, there is no hard and fast rule as
to the type and/or number of tools that may be
supplied in the different handtool kits and cribs.
The quantity and types of tools allowed for an
activity may be found in the appropriate al-
lowance list.



CHAPTER 5

AVIONICS SUPPORT EQUIPMENT

Other chapters of this manual discuss the
basie principles and concepts of some of the
equipment which the technician may encounter.
An understanding of the theory of operation of
these equipments forms only a portion of the
knowledge necessary to successfully perform the
maintenance tasks required. A thorough knowl-
edge of clectrical and electronic test equipment
toften referred to as avionics support equip-
ment) is also needed.

All electronic test equipment is designed and
constructed to perform tests of one or more
specific types. These tests are used to determine
the proper operation or alinement of electronic
sets, circuits, or parts. The performance of air-
craft electronic cquipments is determined by the
accuracy of the test equipment used to calibrate
and aline them and the care with which the
technician performs these jobs Without test
equipment very few electronic devices could he
used: therefore. it follows that every technician
should learn to use test equipment properly.

The test equipments discussed in this chapter
are typical of the ones currently in use in the
fleet. No attempt is made to include theory
beyond that necessary to describe the operation
of the test set under discussion. Whenever the
technician must use a piece of test equipment
with which he is not familiar, he should always
consult the appropriate instruction manual.
These publications contain detailed and specific
information on the particular equipment. The
purpose of this chapter is to dgscuss some of the
different test equipments from the standpoints
of operation and general operational and main-
tenance procedures.

CARE AND USE OF AVIONICS
SUPPORT EQUIPMENT

All efectronic maintenance shops are provided
with a variety of test equipment to be used in
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maintaining the many different types of elec-
tronic units they support. However. there are
very few spare test sets. When a test set becomes
inoperative, shop maintenance suffers. There-
fore, every man must use the test equipment
only for the purposes and in the manner for
which it was designed. Protect the equipment
from physical harm that may result from drop-
ping. falling, or any other careless misuse, and
always observe proper ope.ating techniques.

One of the chief causes of test set failure is
carelessness. The user can be carcless in oper-
ating procedure or in handling the set. The usual
carelessness in operating procedure is improper
selection of range for the quantity to be
measured, such as attempting to measure 150
volts on the 50-volt scale of a meter. If there is
any doubt about proper usage of a test set. it is
wise to refer to the manval issued with the set.

Much damage to test equipment results from
improper handling. Technicians often place test
sets near the edge of the bench where they can
easily be knocked off or pulled oft by the test
leads. Read the instructions for proper. handling
and operating procedure, and think while using
the equipment.

CALIBRATION

Calibration is the process of comparing a de-
vice used for measuring with a standard.
Whether the device is a foot rule, a clock, a
scale. a voltmeter, or any of the numerous de-
vices used for measuring, somewhere there must
exist a standard for each value to be measured.
This standard must be as accurate as possible,
and it must be widely recognized as the most
accurate measurement of that particular unit,

The National Bureau of Standards provides
standards and standards services for the Nation.
The Navy avails itself of these services through
the Navy calibration program. The Navy calibra-
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tion program establishes a liaison between the
test and measuring devices used by fleet and
contractor pensonnel and the reference standards
maintained by the National Burcau of Stan-
dards.

Three factors that limit the accuracy of any
measurement are as follows:

1. The ability of the observer.

2. The environment in which the measure-
ment is performed (temperature,  humidity,
cleanliness, vibration, ete.).

3. The accuracy and precision of the test and
measuring  instruments used. Each of these
limiting factors can be controlled to some
extent. The ability of the observer is developed
through training and experience, and evaluated
by examination. The environment is controlled
by airconditioning systems, air filters, vibration
isolators, et¢. The accuracy and precision of the
test and measuring instruments are controlled by
calibration.

REPAIR

When calibration is not involved, minor repair
of test sets is often accomplished at the Organi-
zational level of maintenance. Repairs are
usually limited to replacement of test leads and
fuses. Current instructions on repair of test
equipment should be consuited before attempt-
ing any repairs of 4 major nature,

HANDLING PRECAUTIONS

Some equipments may require special han-
dling: however, there are several precautions
which apply to test equipments in general,
Rough handling. moisture, and dust all affect
the useful life of such devices. Bumping or
dropping a test instrument, for example, may
destroy the calibration of a meter or short
circuit the elements of an electronic tube within
the instrument. Creasing or denting coaxial test
cables will alter their attenuating effect. thereby
affecting the accuracy of any RF measurements
made with these cables in the circuit.

To reduce the danger of corrosion to un-
treated parts. always store test equipment in a
dry place when it is not in use. Excessive dust
and grime inside a test equipment also affects its
accuracy. Be sure that all the assembly screws

which hold the case of the test equipment in
place are tightened securely. As an added pre
caution, all dust covers should be placed on test
equipments when they are not in use.

Meters are the most delicate parts of test
equipments. In order to insure that the meter
will maintain its accuracy. these additional
precautions should be followed:

I. Make certain that the amplitude of the
input signal under test is within the range of the

- meter.
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2. Keep meters as far away as possible from
strong magnets.

3. When servicing an item of electronic equip-
ment which contains a meter, disconnect the
meter from the circuit before making resistance
or continuity tests.

(The latter precaution will eliminate the
possibility of burning out the meter.)

The instructions for properly stowing test
equipment cables and other accessories, as set
forth in the instruction manuals accompanying
the equipment, should be carefully read and
strictly followed. Improper stowage of acces-
sories results in changes in cable characteristics.
intermittent shorts in cables and leads, and, in
general, causes unreliable test equipment indica-
tions.

MEASURING INSTRUMENTS

The term “*measuring instruments.”™ as used in
this discussion, includes only that class of test
cquipments which measure the basic parameters
of an ¢lectronic equipment. The basic para-
meters are (in this application) voltage, current,
resistance, power, frequency, and field intensity,

The discussion of measuring instruments in-
cludes test cequipment classes designated as
mulitimeters, clectronic voltmeters, frequency
meters, line testers. signal gencrators, and mul-
tiple-function equipment.

REVIEW OF METER OPERATION

There must be some source of power available
{o operate a meter. Some meters are powered by
batteries installed in the meter case. others are
supplied through an electrical power cord which
is plugged into a power receptable: a vacuum
tube voltmeter (VIVM) is an example of the
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latter type The power to operate some meters
tsuch as the megeer) is produced by manual
openttion of o honderank. (The moegger is dis-
cused an chapter 3 of Basic Flectronies Vol, 1.,
NavPen 1O0OS 7))

Most meters are dosgned 1o be used tor
measuomg. more than one electrical quantity,
and are called maltunetens. Betore discussing

any one partiweular type aneter, a brief review of

cach of the basie meters is presented.
Ammeter

the amplitade of current flow through the
basic meter mechanism fimits it (o measuring a
tined range of only 4 fraction of an amipere. To
overcome this limitation, and (o protect the
mechanism, a current shunt is used. This device,
which s actually o tesistince of  low value,
pernnts the instrument to serve as a d-c ammeter
m the measurement of relatively farge direct
currents,

Phe current dastribution between meter move-
ment and shunt is inversely proportional to their
individual resistances. Thus. the shunt (which
has fess resistance) carries the majority of the
current. Since the meter coil carries only o small
portion o the circuit current, it is capuible of
ndwating eelatively farge values of circuit cur
rent. The mstrument may  be adapted to g
varicly of current ranges by the use of shunts of
ditferent vatues which are switched in or out s
required. Figure S-1 shows a simplified sche-
matic diagram of an ammetersection taken from
atypical volt-olim-milliammeter,

Ohmmeter

For any given ohmmeter, midscale detlection
v obtained when the current drawn by the
meter s one-hall’ the value of the current at
tull-scule (zero olims) deflection. This condition
exists when the resistance being measured s
equal to the totad meter circuit  resistance,
Analysis of the circuit in figure 5.2 shows that
full-seale deflection is obtained when the meter
probes are shorted together, and that less than
fullscale deflection is obtained when the re-
sistanice 1o be measured, R, is connected into
the circait. I the meter now reads one-half of its
fommer current, it follows that the total circuit
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Figure 5-1.~-Simptified schematic diagram of an ammeter.
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Figure 5-2, —Serins type ochmumetsr hasic circuit.

resistance has  doubled, indicating that R, is
ciual to the total meter cireuit resistance.

