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MILITARY CURRICULUM MATERIALS

The militarydeveloped_eurLiculummaterials in' this course
package were selected by the National Center for Research in
Vocational Education Military Curriculum Project for'dissem-
ination to the-six regional Curriculum Coordination Centers and
other instructional materials agencies. The purpose of _ _

disseminating these courses was to make curriculum_ materials
developed by the military more accessible to vocational
educators in the civilian setting.

The course materials were aoguiredi_evaluated by project
staff and practitioners in the field; And_prepared
dissemination. Materials Whidh_were specific to the military
were_deleted, copyrighted materials were either omitted orappro-
val for_theirAise was obtained._ _These course packages'contain
curricUlUM reSOUrce_MaterialS WhiCh can be adapted to support
vocational instruction and curriculum development.
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Description:

This nourae_is designed to- provide the student with an understanding of the
theory_and_riOrmal functions of telephone equipment that will permit the rapid
analysis of telephone troubles: The course is divided-into five volumes as'follow:

Volume 1 -7. Introdutt-int-to Career Field - .covers safety switching;review'
of electtonit principles and standard test equipment; supply
principles; and fundamentals of management.

Volume -- Telephone Fundamentals and Manual Telephone System - presents
materials_abouttelayS and_switches. Zt also contains an over-
view of basic telephone prinqOles as well as installation fUnd-
amentals andfamiliaritation_on the operation and maintenance
Of the AN/FTA - 13 manual telephone system.

Volume 3 -- StOWgq_Step-by-Step
Telephone-Sys teM = discusses application

of fundamental information given in previous volumes, when step-
by-step equipment is used toperform the required switch' functions.

i

Volume 4--- XY TeIephoneSyStL- cov he KY telephone system in almost
the identical method the StrOwger system was present in vOlume .3.

Volume 5 -7 AUTOVON
InterfaceEqn444mult-and-BaSe Wire System_- discusses some

Of_the interface circuitry with respect to circuit operation and
maintenance and testing and maintenance of the base cab lA plant
.tO,handle AUTOVO and other quality circuits.

Each volume tb_accompatied a supplement of schematic drawings for referralfrom the readings. Also; eat volume contains review exercises and answers,and examinations. Chapters 1 ,4, and 5 of volume 1 have been deleted- due to
materials.military specific
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PrefaceP

AN EFFICIENT inside plant telephone repairman understands the theory and the normal.functions of
telephone equipment This understanding permits him to Make rapid analyses of telephone troubles.

CDC 36251 reviews the_ Wire Communications Systems Maintenance Career Field. Also it recalls
information about electrical ftindathentalt, tOnsistors, relays, switches, inspection of telephone equip-
ment, tracing of teltphone circuits, testing of telephone circuits, and repair of central office equipment.
It also covers manual telephone systems. and AUTOVON interface maintenance. It introduces*SCOPE
CAP, a relatively new program that provides you with new tools and tecluiiques for testing and main-,
taming quality base wire systems

This_ hoineltudy7 CDC; used along with the skill training provided during OJT; should increase:
your knowledge and prepare you for undertaking more complex tasks. Meanwhile; you will be helping
your organization accomplish itsmission. You should recognize during your training that difficult tails
often consist of many simple duties; therefore, when.all simple duties are completed correctly, the com-
plex talk is accompliihnd. .

This volume, infrodsictiin to weir Field, is the first of ;irk volumes. It consists Of career field
organization; Wire Communication Systems Career Field cluties;Aafety, technical orders, supervision
and training, maintenance management, a review of electronic principles and standard -test equipment;
which includes coverage on the Line insulation and equipment routiners; supply principles; and funda,
menials of _management Also; you: will see a review of electronic fundamentals and a resume of
methods for using _technical publications: Some inspections and records are also described in this
volume You will find that this volume builds on your earlier training and that it will aid you when you
are studying the fahrvolumes that follow. In addition, it will be tiieftil during your on-the-job pfoficien-
cy training._

Completion of this volume aids in fulfilling the theory and fundamental knowledge required for
AFSC 36251. The total training iequirement includes further development ttirough the job proficiency
guide (JPG) for the specific equipment and_ duties_of your- particular- assignment a

Code numbers appearing on figures are for preparing agency_identification
If you_ have questions on the accuracy or currency of the subject matter of this text; or recommenda-

tions for its improvement, send them to SAAS/TTOXU, She-ppard AFB, TX 76311. NOTE: Do not use
the suggestion program to submit corrections for typographical or other errors.

If you have Questions on course enrollment or administration, or on any of ECI's instructional aids
our Key to Career Development, Behavioral_ Objective Exercises, Volume Review Exercise, and

Course Examination), consult your education officer, training officer, or NCO, as appropriate. If he
can't answer your questions, send them to ECI, Gunter AFS AL 36118, preferably on ECI Form 17;
Student Rawest for Assistance.

This volume is valued at 36 hours (12 points):
Material in this volume is technically accurate; adequate; and current as of De c emb e r

1978.
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Safety in the Switching Center

ACCIDENTS are usually -the result of a failure to
think: More accidents are caused by your fellow
repairmen (and you?) than by equipment failure. You
must think safety and 'use safe proetelliret. You must
practice them until you no longer have to concentrate
to do them. But you must guard against habit taking
the place of thoughyPerforrning habitually is effective
to a point; but in terms of safety it has been found to
have limitations. "Familiarity breeds carelessness."

Since a thorough coverage of safety is availablE in
AFR 127-101; Accident Prevention Handbook; we are
limiting our _coverage of safety to your work area and
to a few main hazards. A study of these hazards and
your observance of safety rules can result in greater
Success for you. Furthermore, they could determine
whether yourlife as an airman is short or long lasting.

2-1. Live and Let Live

The practice of safety at a switching center is an
important function because of the design of the
installation- and the equipment. Equipment
components are possible accident sources even though
they are quite safe under normal conditions. Let us
consider the meaning of an "accident source." Then
we will discuss "accident causes."

004; Define the terms "accident source" a acci-
dent cause," and tell how they relate to your work
area.

Accident Sources. An accident source is not
thought to be dangerous; it is an instrument or an
activity that has a potential of danger It becomes
harmful when it is handled improperly. For example,
soldering irons are sources for accidents. The accident
occurs when a man leaves it plugged into a power
outlet while he is not in a position to use it when he
places it where it can be accidentally touched, or when
he flips it while liquid solder is on the tip: The
following accident sources may be in your switching
center.

Electrical motors or generators You learned during
yoyr resident course that noise is made up of irregular
sound waves that give an unpleasant sensation to the
ear: Noise is a byproduct of mechanization. Sound of

II
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moderate intensity heard for a long period of time can
damage your hearing. Of course; a loud; sudden sound
can also-damage it. The rotor; cams; belts; etc., turned
by a motor are also accident sources.

high-vOltage terminals. Any set of exposed contacts
that _provide a potential Of 600_ or more volts is a
"high-Voltage" risk.- Leaser xoltags* can also be
dangerous if they cause a current of more than 50
milliamperes within the human body. A wet floor and
&hip hands can provide a path for a heavy current.'*damp

doors or gates. if left open when
no one is working at the position; can cause severe cuts
and bruises.

Chairs. A chair is an accident source when it is used
as a substitute for a ladder. In 'addition, too many
accidents have resulted from using a straight-backed
chair as a rocking chair:

Metal tooLs, bracelets, wristwatches. etc. A metallic
device can make the equipment inoperative because it
can cause_short circuits, It also can shock or burn the
wearer. If touched to battery terminals, it may cause
sparking that could cause gases around the batteries to
explode,

Circuit drawers. Removal and replacement of a
heavy- drawer containing circuits has resulted in
strained backs, injured legs, and broken_ toes. In
addition, broken circuits, bent frames, and chipped
floors result from drawers being dropped: Prevent
these accidents by using gloves and_a helper.

Rolling A-type or trolley [adders. Since these ladders
operate on wheels; they can move and be moved: For
this reason; you must use safety locks (pegs) to prevent
their movement. If you put tools on the ladder or carry
them carelessly; they can fall on equipment or people
on the floor below.

Accident Causes. An accident cause is the unsafe
act or unsafe condition that accompanies the accident
source. The most frequent cause of accidents is human
error.- Figure 2-1 indicates that 88 pence nt of all
accidents are caused by unsafe acts of people: The
unsafe act maybe the result of a man's failure to follow
instructions. Or, he may have been unaware of the
safety requirements. Likewise, a man failing t
recognize unsafe conditions may commit an unsafe
act. Figure 2-1 does not show any statistics for unsafe
equipment; but the 10-percent rating shown for
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Figure 2.1. 111i relative linpormace, of acident causes.

physical hazards thodld include this group. YOU can
see that few accidents are the result of equipment
design and operation.

Accident causes, as they apply to this career ladder,
can 00 separated into two typ-ea._ dicitt that destroy
equipment and those that endanger a person's health;
Some of the causes fit both categories.

Accident = causes that destroy communications
equipment. Here are 10 causes of accidenteihat can
destroy equipment, ,

(1) Smoking in an unauthorized area. The
communications equipment, roortris not an authorized
smoking area for several reasons. Smoke is an impurity
that causes extra switching equipment maintenance. In
addition, there is a strong possibility that battery fumes
may be within the- area The hydrogen gas formed
during the operation of a battery can explode if it
contacts a burning material or_a spark._ -

(2) Failing to place =oily rags ia,iewcicaing Metal
containers; -one of which is shovni in figure 2;2. The
container Should be carried from the building at the
end of the day and the tags removed. Thit act
eliminates the possibility of a fire in the building.

(3) Using &aline, keroiene, or other flammable
fuels for cleaning purposes.

(4) Depositing- cigarettes or matches in a
wastebasket. Even if the cigarette or match appears to
be out; it should never be placed in a Wittebaiket.
Specially identified containers are made for their
disposal,

(5) Operating equipment Witbout_proper authbrity.
(6) Failing to follow equipment safety precautions:

For instance, _many ohmmeters have been damaged
because the maintenance man has neglected to remove
power from the circuit_ to be tested.

(7) OperatingAnsafe equipment. Included in this

12

Figure 2-2. wane can with ieff=closing footoperated lid.

category is electrical equipment which has not been
properly grounded;

(8) M_aintaining a messy work area An example of
this condition---is a- cluttered workspace, which can
result in the loss of a tiny component; Solder-drops left
on die floor 'result in danger to the workmen because
they may cause _him to stumble and can rediice his
insulating protection: Incidentally; dropping melted
Solder &erne high level while performing your work is
sheer carelessness -in the --first -place. -This solder can
cause an undesired connection in the operating
equipment. -

(9) Wearing to-otely huttg_ID tngt- jelkeli* *het
working with electrical equipment:

PERFORATIONS STRAP

Figure 2.3. One-piece plastic goggles.

LENS
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Figure 24. Manual lift.

A. FILE B. SCREWDRIVER

Figure 2-5. Improper use of took
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(40 cuts ecifitaitiers of "soda pop or other liquids
on,equip ere -eyWhiri th can be spilled easily onto the
'devices of Itiviysksu

.

main?
:petso

ifF .call result in injury to thc
olloWing are eight causes of

identili-,
t9 iet1P'.alothingarid devices. The

gcSgkmilityf_fighre 24 4ti example of a protective
dey' .1\ you. necdOheniyou are soldering When
you' tilling concrete, you also need goggles.

)(2) Working at unsafe Sgeedl.
,9` Indulging in horseplay ,

(4). Assuming an unsarettOdy position while you
are working. .F re 2-4A.Shows a man in the
imProper position for liftini>a heavy (50 Ibs) object.
FiStire 2- 4B .shows the proper position for lifting this
cartOn: The legs are exerting the primary lifting force.
NOTE:_ You:may; occasionally._ have to assume an
unsafe bizidy position because of the construction of
the equipment that you are testing or repairing.

(5) Using the wrong tool for the job or using a IOW':
improperly. Figure .2-5A shows a_ file being used
without a-handle and the -results of--his act. Figure
2-5B _illustrates the. improper ptlitioning of a
screvAtiver. An inclined_ or slanting screwdriver can
also result in a punctured arm or hand.

_ (6) Pouring water into acid when making battery
eleOtrolyte. If water is added to the sulphuric acid;
boiling can scatter the liquid and cause severe acid
burns. Spilling _electrolyte onto unprotected clothing
can altii result in acid burns.

(7) Failing to warn individuals of possible dangers
or failing:to observe warning signs: _

(8) Using toxic flUidS within a confined area.

Exercises (004):
1. What two factors are a part of every accident?

2. An electric drill; a circuit breaker; a Strowger
linefinder, and an XY selector switch are in which

. of two classificalkns?,

3. Define the two factors that result in accidents.

4. By what means should you dispose of oily rags?

5. What is a possibly accident that you could cause
When m uring the resistance of a component in
an electrical - Circuit?
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005.. CiViti---sekettd situations dealing with live
circuits, identify any safety. violations present and
state the precaution(s) that you should observer

Livk:-.. Circuits; Wise maintenance men treat
'energized electrical circuits with respect and cat,stion:
They do .not use high-voltage equipment without
knowing 'exactly what is to be done. Avoid equipment
marked "DANGER -,HIGH VOLTAGE" unless you
have-been -authorized to control it Even then, handle
It with care: For example: wear electrical safety gloves
designed for the voltage with which you are going to
work. A person who attempts to repair electrical
equipment without switching 'off the power is
gamblingwith death.

Safety devices ShOUld never be bypaSSed or
modified without authorization: A blown fuse must be
replaced with another fuse of the same 'current and
voltage rating.

= Have good ligqing when you are
workinig "'with electrical equipment: Use insulating
matting on the floor next to high7voltage equipment,
such as repair and test benches. Use care that you do
not let metalliC chips, loose solder: or small parts fall
on the matting. This metal will, in time, reduce the
insulating value.of the matting.

DO MIT WORK ALONE on or near HIGH
_

VOLTAGE. Station, a helper where he can see you
and where he can reach the main switch quickly in case '
of an emergency. Furthermore-all personnel should
know the proper treatment for electrical shock.
Remove your jewelry before you work on this
equipment. Keep your clothing losed so that zippers.
etc. cannot contact a high-vol ge terminal.

Exercise (005):
1. In situations I through 3 at the end of this chapter.

identify the safety violations pertaining to working
with live circuits and state the safety precaution(s)
that should be observed.

006. Given selected work situations dealing with
the we of tools and test equipment, identify the
safety violations and state the safety precaution(s)
that should be observed.

Tools. Tools can be separated into many types.
such as relay _ adjusting tools, punching tools,
wrenches-, etc. Our major groupings for this section
are: using tools and preparing tools for storage.

Using tools. You must never hold tools such as drills
and screwdrivers at an angle. To keep from breaking
them: hold them upright. For the same reason. don't
twist them with a pair of pliers or pry with them: Do
not hold drills in one position until the bit is
overheated: Excess heat weakens the metal. MAve, it in



against the object and then pull It back to let it cool
momentarily.

Do not use pliers on a nut because you will r.pin the
nut: This practice may also strip the plier jaws. You
will break pliers if you use them as a bar for prying
against= objects. Use a minimum of strength when
twisting pliers to adjust relay components because
excessive strength_ can break the components. "Light
fingers" are required when: using all relay adjusting
tools:

Wrenches should be pUlled toward you, Use-the
correct size wrench to prevent damage to the nut being
loosened: A pipe should not be used_as an extension to
the wrench handle because it puts extra presSure Oh :the
jaws and may also break the wrench. _

Never cut into nails with alai'. Also do not twist a
saw to flip_ off strips of waw material: This act may
warp the blade or bend the /teeth.

Place a canvas or some .type of "c.atthbaSket"
between your high_ level work area and the operating
equipment below before beginning to solder or use
tools._Take care that your work is done at a safe speed
and that you don't overstretch. Otherwiie, the work
may be of poor quality, or., you may fall from your
position. 4

Preparing tools for storage. Metal tools should be
coated with a rust;preventive compound andstored in
a dry place. Also, tools should:not be tossed together
in a toolbo =x. Keep them in divilled units or-place-theth
on support racks. Provide = protective containers for
devices such as hydrometers: The hydrometer, should
be stored near the battery bank and be_cleaned and
*led after use. When-yini remove a tool from storage,
iiiSpect it for damage before,you use it and wipe it with
a dry rag tO:teMove the rust-preventiVe compound;

Test Equipment. Prevent damage to electrOnic
equipment by bulling _the unit gently from its storage
container. Withdraw it by taking it out straight. Use
gloves, when you are carrying heavy equipment and
equipment with rough edges.

After you remove the test unit from the container;
inspect it ;visualtiA for evidence of corrosion, broken
control knobs, a_bent pointer, _cracks, missingscrews;
or frayed cords. Before-using the Instrument, read the
operating instructions and note the precautions _that
apply to it. For example, if you are planning to test a
direct current circuit, make sure that you do not
connect withacomponent having alternating current.
KNOW YOUR TEST EQUIPMENT- AND THE
CIRCUITS FOR WHICH YOU ARE
RESPONSIBLE.

. Inspect the test instrument for 'electrical operation.
Check for the following in this inspection:

a: Absence_ of :pointer movement when voltage is
applied to a completed' meter circuit.

b. Pointer movement -to an improper position. To
illustrate, durinLthe ZERO adjustment procedure; the
pointer fails to move to zero.

c. Pointer fluctifation.
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/ 3_
When using the test equipment, show respect for the

electrical voltAges p&sent, If a second repairman is
available; use him as a-safety= observer. Comply with
the technical orders that apply to the test eqUipMent
and to the equipment being checked. Obey all safety
directives pertaining to the use of electroli
equipment.

Iketiirli the test instrument to its storage case when
finished: DO not force it ,into poSitian if you meet
resistance. Look

r
a device that is improperly

sitioned; ,Reniember: 'rest sets .,are delicate;
expensive; precision instruments. Treat them with
care.

Exercise (006):

I. In situations I through 3 at the end of this chapter,
identify_the safety violatiOns of the use of tools
and test equipment and state the safety
preciiition(s) that should be observed.

007. Given .electkl worleAapations dealing with
the use of ladders, identify the safety violations and
state the safety precaution(s) that should be'
observed.

bidden. There are likely to be several types of
ladders in a.central Office. In most Strowger exchanges
the trolley typeis normally found while the A=tYpe is
found in most XY exchanges. Regardless of the type,
you must. observe certain batic practices-.

Those that have wheels present an Ob US must;
you must be able to keep them from r ling: The
trolley type has a brake assembly that is inou ted in the
channeling than holds it upright: The A-type hat
wheels that are springloaded. That isito say Iiiit it witl
roll when nothing of sufficient weight is on It, When
someone is on it, the springs, compress and allow the
feet of the ladder to rest on the flobr.

Everybody knows that you shouldn't walk under a
ladder, but hate you _ever done it just to prove to
yourself that you could do it without getting hurt?
Probably, but as the songwrivr put' it, "Yotir thy will
come." It's also taken for-granted that most folks know
not to stand on the top step of a ladder, but, if you'll
watch, yowll see it being done and not necessarily by-a
dummy. Some people also 'try to save time by not
moving a ladder; they lean just a little farther to reach
what they.want. By doing this sort _of thing, not only
are you likely to get Min,. but you become a statistic,
yoursupervisor must fill out a ream of paper-Work; and
the ground safety people get upset. Remember, "Crime
doesn't and Safety does" pay.

NOW __Let's; talk about crime. You've heard the
phras-r,'It'satrime," when something unpleasant
happens to someone. It's people like us who are
retNnSible. Do you leave things on ladders? Think



Caretoily befOre you give out with a self-righteous
"No.- Not even for just a minute? Every now and Then
we all do. And because we do,_peo_ple are being hurt.
It's very easy to leave a piece of test equipment or a
couple of tools resting on one of the ladder's steps or
on top of an A-type ladder when you are going to be
gone for just a minute to get do something. Often,
somebody needs the ladder while you're gone. If what
has been left on the ladder doesn't fall on that person,
it falllion the floor and breaks.

Exercise (007):
1; In situations 1- through Sat the end of this chapter,

identify the safety vtolationspertaining to working
with ladders and state the safety precaution(s) that
should be observed.

008. Given selected work situations dealing with
the use of solvents and lubricants, identify the safety
violations and state the safety precaution(s) that
should be observed.

.. Solients. You have dealt with:solvents almost all of
your life. From the time you were first able to get

,-around you were told to stay away from them or to be
1 '- h,..--'1 ex w en you use theft But you have

lea with them and normally are pretty
) , complacent about them. At home you have such

\ solvents as drain openers and household ammonia. In
the central'office 915u can find some of the same things:
buO;ou will also find specialized solvents:

Trichloroethane or trichloroethylene. This ;solvent,
often called trichlor, is a liquid used to clean switching
equipment. Cleaning switches is a job that.is not done
as often today as it used to be. AI with anything else
that is done infrequently,_ people farget certain things,
and thus; have accidents. Trichlaroethane is
practically nonflammable at normal temperatures, and,
it is a giod equipment cleaner. However, it does have
it.swbacks: it is toxic; If a person inhales the fumes;
he can suffer loss of appetite and headaches, nausea, or
even complete stupor. Just the odor of trichlor would
make the average person avoid inhaling the fumes: but
there are. times when you must be exposed to it.
Theoretically, it is used only in well-ventilated areas:
The problem is hat. we have !exchanges that need to
operatem a con oiled atmosphere and well- ventilated
places tcliwork in an exchange are almost impossible to
find. There a some simple precautions we can. take.

(I) Use a small fan to blow the fuMes away from
you.. .

(2) Work with trichlor for short periods of timeand
have someone check on you periodically for any
telltalesymptoms.

(3) Keep the container covered, except when you
need to get into it.

(4) Watch for a feeling of nausea or dizziness.
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These simple precautions should allow you to get..
the job done with little or no chance of ill effects to
you or your coworkers.

Ltibricants:We don't use lubricants as often as 'we
used to. We use to lubricate all the switches in our
exc nges completely ev:kry .90 to .180 days. This

erval, thanks to newer bricants and the findings of
aintenance personne has been extended to

of up do 3 years. Beca of the decrease in witch
oiling, you are probably unfamiliar with the task. You
know that you should use tech data whenever you
perform maintenance; it's the law!.

Have you ever noticed that whenyou use oil for any
reason it gets spilled? These spills create two possible
accident causes: oily rags and slick spots on your floor.

Because people don't watch where they are going
when they are in familiar surroundings; they won't see
a slick spot on the floor. Therefore, to avoid a serious
accident, you must wipe up Spills quickly and
thoroughly; Then; you should dispose properly of oily
rags to avoid a fire started by spontaneous combustion
or a spark from a cigarette, cigar, or pipe:

With just a little care on your part, you can prevent
many accidents. Properly dis_posinvof rags, properly
storing lubricants; and wiping up your spills promptly
go' a long way toward making your shop a safe shop.

Exercise (008):
1. In situations 1 througji 3, at the end of this

chapter, identify the safety violations pertaining to
working with cleaning solvents and lubricants and
state the safety precaution(s) that should be
observed.

2-2. A Place for Everything
A place for everything and everything in its place.

This maxim isn't jtist an old cliche: it's also a good
motto for today, particularly in a shop environment.

009. Given selected maintenance situations,
identify the safety -hazards due to poor or. improper
housekeeping and state the safety precaution(s) that
should be obierved.

You would think that at our age, over 18 that is, we
would, through habit alone, keep our work
environment neat and clean. Do you? Take a look
around yowl exchange the next time you have a spare
minute.

Are alt the toots either in use or in their proper
places; how about the test wlipment? Are the dust
covers on the equipment prOkrly; if not, is it because
someone is working on the equipment? if a dust cover
is off, is it in thowisle where It can be damaged, or is it
stored properly? Let's look further. Are rags, cleaning



solvents, lubricarits or miscellaneous hardware laying
about on or under the workbench? What does the floor
look like? In your tour of the exchange, did you haVe
to step over or arou d trash, tools, test equipment, or
TOs that should not hve been there? Were there any
slick spots on the or caused by some spilled liquid,
such as _oil, coffe , or coke? We have only scratched
the surface; but by, ruaw you probably hhave a good idea
of what we are talking abOut.

Tools, tech orders, and test equjpmen-t have no
business on ladders ;or In the.aisles onte_the work has
stopped. Also, they should not .be left laying on a

z - bench once the job is done. If we. put our equipment
away when we are through working; we not only
eliminate a possible aCcident, we alto know Whereto
find the quipment the next. time we need it.

uipment dust covers are helpful because they cut
down equipment probletrit due to thitt and dirt in the
Air, bur' you've ever stumbled over one, you probably
had a few

rf\c
hoice words for it and the person who left it

there. Puttingrthings in their proper_ places is essential
to a Safeshop.

The disposal of oily or dirty rags and the storage of
flammable:liquids is of considerable concern, to all of
us. Fire not only destroys millions_of dollars worth of
buildings and equipment each Year. bill it also claims
thousands of lives,. Sitnple measures, such as storing
flammable liquids to an outside storage area And
putting rags in a can with a self-closing lid, reduce the
chanCe of fire.. .

Trash on the floor and slick spots due to spilled
coffee, water, wax, etc., in combination with a person
in a hurry, fOrM A potential broken- back. arm, or
worse. Small scraps of wire in and around" the main
distributing frame (MDF) is 'probably the biggest
source of central office trash on the floor.

Housekeeping is important to you and the people
you work with. It not, only makes 'your exchange a
safer place, but it makes your job easier because no
major cleanup is ever necessary.

Exercises (009):

1. State the safety hazards due to poor housekeeping,
present in situations 1 through -3 and state the'
precautions(s) that should be observed;

Situation I

Sgt Johnson went to the power board in response to

NOTE: Chapters 3,4, and
materials.

/F
a major alarm, He found a-blown 1amp indicator
alarm -type fuse that was in parellel with a 150-amp
cartridge fuse. Sgt Johnson realized that the cartridge
fuse Had blown, causing the 1-amp fuse to blow. He
went immediately_ to the bench stock and_ got
replacement fuses of the proper ratings, as hoth fuset
needed to be replaced. He then went to tile
w.orkbench, got_ an :insulated fuse puller and a
screwdriVer, and went to the power board and
replaced the fuses. When he was done. he returned the,
tools to their proper places.

Sititiitibri 2

went to run a jumper on the MDF. The
cable pair was high -on the vertical, a little higher than
eylevel. He routed the jumper and connected it to the
horizontal terminal, block. He' then stripped the
insulation from the jumper and proceeded to connect.
it to- protector with the wire wrap gun. While
Airman Smith 'was in the puncets of terminating the
jumper; the barrel of the wilt wrap gun touched the
terminals just .beneath those he was working on.

Situation 3

Airman Jones was told by his supervisor to clean
and lubricate the switchis in linefinder bay 1. Airman
Jones went to.; the TO ;cabinet and removed the
workcard tech order he needed: After he found the
section dealing with switch cleaning and lubrication,
he gathered up the necessary materials for the job.

After he had obtained all the materials; he set up an
ea at the workbench and went. to get the first switch.

Because he foundsthat it was at the very top of the
equipment bay; he went to _get a ladder. After he
moved two dust covers out of the aitle, he positioned
the ladder so that he could get to the linefinder switch
he needed. After he removed the switch. he put the
wrench and screwdriver on the top step of the Intider.
When he returned to the bench, he started cleaning
and lubricating the, switch in accordance With the TO
instructions.

Shortly after he started the job, one of his friends
asked him to go tOcoffee, and he did, promptly. When
he returned from his coffeebreak, he found an oily rag
in the work area and all the containers tightly capped.

When he asked his supervisor why somebody had
been messing around in his area, he, was told that
someone had accidentally knocked over the bottle of
oil. Airman Jones then returned td cleaning and
lubricating linefinder switches.

have been deleted due to military specific
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CHAPTER 6

Eledtronic Principles

THE TELEPHONE is_ neithera novelty nor a luxury
in our present world: For our f#St-moving civilization
it is a necessity: r entry into- e age of satellites has
increased the need for .0:"Md and accuracy in
.communicatio . As a result, -the complexly of
communications systems has also increased:
Therefore; your knowledge must expand or broaden
for you to be able to maintain such equipment systems.
To gait? recognition. and advancement in your
telephone switching systems career field, you must
Study many related telephone systems.

Accurate; igh-quality telephone systems depend
on electricity. In addition, many of the testing units for
which you are -respo ns ib le work on electrical
principles; You can see,' then, why a chapter about
electrical fundamentals is valuable. Furthermore,
during_ your study of the other CDC vhlumes that
contain descriptions of equipment pircuits, you may
need to refer to these circuit pnnciples.

,,,
&,1. Terms

A' technician in any career field must be able to
° communicate with men in his own and allied field*

When technicians talk about their work, they use terms
that are job related. They use_ electrical terms and
symbols when they are presenti4g 'a circuit to simplify
the presentation and permit air more rapt
understanding of the circuit principles.

053. Given a list of electrical terms, match them to
the proper explanation.

Electrical Terms. We know that there are many
terms that apply specifically- to electrical circuit
descriptions. However; it is not necessary that we
mention every term because many are familiar to any
electrical systems rman, whether he works with
automotive electrical systems, building electrical
systems, radio systems, or telephone systems. You have
seen the terms that we are listing before in the resident
coarse study materials.

(db). This term is a unit for expressing
power ratios in electrical Circuits: For example; 0 db
can indicate a power ratio of 1; in this case, 10 dill
equals a power ratio of 10, and 20 db equals a power

72
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ratio of 100. Consequently, 30 db would equal a ratio
of 1000. Zero db can be used to indicate a currentor
voltage ratio of 1, but in this relationship 10 db
indicates a ratio of 3.2. The use of decibels permits
you to- avoid very large or Very small numbers when
you_are analyzing circuits.

afferential. This resulti from a difference in
quantities or qualiv. For instance; a differential relay
operatei or failsto operate because of the difference in
current. Current in both windings prevents the relay
trom operating because of magnetic opposition. On
the other hand, current in only one winding causes the
relay to operate.

Energized Energized refers to a condition in which
current is flowing in the device; thus, it is operating.
This statement may not always hold true because some
descriptions specify energized as the condition in
which the devite has preoperational current: then an
additional surge o_ f current follows which operates the
device.

Preparing a circuit. You will often find this
expression used when the circuit activities_ of
communications equipment are being described. It
id ratifies an action _within a circuit which has several
opennracts_where one part of the circuit has just
been closed. However, the operating circuit is not
complete until all remaining operi_contacts are closed;

Resistance battery. Resistance battery is an
expression for a circuit arrangement where a resistor
or resistance device is connected between the relay and
the power unit's terminals. Consequently, during the
relay's- operation, the current will be less than would
be available without the series resistor. Likewise;
having a voltage drop across the series resistor results
in a smaller voltage reading atthe(operated relay:

Ringing: Signaling is accomplished by using
alternating current. But it is the usual practice -also to
connect the ringing lead to a battety source; because
this connection permits an associated relay to operate
to cut off@ ringing. A polarized relay or a slow-to-
operate-relay may do this: In addition; making the AC
circuit a low - value current ciruit while the DC circuit
is developed to have- a greater current flow would
allow this cutoff operation: You will often see this
connecting procedure referred to as superimposed
ringing.

N
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Exercises (053):
Match the terms and symbols listed on the left with the
prOper name or explanation listed on the right.

Decibel..
Ringing:
Preparing a diiEu- it.
Resistance battery.
Energized.
Differential.

a. A' circuit arrangement
where a resistor or resin

ITACC device_ is connected'
biijiVisi the 'relay-, and the
power unit's terminall

b. Identifies an action within.
a -circuit which has sellersl
open codiacts, where one
part of the circuit has just
been tit:UT:Ct.

c. Refers to a condition in
which current is flowing in
the device: thus. it is operat-

d. inSigfig:aling accomplished by
using alternating current.

e. Alinit for expressing power
ratios in electrical circuits.

f. Current in both windings
prevents the relay_ from
operating because of mag-
netic opposition. On. the
other hand, current in only
one winding causes the relay
to operate.

6=Z Electrical Diagrams and Symbols
You know that there are mTy diagrams that can be

PROM
ASSOCIATED
L IN EF IN 0 ER

CIRCUIT

tiV

PART OF
SH EL F
PLUG'

used, ta'sirripli -circuit analysis. They help you u)
understand the theory and principles of a telephone
circuit and in trciiibleShbOting, Word descriptions are
also used with the circuit diagrams to increase your
understanding. Diagrams that we will describe are: -

'schematic, wiring, block, line and contact, and ball
and chain. -

654. Given BM 6-f components a'
wiring schematic; identify the -schematic ir'Tobills
which represent the listed components.

Electrical Symbols; Symbols that represent the
various electronic devices on electrical equipment .
schematic diagrams often, differ. Figure 6-1 shows
some symbpls with which you should be familiar.
Thinking of each symbol as *part of the circuit and
understanding its function makes the circuit analysis
easier: As a result, yOu can determine; locate, -and
repair trouble more rapidly. NOTE-A capaCitor for a
circuit could be shown with or Without a curved line:
Similarly; AC generators can be 'represented in three
ways.

Figure 6-2 shows the relationship of some devices
in a circuit for one telephohe lystem. On this figure
yiou can see that the negative of the battery_(short line
olf the battery symbol) is connected to the D terminal
for relays CB, RD, and RT. In addition, contacts 1,

PART OF p,p, nc
CiRcbir
PLATE SWITCH
PLUG _JACK

R LEASE
PRINGS

T OFF NORMAL
SPRINGS

PROM
DIAL TONE

TRANSFORMER

gait 6-2. Simplified operating circuit for relays CB, RD. and RT.
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3, 4,.5. and 6 of relay AB appear ditectlVibetween
relay CB and the circuit plate jack. This appearance is

;not a true representation of the position because relay
AB and its contacts are positi-oged on the frame at the-
Side Ofrelay CB which is farthest from the circuit plate

,Iti bt40. =relay AB could be more
accurately illustrated in the position of relay RD. It is
not a good practice to memorize schematic diagrams
for circuits because this type Of illustration can be
misleading.. Other symbols for figure 6-1 are
comparable to the symbols of the circuit:in figure 6 -2:-
For example: straight- lines for conductors, large dots
that represent wire connections and conductors. that
cross without a connection.

Schematic Diagram; This diagram (tee fig. 6=2) is'
used most often: to. explain the circuit relationships
because it makes the :circuits easy to trace. The:
schematic allows emphasis of the important features of
the circuit. Conventional symlols are used, bat their
position or placement does not necessarily correspond
to the location of the actual part within the -el:WO-ent.
Since a schematic_is not a true picture of an equipment
circuit,. learn the principles of operation of the devices
of the circuit. Frequently; certain small groups of parts
form relatively simpler units within the complex
circuit.- For ;example, a diagrani -of,:.a ricpitte
telephone system can be broken dOW into
transmitter circuit; a receiver, circuit; a ring' g circuit;
telay_citciiiti, and several Other sinaller rcuits. You
should learn to recognize these units a relate -them
to the others. You shduld think of each u it in terms of
its function in the circuit. Also, try to Visualize the
actual unit position in relation to its position in the
schematic.

Exercises 1054):

Using figure 6-2, circle and label one of each of the
following components:

I. Rtlay contacts.
-2: Relay coil. 1

"3. Battery.
4. Ground.
5. Wires; connected.

6 3. DC Circuits
In order for current to flow, two things- are

essential: there must be a source of electrical pressure
(voltage), and there must be a complete circuit. The
source of voltage may be a battery, a generator, or
some other device. The complete circuit requirement
means that there must be a complete path from the
negative terminal through the load and back to the
positive terminal of the source. The complete path
should allow the electrons to flow freely to the
do their work in the load; and then move freely bac-k to
the source without sstraying off into other loads or
doing any unnecessary work. However desirable this
condition is; it cannot_ be completely achieved because
no conductor (Wire) alloWS the electrons to move with

complete freedom. There is alWays some resistance to
the etfctron flow. All conductors have some
resistance; just how much they have depends on the
size and length of the conductors, as well as on the,
materials of .which they are made. The Source, of
voltage is any device that hisiiti excess of electrons.in,
one place over the number of electrons in another
place. Connecting the -two, places by means of an-
electrical circuit, incltiding resistance, permits the two
places to try to_,,,ize the, number of electroni.

055. State Ohm's law algebraically for voltage,
current; and resistance.

Ohm's LAW and Direct-curi:ent Circuits. Ohm's
, .

law is concerned ,with three separate ,,,frOperties:
.voltage; curreni, and resistance: The relationship
1-5etween"-these three properties in an electrical circuit .

can be stated as: ,!
* Current in -eapplied

voltage. '
electrical circuit is directly.

proportional to
Current in oily electrical circuit is inversely

proportional to the resistance.

Mathematically, it is expressed as I this
-R

formula, I stands for the current in amperes,g_for the
voltage in _volts; and R for the resistance in ohms; Rif:
example, figure 6-3 shows that the source of potential
is a 6-volt battery and the electrical device is abulh

having 3 ohms of resistance. The current will be 6
,

2
3
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amperes. The formula for Ohm's law can be converted
mathematically to read as follows: E = I X R. By use.
of this formula, you can determine the voltage across a
component of a circuit if you know the unit's
resistance and the current flow through it. For
example, if you know that the current through a WIT
is 2 amperes and the. resistance of the lamp is 3 ohms,-
then the voltage across it must be 3 x 2, or 6 volts,

To determine the resistance of a circuit component,

Figur c b:;. Basic circuit



,

the formula for Ohm's 'law can -be converted (2) The total current fl-i:).
...,-E -- '- '- , ;--- (3) The resistance of eachmathematically to read R,--. Suppose yol,klutow that- -, .

.-----:-. 1- , . resistance (RI; R.,., R3; and RT).
the Voltage acs a lamp is' 6 volts and the current
through .it is 2 amperes. You can find the lamp's

6
resistance, by;the -use of, thF formula: R =-

E (or)-i = 3
otuns Using theSe three.forniiilas enables yoii to'fiSd
any 'one 'of _three_ qyantities---voltage, current, -or

7. relSigtatiCe-When the other -two .of, the factors- are
known; regardless of whether the 'circuit i,S _A .series;
parallel, or series- parallel circuit. ..--

-

-Exercises (055):,
1. State OtiM'silaW algebiaically for voltage, ktrreiir,

and resistance.

unit
,

and the total

Solution..
(1) Using the formula ET E2 E3

= 8,1+ 4 =24 iOiLS
-

(2) Using she formula I

2 am

4

Since the .c4rent is the same throughout a series
circuit; IR2 and IR3 are alSo 2.arntieres:

.1.

(3) Using the formula RT =
IT

056- Given seheinatic diagrams of D( SerieS
irarallA circtlits and sufficient" ,values, solve for
unknown Values of voltage; current; and/ur.
resistance.

'Series Circuil&,.A series cirduitiis one in 'Which'
there is only ottie.path through which 'the current can t4)` Now; using
flow. In figure6-4, three resistances and a battery are, etc we find that
connected to form a series circuit Since 'there is but -

= + 61'1%-4- 2(1 =one path for the current, all 'of the current :passes'
through each resistance and the current is the same
throughout the entire circuit. The total vOltage drop in'
the series circuit is equal to the sum of the voltages
(voltage drops) across the individual resistors, or
ET =EI -i-E2+E3, etc. The total resistance of the
circuit is equal to the _sum of the resistances of the
ldidual units: RT =RI 'etc. If one of the
devices in a series-circuit burns out there is na longer
a complete path for the current; therefore, the other
devices in the circuit will not operate.

Problem:-.. In figure 6 -4; three resistances are
connected in series across a 24-vottpower source. The -
voltages -and currents were Measured and found to be
ai'indicated in the illustration. Find:

I ) The total voltage drop (ET).

Figure 6-4. Series circuit

76,

4'ohms

12v = 6 ohms
2a.

42.:= 2 ohms
2a

_
the forinula RT=a-,

12 ohms (or) RI-

24v = 12 ohms
2a

Parallel Circuit& In a parallel circuit, two or More
electrical devices provide independent paths through
which the current may flow. The voltage across each
device so connected in parallel is the same (fig. 6-5),

-

Figure 6-5 Parallel circAti
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Figure 6-6. Solving parallel circuit.i
or E-t=Ei 4-E2-J-E, etc. The total current in a
parallel circuit is equil to the sum of individual
currents flowing through the parallel-connected
devices: In figure 6-5; II is summed with 12, or IT = I

12, etc. The greater the numbeof electrical devices
or resistors connected in parallel in a given circuit; die
greater will be the total current and the .0tialter will he
the total resistance of the circuit. Electrical devices are
connected in parallel in any installation in order to
allow the units to operate independently of each Other.

There are SeVeral ways to calculate the total
resistance of a parallel' circuit. We shall show the .

simpler way first, and then give you the general rule.
To caltulate the total resistance of a parallel circuit,

use the following formula and solve for the equivalent
resistance of only tw% paths at a time.

RT R1 X R2
R1 + R2

Problem. In figure 6=6, three load units are
connected in parallel. Using the resistance values
indicated; find the total resistance.

Solution.
(1) Using the formula for the first two paths

= 12 4 -ohms- - 48-ohms- 3 ohms
Rt I and 2) 12 + 4 ohms 16 ohms

(2) Since 3 ohms is the equivalent resistance of the
first two paths_,_ you may substitute a 3-ohm resistor for
them and, adding the 6-ohth resistor of the third path,
redraw the circuit as shown at the right in the
illustration (fig. 6-6).

(3) Then, combining R(1 and 2) with R3, you have

ind 1,1 x R3 3X 6 ohms
Rai and 21 + R3 3 + 6 ohms

= 118- *ms = 2 ohms
9 ohms

Notice that the equivalent, resistance of parallel
branches is always less than the smallest branch
resistance.

The general formula for finding the total resistance
in a parallel circuit is

i=ii
111

24V DEC.
BATTERY
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RT = 6°°-r.
3

RT = 2004N

R3=

600=rs=

EC -033

Figure 6-7. Identical parallel resistances.
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Now, using the following formula, the total
resistance can be computed as

RI =,
1 1 1

12 4 6 12

I X 12

I 6 6
= 12 2 ohms

4' When the load units that are connected in parallel
all have the same resistance value (fig. 6-7), the
previous equation may be simplified to read

or

RT = resistance of one unit

number of like units.

Fl_
N

Series-Parallel Circuits. As shown in figure 6-8; in
a series-parallel circuit, some of the units are
connected in series with each other, while other units
are Connected in parallel. To solve a series-parallel
problem, first convert it to a series circuit by

'substituting an equivalent resistance for the parallel
resistances; then solve the series .circuit problem as
explained previously.

Problem; in the illustration of the series-parallel
circuit (fig. 6=8), a resistor is connected in series with
four lamps which are connected in parallel with each
other. The voltages and resistances were measured and

R = 5 OHMS

IR= ?

24 V D.C.

found to be as indicated: Find the current through the
various parts of the circuit.

Solution.
(1) Since the resistance of each lap is 4 ohm's,

using the formula, RT = ; the equivalent resistance

of the four lamps in parallel is computed as

= 4ohms = 1 otirri
4

(2) Substituting a I -ohm resistor for the four lamps
and using the formula RT 7-z-- ± R2, you will find
the total resistance Of the circuit is

RT = 5 + I = 6 ohms

(3) Now, using the formula I = E , you can

compute the total current in the circuit
R

= 24 volts
6 ohms

amperes

___(4) Since the total current must flOw through the
series resistor; the current flow through it must be 4
amperes.

(5) Since the total of the currents flowing through
the four lamps is 4 amperes and since they all have the
same value of resistance, the current must divide
evenly among the lamps and is therefore, found to be 1
ampere through each limp circuit.

gp

12 13 la

Li L2 1.3

R = 4 OHMS Rtqc. 4 OHMS R = 4 OHMS

Figure 6-8. Series-parallel circuit.
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Eaereises (056):
Using the schematic drawings and values given, solve
for unknown valuei of voltage, current, and resistance.

1. Figure 6=3; I = 4 amps, R 20 ohms, E

2. Figure 6-5; ET = 24 volts, IT = 6 amps, RT =
1 = 4 amps, I2= R2
tamp + R3 =

3. Figure 6-8; ET =_ 100 volts, IT =- =
.30 'ohms, = 2.5 amps, L2 = 12 = 1.5
amps, L3 = 100 ohms, 13 = =
14 = .25 amps, RT

4. Figure 6-4; ET =
ohms, IT = .5 amp.
RI
E2
R3
E3

24v, EI = 2 volts, R2 = 6

5. Fire 6-6; ET = 30v, It
ohms, IT = sumps
RI
12
R3
13

RT

= 1.5 amps,

6-4; Principles of AC
The main source of electrical power used

throughout the world, is the alternating-current
generator; The principle reason for this is that less
power is lost in transmitting alternating current at high
volta,ge and low current than in transmitting direct
current of comparable power. Alternating voltage can
be stepped down to a suitable value at the user's end of
the line.

Remember that in a DC circuit, current moves in
one direction: from the negative terminal of the source
through the circuit to the positive terminal. In AC
circuits, the current moves first in one direction and
then in the opposite direction; this is where we get the
term "alternating." For our first discussion, let's get an
understanding of how AC is generated.

037. Given either the frequency, period, or
wavelength of a sine wave, compute the other values.

Generation of AC. You should remember from
your 3-level resident course that there are three factors
necessary to generate a voltage: a magnetic field,
conductors, and relative motion between the field and
the conductors. All mechanical generators are
applications of this principle. Oh the DC generator the
output is taken off through an arrangement of brushes
on ca commutator. This arrangement provides for
current always leaving the generator through the same
brushes. If the output of a DC generator were viewed
on an oscilloscope, it would appear as an almost
straight line.

An AC generator operates basically the same way as
does a DC generator, The exception is that instead of a
commutator, the AC generator (alternator) has
sliprings on which the brushes ride and connect to an
external _ circuit. With a slipring arrangement, the
current from the rotor will so out one set of brushes
for a period of time and then out the opposite set of
brushes for an equal period of time. If the output of_a

simple alternator were viewed on an oscilloscope; the
output would appear as shown in figure 6-9.

Cycle. The. ouput from zero to maximum and back
to zero in one direction is termed an alternation. Two
alternations, one in each direction, are referred to as
one cycle. The number of cycles per second (cps) is
referred to as the frequency. You should remember
also that cycles per second are referred to as Hertz
(Hz).

Amplitude. This term expresses the maximum
amount an AC voltage varies above or below a
reference value: (See fig. 6-9.)

Period. The time required to complete 1 cycle of
voltage or current variation is the period. If it takes 1
second, as is indicated in figure 6-9, to generate

AMPLITUDE = 10 VOLTS

so°

I/2
SEC. SEC.

-NI ALTERNATION-14

PERIOD

CYCLE

3-60°

1 SEC.

ONE SECOND
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Figure 6-9. Alternator output waveshape.
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cycle of the sine wave voltage; the period is I second.
The common symbol used to represent the period is T.

Frequency. The number of cycles occurring in 1

second _ of time is called the frequency, and it is
denoted by the symbol f. The relationship between the
period (T)and the frequency (f), from the definitions,
can be stated as:

or

f
T

T =

If the period of I cycle is 0.1 second, the frequency is
10 cps or 10 Hz. Likewise, if a million Hz voltage is
applied to a circuit, the cycle is completed in one-
millionth of a second:

T = 0.000001 or I X 10 4

,-)

Wavelength. In electronics, the term "wavelength" is
defined as the number of meters an- electromagnetic
wave travels in the time of one cycle. One meter equals
3937 inches. , -

There is a definite relationship between wavelength.
frequency, and time period- of cycle. You can find
the time periodJf you, know r the wavelength or
the frequency. Figure 6-10 s ws the relationship of
the three units of measure.

As you can see; figure 6 -10 shows sine waves of AC
with a frequency of five cycles in one second._ The
period of one cycle is one-fifth of a second. Notice
that the relationship of the wavelength to the distance
traveled in one second is the same as the relationship
of the period to one second.

The important thing to remember is that if either
the wavelength, frequency, or period of an' AC is
known; you can find the other two. If either the

1 SECOND

s CYCLES

1is SEC PERIOD

000
METERS WAVELENGTH

300.000.000 METERS

Figure 6-10. Relation of wavelength; frequency, and period.
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wavelength or period is known, you can find the
frequency by dividing the wavelength ' into three
hundred million or the period into one second. If the
frequency is known, you can find the wavelength by
dividing three hundred million by the frequency,

wavelength = 304000.000

or you can find the period by dividing one second (or .
1,000;000 microseconds) by the frequency. If you
know the wavelength, you can find the period by
dividing the wavelength by three hundred million.

Exercises (057):.

Using the formulas in this segment, compute the
unknown Values.

I. f = 50 hertz; T = 20 milliseconds, wavelength

2. f = T = 250 iicroseconds,
wavelength

3. f = T= wavelength
60 meters.