Since the ohms-calibrated scale is nonlinear,
the midscale portion represents the most accu-
rate portion of the scule, However, the usable
range estends with reasonable accuracy on the
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high end to ten times the midseale reading, and
on the low end to one-tenth of the midscale
reading,

To extend the range of an ohmmeter, the

proper values of shunt and series resistors and
© battery voltages are connected into the circuit so
that with the test leads shorted the meter will
read tull scale. Figure 5-3 shows a simplified
whematic  disgram  of an ohmmeter section
taken from a typical volt-ohm-milliammeter.

Voltmeter

To make the hasic meter mechanism suitable
for measuring d-~ voltages, the voltage multi-
plying resistor is added. The voltage multiplying
resistor is placed in series with the coil (fig. 5-4)
and limits the flow of current to a safe value,

Since the value of the resistor is constant for
any given application, the flow of current
through the coil is proportional to the voltage
under measurement. By proper calibration of
the dial. the instrument may be made to indicate
voltage although it is actually activated by
currents. In practice. the voltage ranges of the
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Figure 6-3.—Simplified schematic disgram of an
ohmmetsr.

ATS?

Figurs 5-4. ~Simplified schematic diagram of s d-c
voltmeter,

instrument are established by the use of dif-
ferent values of multiplying resistors.

NONELECTRONIC METERS

Much of the technician's work requiring the
use¢ of a volt-ohm-milliammeter can bhe ac-
complished with a portable, battery-operated
multimeter. Many shops employ the TS-352.
Simpson 260, Simpson 160, or the PSM-4 for
field use (troubleshooting in the aircraft, for
instance). The technician will. however, often
need a more sensitive meter one that gives more
accurate readings and has wider ranges.

Equipment schematics and wiring diagrams
often specify that voltages indicated at test
points were obtained by using a meter of a
certain sensitivity, such as a 20,000-ohms-per-
volt meter. A meter of the same sensitivity
should be used when repairing that equipment in
order to obtain accurate readings.

Multimeter AN/PSM-4C

The multimeter AN/PSM-4C (fig. 5-5) is
designed to permit the technician to make
measurements of voltage, resistance, and current
with a completely self-contained portable instru-
ment. It can measure either a~c or d-c voltage,
d- resistance, or direct current in a wide range
of values. This capability covers the basic re-
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1.
2.
3.
4.
5.
6.
7.

BEST COPY AVAILABLE

High voltage probe. 8. +6,000 VDC multiplier.
Aligator clips. 9. +1,000 VOC (red tead).
Telephona plug. 10. 1,000 VAC {red tead).
Standard test lead (red). 11. Zero ohms.
Standard test lead (black). 12. +10 amps (red lead).
Function switch, 13. +Voits/MA/ohms (red tead),
Current and voltage range sefector. 14. Common (black lead).
Figure §5-8.—Multimetor AN/PSM-AC.
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quirements for a portable tester of this type. All
feads and accessorics are stared in g compart-
ment built into the cover, which remains with
the instrument at all times. The cover forms a
watertight seal when clamped over the face of
the meter. While the instrument is in use. the
cover clamips over the back of the meter keeping
the accessory compartment convenient to the
operator. Batteries used with the meter are: one
BA-30 (1.5 volts) and one BA-201/U (2.5
volts),

In the accessory compartment there is a pair
of standard test leads (one red and one black)
which are used for most applications of the
instrument. These leads have elbow probes on
one end to connect the lead into the circuit
jacks on the instrument. They have probe tips
on the other ¢nd which have threaded shoulders
to accept the alligator clips which are serewed
on. These parts are used to make all measune-
ments, except d-¢ voltage over 1.000 volts.

For measuring d-c voltages over 1,000 volts, a
special high voltage probe is provided, and is
used in conjunction with the standard black
lead. One end of the lead has a threaded tip
which screws on 4 post in the face of the meter
(labeled 5,000 VDC MULTIPLIER). The other
end of the lead has a high-voltuge multiplier
assembly made of red plastic with a clear plastic
end and terminates in a crocodile elip at the end
of a short piece of flexible wire, The clear plastic
end allows the operator to observe the glow of a
neon lamp when there is high voltage present.
This is 4 warning to the operator that there is
high voltage present at the clip and that he
should not touch it. The neon lamp is in series
with a 100-megohin resistor within the housing.
When a high voltage is being measured. the
current passes through the lamp making it glow,
through the resistor. and through the armature
of the meter.

There are three controls on the face of the
meter. One is @ 10-position rotary switch in the
lower left-hund comer which is used as a
function switch. Five of the positions on this
switch are used to set up different resistance
scales. Two of the positions are for selection of
d voltage measurement (direct and reverse).
The normul position of the switch is in the
DIRECT position. If 4 negative voltage is to be
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measured, the switch is moved to the REVERSE
position. (NOTE: Never switch leads to read a
revene or negative voltage.) One position of the
switch is marked ACV: in this position the meter
may be used to read a< voltage. A rectifier in
the instrument changes the a-¢ voltage to an
equivalent d~ value which is applied to the
meter. One position is marked QUTPUT: in this
position the a¢ portion of mixed a- and d-
voltuge may be read. The last position of the
switch is used when measuring direct current
and is marked DC with three ranges (A, MA.,
AMPS) indicated to the right of the letters 1,
In the lower right-hand comer is an cight-
position switch used to select current and
voltage ranges. Near the center of the meter is 3
control marked ZE RO OHMS. This control has a
continuously variable adjustment which is used
to zero the meter, thus compensating for battery
aging in the ohmmeter circuits. This control is
adjusted until the meter indicates full-scalke
deflection (indicating zero ohms) when the
function switch is set at one of the resistance
runge positions and the meter probes are shorted
together. To prevent erroncous readings when
switching to a different position, a cheek of the
meter zero indication is always necessary,

The multimeter AN/PSM-4C is designed to
make the following electrical measurements:

I. Mceasure direct current up to 10 amperes,
Measure resistances up to 300 megohms.,
Measure d-c voltages up to 5,000 volts.
Measure a-c voltages up to 1.000 volts,

5. Measure output voltages up to S00 volts.

Input impedance for measuring d-c voltages is
20.000 ohms per volt and is accurate to within 3
percent of full scale (4 percent for the 5,000
VX 'scale). When measuring a-¢ voltages, the
input impedance is 1.000 ohms per volt and is
accurate to within § percent of full scale.

Under normal conditions. no routine service
inspection  is  necessary  beyond  visual  ex-
amination at established inspection periods. If
the instrument is to be stored tor periods of 6
months or longer. the batteries must be removed
to prevent corrosion. The periodic inspection
should include removal of the battery case cover
to facilitate inspection of battery connections. If
the instrument is used under extreme tempera-
ture conditions, a visual inspection of all parts

2.
.;-

b
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should b made at least once a month. No
pericdic maintenance is required  exeept for
inspection, test, and replacement of batteries.

ELECTRONIC METERS

Fectronic metens are used primarily for the
safie purposes as the nonelectronic meters.
Some charactenistios of their operation, how-
ever, give them definite advantages. In the
clectronic multimeter, the current and resistance
measuring circuits function i a manner identical
to the corresponding nonckectronic measuring
instruments. The measurement of voltage, how-
ever, involves the use of an amplifier which in
turn requires that the meter be calibrated prior
to use,

Proper calibrution and use of the instruments
vary slightly according to model. Details are
included in the Operation Instruction Manual
for cach model.

Vacuum Tube Voltmeter TS-505

Figure 5-0 shows a front panel view of the
TS-5305. The VIVM measures d-c voltages from
0.05 volt to 1,000 volts (in 9 ranges). and a~c
voltages from 0.05 volt to 250 voits rms tin 7
ranges), at frequencies from 30 Hz to 1 Mii..
With the RFE adapter that is used with the d-c
voltage measurement circuit,. RF voltages may
be measured trom 0.05 volt 1o 40 volts tns at
frequencies from 500 kHz 10 500 MHz. D
resistances from | ohm to 1,000 megohms may
be measured.

The accuracy of this meter is good. bring §
percent for d-c voltages and 0 percent for g-¢
and RF voltages. The meter movement requires
I ma for tull-scale deflection.

The input impedance to the meter is 0
megohms at audiofrequencies, 40 megohms on
the 1,000-volt d-¢ range. and 20 megohms on all
other ranges.

The power requirement is 98 to 132 volts,
single phase. 50 to 1.000 Hz. at about 2{
voit-amperes. :

The removable cover of the TS-505 contains
accessories such as alligator clips, an RF adapter,
and miniature probe tips. The miniature tips slip
over the regular tips when working in confined
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Figure 5-6.~-TS-505 muitimetar, front panel.

OPERATING  CONTROLS. The controls
that you will use when operating the meter (fig.
§-0) are as follows:

. FUNCTION switch: Selects the type of
multimeter operation  desired and  turns the
multimeter on or off.

2. RANGE switch: Selects various voltage or
resistance measurement ranges.

3. ZERO ADIJ. control: Controls pointer of
indicating meter. Used to set the meter pointer
at zero on the +DC, ~DC, AC, or OUM scale, or
at midscale on the t1C scale.

4. OHMS ADJ. control: Controls pointer of
indicating meter. Used to set the meter pointer
at oo on the OHMS scale when the FUNCTION
switch is set on OHMS position,
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S Meter: fadicates the value of voltage or
resistance measured.

6. ACLINE cord: Connects multimeter to a-¢
POWET SOURCC.

7. COMMON probe: Connects the ground, or
common  circait of the multimeter. to the
cquipment under test.

K. DO probe: Connects equipment under test
to the d-¢ measuring circuit of the multimeter.,

9. OHMS probe: Connects equipment under
test to the ohmmeter circuit of the multimeter.

10. AC probe: Connects equipment under test
to the u-c measuring circuits of the multimeter.

t1. Pilot light indicator: Lights when power is
applied to the muitimeter.

TECHNIQUES FOR USE. The operation of
this meter is virtually self-explanatory. By study-
ing the controls and their respective markings.
you shoulkd be able to determine the steps to
follow when making a particular measurement.
Do not attempt to use this instrument unless
you have studied the technical manual which
scts forth the operating procedures, or unless
you have been instructed in its proper usage,
under the direction of your work center super-
visor,

Two peculiaritios of this meter are:

Lo Inorder tor it to indicate accurate readings
it must warm up. This usually takes about 10
minutes. During this period the meter pointer
may dnift rapidly : this is normal.

2. Voltage measurements cannot be read di-
rectly on the meter seale when the function
switch is set at the +IXC position.

The purpose of the D paosition (zero center
sealey is to determine the polarity of an un-
known de voltage - to indicate a zero d-¢
voltage input to the multimeter.

CAUTION: The maximum d-c voltage which

may be applied to the multimeter when the

function switch is set at the tDC position is
onhall of the voltage indicated by the panel
marking opposite the range switch setting.

The major difference between any VIVM and
a conventional multimeter is that the VIVM
utilizes a vacuum tube in its input. For a
detailed explanation of the circuitry of the
TS-505 VIVM consult the manufacturer's man-
ual or the Operation and Service Instruction
Manual.

Phase Angle Voltineters

The overall accuracy of many  clectronic
cquipments is determined by measuring phase
angles in computing transformers. computing
amplifiens. and resolver systems. In the past, one
of the most common methods used for mea-
suring phase shift or phase angles between
signals  was  observing  patterns on an oscil
loscope. With this method, it was hard to
determine small angles, and difficult to transtate
various points into angles and sines of angles.
The most limiting fuctor in using oscilloscope
patterns  developed when one of the signals
contained harmonic distortion or noise.

In any complex waveform containing a funda-
mental  frequency and  harmonics, measuring
phase shifts presents problems. In most applica-
tions. interest lies in the phase relationship of
the fundamental frequency, regardless of the
phase relationship of any harmonics which may
be present. One of the requirements of a phase
measuring device is to measure the phase dif-
ference between two discrete frequencies, re
gardless of the phase and amplitude of other
components of the waveform.

The basic block diagram of a phase angle
voltmeter is shown in figure §-7. There are two
inputs the signal and the reference. Both chan-
nels contain filters which pass only the funda-
mental frequency. All other frequencies  are
highly attenuated. Fach channel has g variable
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Figure 5-7.~Phase angle voltmeter, block disgram.
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amplitude control and amplifiers to increase the
variety of signals that can be checked.

A calibrated phase shitter is inserted into one
channel: that channel signal can be phase shifted
to correspond to the other channel. This is
detected in the phase detector and observed on
the meter.

The calibrated phase shifter is made up of a
switch (whose position corresponds to the 6°.
90°, 180° and 270° phase shift) and a potentio-
meter (whose dial is calibrated from 0° to 90°),
The total phase shift is made up of the sum of
the two readings.

The phase detector is a balanced diode bridge
type demodulator. Its output is proportional to
the signal frequency amplitude times the cosine
of the angle of phase difference between the
signal input and the reference input.

If the reference input is phase shifted until it
is in phase or 180° out of phase with the signal
input. the output from the phase detector is
proportional to the signal input amplitude (the
cosing of the angle is unity). If the reference
input is phase shifted until it is 90° or 270°
tfrom the signal input. the phase detector output
is zero (the cosine of the angle is zero).

The point at which the two signals are in
phase or 180° out of phase is the point of
maximum  detlection on the meter. The dif-
ference between the in phase and the 180° out
of phase points is in the direction in which the
needle swings not the distance it swings. As the
point of maximum deflection is approached, the
rate of chunge of the meter reading decreases
because the cosine has a small rate of change
near 07, This makes it difficult to read the exact
point of maximum deflection,

Because the cosine has a maximum rate of
chang: as it approaches 90° (and thus gives a
better indication on the meter), most com-
mercial voltimeters are set to determine the point
at which the signals are 90° out of phase
“quadrature.” When the voltmeter is set for this
point. there must be some way of converting the
phase shifter reading so that it shows the correct
amount of phase shift rather than 90° more or
less than the actual amount. Some confusion
exists in this arca because different manu-
facturers have different methods of determining
the signal quadrant, Manufacturers also differ on
whether the final reading is a leading or a lagging

phase shift. This means the technician must be
familiar with as many types of phase angle
voltmeters as the Navy has in the field. He
cannot assume that the method he uses to
determine phase angle on one type of meter can
be used on another: nor can be assume that,
because one meter gives him a leading angle
between  signal  and  reference waveforms,
another manufacturer’s meter also gives leading
phase shift.

Differential Voltmeter

The ditferential voltmeter is a reliable preci-
sion item of test equipment. Its general function
is to compare an unknown voltage with an
internal reference voltage. and to indicate the
difference in their values. The differential volt-
meter in most common use in Navy applications
is the 803D/AD (fig. 5-8), manufactured by the
John Fluke Co. The remaining portion of this
discussion is based on that instrument.