4. f = 50 kHz; T = wavelength =

5. f = T = , wavelength 750
meters.

6. f = T = 4 milliseconds, wavelength =

6-5; Operatiou'of Reactive Circuits
Many of the circuits in our switching equipment

contain reactive components, -such as capacitors and
inductors (relay coils and transformers); The cable
pairs connected to our distributing frathe have a
.certain amount of capacitance and inductance.

These reactive components and properties affect
our circuits in one way or another. Let's briefly discuss
reactive components and how they affect a circuit.

r?r, $0



058. State the efff of each variable on the amount
and angle of current in a series RL circuit with an
AC voltage applied.

inductance. In the analysis of resistive circuits, any
opposition to electrical current is termed resistance.
The current in a coil may be compared to an object in
motion, such as an atnoMobile, whith is retarded by
wind resistance and by friction between the tires and
the surface of the road: With a constant voltage
applied, current throtigh a coil is limited only_by the
resistance of the coil wire: If, however, the current
through_ a coil is interrupted suddenly by Opening a
switch, for instance, a considerable spark will jump the
contacts of the switch as it opens. This spark occurs
because of the fact that when DC was applied to the
coil a magnetic field was developed. When the field is
building the lines of magnetic force; cutting the
conductors of the coil gentratet a counter
electromotive force in the coil in opposition to the
applied voltage. When the circuit is opened, the
magnetic field collapses across the coil and generates a
surge of voltage with a polarity that aids the applied
voltage.

When an alteriating current flows through a_coil of
wire, it sets up an expanding and collapsing magnetic
field about the coil. The expanding and collapsing
magnetic field induces a voltage within the conductor
proper: This results in the self-induced voltage tend1ng
to keep_ a current moving when the applied voltage is
decreasing and to oppose a current when the applied
voltage is increasing: This property of a coil whiCh
opposes any change in the current flowing through it is
termed inductance,

From the fact that a coil in a circuit opposes any
change in current, you can reason that maximum
current through the coil will occur sometime after the
applied AC reaches maximum potential. AS the
applied voltage is increasing, the coil's inducevoltage
is opposing the applied Voltage: As the applicd voltage
alternation is decreasing, the coil's induced Voltage,iS
such that it is aiding the applied voltage. This reaction ,
by the coil causes the current in an inductive circuit to
lag the voltage.,

The inductance of a coil is measured in henrys, and
the symbol for inductance is L. In any coil, the
inductance depends on several factors: the number of
turns of wire in the coil, the cross-sectional area of the
coil; and the material in the center of the coil or the
core. A core of magnetic material greatly increases the
inductance of the coil. Fternember; however; that even
a straight wire has inductance, small though it may be
when compared to that of a coil. All AC motors,
relays, transformers; and the like contribute
inductance to a circuit.

To calculate the total inductance of coils connected
in series you use the formula:

1, = Li + L2 + L3. MC.
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er z5
To calculate the total inductance of coils connected

ini parallel you use the formula:

L, = 1-
I I- -I-

+

E; 172 T-3

Inductive Reactance. The opposition to current
which inductance, causes in an AC circuit is called
inductive reactance. Inductive reactance is measured
in ohms and iS repterented_by the symbol' XL. In any
circuit in which there is resistance only, Ohm's law
expresses the relationship betWeen voltage and
current. Siniilaity, when there is inductance only in an
AC circuit, the relationship between voltage and
current can be expressed by a .modification of the
equation as

voltage
Current = or

inductive reactance

E
=

XL

The greater the inductance of a coiL the greatet will be
the opposition to change of current. Also, the higher
the frecfuency, the greater the reactance: since the
greater the rate of current change ,_the more opposition
the coil offers to the change. Therefore, inductive
reactance is proportional to Milo inductance and
frequency, or

xf XL

In this equation, f is the frequency in hertz; L is the
inductance in henrys, an427 is a constant_ equal to
6.28 which remains the same regardless of changes in
the other factors involved: In a circuit containing both
resistance and inductive reactance, you do not
determine total opposition to current by merely
adding XL to R arithmetically. This must be done
vectorially because the phase angle between the
current and voltage is different in each type of
component in an AC, circuit. The vectorial addition
can be done graphically, by the use of Pythagorean
theorem, or trigonometrically. The resultant value is a
combination of two different types of opposition and
cannot truly be called resistance or reactanct. The
combined_ opposition to current in an AC circuit is
termed impedance and is represented in electriCal
formulas by the letter Z. If the total current.in an AC
circuit is known. you may find the total opposition by

using the formula Z =T .

Exercisel (058):
1. Name the two factors that affect the value of XL.



2i
2. w 1St happens to the value of XL, if the frequency

of applied AC is increased?

3. What happens to AC current through a coil, if the
frequency of the applied voltage is lowered?

. 4. happens to AC current through a coil, if a
Ssec1115d coil is added in series with it?

N

. 5. What happens tó
coil

current in an inductive
circuit, if another coil is added in paral?

6. If the value of R in a seriesRL ei-cuit is increased,
what happens to the angle between total current
and applied voltage?

7: What happens to the amount of current in a series
RLeircuit when_
a. R is increased?

b. L is increased?

c. f is increased?

.

M9. State the effect of each variable on the amount
and angle of current in a series RC circuit With an
AC voltage applied and tell bow frequency: ain be
changed fel. Catlin ifIreCtit.

Capacitance. Another important property, of AC
circuits, besides resistance; and inductance; is
capacitance. Any two conductors separated by a
nonconductor form a capacitor; In an electrical
circuit, a capacitor serves as a storage place for
electricity._ When you connect a capacitor across a
source of direiCtcurrenL such as the battery indicated
in figure 6- II, and close the witch, plate B becomes
positively_ charged and plate A becomes negatively
charged. There is current in the external circuit-during
the tirne_tlie electrons are moving from plate B_ to A;
The current in the circuit. is -maximurn at the instant
you close the switch and it continually decreases until
it reaches zero.
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Figure 6 -11. Capacitor in a DC circuit.

The current decreases to zerolvhen theidifferende
in voltage between plates A and B becbmes Die same as
the voltage of the charging source (battery). If you
open the switch; the plates will remain charged.
However, when the capacitor is short-circuited, it
quickly discharges. The amount of electricity a
capacitor can store depetils on its plate the
distance between the plates, and the mitten in the
dielectric (the insulation between the plates The
capacity is directly proportional to the di tance
between the plates.

If a source of alternating current is substituted for
the battery; the capacitor acts quite differently from
the way it acts with direct current. When an alternating
current is impressed _on the circuit, the charge on the
plates constantly chartges. This means electrons must
first flow from Y Ain the diagrarn in fig. 6 -1.2)
clockwise around to X, then from X counterciOckwitt
around to Y; then clockwise from Y around to X;.and
so on Although there is no current through_ the
insulator between the plates of the capacitor, it flows
constantly in the remainder of the circuit between X
and Y. In a circuit where there is only capacitance,
the current leads the apped voltage, as contrasted
with a circuit in which there is_onlyinductance; where
the current lags the voltage. Figure 6-13 shows the
relationship of the conditions.

Capacitande is sytnbolizeit by the letter C The unit
of measurementfor capacitance is the farad; for which
the symbol is f. The farad is too large for practical use,
and the units more generally used are the microfarad
(m f), one-millionth of a farad, and the
micromicrofarad (mmf), one=millionth part of a

AC

GENERATOR

_ I _

Figure 6-12. Capacitor in an AC circuit.
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Figure-6-13. Current and voltage p use relitioni.

thicroferad. To shorten the writing of a
micromicrofarad; most electronics personnel are
beginning to use the term "picofarad" (Pf);.:

In order to Obtain desired velum of capacitance in a
circuit; capacitors are frequently connected in parallel
and sometimes in series with each Other. Physically,
capacitors may be placed quite close together without
affecting each other to any great extent. If more
capacitance is desireil than is available in one single
capacitor, several units may be connected together in
parallel: When this is done, the total capacitance of the
combination will be the sum of the individual
capacitances. Capacitors; when connected in series,
will have a total capacitance that is less than that of the
smallest capacitor in the series cOmbination._The total
capacitance for a combination of capacitors in series
can be computed by the equation

C,C2

+ C2

Capacitive Reactance; Capacitance, like
inductance; offers opposition to AC. This opposition
is called capacitive reactance, and it is measured in
ohms. The symbol for capacitive reactance is X
Ohm's law can now be modified to read

Current
voltage

capacitive reactance

Eor I =

which is similar to the equation for current in an
inductive circuit. The value of capacitive reactance
depends on the capacitance and the frequency of the
applied voltage; it Varies inversely with both the
capacitance and the frequency. In a circuit containing
only capacitance, the greater the capacitance, the less
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the reactance (opposition); and the greater the
frequency, the less the reactance. Hence, the equation
for capacitive reactance is expressed as

1

2r X f xC

*-

to find again; as in RL circuits, total opfoSition is a
RC circuit reactance and resistance must be combined
vectorially.

Exercises (059):
1. Is current leading, lagging, or in phase with

voltage, when AC is applied to a capacitor?

2. HO*, should the frequency of applied AC be
changed to cause increased current in a purely
capacitive circuit?

3. What is the effect on total opposition to AC in a
capacitive circuit, if another capacitor is added in
parallel?

4. If tl frequency of AC applied to a series RC
circuit is increased, what happens to value of
a. R?
b. 'Cc?
c. Z?



5. What happens to the ankle between applied
voltage and total current in a series RC circuit, if
the value of R is increateci? ,

6. What happens to the amount of current in a series
RC current when
a. C is increased? r

b. f is increased?.

*

646 - Principles of Solid State Devices
The. use of semiconductor rectifiers in power

oupplieslor electronic equipment is increasing. Their
,advantages are: immediate operation without need for
warmup time; low internal voltage drop substantially
independent of load current, low operating
temperature, 4nd small physical size. Formerly,
metallic or_dryklisc rectifiers; such as copper-oxide;
copper-sulfide, and selenium rectifiers, were used
primarily in low-voltage applications and were limited
in use to the lower frequencies (25 to 800 hertz).
Additional design improvements have allowed these
rectifiers to be used with higher input voltages; and
today they are widely used as power rectifiers. The
newer silicon-type rectifier is now used in many
power- supply circuits where other types were formerly
used. The small physical size of semiconductor
rectifiers, especially the silicon types, makes it
practical to place these units, in series to handle high
input voltages.

060. Describe_ the effects of applying DC and AC
voltages to PN junctions, and name the mafority
carrier In the N and P types of semiconductor
material.

PN Junctions: In the 3-level resident course you
learned that in the manufacture of tii:t state devices
impurities were added to cause aterial -to he
either P-type or N-type; In the N-type of material; the
electrons are the majority_ carriers, and, in the P-type
of material, the holes are the majority carriers. In both
types of materials; current in the external circuit
consists of electrons moving out of the negative
terminal of the battery through the crystal-and into the
positive terminal of the battery;

A semiconductor diOde is manufactured by a
chemical process where donor impurities are added to
one region of a crystal and acceptor impurities are
added to the other section QJ the ,crystal. This gives a
single crystal with an N section and a P section. The
area where the N and P section are joined is called a
junction. The result is a PN junction or junction
diode; Metallic contacts are bonded to the two ends of
the crystal to form a circuit connection to the crystal.

The polarity of the voltage applied to a PN diode
will determine whether or not the diode will conduct:
If the negatiVg terminal of the battery is connected to

N materi01 and the positive terminal is connected
t6 the P material, the diode is considered to be
forward biased. With this condition maximum current
will flow through the di cititz If the power supply leads
to the diode are reversed; the diode is considered to be
reverse biased. With the diode reverse biased, a
negligible amount of current will flow:

Rectifiers. A chode placed in an AC circuit is
alternately forward biased and reverse biased. Since
current flows more readily in one direction than the
other, the diode acts as a rectifier.

Fklif-wave rectifiers. The single-phase, half-wave
rectifier is the simplest type of rectifier circuit: It

. consists-of a semiconductor di6de in series with the
alternating source and the load. Since the rectifier
conducts in only one direction, electrons flow through
the load and through the rectifier only once during

A
POSITIVE ALTERNATION

AC INPUT
VOLTAGE

a
NEGATIVE ALTERNATION

RECTIFIER.*
CURRENTj
DC LOAD
VOLTAGE

VEFORMS

FORWARO CURRENT

REVERSE CURRENT

F C-037

Figure 6-14: "1.1 wave rectifier circuit.
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Figure 6-15. Full-wave rectifier circuit..

each complete cycle of the imprpsed voltage. Thus,
the electron flow through the load rs in pulses;
one pulse for every other half cycle he impressed
voltage.'

The operation of the half-wave rectifier circuit cap
be understood from the simplified circuits shown in
parts A and B of figure 6-14 and the waveforms shown
in part C of the figure. Assume that the AC voltage
applied to the input terminals during the initial half
cycle has the polarity indicated in A. Electrons flow in
the slireCtisin indicated by the small arrows; their path
is from the negative terminal, through the load,
through rectifier CR, and to the positive _terminal:
Thus, during the initial half cycle, diOde CR passes
maximum current in the forward direction, and
develops a corresponding output-voltage Oulse, as
shown in part C of the figure.

Purint the next half cycle, the polarity of the
applied AC is shown in part B of the figure. Except for
possibly a very small value of reverse current, the
diode does not conduct because it is reverse biaktl.
The small current that flows can be ignored because
the reverse resistance of the diode is ;extremely high
when compared -with the load resistance. Thus, during

nd hal le; very little voltage is developed
mparatively low load resistance. The

waveforms shown in _part C indicate that, on positive
half cycles of the applied voltage; current passes
through the dio-de and the load resistance, prb-ducing
an output voltage across the load resistance: The
output voltage has a pulsating waveform or ripple; the
frequency of the ripple voltage is the same as the
frequency of the AC source. Since the output voltage
and current, are not continuous, the half-wave rectifier
circuit requires considerable filtering to smooth' out
the tipple:

-I

Full-wa0e rectifiers. The single-phase;_ full-wave
rectifier is one of the most common rectifier circuits
used in electronic equipment. It is- used ar a low-
voltage DC supply for the operation of relays; motors,
telephone .arid teletype circuits, and semiconductor
circuits. A full -wave rectifier circuit is shown in figure
6-15. It consists of a transformer with a center-tapped
secondary winding. A semiconductor diode is
connected to each end of the transformer secondary.
The load (represented by a resistor on fig. 6-15) is
connected between the center tap of the secondary
winding and the common junction of the two
semiconductor diodes. As a result, electrons flow
through one half of the secondary winding, the load
and a diode on each half cycle of the applied voltage.
with first one diode conducting and then the other.
Thus, the electrons flow through the load in the sames direction for each half cycle of the input yoltage.

Each half of the secondarrwinding is electrically
equal to the other; the current passes first in one
direction through one halt of the secondary winding
and then in the other directionJhrough the other half
of the dary winding. The full-wave rectifier
circuit r:Tore efficient, has less output ripple
amplitude, and twice the ripple frequency of the half-
wave rectifier circuit.

The output of the full-wave rectifier circuit is
normally connected to a suitable filter circuit to
smooth the pulsating direct current for use in the load
circuit.

,Exermses (060):
1. Name the majority carrier in

a. N-type of semiconductor material.
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30 b: P-type of semiconductbr material.
,

2. What is the result of applying forward bias to a PN
junction?

3. What_potarity of voltage is needed at each contact
of a PN junction to cause forward bias?

4: Describe the output voltage waveform of a half-
wave rectifier circuit. -

5. Compare the ripple frequency of the output of a
half-wave rectifier with the frequency of the
aeplied voltage.

6. When one diode in a full-wave rectifier is
conducting, what is the bias Ail the other diode?

7. Compare the waveform of the output voltage of a
full -wave rectifier circuit with that of a half-way
rectifier circuit.

6.7. 'Operating Principles of Transistor Amplifiers
Because the transistor is rapidly replacing 'the

vacuum tube; it is playing a big part in the design of all
types of electronic equipment: The transistor is a
device that is capable of controlling the flow of
electron& Transistors are made from materials that are
classified as semiconductors. In general, all materials
can be placed in one of cattioriesconductors,
semiconductors; and insulators. The following
discussions will be concerned only with
semiconductors (transistors).

061. Identify construction features and biasing ,.
arrangements of transistor&

Thog Of TratisiMors. We have
discussed two element semiconductor diodes that
permit more current to flow in one direction_than the
other; they have the ability to rectify. The next
semiconductor that we will consider has three

ements, and it can- amplify.
Semiconductors that have three or more electrodet

1
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are called transistors. The three elements of the two-
junction transistor are: (I) the EMITTER; which gives
off or "emits" current carriers (electrons or holes): (2)
the BASE; which controls the flow of the current
carriers; and (3) the COLLECTOR, which collects the
Current carriers.

Transistors are classed as PNP or NPN according
to the arrangement_ of the N and P materials:
Transistors have two PN junctions. One is between the
emitter and the base; the other is between the collector
and the base.

PNP Transistor. It takes three sections of
germanium to form two PN_ junctions: The
combination two sections of P-type germanium
with a thin layer of N-type germanium is referred to as
a PNP transistor. Two depletion regions (barriers)
occur at the junctions when three sections of
germanium are combined even thdugh no external
voltage has been applied. This phenomenon is the
same as that which occurs when two sections of
germanium are combined in a PN junction;

In a junction transistor; the main current is from the
emitter to the collector through the base. The input
slept` is applied to the base of a transistor.

In using a transistor, we apply forward bias to one
junction and reverse bias to the other. The emitter-
base junction is normally biased in the forward (low-
resistance) direction; -the base-collector junction is
normally bias in the 'reverse (high-resistance)
direction.

Figtire 6-16, A, shows the biasing of the first
junction (emitter -base) in the forward direction, and
figure 6,16; B, shows the second junction (base-
collector) biased in the reverse direction. Except for a
lew minority carriers, there will be no current across
the junction that is biased in the reverse direction. In
figure 6-17 with both junctions biased,-many of the
holes from the emitter that enter the base do not
combine with the electronsthat enter the base from the
emitter -base battery. Instead, they pass througjii-the
base and enter the base-Collector depletion region:
When these holes enter the collector, they combine
With electrons entering the collector from the base-
collector battery.

In the actual operation of transistors,
approximately 95 percent of the current from the
emitter reaches the collector;

NPN Transistor. An;"NPN transistor Consists of
two sections of N-type "material separated by a -thin
section of P-type material. Figure 6 -18 illustrates the
typical NPN transistor and shows the bias
connections; The theory. of operation of the NPN
transistor is similar to, that or the PNP except7that the
emitter of the NPN furnishes electron charges rather
than hole charges._ Figure 649 shows the.ehematic
symbols used for PNP and NPN transistors. Note that
the emitter is always identified with an arrow. The
arrow always points which way the positive hole
charges .will move. In the PNP transistor, the emitter
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Figure 6-18. Biasing NPN Transistor.

supplies hole charges to its junction; therefore,. the
arrow points toward the base.

In the NPN transistor, the emitter supplies electron
charges to its junction; therefore; the arrow points
away from the base.

When in doubt as to what kind of transistor is
shOwn, remember that the arrow always points toward
the N-type material.

Exercises (061):

I . List the electrodes of a two-junction transistor and
give the purpose of each element:

2. In a two-junction_ transistor, which junction
normally forward biased? .

EMITTER

PNP TRANSISTOR

EMITTER

NPN TRANSISTOR
FE-025

Figure 6-19. Transistor symbols.

88
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3. Tn a transistor schematic, how is the emitter
identified?

.. 4. In any transistor amplifier, which element is
always associated with the input signal?

5. In a. _junction transistor- Where doet the main
current occur?

062 Given sc diagrams of basic transistor.
amplifiers, dentify circuit components and
configurations.

Traspistor Circuit Arrangements. There are
several amplifier circuit arrangements possible for the
transistor; Figure 6-20; A; shows an amplifier where

basevm,t6the signal is introduced into the r-base circuit
and taken from the collector- circuit. Since the fA
base element of the PNP transistor is common to both
the input circuit and the output circuit, this *-
arrangement is referred to as a common-bate -(CB)
amplifier. The common-base circuit may also be
referred to as the grounded-base amplifier.

In the amplifier of "figure 6-20, B, the signal is
introduced into the base-emitter circuit and taken
from the collector-emitter circuit. Here the emitter



element of the PNP transistor is common to both the
input circuit and the output circuit, giving rise to the
name common -emitter (CE) or grounded-emitter
amplifier. A common-emitter amplifier using an NPN
transistor is similar to the circuit of figure 6-20, B, but
the polarities of the biasing batteries are reversed in
order to maintain forward bias in the base-emitter
circuit and reverse bias in the collector-b-ase circuit.

Figure 6-20, C, shows the third possible basic
circuit. Because the collector element of the transistor
is common to the input and output circuits, the circuit
At Called a Common-collector (CC) amplifier or
grounded-collector amplifier. The signal is fed into
the base-collector circuit and removed from the
emitter-collector Circuit.

RegaMless of the type of circuit, the proper bias for
the Claii A transistor amplifier consists Of forward
bias on the emitter-base circuit and reverse_bias on the
collector-baie_circuit. You have seen in figure 6-20
one methdd of biasing each circuit configuration, but
other biasing methods can be used.

Common -base arnpikfier.: In order to operate the
commork:base amplifier with a single battery (see fig'.
6-21), a _voltage-divider network is required. The
collector-base bias isachieved directly by the battery

INPUT OUTPUT

INPUT OUTPUT

F A -01 8

Figure 6-2i . CB amplifier with one bias battery.

,
in the collector -base circuit: Since the transistor Shown
is aPNP transistor, reverse bias is achieved by making
the collector negative with respect to the base, as
shown. Forward bias in the emitter-base circuit (PNP
transistor) requires that the emitter be positive with .

respect to the bate. This condition is achieved by the
voltage divider network; consisting of resistors R3 and
R4. The current (I) from the battery causes a voltage
drop across resistor R3- with polarity as indicated. This
voltage drop places the emitter at a positive potential
with respect ,to the base. If an NPN transistor were
used only the battery would have to be reversa-t- '

Cciiimon-emitter amplifier There are two methods
of intioducing bias,-,voltage from separate batteries into
the tdinitibh=ttilittet amplifier:The first method (C,
figure 6-20) is used, the emitter should be placed at
AC and DC ground tential in a piece of equipment.
The second method (A, fig. 6-22) is used if it is desired
to have the base-enTitter batterybias batte series aid the
collector-emitter, If an NPN transistor were used,
both battery connections would have to be reversed.

The col/triton-emitter amplifier may also be biased
with a single battery (B, fig. 6-22). The single battery
directly produces the requird reverse bias voltage in
the collectcir-hase circuit. To understand the method
by which forward bias 'between the emitter and the

Figure 6-20.. Basic amplifier configurations.

A

Figure 6-22. Bias methods for CE amplifier.
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Fitpirt 6-23. Sias methods for CL amplifier.
I'

base is produced by a single battery, you need a
knowledge_ of the internal structure of the transistor.
We said before that forward bias for the PNP
transistor requires the base to be negative with respect
to the _erflitter. Ina PNP transistor; the collector is at
the highest negative potential; the emitter is at the
highest positive potential. Structurally, the &We is
between the two; therefore; we must assume a voltage
between the two Thus, the bitie must be less positive
than the emitter or, in other words,- negative with
respect to the emitter. =This condition produces a
forward bias. The magnitude of the voltage between
the and the base must be very small compared
to that between the collector and the base. Internally;,
the two PN _junctions act as a voltage divider. The PI'
junction between the collector and the base represents
a high resistance a7id develops the larger voltage drop:

The Ply junction betWito emitter and base represents a
low resistance and develops a low voltage.

Common-collector amplifier. There are three
methods of introducing bias voltages from separate
batteries into the common-collector amplifier. One
method is shown in C, figure 6-20; the second and
third methods are shown in A and B, figure 6 -23. In
each case, the batteries establish the proper forward
bias (base-emitter) and tile reverse bias (base-
collector). If_ an NPN transistor were substituted, the
polaimes of both batteries in each circuit would have
to be reversed. The common-collector amplifier can
also be biased with a single battery (C; fig: 6-23): The
reverse bias (1*Se:collector) is established directly by'
the lathery. The forward bias (base - emitter) depends
on the internal structure of the transistor: The internal
mechanism for establishing the forward bias is _the
same as that covered in the common=einitter amplifie

Exercises (062h
I.-Identify the configuration of each transistor

amplifier shown in figure 6-20.

2. In figure 6-21, emitter-base bias is produced by
current through what component?

tls

3. In figure 6-22, emitter-base bias is produced by
current through what component?

063. Match operational characteristic". with three-,,
types trilaittnr;atiaplifieir circuits.

Coisrson-Base Amplifier. _Electron current
through an NPN CB amplifier_ it indicated by. ttie
direction of the arrows in figure 6-24. To simplify the
circuit explanation, the flow of the minority carriers
across the reverse=biated base;Collector junction has
been ignored: Earlier; you learned that most of the

Figtire 6-24. Operation of CB amplifier.
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Figure 6-25. operation of CE amplifier:

current from the emitter flows toward the collector. In
figure 6-2_4;_the total emitter current is represented bY..-
the letter 1. For discussion purposes, it is assumed that
95 percent (or :951) of the current reaches the
collector; 5 percent (or .051) flows to the base.

The waveforms, on figure 6.24 represent voltage
waveforms: The input signal produced by the signal
generator is on the left and the putput signal developed
across resistor_ R1 is on the right. Consider an instant
of time when the voltage AB from -the signal generator
opposes the forward bias produced by the base-emitter
battery. The resultant forward bias at this instant has
been reduced, thereby reducing the total current (I)
through the emitter: By corresponding amounts, .the
collector and the base currents have been reduced The
reduced current through resistor Ri causes the top
point of the _resistor to become less negative (orshore
positive) with respect to the lower point. This effect is
shown by A' B' on the output waveform: For the entire
halEcycle that the input signal is positive, it opposes
the forward bias, and the output signal goes positive.

Consider a second instant of time when the voltage
CD from the input signal aids the fonvard bias
preidticed by the baSeeminer battery. The resultant
forward bias at this instant has been increased; thereby
in the total current (1) through the emitter. By

din_g amounts, the collector and the base
currents have been increased. The increased current
through resistor R1causes the topepoint of the resistor
to become More negative (less positive) with respect to
the lower point This effect is shown_ by CD' on the
output waVeform. For the entire half cycle that the
input signal goes negative and aids the forward bias,
the output signal goes negative: From the above
discussion, it can be concluded that there is no voltage
phase reversal between the input and the output signal
of a CB amplifier: Common-base amplifier circuits are
usually designed for large voltage gain. The input
resistance is low and the output resistance is high.

Cosiunon-Emitter Amplifier; The current through
an NPN CE amplifier is indicated .by the direction of
the arrows in figure 6-25. To simplify the circuit
explanation, the flow of the minority carriers across
the reverse-biased base-collector junction has been
ignored. The portions of emitter current through the
collector and the base were discussed in the section

9

covering the current and voltage phase relations:of a
CB amplifier. If a PNP transistor were used, the
polarities of the batteries would have to be reversed,
butliie phase relationship would be the same:

Consider an instant of time when the input voltage
AB from. the signal generator aids thWorward bias

1produced by the base-emitter battery. The resultant
forWard voltage at this instant is increased, thereby
increasing the total current (I) through the emitter. By
corresponding amounts,_ the collector and the base
currents are increased. The increased current through
load resistor R, causes the top part of the resistor to
become more negativeJless positive) with respect to
the lower part. This effect is shOwn by A'B' on the
Output waveform: For the entire half cycle that the
input signal goes positive and aids the forward bias,
the_ output signal goes negative.

Consider a second instant of time when the voltage
CD from the signal generatbr oppoSes the_forward bias
produced by the emitter-base battery. The resultant
forward voltage is decreased, thereby decreasing the
emitter current. By corresponding amounts, _the
collector and the bate currents are decreased. The
decreased current through load resistor RI causes the
top point of the resistor to become less negative (or
more positive) with respect to the lower point. This
effect is shown by C' D' on the output waveform: For
the entire half cycle that the input signal goes negative
and opposes the forward bias, the output signal goes
positive: Therefore; it can be concluded that the input
signal_ voltage is reversed 180° in phase in going
through the CE amplifier. A common emitter
configuration develops a voltage gain: The input
resistance is lower than the output resistance.

Common-Collector Amplifier. The electron
current through an NPN CC amplifier -is indicated by
the direction of the arrows in figure 6-26. To simplify
the circuit explanation the flow of minority carriers
across the reverse-bi collector-base junction has
been ignored. The potms of miner current through
the collector and the base were discussed in the section
covering the current and voltage phase relations of a
CB amplifier. If a PNP transistor were used'. the
polarities of the batteries would Have to be reversed.
but the voltage phase relationship would be the same.

Consider an instant of time when the input voltage
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Figure 6.26. Operadon of CC amplifier.

AS friain the signal generator aidi the fonnird bias
voltage. The tesultant forward voltage at this instant
increases; thereby increasing the total emitter current
(I). The increased current through load resistor Rt
causes the top ixiint of the resistor to become more
positive with_respect to the lower_part. This effect is
shown by A' B' on the output waveform. For the enure
half cycle that the input signal is positive, the output
signal is also positive.

When the input signal is negative CD, the forward
bias is reduced and the emitter current is
correspondingly reduced. The reduction in emitter
current cause:I the top point of load resistor Ri_ to
become less ix:skive (more negative) with respect to
the lower, part. This 'effect is shown bY CD' on ttie
output waveform. Fó the entire half cycle that the
input signal is negative, the output signal is also
negative. From this information, it can be concluded
that there is no phase reversal between the input and
output signal of- a CC amplifier. A common collector
configuration 'has a voltage gain of less than one, but

4.

FE-093

the current and power gain are relatively high and the
output resistance is low:

Esireisei (063):
In the space by each amplifier cteristic, write in
the abbreviation for the co riding circuit. Use CB
for common-base; CE for Common-emitter, and CC
for common-collector. More than one answer is

. needed for some characteristics.

1

2
3
4
5
67

_8.

4 2
92

GOod power gain.
Hilo-voltage gain. ,
Voltage gain less than one.
Low input resistance.
Low output- resistance:
High output resistance.
Output voltage in phase with input
voltage.
Output voltage out of phase with input
voltage.



StitridardTest Equipment

IN THE MAINTENANCE business; there is a need
for test equipment that may be peculiar to a given field
but standard within that field. Ours is no different
from the other maintenance fields in this aspect
About- the most common pieces of test equipment in
use, regardless of the type of exchange, are the test
-tamp, test receiver; test telephone handsel and test
b-ogird. One that is fast bTicoming a member of that
group it the insidetoutside plant automatic routiner.

In this chapter we are going to look briefly at each
of the above mentioned pieces of test equipment. Otir
purpose is to acquaint you with each so that you may
decide, when necessary; which is best to use for your
given situation.

7-L Test Lamp and Test Receiver
We start with these two because of their simplicity

anti similarity of use and purpose:

GVen schematic diagrams and specified test
points state the expected test lamp and test receiver
indications.

Test Lamp; The test lamp, figure 7-1; is used for
testing circuit continuity. As you see in figure 7-1, its
construction is very basic.

Con.strucrion. The test lamp consists of_a in metal
probe connected to one side of a 48-volt bayonet-type

CLIP FOR TEST
OR POWER CONNECTION

48V SWBO LAMP TEST PROD

_

Figure 7.1. Tat lamp:
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CHAPTER 7

lamp socket. To the other side of the lamp-socket a
length of flexible wire is connected. Connected to the
end of the length of wire there is normally an alligator
clip_

if we connect the clip to ground and touch the
probe to 48 volts battery; the lamp will light: It also
works in reverse; polarity makes no difference. It is a
simple series lamp circuit.

Uses: As we said earlier; the test lamp is usegl for
testing circuit continuity. When you think about it,
most of the troubles we have in the exchange end up

° being an open circuit due to dirty relay contacts, an
open relay or magnet winding, or a cold solder joint.
We could use a tnultimeter, but it requires at least two
hands- to use and a test lamp requires only one hand.
Figure 7-2 shows the test lamp being_tilied to test the
continuity of a line relay Before you can arrive at that
point however, you must check other test points. The
original trouble was probably that the line relay failed
to operate. Approaching this systematically, you
should start by determining if battery and ground are

LINE

TEST
LAMP

+LINE

1850-11.

600 11.

i

_ 211 X

- 4. x

ST

Figure 7.2. Checking continuity of relay winding with tem lamp.
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present. To do this, attach the clip of the test lamp to
ground; Where should you-touch its probe? You could
go to the terminal of the relay where the battery lead is
connected, but by touching (fig 7-2) contact 8 of relay
L you can kill two birds with one stone; If the test lamp
lights, you not only know that battery is present, you
also know that two of the relay windings are good or
have continuity. Where do you go from here? Contact
7. would your best bet. If tM test lamp lights, you
have proved that contacts 7 and 8 of relay L are not the
source of trouble. If i,t doesn't light, you have found
one source of trouble, possibly the only trouble.
Further checking to be sure is your best move.
Connecting the clip to batteryand touching_the probe
of the test limp to contact 6 of relay L (fig. 7-2) lights
the lamp, if ground is connected to the bottom
winding of relay L and that winding has continuity. As
you- can see, there isn't anything very difficult about
using a test lamp; It is convenient and easy to use The
brightness or dimness of the lamp gives you a rough
idea of the voltage present in the circuit; howeve4 if
accurate measurement is required; a multimeter must
be used. The test lamp is lightweight, not bulky, and
for checking circuit continuity, hard to beat. It is
however; not as good for troubleshooting tone circuits
as a test receiver.

Tea Receiver. The test receiver (see fig. 7-3) is
used for checking circuit continuity: Its use and
construction are much the same as the test lamp. Let's
take a look at it.

Construction. As we said; the construction of the test
receiver is similar to that of the test lamp in that it is a

Figure 7-3. Test receiver.

Figure 7-4. Checking continuity of relay winding with test
receiver.

simple-, series circuit from, the alligator clip; through
the_receiver, to the test probe.

The test receiver has two flexible leads: one with an
alligator clip connected to the end and the other with a
test probe. The test probe of many test receivers has a
removable series resistance built in. The resistance is
there to protect your ear from extremely loud clicks.
When the leads of a test receiver are placed across a
48-volt source (battery and ground); an extremely
loud click is heard. Incidentally; a test receiver is com-
monly called a click set. Iletause the loudness of the
click can cause ear damage; be careful when you use it
_ _Uses. The test reciiver is used, as shown in figure
7-4, exactly the same way that a test lamp is. Before
using a test receiver; it is to your advantage to place the
receiver on your cheek, close to your ear, and place the
probe and clip across battery and ground. This
arrangement gives you the loudest click you are likely
to hear and an indication of the sensitivity of the
receiver.

The test. receiver is particularly useful in
troubleshooting tone circuits, but it may not give you
as accurate an idea of the voltage and current in the
circuit as a tat lamp does: When troubleshooting tone
circuits, you may, if your click, set is so equipped,
remove the series resistance in the test probe. To do
this; depress the button on the probe. This removal
gives the receiver a greater sensitivity, but it also makes
Clicks louder and more dangerous to your ears.

You Can see there isn't much_difference between the
test receiver and the test lamp. The use of one over the
other, except in limited cases; is, by and large; a matter
of personal preference. Use whichever item you
choose with care and safety and it will give you good
service.

Exercises (064):

In the following exercises, use foldout 1 as directed.

94

44



(Foldout 1 is printed and bound in the back of this
voluine.)

1. If the clip of a test receiver is connected to ground,
%%gust indication is_obtained by placing the test
probe on contact 6T of relay H (foldout 1) when
the connector is idle?

2. If a test lamp were used in problem 1 above, what
would be the indication?

3. If you connect the clip of a test receiver to negative
battery and teach the probe to contact 8T of relay
H in foldout I and then to contact 11 of relay D
what indications are received? Why is there a
difference?

4. If the connector in foldout 1 has been seized and
the clip of a test lamp is connected to ground;
what indication is obtained when the test probe is
placed on contact 3 of relay A?

74. Ted Telephone Handsel
The test telephone handset often called a butt set; is

another piece of test equipment that we use several
times each day All of the two-motion stepping,
switches and trunk circuits in your central office have
jacks for it to plug into.

065. Describe thouses of the test telephone handset
its tutee cOnfigarations.

Construction. The test telephone handset comes
packaged in two ways. -Some- have a metal case with
two push button switches; while others come with a
modern plastic case of bright color and a three-
position slide switch.

Regardless of the packaging; theytfl do the same
fob. Tis,s, normally come equipped with a transmitter
at oneend and a receiver and a dial, mounted back-to-
back, at the other end. The metal encased models
come equipped with two push-switches marked "R"
and "C," while the plastic models have a three-
position switch with a C; R, and center positions.

Uses. With the switch in the C position or the C
push-switch operated (see fig. 7-5), only the receiver;
in series with a capacitor, is in the circuit of the
handset leads. In this configuration; if the handset is
plugged into a linefinder that is in _use, you are
monitoring the circuit, possibly to see if it is in use or
has just failed to release. With the switch in the center
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Figure 7-5. schematic diagram of tea telephone handset circuit.

position or if no push-switches are operated, the
transmitter and dial are in the circuit of the handiet
leads and in parallel with the receiver. In this

.configuration, if you plug the handset into an idle
selector circuit, fou seize the circuit. Having seized the
circuit; you should use the handset dial to step the
selector. You release the circuit by operating the C
push-switch or unplugging the handset.

You can get the _other configuration by operating
the R push - switch. This places 1200 ohms resistance
in series with the dial and transmitter. The test handset
does the same things in this configuration as it does if
nopush-switches are operated. The extra resistance is
added to simulate extreme line loop conditions.

The test handset, as was saidearlier, is probably the
most commonly Used piece of test equipment. Most
central office personnel use it daily.

We use it when we trace calls, perform preventive
maintenance inspections (PMIs), troubleshoot
equipment, and even when we work on the MDF
(when the plug of the handset has been replaced with
alligator clips).

Nxercises (065):
11. Name the three main components o4 a test

telephone handset.

2. What, electrically, does depressing the C push=
switch do to the test handset circuitry? (fig-1-5)



1 3. What electrically, does depressing the R push-
switch do to the test handset circuitry? (fig 7-5)

4. If the test handset is plugged into test jacks I and 2
Of a connector (foldout l) What happens in the
connector when:

a. The C push-switch is operated?

c. No push-switches are operated?

5. When testing selectors or connectors for proper
stepping, depressing the R push-switch simulates
what condition?

6. When do you use the C push=switch?

b. The R push-switch is operated?, - 7-3. Central Office Test Desk
The hub or center of testing; in most central offices;

a

VOLTOHMMILLIAMMETER
AND RHEOSTAT PANEL.
PART NO. H871184-5

IMPULSE SPEED AND
PULSE RATIO EQUIPMENT,
PART NO. H88478-1

JACK AND
KEY FIELDS

DIAL, PART NO.
D824820C

WHEATSTONE BRIDGE,
PART NO. H880152-1

HEADSETS JACKS

FRONT VIEW

Figure 7-6. Type I test desk.
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is the test desk. It's normally manned and bur* all day
long and yet it seems to be taken for granted. With the
test desk, we have the capability to test both inside and
outside plant, cable pairs as well as equipment.
Because of its various connections and features, it
allows us to do a large_ number of tests from one
central location. Reg4dless of the type of exchange
you work in, you've got a test desk. In a Strowger
exchange, the type _I -test desk (fig. 7-6) is used in XY
exchanges, types D and E are used. Each of the test
desks mentioned 'contains face, key, and relay
equipment.

066. Draw a block diagram of the "type 1 tom desk
and specifled_associated circuits to show their

.electrical configuration and state the function of
specified test desk compoaents.

Face Equipment. The type 1 test desk face
equipment includes unultimeter, dial speed and pulse
ratio meter, test trunks, in-call and out-call circuits
and a night alarm. Let's start with the multimeter.

Al-altimeter. The volt-obm-milliamnlieter (fig. 7-7) is
located on the left panel of the test desk. Lever
switches on the test desk shelf are operated to provide

Lil
ranges of 0 to 150 and 0 to 600 milliamperes: 0 to 15'0
and 0 to 600 volts. Three ohmmeter ranges are also
provided. The low range is 1 to 15000 ohm with 500
ohms at center scale. For the intermediate range -the
scale -readingis multiplied by 10; with 5000 ohms at
center scale. For the high range, the scale' reading is
multiplied by 100 with 50;000 ohms at center scale:

One rheostat switch and two control knobs are
located on the volt-ohm-milliammeter panel. The
switch, designated RHEO, connects an adjustable
resistor in series with the meter, for use in transmission
test and insulation breakdown test with the 0 to 150 or
0 to 600 milliampere range: The control knob at the
right,of the switch controls the adjustable resistor. The
other control knob, designated VM ADI, is the
ohmmeter adjustment:

Dial speed _and pulse ratio meter (fig. 7-7). it is
mounted in the upper center of the test desk. The
meter measures dial speed in pulses per second and
percent_make of the dial contacts. The measurements
are made electrically and are indicated on the meter,
which has two direct reading scales; These scales have
a range of 0 to 15 pulse k per second and 0 to 100
percent makJ A lever svhrch on the switch shelf,
designated -DIAL TEST, is used to connect the dial
speed test circuit to the station line to test the dial of
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Figure 7-7. Type I test desk face equipment.
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the stauori set. Relays used in the dial speed and pulie
ratio circuit are located in the4ielay gate eqtlipment.

One twist switch, two push switches; and two
control knobs are located on the dial sand pulse
ratio panel in the center test desk _mW, figure 7-7.
The switch. designated IPS. is operated when dial tests
are to be made. The push switch at the left is operated
when making the preset adjustment by using the
adjacent control knob: The push switch at.the right is
operated in order to set the meter to full scale by
means of the adjacent control knob.

Test trunks. Jack equipment on the test desk panels
provides access to trunk circuits and apparatus which
permits the test man to connect to any station line.

Test trunks to distributing frame circuits consist of
t_ acki and associated circuit apparatus, figure
7=7. The trunk circuit connects die test cord at the
distributing frame; A test shoe (fig 7-8) permits
connection to be made to any station line.

One trunk to test distributor is included- in the
miscellaneous switching equipment in a typical dial'
central office. A jack and relay rack circuit apparatus
for one trunkicitcuit to the test distributor is usually
provided on the test desk. A jack strip containing 10
jacks is instilled on the panel for test distributor

TEST SHOE CORD 0-642983

trunks,_ but normally only 1 jack is wired on the test
desk. The other jacks have no application in a typical
office:

A strip of 10 push switches is mounted in the center
panel below the test distributor trunk jack and a
lampholder strip:

These switches are operated to release the test"
distributor. Since normally only one test distributor is
provided; the switch on the left end of the strip is the
only one actually used.

Test dear:trunk circuits are provided to .permit
access to the test desk from any dial station line. One
level of the special second selector in the central office
switching equipment is assigned for the test desk
trunks: Ten'jacks are installed on the panel; but only
di* trunk circuits are equipped as shown in figure
117.

In-call and out-call circuits. The call wire circuits are
provided for communication betWeen two or more test
desks or between a test desk and an iriortnagon
center; a repair center; or a switchboard: The out-call
wire of one deik is connected to the in-call wire of the
other desk. A pilot lamp and a twist switch in the
center panel of the test desk are associated with the in-
call wire (fig. 7.7). The pilot-lamp lights to indicate an

TEST SHOE CORO
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STAY CORD-
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CORD HOOK 0-8204
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Figure 7-8. Test shoe.
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incoming_call; operation of the switch enables the test
man to talk on the circuit Without using_ any of the test
cords or plugs: The out-call and in-call wires are not
used in most Offices.

Nighintami. A hitter provides an audible signal on
incoming calls for night service or for periods when
the test detk is not attended continuously. The buzzer
can be connected or disconnected by operating the
twist switch, designated NA, on the righthand panel.

HOWler and Insulation Breakdown. A. howler
circuit is incorporated in the test desk to signal
Station by placing a varying tone on a line when the
handset it_ hot replaced. The howler is located in the
central office miscellaneous switching :equipment
group and iskcabled to the howler circuit control
apparatus in the test deSk.

An insulation breakdOWn test circuit in the
desk; using 200 volts obtained from dry -cell batteries,
is associated with the howler; Two bank contact levels
pnithe 25-point rotary stepping switch in the howler
provides interrupting circuits for the iiittilaticih
breakdown test-

Phit Shelf. Five test cords are located on the plug
shelf; as shown in figure 7-9. The cords equipped with
three conductor switchboard plugs are provided to
connect the test circuits of the test desk to the test
trunks; Supervisory lamps are aslOciated with each
cord except the Wheatstone bridge cord:

The primary test cord (P) is used for most of the
routine testing_operations which incorporates all of the
tests that are made with the volt-ohm-milliammeter.
When the primary test cord is lugg into a test trunk
and, connected to a line, opt f the test keys on

Figure 7-9. Type 1 test desk plug shelf.
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the lever shelflieriiiitS the testing of resistance, current;
voltage; ringing, voice transmission, and dialing.

The iiiiiliary test cord (A) is used for tests that
require the connection to be held for a considerable
time; thus permitting other tests to be made over the
primary_ test cord Without disturbing the previous
setup. The function of the priniary test cord and
auxiliary test cord can be interchanged.by operating a
switch marked SW Oh the switch shelf.

The Wheatstone bridge cord (WB) is used for the
three-wire Murray loop or Varley loop tests. When the
cord is connected ik the line under test; operation of
proper controls on th switch shelf and the WheatStone
bridge unit permits test for faults in the outside lines.
Since_ most test deiki are not equipped with a
Wheatstone bridge, this cord is not normally used.

The single-ended cord (1) is used to answer
incoming cant over the test desk trunks or to dial out

. to station lines over the automatic_ switching
equipment. The primary and auxiliary test cords may
also be used for this purpose, but the use of the single-
ended cord allows the other cords to be used flit
testing. The single-ended cord and the auxiliary test
cord supply battety to- the. calling' line. .When you
answer calls with the primary test cord, you 'must
operate a transmission battery switch on the switch
shelf to supply ttery.

purposes_
The sounder est cord (S) is used to put a dial tone

on a line for purposes and to give an audible sound
when you are identifying pairs in a cable by short-
circuiting the conductors; These functions also are
performed on the auxiliary test cord, but the sounder
test cord permits connection of the tone or sounder for
a long period while reserving the auxiliary test cord for
other tests.

Switch Shelf; Two rows of lever switches on the
switch shelf control the test circuit apparatus. The
lever SWitches, located in the front or quter row, are
mainly associated with the primary test aord as shown
in figure 7-10. Lever itches; associated with thew
auxiliary test_ cord an thethe sounder test cord _are
located in the rear ro nearest the plug shelf. Five
push switches associated with the out-call wires are
located at the left of the lever switches.

Primary test cord circuit comrolsc With all switches
in the normal or nonoperated positiorL the meter
range (0 to 600 volts) is connected to the T & R leads
of the test-cord circuit; Operation of the lever switch
Marked "REV" reverses the connection to the T & R
leads of the test cord circuit (see fig. 7-11).

The I5V-150V lever switch connects the 15-volt or
150-volt test battery in series with the meter: ,

The VMT=GRD (voltmeter test-ground) lever
switch in the VMT position and the I5V or 150V
leVer switch in its correct position, permit Checking the
voltage of the test batteries. Operation of the VMT-
GRD lever switch to the GRD position plus the
Operation of the 150V FEMF and the other lever
switches permits testing for foreign voltage or
resistance between the line and ground.
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The T BAT- (transmission battery-foreign
EMF) lever switch in the T BAT position disconnects
the volt-ohm-milliammeter from the primary test cord;
and connects the battery and ground to the line,
permitting talking tests on the primary cord circuit.

The PRIM TALK -RING lever switch in the RING
position places ringing current on the primary test
cord circuit. Operation of the twitch to the PRIM
TALK position disconnects the volt-ohm-
milliammeter from the primary test cord circuit, and
connects the operator's receiver and transmitter for
talking with the T BAT switch; which is also operated.

The OHM HI Jiver switch connects the volt-ohin-
milliammeter for dersistance measurements by using the
highest resistance rang=e. The range is changed to
intermediate or low ranges by the additional operation
of the OHM INTER-OHM LOW switch.

The TMT=CONN RLS (transmission test:
conductor release)' lever switch is operated to the TMT
position for transmission tests. Operation of the switch
to the CONN RLS position, when the test distributor
trunk circuit. is being used, permits the test connector
to release:

The 150 MA=BCO (bridge cutoff) lever switch,
when operated to the 150 MA position; connects -the
volt-ohm-milliajmneter for reading current on the 0 to
150 in milliampere range. When this switch is
operated to the BCO position; during dialing
observation tests on lines over the distributor trunk,
the associated line equipment is permitted to release
and_seize a_ linefinder fot bridged dialing tests.