The 803D/AD is usable as an electronic
voltmeter. as a precision potentiometer. and as a
megohmmeter. It can also be used to measure
the excursions of a voltage about a reference
value. Ease of operation, inherent protection
from any accidental overload, and high relia-
bility of readings are additional advantages of
the instrument. It is accurate enough for preci-
sion work in calibration laboratorics. vet rugged
¢nough for general shop use.

The heart of the unit is a precision 500-volt
d-¢ reference power supply. This 500 volts can
be precisely divided into increments as small as
10 microvolts by means of 5 voltage dials.
Unknown i or d= voltages are matched against
the precise internal voltage until no deflection
occurs on the panel meter. The unknown voltage
is then simply read from the voltage dials. In the
highes null sensitivity range, a potential dif-
ferenc between unknown and reference voltage
as smul as 0.01 volts causes full-scale meter
deflection.

At null, the differential voltmeter presents an
“infinite™ input impedance to the voltage under
measurement, almost completely eliminating cir-
cuit loading.

A functional schematic diagram of the dif-
ferential voltmeter is shown in figure 5-9. The
principal circuit divisions are as follows:
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Figure 5-8.—Differential voltmeter, Mode! 803D/AD.
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Figure 5-9.—Differential voltmeter, functional schematic
diagram.

. A 500-volt d-¢ reference power supply.
. Precision voltage divider network .
. VTVM,
. Chopper-amplifier.
. Converter and converter power supply.
The system circuitry is designed with two
separate common returmns. One of these, the
return for the converter power supply and
reference power supply, provides a safety factor
for personne!l and a capubility for measuring a
potential difference between two voltages. The
other. which is the common return of the
VTVM power supply. is connected to the known
reference voltage output from the precision
voltage divider network, This arrangement pro-
vides a constant d-c voltage of +108 volts across
the differential amplifier regardless of the d-c
potential applied to the grid.

N La i 1) e

D-C REFERENCE POWER SUPPLY.-A full
wave rectifier with its associated filter network
supplies a d-c voltage of approximately 1,000
volts to a conventional electron controlled volt-
age regulator. The regulated output is main-
tained at 500 volts +0.01 percent.

In the 500 V DC position, the RANGE switch
(S2E) passes this 500 volts directly to the
precision voltage divider. In the SOV DC. 5V
DC. and 0.5 V DC positions, range resistors S2F

134

divide the reference voltage to 50. S, and 0.5
volts d.c., respectively. In all a~c positions of the
RANGE switch, only 5 volts of the reference
supply is used. due to the fact that the maxi-
mam output of the a< to d« converter is §
vots,

+RECISION VOLTAGE DIVIDER.- Each of
the four precision voltages available from the
reference supply must be made adjustable
through a precision divider network so that
unknown voltages may be nulled or matched
exactly. The five decade resistor strings (fig.
5-10) accomplish this function.

Note that each string, with the exception of
the first, parallels two resistors of the string that
precedes it. Between the two wipers of S4, there
is 4 total resistance of 40K and a total voltage of
100 voits d.c. with the RANGE switch in the
300 V DC position. Across the wipers of S5, S6,
and S7, there are 10, 1, and 0.1 volts d.c.,
respectively. Switch S8 selects increments of
0.0l-volt d.c. from the last decade. These
voltages are reduced by a factor of 10 for each
successively lower voitage range.

All resistors of each decade are matched and
all decades are matched for each instrument,
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Figure 5- 10.—Precision voltage dividar.
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providing an overall divider accuracy of 0.008
percent.

With the NULL switch in any nuil range, the
output of the precision voltage divider appears
at the grid of one-half’ of the VTVM differential
amplifier. A one twohundredths ampere (5
milliampere) fuse protects this output.

VACUUM TUBE VOLTMETER.- When
operating in the differential mode, output volt-
age from the precision voltage divider appears on
the grid of V4B, onehalf of the differential
amplifier. (See fig. 5-11.) The unknown voltage
appears on the grid of V4A. the other half of the

+108v
UNKNOWN
VOLTASE V4A
S
>
i -
1 -
»
3 [METER
KNOWN VALUE -
V4B
PReCION ()
YOLTAGE
SIVIOER \¢/ +108Y
AT.09
Figure 5-11.~Differential amplifier.
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differential amplifier. Any difference between
these potentials is indicated by the meter
coupled between the cathodes of V4A and V4B.
When the output voltage exactly matches the
unknown, the meter reads zero and no current is
drawn from the source being measured, because
the same potential exists on both sides of the
input resistances.

When used as a conventional VTVM, the grid
of V4B is connected to the O-wolt bus, or
negative binding post. With the range switch in
the 0.5 V DC position, the unknown voltage
appears directly on the grid of V4A and the
meter indicates the approximate value of the
unknown. Input divider resistors maintain the O
to 0.5 grid voltage range for all instrument
vollage ranges. The input resistance of the
instrument in the VTVM position is 10
megohms.

CONVERTER. - All a<¢ measurements are
made by first converting the a~c input to a d-¢
voltage. The converter provides a maximum dc
output of § voits for a maximum a-c input of §
volts rms. In the 5 V AC position, range switch
sections of SXA and S2B couple the converter
amplifier input directly to the binding post. In
the 50 V AC and 500 V AC positions, input
attenuators reduce the unknown a.c. to provide
a maximum of § volts a-c input to the first
converter amplifier.

The overall frequency response of the con-
verter is essentially flat from 30 Hz to 10 kHz

Model 5015 SPA
Digital Voltmeter

The Model 5015 SPA Digital Voltmeter pro-
vides users a highly accurate, easily maintained
instrument which also possesses a high order of
reliability. The meter uses a relay-operated
digital feedback voltage divider, energized by a
10wvolt Zener reference voltage, to create a
precision feedback voltage equal to the un-
known input.

Continuous comparison is made between the
feedback voltage and the unknown input: any
error voltage is amplified and used to reposition
the feedback voltage divider.

An automatically operated attenuator pro-
vides operation on the 100-volt and 1,000-volt
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ranges by dividing the inputs by 10 and 100,
respectively. Matched and aged Zener diodes
climinate the need for a temperature-controlled
OVELn.

The Model 5015 SPA digital voltmeter (fig.
-1 has seven front panel controls. Their
functions are described in the following para-
graphs:

. The SENSITIVITY control is a potentio-
meter that is provided to decrease sensitivity for
noisy signals.

2. The FILTER switch is provided to engage
or remove the filter application. .

3. The power switch hus three positions: (1)
OFF the digital voltmeter is deenergized and
both power leads are isolated from the power
source: however, connection is maintained be-
tween the outer case and the a< power line
ground. (2) STBY this position is provided to
allow a warm up selection without any activa-
tion of internal components even with an input

signal applied. (See paragraph on PUSH TO
READ for exception.) (3) ON -in this position
the digital voltmeter is ready to provide mea-
surement readings of input signals.

4. With an input signal applied and the power
switch in the STBY position, depressing the
PUSH TO READ switch permits the operator to
take a single reading.

5. The AC OFFSET control is a screwdriver
adjust potentiometer provided to “zero™ the
readout in the AC mode prior to taking a-c
readings.

6. The function switch is provided to permit
the selection of either the RATIO. DC volts, or
AC volts modes of operation.

7. The range switch has four positions: (1)
The 10, 100, and 1,000 positions are used to fix
the maximum voltage which will be read. (2)
The AUTO position causes the digital voltmeter
to select automatically the appropriate range for
the input applied.

1. SENSITIVITY control.
2. FILTER switch.

3. Power switch.

4. PUSH to READ switch.

Figure 5-12.~Mode! mswb@ummmm
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5. AC OFFSET control.
8. Function switch.
7. Range switch,
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FREQUENCY MEASUREMENTS

Frequency measurements are often an os-
sential part of preventive and corrective main-
tenance for clectronic equipment. Rotation fre-
quencies of some mechanical devices must be
determined. The output frequency of electric
power generatons is checked when the engine is
started and during preventive maintenance rou-
tines. Equipment which operates in the audiofre
quency range must be adjusted to operate at the
correct. frequencies. Radio transmitters must be
accurately tuned to the assigned frequencies to
provide reliable communications and avoid inter-
fering with radio circuits operating on other
frequencies. Radar sets must be properly tuned
to obtain satisfactory performance.

The rotation frequency of rotating machinery
such as radar antennas, servomotors. and other
types of electric motors can be measured by the
use of a stroboscope. Stroboscopic methods
compare the rate of one mechanical rotation or
vibration with another or with the frequency of
a fluctuating source of illumination. Tacho-
meters can be used to measure the rotation
frequency of armatures in electric motors. dyna-
motors, and engine-driven generators.

The electrical output frequency of a< power
generators can be measured directly by vibrating
reed. tuned circuit. or crossed~coil iron-vane
type meters. The vibrating reed device is the
simplest type of frequency meter, and has the
advantage of being rugged enough to be
mounted on generator control panels. It is also
used to check the line voltage in the shop to
insure that the proper frequency is supplied to
the equipment and/or test sets.

FREQUENCY METERS

Frequency meter is a term generally applied
to denote an item of test equipment which is
used to indicate the frequency of an external
signal. Although some models of frequency
meters generate signals having a basic frequency,
they should not be confused with that class of
test equipment known as signal generators,
(Signal generators are discussed later in this
chapter.) The signal generator develops a fre-
quency used to operate an external circuit; the
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frequency meter measures the frequency of g
signal developed in an external circuit.

As mentioned previously, some frequency
meters generate a signal frequency: others do
not. The group in which no frequency is
generated internally is properly called a “*wave-
meter.” Wavemeters are of two basic types
reaction  and absorption. Those  frequency
meters which do generate an internal frequency
may use either electronic or mechanical oscitla-
tion as the frequency generator.

Measurement Methods

Frequency measurements in  the  audio-
frequency range can be made by the comparison
method or by a direct-reading frequency meter.
Frequency comparisons can be made by the use
of a calibrated audiofrequency signal generator
in conjunction with cither an oscilloscope or «
modulator and a zero-beat indicator device,
Direct-reading frequency measurements can be
made by instruments using series frequency-
scelective electrical networks, bridge test sets
having null indicators. or counting type fre-
qency meters.

Frequency measurements for radio equipment
are made during tuning, preventive maintenance,
and corrective maintenance procedures. The
type of test equipment selected depends on the
frequency to be measured and the required
accuracy. Signal frequencics of radio transmit-
ters which operate in the fow frequency to the
VHF range are normally measured by absorption
type wavemeters. reaction type wavemeters., or
calibrated radio receivers. Where accuracy is not
of prime importance, rapid frequency checks
may be made by the absorption type wavemeter.
Since the wavemeter is relatively insensitive. it is
very useful in determining the fundamental
frequency in a circuit generati~g multiple har-
monics. Calibration of test equipment that
measure signals in this frequency range can be
checked by comparison with standard frequency
signals broadcast by the National Bureau of
Standards,

The signal frequencies of radio and radar
cquipment which operate in the UHF and SHF
range can be measured by resonant cavity type
wavemeters, resonant coaxial line type wave-
meters, or Lecher-wire devices. When properly
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calibrated, resonant cavity and resonant coaxial
line wavemeters are more accurate and have
better stability thun wavemeters used for meas-
urements in the low frequency to VHF range.
These frequency-measuring instruments are of-
ten furnished as part of communication and
clectronic equipment, but are also available as
general purpose test sets.

WAVEMETERS

Wavemeters are calibrated resonant circuits
used to measure frequency. Any type of res-
onant circuit may be used in wavemeter appli-
cations. The exact kind of circuit employed
depends on the frequency range for which the
meter is intended. Resonant circuits consisting
of coils and capacitors are used for low fre-
quency wavemeters. Butterfly circuits. adjust-
able transmission line sections. and resonant
cavities are used in VHF and microwave instru-
ments.

There are three basic Kinds of wavemeters
the absorption. the reaction. and the transmis-
sion types.

Absorption wavemeters are composed of the
basic resonant circuit. a rectifier. and a meter for
indicating the amount of current induced into
the wavemeter. In use, this type of wavemeter is
loosely coupled to the circuit to be measured.
The resonant circuit of the wavemeter is then
adjusted until the current meter shows a maxi-
mum deflection. The frequency of the circuit
under test is. then determined from the cali-
brated dial of the wavemeter.

The reaction type derives its name from the
fact that it is adjusted until a marked reaction
occurs in the circuit being measured. For ex-
ample, the wavemeter is loosely coupled to the
grid circuit of an oscillator, and the resonant
circuit of the meter is adjusted until it is in
resonance with the oscillator frequency.

The setting of the wavemeter dial is made by
observing the grid current meter in the oscil-
lator. At resonance. the wavemeter circuit takes
enegy from the oscillator. causing the grid
current to dip sharply. The frequency of the
oscillator is then determined from the calibrated
dial of the wavemeter.

The transmission wavemeter is an adjustable

- coupling link. When it is inserted between
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source of radiofrequency energy and an indica-
tor. energy is transmitted to the indicator only
when the wavemeter is tuned to the frequency
of the source. Transmission wavemeters are
widely used in measuring microwave fre-
quencies. Units of this type are included in echo
boxes. The additional provisions for echo boxes
permit additional testing functions,

Many actual wavemeters are used in per-
forming various functions. Cavity type wave
nieters are the type most commonly used. and
only this type is discussed in detail.

Cavity Wavemeters

Figure 5-13 shows a typical cavity wavemeter.
The wavemeter illustrated is of the type com-
monly used for the measurement of microwive
frequencies. The device employs 8 resonant
cavity which effectively acts as g high<Q, LC
tank circait. The resonant frequency of the

AT.103

Flgure §13.~Typicsl cavity wavemeter,
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cavity is varied by means of a plunger which is
mechanically connected to a micrometer mecha-
nism. Movement of the plunger into the cavity
reduces the cavity size and increases the re-
sonant frequency. Conversely, an increase in the
size of the cavity (made by withdrawing the
plunger) lowers the resonant frequency. The
microwave energy from the equipment under
test is fed into the wavemeter through one of
two inputs, A or D. A crystal rectifier then
detects (rectifies) the signal, and the rectified
current is indicated on the current meter. M.

This specific instrument can be used as cither
a transmission type or an absorption type
wavemeter. When used as a transmission wave-
meter. the unknown signal s coupled into the
circuit by means of input A. When the cavity is
tuncd fo the resonant frequency of the signal,
energy is coupled through coupling loop B into
the cavity and out through loop C to the crystal
rectifier. It is rectified and current flow resulting
from this rectification is indicated on the meter.
At frequencies off resonance, little or no current
flows in the detector and the meter reading is
small. The micrometer and attached plunger are
varied until a maximum meter reading is ob-
tained. The micrometer setting is then compared
with a calibration chart supplied with the
wavemeter to determine the unknown fre-
quency.

When the unknown signal is relatively weak.
such as the signal from a klystron oscillator. the
wavemeter is usually used as an absorption type
of device. Connection is made to the instrument
at the input D. The RF loop C then acts as an
injection loop to the cavity. When the cavity is
tuned to the resonant frequency of the klystron,
maximum energy is absorbed by the cavity and
the meter dips. indicating a reduction of current.
When the cavity is not tuned to the frequency of
the klystron, high current is indicated on the
current meter. Therefore, the cavity is tuned for
a minimum reading, or dip, in the meter: and the
resonant frequency is determined from the
micrometer setting and the calibration chart.
~ Potentiometer R1 is used to adjust the sensi-
tivity of the meter from the front pane! of the
instrument. J1 is a video jack and is provided for
observing video waveforms with a test oscil-
loscope.