The INS BK DN TEST lever switch-connects the
200-volt test battery; the insulation bilakdoWn test

L5
circuit of the IBT, the hoWler switch for insulation
breakdown test circuit of the IBT, and, the howler
switch for insulation tests on the station lines.

The WB lever switch connects the primary test cord
to the Wheatstone bridge by permitting any two-wire
Wheatstone bridgetestto be made on the station lines.

The WB REV-GRD lever switch to the WB REV
position reverses the test line connections to the
Wheatstone bridge. Operation of the_ switch to the
GRD position connects ground to the T( +) side of the
line for-making resistance-to-grohnd tests with the
Wheatstone bridge.

The CT (capacitor test) lever switch connects the
primary test circuit and the interrupter circuit
apparatus for testing the capacitance of the station
ringer capacitor bridged across the station line.

The CALL THRU-TCO lever switch to the TCO
position cuts off the transmitter for monitoring on the
test Cord circuits. Operation of the switch to the CALL
THRU position permits the test men to dial any
number through the line equipment associated with the
station line under test.

Auxiliary test cord circuit controls. Five lever
switches in the rear row; figure'? -11; associated with
the auxiliary test cord circuit, are not used in typical
offices. These switches, milted RING I, RING 2,
RING 3, RING 4; and RIPIG" 5; are Used only for
harmonic ringing on party lines and are not Used in
most offices.

The RING REV-SW lever switch, figUre 7-11 ,
when operated to the SW position, interchanges the
connections of the primary and auxiliary test cords so
that tests may be made with the primary test circuit
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14
apparatus over the auxiliary test cord; and tests with
the aiixiliary test circuit apparatus over the primary test
cord. This Makes it peasAble to use all of the test circuit
apparatus _without disconnecting the plugs from the
test trunk jacks. Operation of this switch to the RING
REV position reverses the ringing circuit connections
for some types of divided ringing party- line serNice._

The AUX TALK-RING lever switch to the RING
, position provides manual ringing On the station lines
over the auxiliary cord test circuit to the auxiliary test
cord. ,aperation of the switch to the AUX TALK
position connects the talking circuit to the auxiliary
test cord.

The HOWL-DIAL TEST lever switch to the
HOWL position connects the howler to the auxiliary
test cord circuit for use in signaling the station lines
where receivers have been left off the hooks:
Operation Of the switch to the DIAL TEST position
connects tip dial speed and pulse ratio (percent make)
test circuit lo the auxiliary test cord for testing the dials
of the station sets.

The S, S REV, and S SW lever switches control the
sounder test circuit: Operation of the S switch
connects the sounder to the auxiliary test cord.
Operation of the S REV switch reverses the sounder
connections when used with the auxiliary test cord or
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Figure 7.12; Type I teal desk relay gate.
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the sounder- test cord. Operation of the S SW switch
changes the sounder-CIO-wit to operate on removal of
short circuits -from _the lines under test.

The BAT CONT. lever \switch short-circuits
resistors -in---the._ battery. supply .Iends to increase the
battery voltage-supplied over the station lines. .

The N & TEST lever stiVitch as used with special
noise-and-transmigkin test sets which are not part.of
typical dial central office equipment.-

Co4trrol fcir-single-thded iced circuit. The TALK 1=
DIAL 1 lever switch isioperatixl for talking or dialing
on thsingle-ended cord circuit.
'.. Relay Equipment._ Relays and other circuit
apparatus associated with the test desk are mounted on
a hind metal frame,- called the relay gate or the relay
rack; at the rear of the dealLisee figure-7,42. Four
trfetal mounting plates mount relays, capacitors, ;and
resistors. A metal cover houses the . equipment
mo red on each plate. Circuit designations for the

tus are lettered on the covers.

Exercises (066):
1. Draw blotk diagrams of the equipmed listed

below to show lever switches; jackf,- plugs; etc:
from the _test desk to the equipment listed.
a. Test shoe.

b. Test connector.

)

Speed through the test desk trunk.

2. State the function of each of the following listed
test desk components.
a. 15 V;150V switch.

c..

to. PRIM TALK-RING switch,

c. CALL THRLFTCO switch.

RING REV-SW switch.

e. OHM HI switch.

1-17
f. .150 MA:BCO switch.

CT switch.

h. HOWL -DIAL switch:

i. NA switch.

j. Test cords.

k. Relay gate.

W. Maw a tblockt diagram of the type El test desk
and specified associated circuits to show their
electriad Configuration" and itate tbe function of ,
specified lever switches.

Face Equipment. The face eqUipment of the type.D
test tietk (fig. 7-13) includes a multimeter, trunk
switches, and test trunks'. We start our discussion with
the multimeter.

Multimeter. The multimeter -is used to register
ground; crosses; reverses, and open circuits in the
inside and outside telephone plant. The test desk
operator along with the keys on the
keysbelf to wing tests:

(1) Resistan
(2) Capacitance
(3) Foreign battery.
(4) Transmission.
(5) Pulse speed and percent make:
(6) Current measurements. /
(7) AC voltage.

Trunk switches: The trunk switches enable_the test
desk operator to connect the primary or auxiliary up
and ring test leads to tip and ring of the line to be
tested: These switches are labeled as follows:

(1) MDF IN=-MDF OUT
(2) TEST SEL TRK
(3) SEL LEVEL TRK

Outside plant test equipmenc Facilities are_ also
provided to aid in clearing outside line faults. These
facilities consist of the howler, sounder, and
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Wheatstone bridge: Tests can be made utilizing these
circuits from the test desk over the following accesses:

(I) Inspector's trunk.
(2) Test switch train.
(3) Test shoe.
(4) Binding posts.

Keysbelf Equipment. The hinged section of the
keyshelf, figure 7-14, s the necessary test keys
to apply the variou ts, through the testing facilities
previously di ed, to the lines under test Listed
below are tbe you use and their purpose (see fig.
7-1-5).

(1) Tip Ba fiery Permits testing for 0 to 150 vblts
of battery on

(2) Ring Ba Permits testing for 0 to 150
volts oLbattery o

(3) Tip Ground--erinits testing for ground on the
tip lead. The meter reading; if any, will be in ohms for
the ground and loop test.

(4) Ring GroundPermits testing foi grounds on
the ring lead:

(5) LoopPermits measurement of resistance
between tip and ring.

(6) Tip CapacityPermits testing for capacity
between thetip lead and ground.

(7)' Ring CapacityPermits testing for capacity
between the ring lead and ground.

(8) Loop Capacity=rermits testing fin capacity
between tip and ring leads

(9) Release PermanentUsed with the test selector
trunk to release line equipment which is held operated
because of a permanent condition:

(10) Howler Primary/Howler Auxiliary-1-
Connects howler tone to primary or auxiliary tip and
ring:

(1 1 ) Talk Battery Primary/AuxiliaryConnects
transmission battery to the primary on auxiliary up
and ring leads;

Dial. The dial is used to access the inside
equipment through the various teat trunks:

°imitator's Jacki. Two jacks enable easy access to
the testing circuits, one on either side of the lower
keyshelf;

Test Cite:nits. The MDF trunk is used toextend the
primary or auxiliary test lead to the main testing
circuit to a test ,shoe at_the main distributing frame.
The functions of the MDF trunk are listed below.

The MDF OUT switch is used to make tests on
outside lines or trunks without affecting the inside dial
equipment over the testing leads of the main tesung
circuit: The operation of the MDF OUT switch to the
PRIM position extends the PT and PR _leads from the
main testing circuit to the test shoe. At the test shoe the
testing leads are extended through the test shoe and the
protector to the outside plant equipment. The test
operator- can now perform the required tests on the
outside plant equipment:

The MDF IN switch is used to make tests on inside
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dial central office equipment, bypassing the heat coils
of the protector over the _testing leads_ of the main
testing circuit. Operation of the MDF IN switch to the
PRIM position extends the PT and PR leads from the
main testing circuit to the test shoe at the protector.
The testing leacit are extended through the test show to
the inside plant equipment: The test operator may now
make the tests_ on_the inside plant equipment.

The HEAT COIL switch is used to make tests on
the inside dial central office equipment, through the
heat coils of the protector over the testing leads of the
main testing circuit.

Connector routine test circuit: This cirtmit will test
the individual line connections for ringing on a
bridged ringer, with a 15k -ohm leak during ringing.
Ringing is trilLiped after the second pulse by a 1500 -
ohm loop. The transmission path is tested by two
pulses of dial tone on the ring side, followed by one
pulse of dial tone on the tip side._ Answer supervision
is tested by operating and releasing the AS relay, A
total, of three tones is heard if the transmission path is
complete. if only two tones are heard it is an
indicauon that the up conductor is open. If one tone is
heard, this indicates the ring conductor is open; No
tones indicate both sides Are open.

Dial speed test circuit. The dial speed test circuit is
used by the telephone installer to check an installed
telephone for the percent make and dial speed. The
installer must dial the number 115 to seize the
circuitWhen the circuit is seized; -the installer will
receive only one spurt of dial tone. He then must dial
the digit 0; any other number will be rejected. When
the dial under test returns to normal; one spurt of dial
tone indicates a slow dial, two spurts of dial tone
indicate the dial is standard, three spurts of dial tone
indicate the dial is fast. This test may be repeated as
many times as desired by redialing the digit 0.

Test selector trunk. The test selector trunk provides
access from the test desk to any one of the lines in the
central office via the test selector and the test
connector. No provision is made for incoming calls
over this trunk; However; the test selector may be
accessed from the attendant's cabinet to verify calls
when necessary. These circuits are normally called test
switch train.

Selector level trunk. The selector level trunk is used
by the outside plant repairman or installer to gain
access to the test desk through the central office
equipment. This enaltes the test desk operatortto
accomplish the line testfequired:

Exercises (067):
1. Draw block diagrams of the equipment listed

below to show lever switches, etc., from the test
desk to the equipment listed.
a: Test shoe:
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b. Teat connector.

c. Selector level trunk.

2. State the function of each of the following listed
lever switches.

MDF IN

b. TEST SEL IRK

c. Release Permanent

d. Loop

e. Tip Ground

f. Ring Battery

g. HEAT COIL

74. Isis140/0o4Ade plaid AM(Mittit RoMin-ert
At this point you realize that the main purpose of

your Air Force life is to provide the very best
telephone service possible. One way to provide good
service is to test; on a routine basis; the various
components that Mae up the telephone plant. This
testing is even more inwortant than it used to be, as
subscribers expect a higher quality of telephone service
these days.

M the quality of service has - improved; so have the
methods for testing the plant. In most of our central
offices we have two types of automatic routiner. The
automatic line insulation routiner checks the
subscribers cable pair and telephone instrument; the
automatic_ equipMent routiner checks switch train
equipment With this equipment we are able to
perform these tests more easily, more accurately, and
with a manpower savings.
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06& Downie the functions of specified controls of
the automatic line insulation routinerir

Automatic Line Insulation Routiner. The
automatic line insulation routiner runs
uninterruptedly, testing for line insulation faults.
below a preselected minimum sensitivity level; on all
subscriber lines or on just .specified number groups.

FUSE PANEL.
PART NO. NS11441144

ROUTIN16,00UIPMINT.
PART NO. 0l ff014A

COMMON TEST EQUIPMENT.
PART NO. OFGE100407SA

OG.CYCLE DRAIN PILLER.
PART NO. DUSS0040.76A

ROUTINIER TEST PANEL.
PART NO. NIMEMS36 I

DIGITAL READOUT PRINTER.
PART NM 0665024A

NE Es

Figure 7.16. Automatic line insulation routiner equipment rack.
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The routiner is rack mounted,lIts shOwn in figure 7-16.
When the routiner locates abult; it stops and prints
out on_ a tape the Fault !gelation information. This
information includes: (I) the sensitivity level (below
which the fault was detected); (2) the telephone
number in trouble; and (3) the type of fault located
(loop (short); ground, battery, or a combination of
faults).

The routiner is designed to operate without
someone watching it. It can; however; be set to stop on
a faulty line and sound an audible alarm; or run
through all the lines and print out all faults en-
countered on a tape. It tests the lines using the test
distributor trunk and test connectors.

Test Panel; The test_Fanel, figure 7-17, contains the
ccinteoli for setting up and, initiating the insulation
tests and the i*licators, which display test status and
test results. The are seven lever switches for selecting
the. mcide of operation and two rotary switches fofs
selecting the sensitivity level at which the lines are to
be tested;

Rotary switches (jig. 7-17). The battery fault
sensitivity switch sets the sensitivity range for detecting
battery line insulation resistance, ranging from 50,000
ohms up to 1 megohm. The ground and loop fault
sensitivity switch sets the sensitivity range for detecting
the minimum acceptable loop and ground insulation
resistance, ranging from 50,000 ohms to 1 megohni.

Lever switches (fit xi7) The_PRESET switch seizes
the test distributor of the office being tested. The
START switch; as you mar have guessed, starts the
routiner; it is a nonlocking lever key. The CAMP ON
FAULT switch, when operated, causes the matinee to
stop when it finds a fault and to light the alarm lamp. If
the AUX SIG switch (third from the right) is operated;
a buzzer olio sounds.

The DL- BL-switch i& used in conjunction with the
GRD CALMBAT CALIB switch for calibrating the
sensitivity of the fault detection circuits Operating the
switches to the DL and SAD CALM _positions
permits adjustment of the GRD and LCK)12 CALIt
screwdriver control to set the sensitivity of the ground
and loop fault detection circuits. Operating the
switches to the BL and BAT CALIB positions permits
adjustment of the BAT CALIB screwdriver control to
set the Sensitivity of the battery fault detection circuit.

The THOUS STEP- HUND STEP switch is used for
testing specific line numbergroups other than the first
tine number group in the office.

In the ismer left -hand corner of the test panel are
40 lamps arranged in four groups of 10, The lamp
jewel.; (covers) of each group are numbered 1 through
0. Lit lamps show which line is being tested;
depending on which one in each group of lamps is lit.
The row of lamps directly below the number group
lamps, as seen in detail A of figure 7-17, indicates
certain line conditions, for the line under test and
office conditions.
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ROTARY ACCESS SWITCH
FOR AUTOMATIC IOUIEME NT ROuTINIR.
PART NO. NNIA476 I IT yrIcAL )

COANIONLIXGR_Otiell THROuope
ANOIRNOIR-IOLAPARINT.
PART NO. ONSG102117A 4.
Pt NORRARLILC_TOPL _
AND IIRPIATRII, TOT
8OUINctiopPmeNT,
FART NO, wow:072A

TUT MARKING
ANO ALA11MACRII PARENT.
PART NO. ON1R102$711A

passe T *NO CONNICTOR
'Mull NI R I OuiPUINT,
FART NO. osaasarer,A ,

Tarr PAWL f OR- AUTOMATIC
IOURIARNT RiTNER.
P ART NO. 04164511

TRANSWORIZiO
TONI ORTICTOPLOON.TOR AVPLI R.
ANO rimartnina ROLINARNT.

NO. D441010211170A

OIGITAL RIIAO0uT PRINTIR,
P ART NO D124.4

p

0-

MIA KOUT PRINTIR _
CONTROL lOuiPmeNT.-
PART NO. ON13025100A

141..15.

Figure 7-18: Automatic equipment routiner equipment rack.

Exerebis (0611):

State the functions(s) of the switches listed
1. PRESET

01,

2. AUX SIG

3. BAT FAULT SENSITIVITY
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DETAIL A

Figure 7-19. Automatic equipment routiner test panel.
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4..CAMP ON FAULT

5. GRD CALIB-BAT CALIB

6. THOUS STEP-HUND STEP

069. Describe the functions of specified controls of
the automatic equipment routiner.

Automatic Etplipment Routiner. The automatic
equipment routiner is designed to test switch
equipment _functionally (switch trains and interoffice
repeaters). The routiner, figure 7-18; is rack mounted,
as is the line insulation routiner. It providtz up to our
test groups to permit testing of linefinder--firsf
selector combinations, intermediate selectors;
connectors; and local interoffice, repeaters. It comes
equipped with a printer for printing out the faults it
locates.

When testing an equipment group; the routiner its
each switch in that group, stepping past busy switches
and stopping only when a test requirement is not met
or when routining is completed.

Test Panel. The test panel; figure 7-19, contains the
controls and indicators used to set up the various tests.
Maintenance personnel (you) select the desired test

up; rotary access switch, the position of the rotary
switch, and the vertical level of the secondary

access switch (selector switch). using the test panel.
Group; rotary access switch, access switch level,

rotary access switch position? Where do I start? These
are logical questions; and here are the answers.

Rotary switches. The group switch; positions 1

through 4, determines the equipment combinations
being tested. When set on _1; the linefinder-first
selectors are selected for testing when set on 2, Jhe
intermediate selectors (second, special 2nd, 3rd, etc)
are selected. When set on 3, local connectors -are
selected, and position 4 selects local interoffice
repeaters.

9 Before you read about the other three switches, you
need to look at figure 7-20. The group switch with
four positions isn't too tough to_handle; but, beyond
that memory is a poor substitute for knowing where to
position the other switc Figure 7-20 shows a part
of the access switch -lo tion chart which is located
under a sheet of acrylic lastic on top of the routiner's
writing shelf.

Starting at the top of the chart we find GROUP: the
number for the specific test group appears here.
Beneath this is the SW block: the number in this block
indicates which rotary access switch is used for this test

113

5-7
of a specified equipment. We now run into three
columns: (1) ROT SW POS LP: (2) IS SWITCH: and
(3 )._ IN BAY. (

Let's talk about the rotary access switch._ It is just
whits name implies; a rotary switch; similiar to that
used as a distributor switch in a Strowger linefinder
Shelf, that accesses up to 24 switches (mostly selectors)
in the central office switching equipment. The number
of rotary access switches used by a routiner epends on
the size of the exchange. An office of 81/ lines will
have fewer access switches than a 3111-line office.
The Rotary Access Switch can Rave up to 24 trunks . tt-.
into the central office connected twits banks.

Now; back to our three columns. The ROT SW
POS- LP column indicates the bank positions on the
specific rotary access switch. The-IS SW 'column next
to it tells us what switch in the central office is
connected to a given rotary access switch bank contact,
The next column IN BAY tells us in what equipment
bay that switch (IS SW) is located.

Normally, the switch identified in the IS SW
column is the first selector on a shelf of selectors or a
linefinder group test number. In a _Strowger central
office the first selector on all selector shelves is
connected to the banks of a rotary access switch. This
doesn't affect the normal operation of the selector and
gives the routiner access to the central office tching
equipment: For tESting linefinder =first elector
combinations, the two test numbers, 29 an 99, are
connected to the banks of the rotary access switch.

Let us assume we want to test a linefinderfirst
selector combination other than the first group
automatically tested. We know that the GROUP
switch is placed on position 1. By looking at the access
switch location chart SW block we find the number of
the rotary access switch to use: If switch 12 is
indicated; -we turn the Tens switch to 1 and the Units
switch to 2.

We are almost there; we have our Group switch set
for the proper test; we have selected the proper Rotary
Access Switch; and all that is left to do is to set the
Rotary Access Switch Position switches. if the IS
SWITCH and IN BAY columns indicate 09 and 10
for the linefinder shelf we want to test, we set the Tens
and Units switches at 09, as the routiner -will
automatically step to IQ after the routining of 09 is
tested individually by the routiner and there are two
groups for each shelf,

Lever switches. Look at detail A of figure 7-19. At
the bottom of the panel there are seven lever switches
and the top.portion contains eight rows of lamps. Let's
start with the lever switches.

The START switch starts the routiner, but is not
necessarily the first switch oivrated. The next switch
to the right is the. COMBINED TESTS switch. As the
name implies, it combines the tests:. With this switch
operated, test' groups 1 through 4 are tested in
sequence.

The "A" LEAK-STD-LOOP switch is used for
testing the A relays of connectors, test group 3. With
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the switch in the center position (STD); standard 600-
ohm-loop pulsing is used; with the switch in the LEAK
position, "leak A"pulsing is used; and with the switch
in the LOOP position; 1400-ohm-loop puliing is
used.

The BUSY TEST switch is used to perform the busy
test on the connectors. The TALK -MON switch is
used for talking on or, monitoring_ the circuit under
teat. An operator's headset or handset plugs into the
jacks; shown below the six rotary switches in figure
7-= 19 .

The FLT STP NO PRT-FLT STP PRT switch is
used to engage_ or disengage the printer when a fault is
encounteredIf you desire a print out of the faults
encountered; place the switch in the FLT STP PRT
position. Operating the BUSY PRINT OUT switch
causes all bypassed titiSy Positions (secondary access
switches that were busy) to be primed ouL This shows
you = which areas remain to bettested because the
routiner passed over them during testing.

The ADVANCE ACC SW-FAULT RLS switch is
a nonlocking lever_ switch. Moving the lever to the
ADVANCE ACC SW position causes the routiner to
advance or step the Rotary ACCIAS Switch to the next
position on its banks. When the switch is moved to the
FAULT RLS position, the switch under test releases
and the routiner tests the next switch in line. Lase but
not least, is the ALM RLS switch which is also a
nonlocking switch. Operating this switch silences the
audible alarm that sounds when the routiner finds a
faulty switch.

Indicator tamps. The top four rows orlamps with
numbered jewels (lamp covers); correspond with the
rotary switches to the left, that we diStiiised earlier.
The "X" jewels cover lamp positions that are not used;
Operating the start switch lights the PRESET lamp;
fifth row from the top, far left; and causes the lamps ih

OFFICE NO. 111 TO 10

I

the top four rows to fight until they indicate the
positions of the rotary itches to their left. Once the
lamps in the top four ro indicate the start position of
the test being performed, the preset lamp goes out. The
titles abOve the other lamp positions are reasonably
self-explanatory.

Exercises (069):
State the function(s) of the switches and lakipS listed
below.

1. ACCESS SWITCH LEVEL, rotary type switch

2. START, lever switch

3. FINDER GROUP, lamps

4. GROUP, rotary type switch

5. "A" LEAK-STD-LOOP, lever switch

6. FLT STP Na PRT, lever switch

7. Busy Test, lever switch

TYPE OF__FAOLT..
1SATTERY FAULT
GROUND FAULT
LOOP FAULT

200- -L1 NE TES14c;
CONNECTOR GIJOUP..,
100 GROUP. I
200 GROUP -6_

Figure 7-21. Typical line insulation routiner printout.

4110
NS1 tATY _LEVEL

TOE ('-C,OARESPONDING
0 POSITION OF
ELECTOR swercH)

'fp.ME-152
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070.' Given prim 'apes fr
equipmem rominers,
information.

line insulation and
erprei specified

Primer Tapes. Both the line insulation_ and
equipment routiners come equipped with a printer. It
prints out in code the line or specific equipment in
trouble and the type of trouble. The only problem with
coded printouts is interpreting the code.

Line MS:dation. routiner printouts. A typical printout
from the line insulation routiner is shown in figure
7=21. It is an eight-digit code and contains five pieces
of information.

Starting aQlke left, the first column indicates the
number of the exchange being tested. if your base has
Otitoibt rpore satellite exchanges, this digit has a
significant meaning. The next four digits form the
number of the line in trouble. The sixth digit identifies
the hundreds group of the line, 'in relation to

A CIC_E_S_S_ S_W: POS.

ACCESS SWITCH

GRP 1; 2, 3: OR 4

BSY. ROT- POS.
a

59
cortriectOr operation. The seventh digit from Me left
indicatei the sensitivity level at which the test was
performed. This corresponds to the setting of the fault
sensitivity rotary switches on the test panel.

The last digit indicates the type of fault. If a line has
more than one type of fault, each will be printed out
on additional separate lines. The trouble codes are as
follows:

(I) Battery Fault.
(2) Ground Fault.
(3) Loop Fault.

Equipment routiner printouts. A typical prim ut
from the equipment routiner is ShOWn in figure 7= 2.
It normally consists of a nine-digit code which
contains five pieces of information. In some cases, as
shown at the bottoM of the figure, the printout is
seven-digit code containing four pieces of
information.

THIS TYP_E:OF READOUT
OCCURS aNLY ON SEC
ACC. SW: BST: COND:

GROUP

/-1->1 0 1 0 1 0 T2 v0 6

SPACE

[GRP. 1 - FINDER SH. A OR B
GRPS 2-3 OR A-VERT. LEv. IS ROT STEP
OF SEC. ACCESS SW.