A directiona! antenna is used in conjunction

with the instrument for making relative field
strength measurements of radiated signals. for
use in measuring the frequency of radar trans-
mitters, and for constructing radiation patterns
of trunsmitting antennas.

In radiation pattern measurements. the di-
rectional antenna is connected to the wavemeter
input, and the instrument is tuned to the
frequency of the system under test. The cavity is
then locked on this frequency by an AFC
system. The output signal being measured must
be continuous and constant for reliable results.
This is necessary in order for any vasiation in the
meter reading to be caused directly by a change
in the actual field strength of the signal when
the position of the wavemeter is changed with
respect to the transmitting antenna. After estab-
lishing a reference ._vel on the meter, the
position of the wavemeter is then changed by
moving it around the radiating antenna, main-
taining a fixed distance from it. The wavemeter
readings at various positions around the trans-
mitting equipment are recorded on polar graph
paper. and the field pattern is thereby de-
termined.

COUNTER TYPE
FREQUENCY METER

The counter type frequency meter is a high-
speed  electronic counter with an  accurate,
crystal-controlled time base. This type of com-
bination provides a frequency meter which
automatically counts and displays the number of
events occuring in a precise time interval. The
frequency meter itself does not generate any
signal. but merely counts the recurring pulses
fed toit.

Frequency Meter AN/USM-26

Frequency Meter AN/USM-26 is a precision
instrument that automatically measures fre-
quencies to 100 MHz and automatically displays
its measurements in digital form on an cight-
place panel indicating system. In addition to
making dJirect measurements of frequuncy. the
AN/USM-26 also measures period (time of one
cycle of periodic wave). time intervals. and
frequency ratios, and may be used to count
random events such as those encountered in
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nuclear work. The equipment further includes a
selfcheck feature that enables the opergtor to
verify the proper operation of the equipment for
most types of measurements.

By use of the Frequency Converter AN/
USA-S§ plug-in unit, the useful operating range of
the USM-20 is extended to 220 Milz. Similarly,
using the Transfer Oscillutor CM-102/USM-73 in
conjunction with the USA-S further extends the
frequency range to the vicinity of § GHz
(gigahertz) before the harmonics become too
weak for use. Use of a tunable detector alfows
the operator to resonate the signal to be
measured, thus increasing the sensitivity of the
equipment for detection of harmonics. This
extends the upper limit of operation to about 12
GHz. A second tunable detector can be used to
further increase the sensitivity by resonating the
desired harmonic  produced by the transfer
oscillator.

Because of the accuracy with which it meas-
ures frequencies, the USM-26 equipment can be
considered to be a new type of secondary
frequency standard that replaces more elaborate
installations of conventional precision fre-
quency-measuring equipment. For example, the
meter has been found particularly useful for
frequency measurements in quartz crystal grind-
ing work as well as for general laboratory quality
frequency measurements. Other typical fre-
quency-measuring applications for the equip-
ment include calibration of transmitters. oscil-
lators, signal generators, etc,

In combination with tachometer generators or
other suitable transducers, the equipment can be
used to make precision tachometry measure-
ments. In tachometry work it is particularly
useful for measuring the rotation frequency of
high speed devices. When used in conjunction
with a sensitive radioactivity detector and a
suitable transducer, the USM-26 can provide an
extremely accurate indication of the radio-
activity radiation level.

Time measurements that the equipment will
make include pulse length, pulse interval. time
delay, etc.

Since the indicating system in the equipment
presents the measured frequency in as many as
eight significant figures, the equipment is espe-
cially useful for measuring very small frequency
changes such as are encountered when making

measurements of frequency stability of oscil-
lators and similar frequency generators.

Electronic Counter §24D

A counter type frequency meter (fig. 5-14),
Electronic Counter 524D (Hewlett-Packard), can
measure frequencies from 10 Hz to 10.1 Miiz
and display the readings in digital form on an
cight-place indicating system. In addition to
making direct frequency measurements, they
can measure periods (0 Hz to 100 kHz). (re-
quency ratios. and total events. A self-check
feature enables an operator to verify instrument
operation for most types of measurements, The
internal oscillator is stable within 5 parts of 108
per week. Thus these counters make. good
secondary frequency standards.

To increase the range of measurement. seven
accessory plug-in units (not shown) are available,
Frequency Converter Units, Models S25A. B.
and C, increase the frequency range fror: 10.1

AN

Figure 5-14, ~Elsctronio countsr, 524D.
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MHz to 100 MHz, 100 MHz to 220 MHz. and
160 MHz to 510 Mz respectively. Video
Amplifier unit 526A increases the basic set
sensitivity to 10 mv in the range of from 10 Hz
to 10.1 MHz: Time Interval unit S26B permits
measuring time intervals from lusee to 107
seeonds: Period Multiplier unit 5200 extends the
period measurement range up to 10,000 periods
of unknown frequency: and Phase unit §26D
perinits measuring phase angle with an accuracy
approaching £0.1°, In addition to the plug-ins.
the Model S40B Transfer Oscillator extends, as
companion instrument, the frequency range up
to 12.4 megahertz (109 accuricy ).

To measure frequency the basic circuit ar-
rangement of the electronic counter is shown in
figure §-15. For frequency measurement the
signal is fed through a Signal Gate to a series of
digital type counters. A precision time intesval
obtained from the Time Base Section opens and
closes the Signal Gate for an extreniely accurate
period of time. for example. 1 second. The
counters count the number of cycles entering
through the gate during the l-second inferval
and then display the total. The answer is read
directly as the number of kile ortz oceurring
during the f-second interval. The period of time
the Signal Gate remains open is set by the
FREQUENCY UNIT switch (not shown). For
cach position of the FREQUENCY UNIT switch
the illuminated decimal point is automatically
positioned so that the answer is always read

INPUT
\ 7
\7
X

,’ \ \sm OPENING AND
TINE BASE | s CLOSING SIGNAL

SENERATOR

AQ.687
Figure 5-16.—Basic block diagram of the 524D,

directly in  Kilohertz. The answer is auto-
matically displayed for a period of time de-
termined by gate time or the setting of the
DISPLAY TIME control on the front panel,
whichever is greater.

To measure a period or time interval the
application of the two signals reverses as shown
by the dotted lines in figure 5-15. The period or
time interval to be measured is connected to
open and close the Signal Gate while one of the
standard frequencies from the Time Base Sec-
tion is pased through the Signal Gate to the
counters. When measuring period. one cycle of
the incoming signal opens the gate. the next
cycle closes it, The number of cycles of the
standard frequency from the Time Base that
occurred during the period are then indicated on
the counters. The standard frequencies obtained
from the Time Base have been selected so that
the answer to the measured period will always
be displayed in direct-reading units of time:
seconds, milliseconds. or microseconds.

Provision is also made in the cireuit to permit
measurement of the average of 10 periods of the
unknown frequency. Higher accuracy can thus
be obtained than with single period measure-
ments.

The accuracy of frequency measurements is
determined by an internal oscillator and by a
possible error of 1 count that is inherent in the
gate and counter type of instrument. At low
frequencies, greater accuracy can be obtained by
measuring the period of the signal than by
measuring the frequency directly.

The block diagram (fig. 5-16 (A)) shows the
circuit arrangement of the basic counter when
measuring frequencies in the range of 10 Hz to
10.1 MHz. To measure frequencies up to 510
Miz. one of three frequency converter units is
required (fig. 5-16 (B)). As stated above. the
525C Frequency Converter unit is used between
100 and 510 MHz. In these frequency converters
the input signal is mixed with a harmonic of 10
MHz so that the difference between the signal
and the harmonic is not more than 10.1 MHz.
The difference frequency is counted and dis-
played. By adding the count displayed by the
counter to the known 10 MHz hamonic the
input signal frequency is determined,

All three frequency converters have tuning
systems to indicate the correct mixing fre-
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queney. However, it the miving frequency s
within 1 Ml of the unknown frequency. there
iy a possibility of two answens, tor you may not
hnow whether o add or subtract the display od
reading trom the miving trequency. In such
vases, miahe additional measurements using the
two adjacent mixing frequencies to determine
the unknown frequency. When mahking the final
measturement choose a mixing frequency which
18 at least 100 KHz away from the unknown.

When measuring frequency. the counter will
count sine waves, rectangular waves, and positive
pubes. To measure the frequency of negative
pulses. adjustment of 4 FREQUENCY sensitivity
control is necessary. This control is a screwdriver
adjustment tocated on the front panel.

When the counter is set for PEFRIOD measure-

ments. the time base and the signal input circuits

are imterchunged from their frequency measure-
ment posittons (fig, S-16 ¢C). With the circuits
s connected. the counters count the output of
the time hase for the period of the unknown
input signal. Thus  the standard  frequencies
generated i the time base are used as vnits of
time to measure the unknown period in terms of
microseconds, milliscconds, or seconds.

The accuracy of period measurements is largely
determined by the accuracy with which trig-
gening ovedrs ot the same point on consecutive
chodes of synal voltages having a slow rate-of-
rise. Note that when the signal-to-noise ratio
improves, the triggering accuracy also improves.
Averaged over 10 periods. the single-period error
is reduced by g factor of 10,11 the 5260 Period
Multplior unit is used, the error is reduced an
additional factor of 10 for cach factor the
measurement is extended. The aceuracy
triggering is considerably improved when the
wavetorms being meastired have a fast rise time,
For example, a significant reduction in error can
be obtained i square waves are applicd instead
of sine waves to the input.

In order to tollow the slowest-changing wave-
forms, the period measurement input circuits are
directvoupled and are adjusted to trigger at the
zero-volt crossing of g negativegoing voliage.
Thus any d~ component in the input signal will
shift the triggering level so that the maximum
slope no longer occurs at the zerovolt level,
resulting in o loss of accuracy. It the dc
component s lange enough. there may be no

of
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triggering at all. An external gencrator can be
used in place of the time base generator for
peniod measurements.

The counter can be used o measure the
RATIO of two frequencies. The higher fre-
quency is passed through the signal gate to the
counters and is counted for a period of time
determined by cither one period or 10 periods
of the lower frequency. which controls the
opening and closing of the gate (fig. $-16 (D).

Ratio measurement accuracy is determined by
the same factors as period measurement aecu-
racy: consistency of triggering by the lower
input trequency and the inherent cerror of +1
count of the higher trequency. The $200 Period
Multiphier unit is used to reduce the efror by
extending the number of periods of the lower
frequency over which the measurement is made.,
For cach factor of 10 the measurement is
extended. the error is decreased by g factor of
10.

Although the time base generator is not used
during ratio measurements, ratio measurements
cannot be made if the time base generator is not
operating. The counter has a holdoff circuit
which disables the signal gate i the time base
generator fails.

To muke TIME INTERVAL measurentents
tfig. 5-16 ¢ the 8208 time interval unit must
e installed. Time interval measurements are
similar to period measurements eveept that the
points on the signal wavelforms at which the
measurement starts and stops are adjustable, The
adjustable threshold feature allows vou to make
meastrements from one part of the same wine-
form or to use separate waveforms as start and
stop signals.

As in the case of period measurements, the
input signals control the opening and ¢l wing of
the gate while the standard frequencies are
passed 1o the counters (fig. S-16 (1. Thus the
accunite frequencies generated in the time base
are used as units of time to messure the
unknown interval in terms of microseconds,
milliseconds, or scconds.

The 3208 time interval unit may also be used
as 4 high-speed totalizer capable of counting at
maximum rate of 10,1 million events per sec-
ond. The basic circuit arrungement is indicated
in figure 8-10 (1),

The threshold-selecting controls adjust the
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start and stop channels so that they will be
actuated only by signals  of  predetermined
polarity, amplitude, and slope.  Time interval
measurements begin when the start signal crosses
the sehected start threshold value in the selected
direction and end when the stop signal crosses
the selected stop threshold value in the selected
direction. The threshold controls are only ap-
proximately calibrated and,in some applications,
special precautions will have to be taken in order
to obtain the desired intenval,

If an uncompticated wavetorm is used as the
start and’or stop signal, the setting of the
threshold controls is not eritical. For example. it
g sharp pulse like that shown in figure 5-17 (A)
is used, there will be little difference whether
the measurement beging at point A or B.
However, it a more complex wavelorm like that
shown in figure 5-17 (B) is used to measure the
interval Xo set the throshold controls near zero
as a preliminary adjustment. As the start and
then the stop threshold controls are adjusted
notice the definite changes in the measured time
mterval, Thus the start and stop thresholds are
above the step and the indicated time intenval is
actually X,

It is highly desirable (o examinge both start
and stop signals on g d-¢ coupled oscilfoscope
before attempting & measurement. In this way it
can be determined that no spurious signals exist,
and the threshold controls can be caretully set.

With a 526D phase unit plugged into the
counter, the phase angle between two signais of

Brmm=y
ho- X -0

P ane ¥
—aaraf

8 To0 POSSIBLE TIME NTERVAL
MEASUREMENTS OF A SNGLE
COMPLER WAVEFORM

Aoy

A SNIPLE wAVESORE S«0& NG THO
POSSIBLE VOLTAGE LEvELS &% waln
A THME WTERVAL WEASURLMENT

© WAV 8€ STARTED
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Figure 5-17.—Time interval waveforms,
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identical frequency. in the range from | Hz to
20 KHz, may be measured, This unit is usetul for
investigating, at varous points in a circuit, the
phase a signal has with respect to the phase it
had at the input. Connect the reference signal to
the REFEFRENCE INPUT, and the signal whose
phase is under investigation to the UNKNOWN
INPUT. AE the frequency of the signal is 400 £ 4
He phase angle is read directly in tenths of a
degree. For a signal of some other freguency in
the rated range, the information is read in time
units, with resolution up to 0.1 psee. For all
phase measurements, set the phase unit PHASE/
PERIOD switeh to PHASE. the REFERENCE
LEAD/LAG switch to the type of measurement
desited, and  the counter FUNCTION  SE-
LECTOR to PERIOD.

In general, circuit action for a phise measure-
ment is osimilar to that for a tme interval
measurement. Trigger circuits in the phase unit
supply  the pulses which open and close the
signal gate in the counter. Arrangement of the
circuits will be similar to that shown in figure
S-1o by, for the time interval measurements,

Digital Readout Electronic
Counter AN/USM-207

The AN/USM-207 iv a portable, solid-state
clectronic counter for precisely measuring and
displaying on a 9-digit numerical readout the
frequency and period of a cyclic electrical signal,
the frequency ratio of two signals, the time
interval between two points on the same or
different signals, and the total number of clectri-
cal impulses (totalizing). The counter also pro-
vides the following types of output signals:

1. Standard signals from 0.1 12 to 10 M}z
decade steps derived from a 1sMHz frequency
standard. frequency dividers. and a frequency
multiplier,

2. Input signals divided in frequency by
factors from 10 to 108 by a frequency divider.

3. Digital data of the measurement in four-
line binary-coded-decimal form with decimal
point and control signals for operation of
printers, data recorders, or control devices.