1 1 0 0 8 0 2 0 7
1 2 0 1 5 0 3 0 8
1 2 4 2 4 0 3 0 7
2 0 1 0 1 s-1 -0 01,
3 0 2 2 1 1 3 3 4
2 1 5 1 2 1 7 0 5
2 1 9 2 3 5 6 0 6
2 2 4 2 4N-1-1 0-6
3 0 1 0 1 1 2 - 0 9
3 0 5 1 1 0 6 1 2
3 1 0 1 5_1'5 13
3 1 5 1 6 7 3 14
3 1 7 2 1 -1 6 1 8
3 2 4 2 4. 8 2 0
4 0 1 0 1 >0 10
403 ..02 z23"-1:1
4 1 5 ,0' 6:6:5- 0
4 9 5 0

2 2

TROUBLE ENCOUNTERED

INDICATES ON 1ST vERT. LEVEL
11TH ROT. STEP:OVERFLOw TOINE
NOT DETECTED

[INDICATES ON 1ST VERT. LEVEL
1ST ROT. STEP SEL. FAILED
To SW. THRU

4-
6

GRP 1 FDR. -1ST SEL. TESTING
GRP. 2 - SELECTOR TESTING
GRF.:.3 -.LOCAL CONN.TEST NG

,GRP. 4 - REP. A, TOWCONN. TESTING

.,/,
INDICATES SECONDOTAI.CACESS SW. BSY.

Hi -GRP 2 VC SW 01. ACC. SW. POS. 01
,

..

;;Atciss-swrrqs-1 Posn-44. ;
..

,,,.., -__ ..., , L.,
.

,-.... swiTcH - 1.,.



Starting at the left, th4 first digit indicates the test
group: the second and third digits indicate the rotary
access switch used, and the fourth and fifth digits
indicate the access switch's wiper position in the
banks. The sixth and seventh digits indicate: (1)
linefinder group tested (A or B) for group I tests; or
(2) the vertical level and rotary step of the secondary
access switch (selector) for group 2, 3, or 4 tests.

The two digits indicate the type of fault
encountered. The 34 different fault codes are listed
be'fow.

Overflow condition:
02" Linefinder group 'A.
03: Lineflnder group B.
04: Secondary access switch is busy.
05: Selector under test cannot be seized.
06: Selector under test does not switch through:
07: 'Dial tone not returned by selector under test.
08: Ground is not maintained on lead C during

test: .

09: Busy tone is not returned during busy test.
10: Connector toll loop is incomplete.
II: thicorriplete toll ring circuit is detected.
12: "Ring circuit opened during first ring cycle.
13: Ringback tone was not returned.
14: Connector ring circuit opened during first or

second ring cycle.
15: Reverse, batter_ was not received froth

connector on answer:
16: Reversal bridge at distant office was no;

readied or repeater did not reverse the line
polarity.

17: Release cycle"not completed.
18: Positive side of transmission lookis open.
19: 'Negative side of transmission lo6p Is open.
20:, 'Connector under test did not switch through

after vertical and horizontal stepping:
21: Not used.

Not used.
23: Positive side of transmission line to relay A is

Open.
24: Negative side of transmission line to relay A

is open.
25: Relay should not operate but did operate.
26: Relay should operate bin did not operate.
27: Dry, nk supervision not provided upon line

kizur
28: Ring circuit did not open during ring trip test.
29: Transmission leads reversed in connector._
30: Positive side of mission line to relay D is

open.
31: Negative side transmission line to'kelay D

is open.
32: Relay D should not Operate but did operate.
33: Relay D should operate but did not operate.
34: Printer is recording the busy Paitions on a

level of secondary access switch:

(040):
Given the following sample printouts for the line

Sit

a.

insulation- and equipment routiners. interpret the
specified codes.

1 4 2 1 2 6
166.616

21
33

7 3'0 5 1 32.E
1 8 6 7 8 6 32
2 2 2 2 2 6 21
2 2 3 5 6 1 21
2 2 4 7 1 6 32

116

Line Insulation .Routiner Printout

1. Use the above chart to complete a through e.
a. List the 7 telephone line numbers:

b. What number of sensitivity is the Battery Fault
sensitivity switch set on?

c. What number of sensitivity is the GRD-LOOP
.'Fault sensitivity set on?

d. What hundreds group is each telephone, li-
number in?

-

e. List the telephone numbers and state the
fault found on each:

a. 1 O. 1 0 1 0 1 24
b. 1 0 2 1 0.'0 6 3 '
c: 2 0 4 2 01 2 5
d. 3 1 I 1 06
e. 3. 1 2 0 2 1 32

X1.41 1 1 5 1 5 15
g. 4 1 7 0 )9 2 0 19
h. 4 4 2 1/5 1 5 2 1

Equipment Routiher Printout

2. Use the chart shown above. and state the
inforrnation specified for lints a through h.

, a. Test group and fault.

b. Access switch and fault.

66



c Access switch Oosition.
a

d. Test group and access switch position.

e. Test group, fault, and access switch.

1 1 7

f. Access switch and fault.

g. Secondary cress switch position and fault.

h. Test group and access switch.

Is



ANSWERS FOR EXERCISES

CHAPTER I

Rohnuest ,

001 - I. a. To cableand antenna.
b. Cable wlicing installation and maintenance

specialist. dlt
d 5. i

001 - 2. a. Unlade plant.
b., Electronic Switching System Repairman.
c. 7,

001 a. Outside plant._
b. Outside Wird and Antenna Maintenance

Repeirmkn.
c. 3.

ge, 001 - 4. a. Inside plc*
b. Telephone Equipment Installer Repairman.
c;

, 001 5. a. Outside ph*.
b. OUtiide Wire and

Technician.
c. 7.

002 I. 7.
002 - 2. 1,5, and 7.
002 - 3. 3:5 and 7.
002 - 4. 7.
002 - 5. 3, 5, and 7.

;

Antenna Maintenance

003 = 1. Six month' Is *minimum time in which OTT to the 5

skill lent can be complaW:
003 - 2. The task and bend-edge nittlirettients for upgrade to

the _s and 7 level are found in die JPO.
003 - 3. The dual channel affiroach to OJT ccnaisn of job

proficiency training and completion of the appropriate
CDC

003 - 4. AF Form 2096 must be submitted requesting skill level
411;aclutil:

003 - 5. A JPO is an annotated STS and may Olio bandit of in
Af Form 797; listing tasks that do not appear in the

CHAP'TER 2

004 - I. An accident 'muse and tit accidititiause.
004 - 2. Accident source.
004 - 3. Accident source is defined as t or activity

that has a potential of danger. An ident cause is the
daiV act or condition that accompanies the accident

004 -.4. Place yragi in nuns' conunner.
004 - 5. A common accident loosed whet measuring- the

resistance of a' cirtuft is the failure to turn -off the
power.

005 - I. Sgt. Jciliiiitat filled to get a_solay oblerver in situation
I. He should have had a safety oliserVer bccatat of the
high voltage involved (150-amp fuse).

006 = 1. a. A1C Stni tit did not hold the wire wrap gun properly

in situation 2. He should lave held it level to avoid
bending the terminal of the protector. _

b. A IC -Sinith improperly the pliers when he
. drip* the insulation from.* jib** atFeye level ,
or above in situation 2. Hi should have Jotten a
ladda_and_strippcd the insulation from the jumper
with pliers below eye level.

007 - I. a. Airman Jones left toobt laying on top of the IWO'
in situation 3. He should have placed the ttioll in a
pocket atultaken themto the workbench withigm.

b. Airman Smith in situation 2,; did notjet a ladder.
He dineld have _uoterma ladder to avoid having to _
strip the jumper irisTilation so close to his eyes:

008 1. In situation 3. Airman Jones made no_provisions to
protect hinuelfor his coworkers from the fumes of this
claming solvent; He should have covered -up -the;
cleaning solvent when he wasn't using it He should;
also dispose of the oil-ioa4W rag when he rennin from
his break.

Ainnan Jona; in situation 3, Jailed to put tools left
divitte Udder in their proper place. He alsO_Idt the
WOUb4ndi chitteInV with open containenef cleaning
solvent and Oil. Soin4olie, in itittWiott_ that
coven laying in the aisle %Were thiy tonkllit tripped
over or damaged. The toots left on the nadir ihotild
have beet Nixed property so that they _couldn't fall on
someone what the ladder was moved-Die conedners of
solvent and oil diouldlove beat_ capped to_ keep
pennind from inhaling the :fumes and to-
someone from spilling the oil. .

009- 1.

c

010 - I.
010 - 2.
010 - 3.
010 - 4:
010 - 5,
010 = 6. .

CHAPTER 3

0-1-15.
0-1-31-6.
0- 1 -35 -I.
0-1-31-8.
(Mower has bees-deleted.)
0-1-32.

011 - I. TO number-31W2-4- I -392:, TO datt=riet-4
published:Lsecurity classification--:Q

011 - 2. TO number -_31W2-4-1343: TO date-I Jan 1972;
security clficadotill. -

01 I - 3. . TO number -3IW2=4=121-2', TO date-27 Dec 1965;
securityc falsification-U.

0 I I - 4. TO number ,731W2-4-120-2: TO date-1 Jun 1970;
security c lauifiCation -U.

012 = I. Page No. 1-s6_Pate-gr*t No. I -1_47._
012 - 2. Page No. 1-13 Paeatriph No. 1-106, and page No.

I_1-0 Paragraph No 1-78.
012 - 3. Page No-1-6 Paragraph No. 1-33.
012 - 4; Page No. 1 -72 Paragraph No. 1-187.
012 - 5. Page No. 1-78 Paragraph No. 1-193.

.
013 - I. See figure 1.
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TECHNICAL ORDER SYSTEM PUBLICATION IMPROVEMENT REPORT AND REPLY
JPORM_APPRO_YED
OMB IVO. 2l...R0307

1. TO, (PIelor CoorsAnd or equiveliant) 2.T0s(Orfet_RA.014 Wpm Pliepesselbillty
-_ for the 7.0.) 'asyMesT)(
McClellan --I:. -

3. FROM (Orin rPon(M1) _

161: Caw_ c 01
7Sacramento

31- Pont

4 REPORT DATE
YR MO DAY

I

I

I. BASIC DATE OF T.O

I Ault 70
I DATE OF T.O. CHANGE 7 PAGE NUMBER

2-45
S. PARAGRAPH NUMBER

2

9 FIGURE NUMBER

tbt
'DENT

T
0

A
,tp

TECHNICAL. ORDER NUMBER PEPORT NUMBER

r 6 6 7 9 9 10 11 12 13 14 IS If 17 19 19 20 21 22 23 24 25 26 27 25 29 30 31 32 33 34 35 36 37 39 39 40 41 42 43 44 45

X Y A II

,

. 1 .. 2 2 7 .

10. BRIEF SUMMARY OP DEFICIENCY AND

Run tb0 Sti'ipS fiiiDa tilti (4')
tArainals of the lover terminal

PHRASE -WOULD READ AS 1POLLOWS2

ItlIVIlie straps from the (-)_
terminals of the lover terminal

RECOMMiNOC17CHANOE (Use cent notion fhas ll nocamry)

tertitals of the upper terminal strip to the (,)
strip.

,`/
ifj

-
I

terminals of the upper terminal strip to the (-)
_strip. ..,,' . .

...

..-0-
II. REPORTED BY (Initionee' Stille.tv, OAS and Extension) 12 APPR VIED 11Y(S.P.7,..eSionista.)

13. QUALITY CONTROL (S1 piston)

MAJOR COMMAND'
ACTION ....

IS (chck e-pPlicable block)
A PPROV r_71:3_ DISAPPROVED

6 SIGNATURE (Major Command Author), 17. DATE

TR DATE RECEIVED DATE TO MGR. T R ANSF it PI
CODE'

-
-

(Reserve,d) ''''''MA tif.CJII..I.M//*/ %dB 11.=..74.r.
44 47 411EINCal 52 53= asted.113 59 60 61 112 93 94 GS MI 67 1111 49 IZEHMEECOMEIMIEMM

A 1/1 legil

TB.
C='3-"-

payTE FP1QM MGR
_L 9- C ON TAKEN

RESOLUT ON
C)A-T_s__ (Reserved)

YR, MO DAYarMIWT'''".s.mAm
rii r:-.,,q 59 60 6I 62 1111 64 CO 6646 47 uCC S003 52 53 54 67 66 69 70 ciMMealommj mi

D
A

16 TO M. o Command o QuivelHt)

I. t'

19 'TO (Ctopnieatton flePoning Improvement)
-,..._...-- --...

20 FROM (IM/PM)

1. REMARKS ,lpt..., flebn .111410 li n '''''' rr)
.

,-,

(

IP"... ,

.. .1
.

22 GlAfi or 1...y - .23 ArRL. r NV (siv..1.,... L.A.& e.ein..10.v :' OVLO; ,(s .vi. :::.-)

ptcrkAtifIvrto
-,r

01114% 22 N104tf."414 019OL'iT

F:igtir- AFT() reirrt; (if,kilt;Siter otlexti,Vetti eii5 isS4)'
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,
- Sgt Smith shgs lit a artilOtzetid AFTO Forms 110 018

for each tech order *AMA minus ( - ) sign; he should 018
also-lune annotated the requisitions section ofeach 018
card- with the TO number. dam and number of the 018
requisition, and the number of TOs requisitioned:

014 - 2. The AFTO Form 110 cards, for all five tech orders
should have the distribution record section on the back
annotated. The minus (---) the feint of each card
Should be dwngeA to a (+)

014 - 3. The AFTO_Focin 110 catO for each NI&RT should be
annotated to reflect the check was made, the date it Swat
made, and Set James signature.

CHAPTER 4

015 1. a. Receive the new worker:' ReVieW his work
experience. edion,fanid training.

b. Welcome the new worker. Make him feel at home
and Welt-erne. Assign him his tools.
SliciW an interest in him. Ask if * is settled, having
problems. Discuss his interests, background and
family.

d. Explain the work of the unit. Outline the structure
Of the organization and its mission. Explain where
he BO into the structure of the unit.

e. Introduce him to shop personnel. Familiarize him
with what the others do and the Othert with Whit the
new worker will be doing.

f. Show him the -shop layout and available_ facilities.
Frouliange him with the equipment room and
adittihistration area as well as the snack bar, break
room, and latrine.

g. Explain the rules and regulations. State his duty
hpurs,_ lunch how. briWrS. etc. ALSO, cover fire
regulations, _Where smoking is permitted, and
important safety Items.

h. Aingn him to a shift. If possible, assign the new
worker to the shift desired; but take his abilities; -the
shop needs,_ and the training the worker requires
into the decision.0l 4. The shop-needs and new Worker's needs.

016 - 1.

016 - 2.
016 - 3.
016 = 4.

c
b: d.
b. d.

a, c.

017 - I. a. 6 Inspect MDF._
7 I pelmet _records.
4 Cut grass.and police area.
3 Routine selecteirs, connectors, and repeators.
3 Clear and lubricate lint:finders.

ti 2 Install 15 two-wire circuits._
I. Reroute circuits from base headquarters

b. Priority 1-Base headquarters circuio laffeet the
mission of the entire,bruse:
Priority 2.7-New orcints, with a deadline assigned
show an obvitius_Importance.
Priority 3-The PMIs are the backbone of quality
Of telephone service.
Priority 4 -Cutting the grass requires only one
man and there isa short suspense for the inspection.

,Priority_5,-This is a PMI, not as important as the
Met PMIS. but needs doing so that the entire

ule isn't deferred.
Priority 6-Inspecting the MDF is an in -house type
of inspection.
Priority "-Inspecting records affects the service
less than-any of the listed duties.

- I. Define the_problem.
- 2. Get the facts.
- 3. Weigh and decide Oh the be curse of action

Evaluate the action taken. T
the problen is solved.

019 - I.

020 - 1.
020 - 2.
020 - 3.
020 - 4.
020 - 5.
020 =6.

s done to determine if

(1) Airman Performance Report. It is used inselectivt
retention,- assignment selection, and the Weighted
Airman Promotion System MAPS/

(2) Skill Level Upgrading. it helps to _check _on s
person's overall training and prompt upgrading.

(3) Job Proficiency Evaluation. It helps to insure
standardized, high quality maintenance:

a:
b.

c.

a.

021 - I. The purpose of the classification system ism match job
requirements with people_ who polecat the necessary
aptitudes and abilities to do the jobt.

021 - 2. To get the best use of personnel resources.

022 - I. a: Work satisfactorily as a 7 level for a minimum of I
year.

b. Successfully _complete all training_ requirements
includiog management as outlined in AFM 50-23.

sc. Be a S,Sv or above.
d. Be recommended by mpervisor-.

022 - 2. a. To put personnel on OJT.
b: For recommending upgrade in skill level.

022 - 3. a. Qualify as a bypassed specialist.
b. Complete formal. 3-level. training_ course.
c. Satisfactorily perform in the 3 level, successfully

complete all training requirement. past AKT or 3-
level CDC.

.

,023 = 1. a. Cord, wiper 2 16
b. Contact Atty, Elm I -1. 15
c. Double Dog _ _ I -1 3
d. Fuse. Ind Alm, 1.33A 10 AL 300
e. Spring Ally. VON 2 2
f. Bircket. Clamp 4 .._1_ 6

023 - 2. AF Form 2005; Issue/Turn-In Request.
023 - 3. The first two identify the group; the next two identify

classes within Me grotip, the final seven digits are the
NIIN.

023 - 4. When you don't know the ilSN. From the -4 tech order
for your exchange.

024 - 1.

024 - 2.
024 - 3.
024 - 4.
024 - 5.
024 - 6.

025 - 1.
025 - 2.
025 - 3
025 - 4
025 - 5.

122

d.

f.
a.
c.
h.
e.

h.
c.
a

c p-_!4



025 - 6. b.

025 - 7. a.
025 - 8: b.
025 - 9. a.
025 =. 10. c.
025 - I I. b.
0258 12. a.

026 - I. Action by the Supervisor to prevent violations of
organizational policy.

026 2. a. ItAna or check.
b. Test,or verify.
c. Guide.
d. Limit.

027 - I. a.

b.
c.
d.
e.
f.

028 - 1.

028 - 2.
028 - 3
028 =4.
028 - 5.
028 - 6.
028 - 7.
028 - 8:
028 9.
028 - 10
028 - I I.
028 -.12.

029 - 1.

029 - 2.
029 - 3.
029 - 4.
029 - 5.

030 - 1.
030 - 2:
030 = 3.

a.
., h.

e.
C.

bi
a.

f.
e.
d.

F.
F.
T.
T.
T.

a.

h.

031 - 1. S.

031 -2. T.
031 - 3. T.
031 - 4. S.

031 - 5
031 -6. T.
031 7. T.
031 -8. S.

032 - 1.

032 - 2
032 - 3.
032 -
032 - 5
032 - 6.
032 - 7.

032 - 8.
032 - 9.
032 10.

033 1.
033 -2
033 3

033 4
033 S.

033 - 6

ei

a.

d.
h.

t.
a

d.

h.

I.
d

a

To insure that the right quality and quantity of
work if accomplished.
To insure that work is done on time
To keep waste and inefficiency to a minimum.
To check on work p-rogress.
To determine if work *going according to plan.
To determine wtiether the approved or best
methods are employed.

tc

033 - 7. g.

033 - 8. c and d.+t
033 - 9. h:

034 - 1. STS.
034 - 2. 797.
034 - 3. 623.
034 - 4 STS.
034 - 5: A circle around the proficiency code.
034 - 6. The supervisor. itiftheJPG.
034 = 7. AFM 50-23.
034 - 8. EC1 Form 9.
034 - 9. EC1 Form 9.
034 - 10. Eci Form 9:

033 - 1. a. Ea-airline program objectives. Determine if the
program meets your needs: if all the necessary and
no unneorimy training is being given. _

b. Examine training methods._ Determine if the
training: is gtarW to individuals: is interesting:
involves the trainees.

c. Ekiimine results. Evaluate the people against the
tasks they have been trained on.

CHAPTER 5

''t
036_, .h. A functional element of the organization. responsible

11K for insuring that Air Force materysl is serviceable, =
safely operable, and properly configured to meet the

. 4.
mission requirements. , ,"

036 - 2. Inspection, repair. (averhilitil. modification.
preservation. testing, condition or performance
analysis. and coppletion of inks on a 'preplanned,

41042% schedtiled,haffs. -"

037 - I.
17.17 - 2.
037 - 3
037 - 4.
037 - 5
037 6.

038 - 1.

' 038 - 2

038 = 3
038 - 4.
038 - 5

b.
a. .

c.
C.

To improve maintenance quality and capability, and to
achieve technician competence.
Training you to use standard maintenance practices to
comply with technical data._ and by periodically
evaluating you by highly qualified technicians.
His supervisor.
The supervisor and quality control personnel.
Primary, follow-on, and special.

039 - I. All maintenance equipment. has been secured or
releated to another individual or crew.

039 - 2. A minimum of 8.
039 - 3. Chief of Maintenance.

040 I. a. Maintenance Superintendent.
It Production_ Analysis.
c. Training Management.
d. Administration.
e. Programs-Mobility.

040 - 2. A maintenance supervisor may be required for two or
more. work centers. In some CEM units, several
maintenance supervisors may be required

040 3 Telemetry, ph_o_tographic. :.phoio.optics:
instrumentation. AFRTS (Armed Forces Radio and
Television Services). training equipment. special

h maintenance teams, centralized intermediate level
maintenance, and hum atory

I23
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,040 4. a. mention.
b. Deficiency Analysis.
c. Evaluation_
a. Dditiency_Reporting.
e. Tecluotal Order File.

040 - 5. Authorized only for units supporting Minuteman.

041 I. a. Quality control.
b. Maintenance aupeirviaion.
C. Wintenance control.
d. Minuteman missile cable affairs.

041 - 2. a. Maintenance superintendent.
b. Production analysis.
C. Training management.
d. Administration.
e.- 'Mid mobility.

04 i 3 Maintenance complex means all staff functions.
management support functions. and maintenance
activities direr Of functionally responsible to the
Chief of Maintenance.

041 - 4. Maintenance activities_ _are radar. computer.
communiW4ons,-SAGE, navigational Aida,
meteorologicale.PMEL. television, and other
functions.

041 - 5. Major responsibilities are planning, Scheduling,
controlline, and executing the maintenance functions.

042 I.
042 - 2.
042 - 3.
041- 4.
042 - 5.
042 - 6.
042 - 7.
Ca2 - 8.

a.
s.

b.
b.
c.
c.
C.

C.

043 I. d.
043 - 2. e.

043 - 3. c.
043 - 4. b.
043 - 5. a.
043 -6. b.
043 - 7. c.
043 - 8. e.
043 - 9. d.
043.10. a. ..-

.iv

044 - I.
044 - 2.
044 - 3.
044 - 4.
044 - 5.
044 - 6.

fro
045 t I.

F.

T.
T.
T.
F.

(a) R that the same deficiencies can"be corrected on
like equipment at other installations and (b)
improvements can be made in design. tat. and
modification programs.

045 - 2. Category I Report.
045 - 3. At a_ combination Category I Report and DULL

SWORD.
045 - 4. Category II Report
045 5. A means of obtaining the Air Forces evaluation of the

quality of work performed by contractors and
specialized repair activities.

045 - b. TO deficiencies are reported under the TO
improvement program.

045 - 7. Quality control.

046 1: The purpose of PMIs is to discover and fix conditions
which could lead to malfunctiops requiring major

1 24

046 - 2. Preventive maintenance.
046 - 3. Workcards contain a statemeii ofjob purpose, a listing

of all tools, test equipment: nd-materials required;
step-by-step instructions -for do ng the job. frequency of
the routine, time needed, and- wer condition.

046 - 4. The Chief of Maintenance: may shorten or lengthen
intervals between inspectio but interval will not
exceed that shown on work rds.

046 - 5. The three typo of inspections performed by quality
control are (I) teclthical. (2) activity. and (3) special.
Technical inspections are made to determine if the
Nutriment is being maintained to meet TO
specifications. = Activity inspections are made to
determine the quality of management of _ the
maintenance activity. Special inspections are made to
provide maintenance ,supervisors or managers
information on -one-time situations of either
administrative or technical nature.

046 - 6. Quality control inspection_ reports are routed through
supervisory clarinets to deficiency analysis. All activity
inspection reports will be additionally routed thrOugli
the Chief of Maintenance.

F46 - 7. A completed AFTO Form 349.