4. A 1-MHz output from a frequency stand-
ard.

The AN/USM-207 (figure 5-18) consists of a
major counter assembly, two plug-in assemblies
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RADIO FREQUENCY
O8CiLLAY
Q=128 7/ ySW-~ 207
(FDDEN)

0IGITAL READOUT
ELECTRON:C COUNTER
AN/USM-207

Figure 5-18.-Digital readout electronic counter
AN/USM-207.

which install in recesses on the front and rear
panel, and g group of accessory cables and
connectors stored in the detachable front cover.

The major assembly Digital Readout Elee-
tronic Counter CP-814/USM-207 contains the
input amplifiers: gate control: display: reset and
transfer control: frequency multipliers; time
base dividers: decade and readout boards: num-
erical display tubes: decimal point and units
indicators: power supply and regulator: and
controls associated with these circuits,

The Radio Frequency Oscillator O-1267/
USM-207 plug-in assembly develops a 1-MHz
signal and includes its own power supply. The
oscillator includes the 1-MHz output receptacle
which may be used as a source of that frequency
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when the oscillator is connected to a-c power
through the basic counter or when connected to
the power line independently of the counter.
The counter may be operated without the
oscillator in totalizing, scaling the input signal,
time interval with external cloek. and frequency
ratio measurements. For other measurements
the counter does not require the oscillator when
a separate external 100 kHz or 1 MHz signal is
connected. In either of these two situations the
oscillator may be left in the counter or removed,
The oscillator plugs into the right rear of the
counter.

The  Electronic  Frequency  Converter
CV-1921/USM-207 plug-in assembly permits
measurement of frequencies up to 500 MHz
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using the heterodyne principle. The unit consists
of the broadband amplitier. mixer, multiplier,
and vontrols and indicaters associated with these
circuits. When measurements other than hetero-
dyne frequency measurements are made, the
converter is not required. but need not be
removed. The converter also permits the mea-
surement of signals from 38 MHz to 100 MHz
with a greater sensitivity than available with the
basic counter. The converter plugs into the right
front of the counter,

Figure 5-19 is the ov--all functional block
diagram of the counter. To make a measurement
requires two types of information; a count signal
and a gate control signal. These two signals may

UIN6T/ UM 0T 1 Mtz STanDARD
I L 7
Lot N Uk 5:?&“' =t FREQUENCY OLTPUT
IeCHL ATCR
\
(v [

iMHz STANDARD FREQUENCY

be generated within the instrument or they may
be supplied from outside sources. The type of
measurement the counter will make depends
upon the relationship of these two signals. In
any function the instrument counts the count
signal for a period of time determined by the
gate control signal. Routing of these signals
within the instrument is accomplished by logic
circuits. These logic circuits are controlled by
means of the front panel controls.

The radiofrequency oscillator (0-1267/
USM-207) generates a signal of precise fre-
quency for use throughout the counter or to
provide a precise 1 MHz signal for use outside
the equipment.
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Figure 6-19.—-Digital readout electronic counter AN/
USM-207 overall functional block diagram.
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The electronic frequency converter aceepts
radiofrequencies between 100 MHz and  S00
MHz and converts them to radiofrequencices
between S MHz and 100 MHz for measurement
by the basic counter.

The A" amplitier amplities the A input
signal or the output of the converter for use
throughout the counter.

The B™ amplifier amplifies and shapes the B
input signal for use throughout the counter.

The “C™ amplitier amplifies and shapes the ¢
mput signal for use throughout the counter.

The 10 Mz and 1 Mz multiplicr multiplics
the frequency and shapes the signal generated
by the radiofrequency oscillator. [t also provides
precise timing signals to the various functional
sections of the basic counter and to the fre-
quency converter.

The scaler consists of g series of decade
dividers and gating systems which provide di-
vided standard frequencies and control sinals
depending on the type of measurement the
instrument is making.

The gate control generates the gate control
signal. This signal determines the length of time
that the count decades will count the count
signal.

The count control provides the proper count
sighal to the connt decades. as selected by the
setting of the front-pancl switches.

The cycle control produces all signals neces-
sary to display the measurement results on the
readout and to recycle the counter.

The count decades count the count sighal
when permitted to do so by the gate control.
The result of their counting becomes the final
reading displayed by the readout at the end of
cach measurement.

The readout  receives  hinary-coded-decimal
(BCDY data from the count decades. decodes
this data into decimal form and drives the
readout indicator tubes. The readout also con-
tains memory circuits which function when the
counter is operated in the “Store™ mode.

The power supply supplies all d-¢ power
required by the basic instrument and the con-

verters and consists of seven d-¢ supplies, Five of

these supplies (+18 volt, £12 volt, +0 volt, and
=12 volt) are reguluted and two (+180 volt and
+45 volt) are unregulated.
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COMPONENT TESTERS

This section discusses the testing of com-
ponents considered to be most essential in any
clectronic circuit. These components include the
transistor, crystal diode, and the clectron tube.
During the process of maintaining the equip-
ment for which the technician is responsible,
these three particular components are the ones
with which he becomes most involved.

ELECTRON TUBE TESTER

Before discussing the testing of electron tubes
on the tube tester, the substitution method of
testing is deseribed.

Substitution of a tube known to be good is a
simple and reliable method of determining the
quality of a questionable tube. Usually this
method cannot be used to climinate more than
one tube in a single circuit. For instance. if both
an RE amplifier and an 1F amplifier are defec-
tive in a recciver, replacing either one does not
correct the trouble. Also the practice of -
placing several tubes in a circuit, all at one time.,
will usually result in misalinement of 4 tuned
circuit. Under conditions such as these, the use
of test equipment  designed  for testing  the
quality of a tube saves valuable time.

Experience has shown that tube failures may
be roughly classified as tollows: mech -mical
defects and gas within the tube. filament (or
heater) burned out. change in tube charac-
teristics, physical damage, and  intermittent
shorts. Mechanical defects and rise of gas pres-
sure within the tubes are attributed to fauity
ceastruction and processing. Some of  these
defects cannot be detected by standard testing
methods until the tubes have been in operation
for some time, Filament burnout may be caused
by repeated sudden application of full voltage to
the filament. Initial heating of the filament is
nonuniform. As a result, mechanical stresses due
to thermal expansion are set up. and these
stresses weaken  the filament  structure and
hasten its failure.

Change in tube characteristics is a broad
classification and covers decreasing emission.
change in cutofl voltage, changing transcon-
ductance, ete. Such changes are usuglly the
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Figure 5-20.-Electron Tube Test Set TV-7/U
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result of deterioration of the cathode structure,
or formation of a cathode interface surface in
the tube or changes in alinement of the clec-
trode parts. Physical damage is largely acci-
dental. 1t includes such causes as breakage,
bending of pins, and inadvertent application of
chesive voltages, Intermittent shorts are caused
mainly by foreign matter, such as lint within the
tube assembly,

Operation of a4 Typical Tube Tester

The tube-testing equipment discussed in this
section is a typical, general-purpose test equip-
ment of the trunsconductance type. The TV-7/U
tube tester (fig. 5-20) is representative of this
Ty pe equtipment.

The front-pancl controls on this tester adjust
tor switch) the various potentials necessary for
the testing of tubes. The tube data chart
(booktype)r which is supphed with the equip-
ment. fists the control setting for the various
types of tubes generally encountered in the
field.

CAUTION: Before the tube to be tested is
mserted in the correct test socket, make certain
that the front-panel controls are set to the
positions listed for that type tube in the data
chart, This precaution is neeessary 1o prevent
eavessive voltage trom being applied to the tube
clements (especially the filament).

LINE  VOLTAGE ADJUSTMENT AND
TEST. The line voltage adjustment is necessary
so that the line voltage applied to the primary of
the transtormer can be preset to an operating
value. A 93wvolt potential is nsed as a tost
referenc