047 - I. The maintenance data collection- system provides
information such- u what job win done, who did the
job, when it was done. number of direct man-hours
consumed for a job, why die job was necessary. when
the malfunction was discovered and what work center
performed the work to management. .-

047 - 2. A job that has a_ definite beginning and end. --
accomplithment of which requires expenditure
dingsm*6e.

(

048 - I. a. Administrators and supervison are able to analyze
and evaluate their operations.

b. Work center supervisors are helped_in managing
their diOps and in inaming_their eff-eclency.

c. Chid of Maintenance and staff use this information
manpower planning, forecasting tool and
equipment needs. budget computations. and cost
analysis.

d. AFLC uses this data for inspection and
maintenance requirement* analysis. muter repair
Schedules, deficiency analysis. and costs.

049 I. AFTO Form 349 and AFTO Fc(rm 350.
049 - 2. AFTO.Form 349 used to report ail on-equipment and

off -equipment maintenance _actions,__and_all work
directed time compliance TOs. 0 Form 350
attached to item when it is removind taken to the
shop or repair depot.

050 - 1.

050 - 2.
050 - 3.
050 . 4.
050 - 5.
050 6.
050 - 7.
050 - 8.
050 - 9,
050 - 10.
050 - II.
050 - 12.

051 - 1.

051'. 2.
051 - 3.
051 - 4.
051 5.

051 -6.
051 - 7

a.
C.

a:

b.
c.
d.
a.

b.

d.
a.

b.
c.

i.
k:
a.

c.

n.



ti
q

OS 1 - 8. f. 052 - 11'. 19/29.
051 -9. d. 052 - 12. 20/9.
051 - 10. m. 052 - 13. 24.
051 - 11. b. 1 052.14. 26.
051 - 12: I: 1
051 = 13. e.
051 - 14. h.

CHAPTER 6
052. 1. I.__

052 - 2. 1/24. 053 - 1. e.

052 - 3. B. 053 - 2. a.
052 - 4. 5., 053 - 3. b.
052 - 6. F. 053 - 4. a.i
052 - 7. 4. 053 - 5. c. -

052 - 8. 053 - 6. f.
052 - 9. 25.

-052 - 10. 29. 054 - 1, -2, -3, =4, -5. See figure 2.

- PART QF
SHELF
PLUG-

PART Of
CIRCUIT
PLATE
JACK

5 2
PART OF
C-IRCLHT
PLATE
PLUC

PART OF
SWITCH
LCK

RELEASE
SPRINGS

FROM
AS-SOCA-AI ED
LINEF RIDER

CIRQUIT,

Y OFF NORMAL
SPRINGS

FROM
DIAL TONE_

T RANSFORMER

200 3

143_

9
79 0

11

pod 10

_0SW R

X OFF-NORMAL
SPRINGS

Figure 2. Simplified opt- ngoircuit for relays CB, RD, and RT. (answer for objective 054. exercises 1 through 5).

055 = 1 . E IR:1 = E- R = E-
R 1

056 - 5. R i = 20 ohms.
12 = I amp.

056 - 1 80 volts. R3 = 21.4 ohms.
056 - 2. RT = 4 ohms, I.,

lamp + =
= 2 amps, R,

12 ohms.
+ R2 6 ohms, 13 = 1.4 amps.

RT = 10 OhMi-
056 - 3. 1T = 5 amps.

L2 = 50 Ohrn3 057 - I. 6,000,000 meters.
13 = .75 amp. 057 - 2. F = 4 kHz, A = 75,000 meters.
L4 = 300 ohms. 057 - 3. F = 5,MegHz, T = ,2 microsecond.
RT = 20 ohms. 057 4: T = .02 rniLlisec. A = 6,000 meters,

056 4 R, = 4 ohms 057 5 F = 400 kHz, T = 2.5 enicrosecs
3 volts. 057 - 6. F = 250 Hz, A = 1,200,000 meters.

= 38 ohms
E. = ICI ohms. 058 - I. Frequency and inductance.

125

7 3



058 - 2.
058 - 3.
058 - 4.
058 - 5.
058 - 6.
058 - 7.

_059 - I.
059 - 2.
059 - 3.
059 - 4.

increases.
Increases.
Decreases.
Increases.
Decreases.
a. Decreases.
b. Decreases.
c. Decreases

Leading.
Increased.
Decreased.
a. No changes.
b: Demme*.
C. Decreases.

059 - 5. Decreases.
059 - 6. a. Increases.

b. Increases.

a. Electrons.
b. Holes. 1111

060 - 2. Current flows freel
060 - 3. Positive to P contact; negative to N contact.
060 - 4: Every other alternations of input voltise.
060 - 5. Same.
060 ;6. Reverse.
060 - 7. Every alternation is of same polarity, ripple frequency

is twice that of input voltage.

060. 1.

061 - I. Emitter. Emits current carriers.
Base. Controls the flow of current carriers.
Collector. Collects current carriers.

061 - 2. Emitter-base.
061 - 3. By an arrow.
061 - 4. Base.
061 - 5. Emitter to collector.

062 - I. a. Common-base.
b. Common-eMitter.
c. Common-collector.

011 ,42. 113:

062 *,,31 The transistor.

Ca
06/ CB.:
063 - `CC063.4.,

7

126

063 - 5.
063 - 6.
063 - 7.
063 - 8.

CC.
CB.
CC CB.
CE.

CHAPTER 7

064 - I. With the clip of _the test receiver connected to ground
and the test probe plated on contact 6T of relay H.
ringing should be heard.

064 - 2. With the clip of the test lamp connected to ground and
the test probe placed on contact 6T of relay H, the test
lamp will light brightly and flicker at a frequency of 20
hertz.

064 - 3. With die clip of the test lamp connected to battery.
placing the test probe to contact 8T of relay H causes
ite lamp to light its brightest, while touching it to
contact I t _of relay 13 causes it to light; but not as
brightly. _The _difference is caused because__between
contact I I of relay D and ground is 200 ohrrit
resistance and there is no resistance between contact 8T
of relay H and ground.

064 - 4. If the clip of the test lamp is connected to ground and
the test probe is placed"Xcontact 3_ of the A relay of a
seized connector no indication will be seen.

065 - I. The three main components of.a test telephone,handset
are the receiver, transmitter, and dial.

065 - 2. Depressing the C push-switch removes the transmitter
and dial from the circuitry of the test telephone handset

065 - 3. Depressing the R push-switth adds 1200 ohms series
resistance to the test telephone handset leads.

065 - 4. With the test telephone handset plugged into test jack I
and_2 of the_conn_ector.
a: With the C push-switch operated. the connector will

remain idle.
b. With the R posh- switch operated. the connector will

be seized, and if pulsed. the extreme loop pulsing
limits of the A relay will be tested.

c. With no -push- switches operated. the connector will
be seized and ready for pulsing.

065 5. Depressing the R push - switch when testing selectors or
connectors tests the A relay pulsing under extreme loop
resistance conditions.

065 - 6. You use the C push-switch to monitor a circuit or to
release a circuit you have seized.



066 - 1 .

066 -

066 - lc.

Test T2

Jack

To Distr u-

ting Frame

Out)

Test rusk

Ja TO Test

Distributor

emismommooll

Calling

Subscriber

Test

Distributor

Test

Shoe

Linefinder

Dial Test
Dial Speed

Switch
ux Test Test Desk,

Meter Cord Trunk

Jack Oh

Test Desk

066 - 2a. J.. The function of the 15V-150V switch is to connect the
desired amount of test battery in series with the meter.

066 - 2b. The (unction of the PRIM TALK-RING switch is to
connect ringing current to the primary tee cord circuit
when in the RING position: and connect the operator's
transmitter and receiver to the primary test cord circuit
when in the PRIM TALK position.

066 - 2c. The function of the CALL THRU-TCO switch in the
TCO. position is to cut off the transmitter for

- monitoring on the test cord circuits: in the CALV
THRU position it permits the operator to use thc
equipment of the line under test. to dial any number in

:the exchange.

elb

066 - 2d. The function of the RING REV-SW switch in the SW
position switches the parnary and the auxiliary_ test
cord _circuits with tesp_e_ct. to the two rows of :lever
switches: in the RING REV position it- reverses the tip

and ring I conductors of the primer yindaux-
iliary test cords in the test circuit.

066 2e. The function of the OHM HI switch is tironnect the
volt-ohm-milliammeter for resistance easurcments
using the lightest resistance range.

066 - 2f: The fUnction of the 150 MA-BCO switch in the 150
MA position is to connect the test desk meter for
reading current.. in'the BCO position it permits the test
desk operator to use the line equipment of the line
under test, through the test distrihutor trunk, to dial a

127 4
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number. It is used in "conjunction with the CALL
TFIRU switch.

066 - 2g: The function of the CT switch is_ to permit testing of
line capacitance automatically Without tiling the RING
REV switch. It works in Conjunciiith with the
15V-150V switch.

066 2h. The function of the HOWL lever switch is to connect
the howler to the auxiliary test cord circuit for use in
Signaling Station where receiver has.not been replaced

066 - 2i.

066 2j.

066 - 2k.

76

128

on hook. Operation to the DIAL TEST position
connects the dial speed and pulse ratio test circuit to
the auxiliary test cord circuit for testing dials.
The function of the NA switch is to enable the night
alarm buzzer when the test desk is unattended.
The ftinetiOn of the cords is to connect the test circuits
of the test desk to the various test trunks.
The function of the relay gate is to mount the relays
and components of the test circuits.



067 - la.

4.)

067 -

067

MDF IN

MDF OUT

Switches

On Test

Desk

Test

Selector

Trunk

Switch on

-That Desk

-Uiiiing

Test

Shoe

TtSt

Selector
0
0

0

-Sdbscriber-
Linefinder

I

129
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-First

Se-leo-1yr

0_

0

SeleCtor

Level

Trunk

Switch on

Test Desk

Special

Second

Selector

0

2/



'72
06% - I ne'fmetion of the MDF IN switch is connect the

test shoe. the halt that tests from the juir*r side of the
protector. to the test deak testing circuit.

067 2b. The function of the TEST SEL TRK switch is to
connect the telephone line that a repair4an is calling
into the test desk on; to the test :desk -t-41ing circuit.

067 - 2c. The funcUpn of the Release Permanent switch is to
release line equipment which is held operated betause
of a permanent condition.

067 - 2d. The function of the Loop switch is to condition the test
circuit to give a reading on the test desk meter if the
line under test is shorted.

067 - 2e. The function of the Tip Ground switch is to condition
the test circuit to give a reading on the test desk meter if
the tip side of the line under test is grounded.

067 - 2f. The function of the Ring Battery switch .is to permit
testing for 0 to_150 volts of battery on ring.

067 - 2g: The function of the HEAT COIL switch is to permit
testing of the inside plant equipment from the MDF
through the heat coil.

068 - 1: The function of the PRESET switch is to seize the
central office test _distribiltor._

C168 - 2. The function of the AUX SIG switch is to connect a 070 - le.
buzzer in the alarm circuit.

068 - 3. The function of the BAT FAULt- SENSITIVITY 070 - 2a.
switch permits selection of five sensitivity ranges.

068 - 4: The function of the CAMP_ ON FAULT switch: wheri 070 - 2b.
operated is tp cause the routiner to stop and bring in an 070 - 2c.
alarm when a fault is found. 070 - 2d.

068 5. The function of the GRD CALIB-BAT CALIB switch
is to permit adjustment of sensitivity of the fault 070 - 2e.
detection circuits and is used in conjunction with the
DLBL swatch. 070 - 2f:

068 - 6. The function of 'the THOUS STEP-HUND STEP
switch is to permit stomping of the rotary access switches
to a specific numroup to be tested.

to permit selection of a specific selector or linefinder
group connected to the a rotary access switch:

069 - 2. The function of the START switch is to start the
routiner.

069 - 3. The function of the FINDER GROUP lamps_ is to
indicate which linefinder group of the shelf under test
is being tested.

069 - 4. The function Of the GROUP switch is to permit
,selection of the equipment to be tested.

069 Ali The function of the "A" LEAK-STD-LOOP switch is
to permit selection of the type of pulsing used during
g[ p3 testing.

069 6. . Tilehinction of the FLT STP NO PRT switch in that
position is to disengage the printer from the routiner
circuits.

069 - 7. The function of the Busy Test switch is to permit busy
testing only of the connectors.

070 - la. The seven_ line numbest are 4212. 6661. 7305 8678,
2222, 2356, and 2471.

070 - I b. The Battery Fault sensitivity switch is set on 2.
070 - lc. The GRD-LOOP Fault sensitivity switch is set on 3.
070 - Id. 4212; 6661; 8678; 2222; and 2471 are in the 200

group 7105 and 2356 are in the 100 group._
4212, 2222, and 2356 have battery faults. 7305.8678.
and 2471 have ground faults. 6661 has a short line.
Test group I; linefinder-first selectors fault 24; positive
side of transmission line to relay A is open.
Access switch 2. Fault 13: ring back tone not returned.
Access switch 6; wipers positioned on bank contact 20.
Test group 3: connectors. Access switch 15: wipers
positioned on bank contact 21.
Test group 3; connectors. Fault 32; relay D should not
operate, but did. Access switch 16.
Access switch 17. Fault 15: reverse battery was not
received from the connector op answer.

070 - 2g. Access switch 17, wipers posttioned on bank contact 9.
Secondary access switch wipers positioned on vertical
or X 2, rotary or Y 0. Fault 19: negative side of
transmission loop is open.

070 - 2h: Test group 4, trunk circuits. Access switch 42.069 - I. The ftinetion of ACCESS SWITCH LEVEL switch is

AU CAFS A0783434)114 130
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1. MATCH ANSWER SHEET TO THIS EXERCISE NUMBER.

2. USE NUMBER 2 PENCIL ONLY.

EXTENSION COURSE INSTITUTE
VOLUME REVIEW EXERCISE

36251 01 25
INTRODUCTION TO CAREER FIELD

Carefully read the following:
Daos:
1, Theci the "course," "volume," and "fore numbers from the answer

sheet _addreS8 tab against the "VRE answer sheet identification

nutber"_in therighthand column of the shipping list: If numbers dO

not match, return the answer_ sheet and the shipping list to ECI

LMMediately with a note of explanation.

2. Note that; numbers on answer sheet are sequential in each

column;:i

-4; J. Use a'medium sharp 42 blabk lead pencil for marking answer sheet._

04.- Write the correct answer in the margin at the left of the item.

ipen you review, for the course examination,_ you can cover your

aftwers with a,Strip of paper and then check your review answers

against your original choices.) After you are sure Of your answers,

transfer them to the answer sheet. If you haVeto change an answer

on the answer 'sheetjbe sure that the erasure is complete. Use_a

clean- eraser. But try to avoid any erasure on the answer sheet if

at- all possible.

5. Take action to return entire answer sheet to ECI.

6 Keep-Volume Review Exerciad booklet for review and reference._

7. If mandatorily enrolled student, process questions or comments

through your unit trainer or OJT supervisor-. If voluntarily

enrolled student, send questions oP comments to ECI on ECI Form 17.

DON'TS:_
1. Don't use answer sheets other than One furnished specifically fiir

each review exercise.
't mark on the answer sheet except to fill in marking blOok8.

mks or egeessive markings 'which' overflow marking blocks

register as errors.

2. It foldi spindlej staple, tape; or mutilate the answer sheet;

4._ Don't use ink orany marking other than a_42 black_leadpencil.

NOTE: NUMBERED_LEARNING OBJECTIVE REFERENCES ARE USED ON THE VOLUME

REVIEW XERCISE.: In parenthesis after eaCh_dtem number on the

VRE 'is the Learning ective Number Where the answer to that

item can,be located. when answering the items on the VRE, refer

to the Learning Objectives indiCkted by these Numbers. The VRE

results will be sent to yo0 on a postcard which will list the

actual VRE items you tiaSedi Go to the VRE booklet and Ideate'

the Le Wing ObjectiVe,NUMbers for the items missed. Go to the

text an tcarefully review the areas covered by these references.

Review t e entire VRE again tefore you take the closed-book

Course EX- minatiorh

36251-01 25
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MULTIPLE CHOICE,

1. (001) What AFSC must yoU have to be promoted to E -6?

a. 36231; a; 36271;
b. 36251. 36390.

2. (003) A 5rskill_level_airman 0 expected to be proficient in
WhiCh of the folloWing?

a; All the tasks listed in colon 1 'that are coded in column
3A of the STS.

b. Those tasks that are coded and circled in column 3A of the STS.
a; Those task4 that are Identified jri the JPG.

-d-4 All the tasks listed on AF Form'797.

3. (003) Study references for -your OJT are listed in

AFM 39;0. c. a career field chart.
b... the JPG and STS. d. the specialty description.

4; k003) What form is used to request skill level upgrade?

a. AF Form 2095. c. AF, Form 623.
AF Form 797. d. AF Form 2096;

5. (004) What is the most frequent cause of accidents?

a; ,Natural- phenomena.., c. Numan error.
h. Physical hazards. d., Careless housekeeping.

6. (004) Ohmmeters have been damaged frequently because of

a. local maintenance operating instructions;
b; having to operate them according=to'regulations.

failure to zero the meter prior t -,testing,the circuit.
d. failure to disconneCt the power so rce of the "circuit being

tested.

7; (005) Metallic chips and_scraps_of wire shoo
insulating mats because they could

/a. reduce the insulating _value of the-mat.
b. contribute to poor housekeeping habits;
c. eliminate the insulating value of the mat.
d. make the matting slick in spots.-

2

S

remain on
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Which -staSemenVtese:40Sar
ices?

Di.ist covers and teat. equipment do no :set damaged.
The shop is easier -to;::;-,olegin'_up.

Fewer accidents_ occur fro falling items and from tripping
over equipment in the aisles.-

d. Oil spills do not occur and oily rags do not have to be disposed of.
1

9. (010) You need jiTO:f6r a ira uum tube voltmeter. To find the
index for this test equipment, you should use

the importance of good houSekeeping

10.

a. TO 0=2=1. c. TO 0-4-1.
b. TO 0=1=41. d. TO 00 -5 -1.

(011) Directly unLder the TO number flat-6d in an index will be
a letter-in parenthesis. This letter indidatea

a. whether the TO is- new-or revised.
b. the date of the latest change to the TO.
c. where the TO is filed.
d. the security classification' ofjthe TO.

11. (013) _When_a TO defidiency affects safety and the mission of
the unit, WhiCh of the following iMprovement reports'should you
submit?

a. Emergency. c;; Routine.'
b. Record. d; Urgent.

12. _-,..(013) Which_type of report should be used to recomm d TO, improvements
(for-_a condition that could be potentially hazardous th h prolonged
use?

a. Ur nt. c.. Routine.
b. Egency. d. Record.

13. (1-a14 Prior to filing a TO change, you should first

a.

,

annotate title page:
b. remove replaced pages;
c. verify dates in- master index.
d. verify completeness against.tbe "An7page.

14; .(014) Standard TO binders are labeled by

a. using AFTO Form 32.
b. writing directly on the binder cover.
c. using DW Form 334.
d. using AFTO Form 110. ,

3

83
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15. (614) What sym041mill be noted to the 14r4t of the TO number

on the AFTO For 1)0 Card to indicates that *TO is on file_and
current?

a* O.

b. H.
-"Jr.

1 . (015) As a supervisor
a new worker includes

a.

4 b.

0.

d.

at of the preparations for receiving

assigning the worker tools.
inquiring aboutthe worker's housln situatiOn.
putting the worker at ease.
reviewing the work experience of the new worker.

17. (016) The most
to a job is the

a. traiding an
b. training,ah
c. time in the
d. time in the

important consideration in assigning an individual
amount of'

individual has had.
individual needs.
career field.
Air force.-

18.. (017) When making a list' of jobs to establish
of the following is most important initially?

a. Arrangement by 'importance.
b. Completeness Of.,thelist.,
C. InclUsiOn Tob deadlines.
d. InclUsion required Materials:PI

et

priorities, which

19: (018) Which of the,folkowing is the first step in solving a problem?

a. Determine: ,the objective. b. Take action.
b. .Get the fats. d. Define the problem.

20. ,(019) Subordinatei stAld be evaluated: for all of the following
except

a;

b.

job knowledge. c. .4erforMance.
jOb*proficiency." A. skill level upgrading;

. ,

21. (01i) For skill level upgrading; the supervisor shouldhould evaluate
the trainee's performance against items outlined in the

a. CDC.
b. STS.

C. JPG.
d. APR.

S4
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22. (020) Which of the following subjects matches obServing, a major
step in evaluating a subordinate?

AFM_ 394.
,

. Filling o#tPerformance reports.
c. In_comparisoh with other airmen in same grade and AFS;
d; Using performance requirements.

' (021) Undee the cllpsificaion system, :utilization is the management
of

a. personnel resources. c.

b. matbriel resources.
monetary resources.
training resources.

24. (022) In All cases involving mandatory classification actions,
Who will be a nonvoting member of a classification board?

a. Training advisor.
b. Technical advisor.

25. (023) What faeM is used

AF F. 6018.
b. AF F4 u 797,

. OJT supervisor.
d. Sectionosupervisor.

for ordering psetS '10ther than.;*bench stock?

; r AF florm .2005. 4 -'4,"°

AR4irM2950';_

26; (025) As a supervisor, when toordinating Planned maintenance
Outside your organization you should

2

2

".4

a; consult fellow superviSors.
O, keep workers informed. _

c; solicit worker's criticisms.
d, seek the advice or your supervisor.

025) Coordinating planned malitenance results in benefits such as

a.

b.

wor --together;
production.

(OM: erVisor,

c. daily maintenance plannihg.
di arrangirg resources.

you haVe Contadl over the,most effectivg-

=use ofirlirsrl sk -11s; This factor is most closely relasiad to

a. ,,money costs..
b. t4me.

material.
d. space;

(029) Both the quantity and qualit6Of work Performed can 0
controlled by' devices such as

a; production charts
b. a"pocket,notebook.-

c. performance requirements.
d. inspecting and checking.

36251 01 25



30. (030) AF Form 1320 is a

a., training chart.
b. task breakdown.
o. maintenance data collection record.
d. combined operation and mainte planning activity:

'31., (031) kreiponsibility of the ate supervisor while. conducting
OJT is :to

e.'evaluattaaelgned trainees.
b. instr40riginees on_ actual equipment.
c. teach theory_and background information when required
di develop, the job proficiency guide.

4

32. .(032) When you relate the job at hand to the work of the Whdl.e
unit, while acting as 'a trainer or supervisor, you are

preparing thetrainee.
explaining the oration to the trainee.
motivating-the trainee.
following up the iraihee.

b.

c.
d.

3 (034) The feedback postcard received from ECI. giving the results.
of' a trainee's volume review exercises is ECI Form

,S4

a. 9. c-
b. 10. d. 2095.

1.ps A
(035) Which of the following would not be a major step in'evaluating
an OJT training program?.

c,

a. Exam:L:14g training standards.
b* Examinfilg trainihg-methoda.
c. Assessing programobjectives.,

Assessing; program results:

35. (037) What$Ievel of maintenance provides teehnapaI,kssis
to the using organization? ,

0

a. Depot.
b. Intermediate.
c. Organizational.
d. Maintenance performed by a 7-level worker.

36. (038) MSEP stands for

a. Management System and Equality Program;
b. Management Supervisor and EvaIuatiorlan.
a; Maintenance Eystems_and EValuation Program.
d. Maintenance Standardization and Evaluation Rrogram.

36251 01 25
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37. (041) Refer to text figure 5-1. Which of the followin
a major staff function in the maintenance complex?

. --Administration.
lity contriet.' d. Minuteman missile cable affairs.

38. (042), Deecy analysis 41.3 a subfunction of

c. Maintenance control.

a. maintenance supervision. c. job control.
b. maintenance control. A. quality control.

39. : (042) The fundtion that acts es an extension of the Deputy Commander
for Maintenance is .

.

a; quality_lontrai; c; maintenance control.
b.- maiRtenance-supervitIon. d. :training management.

40. (042) Job &ntrol is a par* of,
Ii

a. quality control. c. materiel control

b. production analysis. d. maintenance co,nr_....

41. (042) The staff function that inspects maintenance actions for
evaluation purposes is

\

a; quality control. I. maintenance control.
., .

.

,
b. maiptenance supervision. d., job control. i,

42. (043) The staff support function thit examines maintenance 'reports is

3 0

I

a. administration.
b. production analysis.

c. training management.
d. "programs and mobality.

,.

.

43 (043): :Which staff support fUnction prepares and submits'maintentnce
.., -,- .

reports? -
.

.

... i'

. *
a. Production. analysis. c Administration.

b. Trainimg,management._ A. Programs and mobility.
...

44. (044) The AuCtion ooptrol ivity respcnsible for controlling

-repair cycl gets, is , : -I,' ,

DIFM.
,RPC.

RAM.
NRTS.

45. (044) Which of the following m ans "not reparable this station?"

0

877

c. RACC.
d'. NETS.

36251 01 A



46. (045) Materiel deficiencies that are not ir conformande with
applicable standards are reported by

a. EUMRs.
b. RUMRs.

c.

d.

SF 368.
AFTO Form 62.

47. (046) Maintenance that consists of inspecting, cleaning,
lubricating equipment periodically is considered to be

4Av preventive. c. routine.

'S. priority. d. uhscheduled.

14 (046) The purpntie of a maintenance

a. maintenance sch,dules.
'b. work instructions.
c.: an inspection checklist only.
d. work procedures and inspection

and

inspection guide is to provide

instructions.

9. .(046), MaintenanceAnspection time intervals may
by the

a.

b.

c.
d.

maintenance control officer.
Deputy Commander for Maintenance.
group commander.
wing commander.

e shortened

50. (055) Witch Of-the following shows the relEtiomocurrent, voltage
and resistance in a DC cirit?

7.

b. Rwt.

51. (056) !n aseriei

d.

circuit with four-
one of-the devices burns out?

a.

b.

c.

d.

what happens if

The remaining three receive a greater po.tion of the, voltage.
The 'voltage crop across each unit remains t Same as tefore.

None of the units operates.
The thre4.Urieffedted units continue to- operate.

I

8

§ 8

1...,_.! (
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52. (056)_ The formula for determining equivalent resistance of two
parallel resistances is

R +R2
_ 2

a.
fr-T--*

1

b.

c.

N
2

R R- R,;
2 1 .Y

F-77-gr'
1 2

d.

53. (056) When solving for current or resistance in series -- parallel
circuits, the

a.

b.
c.

d.

a.

b.

c.

d.

parallel legs should be computed first.,
series -leg should be computed first.
comPutation of both legs are made simultaneously.
oomputation can be made in any order.

7) What are the two main characteristics of alternating currentl-

Constant amplitude and periodic change in direction.
Periodic amplitude and unidirectional flow.
Varying amplitude and periodic reversal of direction.
Bidirectional amplituWand periodic flow.

55. (057) Which of the following terms indicatek-the number
of.AC that occurs'in one second?

a.:PrequerICY. a. RM.I value;

b. Amplitude. 4; Reversals;

56. (058) Requirements for generating.aself7induced voltage

a;

b.

c.

d.

coil, gore; and relative motion.:
conductor, magnetic field:, and'i-elative motion
electromagnetic, conductor, and sliprings.
magnetic field; iliprings, and relative motion.

symbol X.X. placed, by a component ia,a circuit SChemAtic
e

ib.

reien 4

of cycles

inductor. resistance.
capacitor resistance,

4

c.- inductive reactance.
d. capacitive reactance.

58. "(059)' The amount of erectricity-a capacitor can store depends
an its

a. dielectric, the difference of the plates, and the voltage
a plied.

b. ate area,
c. dielectric;
d.. plate area,

4,

distance between'the plate,4 and the dielectric.
voltage applied, and frequency.
4,41..eIectric, and the frequency.

9
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59. (059)

the
As the' frequency applied to series capacitors is increased,

a. current will decrease.
b. current will increaae.

c.

d.

60. (059) As the frequency increases

a; capacitance increases
b. .;capacitahce decreapes

61.. (060) 'A fuII-wave solid

a. two diddes.
b. load resistance.

c.

total reactance will increase.
total capacitance will increase.

in a series RC circuit,

capacitive reactance increases.
capacitive reactance decreases.

0-

state rectifier circuit requires

. center tapped transformer.

. all of the above.

62. (060)1f 60 Hz AC is applied to a PN Junction, the resulting
current will be

a; pure
--b. 60 pulSeepiir4'Second. 4 d. 60 Hz AC.

63. (060) HoW maythe output polarity of the full-wave solid State
rectifier be reversed?

Reverse the transformer secondary leads.
GrOund th0 secondary center tags.
Reverse the load _resistanbe.
Riveiese-the diodes;

c. 120 pulses per second.

a.

b.-
c.

d.

6g. (061) In- an mitigating transistor, approximately holimtich'isf the
eqAtter current reathes the collectoz?

a. 100 percent.
b.. 9.5 peraeit..

t. 50
d. -5

65. 061) Whdh element of a triOde istor is reprOOnted,
by

a; Emitter;
b. Base. .

; c. Collector.
d. Case.

66. (061) Which of the following is the normal way to bias a transistor?

a. Emitter-base forward, base-collector forward.
b. "Emitter-base reverse, base-collector forward.
c. Emitter-base forward, base-collector reverse.--
d. Emitter-base reverse, base- e or reverse.

10 90
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R



a

67. (061) The transistor amplifier circuit shown below is

a. an MPH common base.
b. a PMkoommon base.'0

o an NPN common emitter.
d. a PNP common emitter.

,,.._ ....,

.*-
,...1...

/ N.:..
w. 4 ,

Ie, A.

.

=1,,,.

66.(062)Inacomm9 .amplifier cirebit, there is
e,... ...,

a. power gain or 0 ,

b. voltage in le L one.
c. high input and oggput'resistances.
d. phase reversal Otween input and output.

,..t.

69. (061$) The test lamp is Constructed as a

OUTPUT

a. parallel circuit. c. series Circuit._

b. series-parallel circuit. d. resonant circuit.

70. (064) Onsome test receivers, the test probe comes equipped with
a removable

a; series resistance.
b. _series capacitance.

c. parallel resistance.
d. paralAel capacitance.

71. (065.1 Whidh statement best describes the purpose of sicentral
offior test desk?

Used for testing cable pairs and subscriber's end equipment.
b.' Used for testing all circuits passing through the central'

office MDF.-
c. Used for line and equipment tests from a central location.
d. Used for testing all switchboird ciradits and cable pairs.

72. (066) With all lever switches in their normal or nonoperated
position, what is the maximum voltage range of the type 1 test
desk multimeter? %
a. 0 to 150 volts. c. 0 to 450 vol.

V
b. 0 to 300 volts. d. 0 to 600 volts.

(066) The installer repairman calls into the type I test desk'

for line,ohecks'through.the

a. test ,desk trunk. c. In-call circuit.
b. test trunk to MDF. d. Out-call circuit.

91
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74. (067) Operating the MDF OUT switch permits

test shoe and protector, a
_ .

Pair, by-passing the .heat coils.
pair, going through the heat coils.
pair 14 series with the carbon block.
pair or 4mper, by-passing the heat coils;

repairman gains access to the type
by keens of a

a. cable
b. cable
c. cable
d\t cable

75. :,(067). An installer
.desk for line tests

testing, through the

9

a. selector level trunk.

111:4
test selector trunk;

0.

d.

D test

test dittributor trunk.
test conneotor trunk.

76. (068) The line insulationrfutiner tests for line insulation
faults that are

a. below preselected maximum sensitivity values;
above- preselected maximum sensitivity values;

c. below preselected MiniMdM sensitivity values;
d. above preselected Minimum sensitivity values.

4

77. (068) On the insulation routiner test panel, operating the PRESET

lever switcdaf the line isolation seizes what central office

equipment?

a. Test co6ector. c. Selector level trunk:

b. Test distributor. d. Spedtal second selector.

78. (069) The automatic equipment rautinerihasa capability
how many different test groups?

a. 3.

b. 4.

c. 5.

' A. 6.

79. ,(070)=, How many digits does thoft printout tape of

:roditheroontain? .
,,,

4.. -. ,-; -;:-

a. 6. ' --s 4'1" c. 8; . ..

--41,
b. 7. 1-

..IP
_ __ ta
Ot. .(070) The laSt dtj.of t}-1
-.. is a code far $ V

a. 94/it.
.

b. -central office.'

.0"

of testing

the line insulation

instl4tion routiner

test sensitivity.
-4,fd4- connector hundreds

.74

12'

02 s

16, VT

printout

group.

1 01 25
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1

Preface

FUNDAMENTAL KNOWI:EDGES are essential, as a fottada
study or endeavor. The-peculiar thing is that pexsple, after attaining
forget the importance of that foundation.

In the business of providing telephone service,
almost daily. Most of the maintenance actions
switches.

This second volume presents material about relays and switches. It also contains an
overview of basic telephone principles as well as'. insulllation fundamentals and
familiarization on the operation and maintenance of the AN/FTA-13 manual
telcAgione system.

Wound as a separate_ supplement to th volume are seven foldouts. Whenever you
are referred to these foldouts in the text; leave turn to the supplement and locate the
one called for:

If you have questions on the accuracy or of the subject matter of this text;
or reconunendations for its improvement. d then? to SAAS XV, Sheppard
AFB TX 76NNNOTE: Do not use the suggestion.program to sub corrections for
typographicap:Vother errors.

If you rove questions on course enrollment on; or an any"Of ECI's
instructional aids (Your Key to Career Develii ', Be 'orial Objective Exercises;
Volume Review Exercise, and Course Eattimini tio It your education officer,

ifli officer, or NCO, as appropriate. If he can t answer your questions send them
ECI, Gunter AFS AL 36118, preferably on ECI Form 17, Student Request for

-Assistance.
This volume is valued at 33 hours (11 points);
Material in dig' volume is technically accurate; adequate; and current as of

ember 1978.

damentals_staxe in in the face
day deal'with relays and
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CHAPTER .1

NOTE: In t
enries

that follows
following the
yoor sneers
review the

nine, the subject minter l developed by a *trios of Learning Objectives. ic:h of
1.nnaeWtr andls In 'Whitest type. Each sets a learning goal form. The text

se ices you the informsatIon you writ! Co reVell Skit hod. Tie exercises
give yen a check on your achievement. When your complete them, see if
fe_tM back of this volume: If your respore to 1111 exercise is incorrect,

its text.

Telephone Systems Relays

RELAYS DO IT ALL! Thinkabout it a tninute.
, Can you think of anything in -the central office

circuitry that works without at least one? The funn
thingis.we don't Abirik about relays in our
day basin of providing telephone aervi
tend to ,ncern ourselves w

I connectors, rep:a
is simple; relays are_reli . Again;

e reason is clear; you! Me? Yo ur skill in
properly adjusting relays along' ith well
manufactured relays are the reasons that relays are
reliable.

In this chapter we deal with the_two_types that we
spend 99 percent of our time on The first section is
about the Automatic Electric relays that we Ii4in in

. our Strowger step-by-step exchanges. The second
, secubn deals with the Stromberg-Carlson relays

found in the XY exchanges and in the AN/FfA-13
manual telephone system

In each section vie discuss relay components;
interpretation of relay adjustment spetificationso
use of adjustment tools and test equipment, and
how thi various adjustments affect other
adjustments. .

Relays operate in a specific way because of
current ,variations."Most relays operate on a ecific
minimum value of current. The
deterndii4 -.by the consouction rislirr-4or
exempt', e> sprixig_is tensioned; therefore, $e oral'
springs placia- **ether on a relay Pgroside a load
that is an accumulation of the tension of the
individual springs Thw.,-e-the three wrings of an
assembly (also =II z.'a pileup) each have,S grams'
tension, the sprinig load apiest the associated
armature is 15 grams. the current in the relay met
be Sufficient, then, to develop a juagneti /
which is strong enough to pull th
this 15 grams' load. Remember
relay as. heing operatectr, with current the\
windings is.of sufficient value to':: re
to move toward the corgi fiQ =gyp fully ogj ted,
however; the armature MihrniOveiiifficiently from

its unoperated position to close all of its normally
open contacts and to open all of its normally closed
contacts. Relay_types are identified by their action.

'nal relay or -4nick-acting relay punt its
to the core iminediately after the 'relays
-circuit is completed and permits the
to restore without wily delay after the

tint circuit is opened._ This marginal relay
operates when the thntent in.iis windings reach-el
specified operate value: It remains operated; also; I'
while the current. decreases to another specified

'level At this tune, when the current has decreased
to die release value; the relay armature restores.. The
time difference, 4, betwointfie- ciitconneAfthe
rel'ay's operating vault_ and tiovil armature telease
is so slight that. it hilitilielieticeible: In certain
atop, a relay may next ti_klrinite time delay for
either its operation., or The_ coil- and-core
const =r tion usually , es this _t me- delay
feature: =.

t.:

1

171. Antosilietic Electra Relays

Automatic tlecnIc relays- are
the Strowger_ Central Office: Co
offices maintained hy_the Air Force.'
there are, thousands of combinatlo
contact springs; andttioinnings

of
all the
iv that
coils

in 'thousands
of 1:111:11115. Fortunately for the student and the test'
man, all relays are basalt op the same ge4Igal
principles.

A relay can be co ,to operate at fast or
slow speeds- While ,moving evo or: more contact
springs, aridAt can
readily

"rno
borim
plate -.YOE
moil

placed in a -position Which_ Li
canoe

erensPriligsceto its moniguntT aieg
_Contact springs Offer

in
type of mounting

probably Kn nal insistance, to
the armature movement. e co tact spry zw,banks
in the assembly appear as left an lght for

96
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single winding

Figure 1 -1: Single-wouhd relay.

the horizontally mounted relay. Vertical mounting
of tne relay permits the contact springs to rest with
their thinnest edge;facing the top of the equipment
frame; thus they offer less area for dust collection.
The contact banks in the vertical mounted atiemb
are identified as top bank and bottom bank of
contacts.

200. Gireii a Netlike' of al Automatic Electric
relay; identify selected components and state the
featietion of each.

A relay includes four major parts: the frame; the
coil, the-armature, and the spring assembly.

Frame; The frame supports the other
components and offers little cipposition the
mechanical movement of the armature and springs.
Also; it is constructed of a metallic material; such as
soft_ iron or silicon steel fo insure reliable relay
operation, This metallic material allows a magnetic
field easy passage. Therefore, following a rapid
field expansion, the relay returns to a normal,
nonmagnetic condition rapidly after. the electrical
Stirgettat been terminated. A frame (alga referred to
as heelpiece or heel iron) may be constructed to
support one or more relays.

Coil. The coil consists of filmy turns of fine wire
wound upon a core made of a material that is easily
Magnetized. Each turn is insulated from the other
by an enamel coating The successive layers of the
winding are usually separated by layers of thin
insulating paper. The completed coil is covered by
insulation. Each relay; as a Jesuit of this
construction, is less likely to be affetted by
moisture. A fiber-disc at each end of the coil holds
the wire in place. A lead-out wire from each end of
the coil connects to terminals; thus becoming

-I 2

3

A. SINGLE-WOUND COILvEAST ACTING
B. COIL WITH TWO WINDINGS
C. DIFFERENTIAL TANDEM-WOUND COIL
D. CONCENTRIC -WOUND COIL WITH NON-INDUCTIVE WINDING

Figure 1 -2. Relay symbols for telephone eirehis.

1

SLOW
ACT

2

SLOW
OR

2

SLOW
RE L.

Figure 1 Slow-acting itrigle-wound -retty tyittiote.

attachitient points for the power source. There are
several different methods of placing the wire on the
core. The method used depends on the -particular
function which the relay serves. We.yresent
information about these developmental pfoclacluretc
since_ you may understand the relay's operation
better if you have some knowledge of the coil's
development.

The single -wound coil has one winding as
illustrated in figure 1-1. On a ichentatic, they are
often represented as shown in figure 1-2;A: This
type of coil is most often Used with fast-operating
relays. The range of operating time can'vary from
aticitit 8 to 30 milliseconds. This; of course; will
depend upon the way the relay is used, the amount
of current in the circuit; the turns in the coil; the
number- of contacts in the Stle..k or Stith and their
gap settings; the type and setting of residualall of
these_ affect the operation of a relay. 'The exact
combinationmust be carefully engineered, had the
unit-to-meet the requirements.

Single-wound coils are also Used to preduce
slow-acting relays of three general types: slow-
acting, slow-operating and slow-releasing. Figiire
1 -3 shows a method of representing these relays on
a schematic. The relay operating time delay range:ft
from 35 to 200 millisecondt. The operating time is
determined by, the circuit opposition; the power
input, 'the number of contacts, the spring tension,
etc. A procedure useful in delaying the operating
time of a relay has been developed by engineers.
They place a copper sleeve over the core of the relay
(fig.1-4) to make the relay slow acting (slow to
operate and slow to release). The copper sleeve acts
as a huge turn of a secondary winding which, as the
current is building up in the magnet coil, opposes
the concentration of the magnetic field in the core
for a short time (until the current has reached a
maximum). When the circuit. is opened and the

OATH OP IC Flux FOR NELAy WITH SLEEVE OVERCORE

prERATE cOROiT;OR IS,A) RELEASE COS041100 (SAL

Figure 1-4. Magnetic field response at relay with copper sleeve.
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Figure 1:5. Copi leer wag dfect on Wephone relays.

Magnetic field is collapsing; the voltage induced
into the _copper sleeve opposes the change in the
field and tends to keep the field strength at the
previous level: The-delay in the release of the relay,
as_ a result of this field induction, may range up to
250 milliseconds. A relay with a sleeve-encased
core operates more quickly than it releases.

A coppir mug pliced at either end of the core
also CAMS a delay in the relay's operating and
releasing time. Figure 1-5,A, can help_explain the
Operation of a coil with a single winding used as a
slow-to-operate relay. A copper slug placed at the
armature end of the core develops an opposition to
the-expansion of the magnetic field;_thusrestricting
armature movement temporarily. When the
magnetic field reaches its Maximum level of
strength; the opposition diminishes and sufficient
force is then aVailable at the armature end of the
core to attract the armature._ The size of the slug,
number of turns in the coil, arriount of current,
number, and resistive form of the contact springs-
all of these affect the operating time of this relay.
Tlieiie relays can be-adjusted -to operate after 35 to
200 milliseconds: Release time is also delayed by
the_action of the shig, ranging -from 50 to 170
Milliseconds.

SlaW4O=Fitleale relays are built with the slug at
the heel end of _the coil; where opposition to the
magnetic flux field is slight_ When Me_ relay is

eittilig (get fig. 1-5;B): Operate time can be
engineered to vary between 10 to 95 MilliteCondt.
The lieeVend Shit has a greater effect on the relay's
release: it can be_ designed tadelay_the _collapse of
the magnetic field for from 25 to 250 milliseconds.

Many of the relays found in our equipment have

I I.1110/741
4

Figure 1-'7. Nobifiductive winding for telephone relay.

two coils wound on- the same core: A tandem-
wound coil consists_of two (half- length) windings
placed end to end. Tht heel end is known as the
first winding and is connected to terminals I and 2.
The'armature end or second winding is connected
to terminals 2 and 4 when it is desirable for the coil
to be operated from either winding. Tandem coils
have been symbolized on circuit drawings, as shown
in figure 1-2,B. A tandem coil can be, used for
operating a relay using differential principles. For
thit purpose, the battery is connected to terminals]
and 4: thus; the two windings create magnetic fields
that oppose. Illustration C of figure 1-2 has been
used to identify this type of relay in schematic
diagrams; and figure 1-6 presents a view Of the
wiring procedure.

Concentric-wound coils consist of two windings
wound one over the other. This relay hat altO been
referred to as double - wound. The inside winding is
connected to terminals I and 2. The outside, or
second winding, it connected to terminals 3 and 4:
Normally, a concentric-wound_relay_is represented
on a schematic by a symbol similar to that used for a
tandem relay. In some instances; a concentric-
wound relay is represented by a symbol as thoWn in
figure 1-2,D. Thit additiOnal windingindicates that
it is a special construction: It is wound to produce
no magnetic effect. To achieve this, the wire is
doubled back as shown in figure 1-7; looped; and
then connected to terminals 3 and 4. The magnetic
fields created by the current in the loops are in
Opposition: In effect,. then; they cancel. Nickel-
silver wire, which hat a high resistance,1Sgenerally
tiled, since fewer turns are needed than when cop-
per wire is used This type of winding is used pri-
marily in a circuit that needs 'high opposition to
limit the direct current, yet needs low opposition to
low-frequency voice currents. You may Set a circuit
where the noninductive winding is used to suppress
sparks which are developed'at relay contacts.

tandem winding
Figure 1-6. 'Telephone relay with tandem windings.
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Figure 1-9. Mui0pleAkitiM ooiIZ erribbl.

Relays that have the windings wound in parallel
are used primarily in telephone transmission
circuits= The two- windings are wound side by side,
simultaneously forming two independent coils
which are identical in respect to number ofturns,
resistance, and inductance. 0_ of figure 1=2 alto
symbolizes -this type of relay in telephone schematic
diagram& Figure l-8_ illustrates the difference_ in
looping- procedure with concentric and parallel-
wound coil&

The core of a multiple-wound relay is IL-41*
and each leg-has a single winding. The winding of
one leg terminates at terminals 1 and 3, wherelia the
windingof the other lei attaches at terminals 2 and
4; Figure 1-9 shows the symbol for this type of
relay. A multiple-wound relay has had limited iise
because of the unique constructisat It is used only
in special circuits.

A*re. The Metallic armature pivon on- the
frame and is attracted toward the core which is
maimetized by the current in the coil. nit armature
is constructed-of soft iron; to lessen the pihili
of its retaining a magneticforee after the -current in
the coil has been reduced; or it is constructed of
silicon steel which operates on a small energy
input. A permalloy armature terrriitt a relay to be
fast-operating. Each armature usually has a
protectiye finish of zinc, nickel, or chromium. A
pin- secures_ the armature to

a
retainer, yoke or

mounting plate and-serves as a bearing which_gives
the armature more-freedom_ movement. This pin
is durable and allows a minimum of side-play. The
mounting device:is attached to the frame with one
or morescrews. gre4tirse'of this construction; it is
possible to make some adju:stments in the space
between the armature and frame. Armatures are of
Several types Some may be mounted at either end
of, the core.

Figure 1-10 illustrate; a stan -lever armature
and a short -lever armature. Aayo can see in figure
1-10;A, the standard-lever armature has a ratio of
approximately 2.75 to I ; that is the lever (measured
from thethe armature to the' contact buniper) is
,approiimately.-2.75:iimeg as long as the armature
(measured from the pivot _point to the residual
screw). This gives the contact springs a mechanical
advandige of approximatelya.75 to 1 in respect to
the armature. Thus; the contact springs on a relay
with a standard -lever armature will release very

I

quickly. For this reason, the standard-lever
armature is used on fast-operating relays. As you
can see in figure 1-10,B, the short- lever armature
has a ratio of approximately 1 to 1. In this case, the
length of the lever (measured from the armature to
the contact bumper) is approximately equal to the
length of the armature (measured from the pivot
point to the residual screw). With a 1-to-1 ratio, the
contact springs are unable to restore the armature
until the magnetic field has died down to a low
value. Thus, the contact springs on a relay with a
short-lever armature will release rather slowly. For

YOKE SCREW

ARMATURE
YOKE STATIONARY

YOKE CONTACT

CLAMPING SPRENGS

WASHER

ARMATURE CONTACT SPRING

PIVOT
POINT

CONTACT
SPRING

ASSEMBLY

ifi7"

1!

ARMATURE CONTACT

BUMPER TERMS
LOCKNUT

RESIDUAL SCREW

ARMATURE

TWOSECTION
COIL

ARMATUREBACKSTOp

LEVER

A. STANDARD LEVER ARMATURE

ARMATURE BEARING 'ARMATURE CONTACT SPRING

PIVOT
POINT

_YOKE SCREW

STATIONARY
YOKE CONTACT

CLAMPING SPRING
WASHER

CONTACT
-SPRING
ASSEMBLY

ARMATURE

LOCKNUT

RESIDUAL SCREW.

ARMATURE y CONTACT
COIL

_BACKSTOP BUMPER TERMS

ARMATURE LEVER

B. SHORT LEVER ARMATURE

Figure 1-10. Telephone relay armatures.
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this reason, the short-lever armature is used with
slow- acting relays. . .

The armature's movement is lirni by. the
strength of the magnetic field, the resis nce of the
operating circuit, the currentjn the co l: and the
load of the spring assemblies.The interrelationship
of the first three of these four controlling features is
close, as you know from studying the fundamentals
of electricity: You should remember that the
current of any circuit is determined, by the
opposition; a large resistance results in a small
current, and more current is indicative of less
resistance within a circuit. At the same time; an
increase in current through a relay coil results in a
stronger ma etic field; and this field in turn;
causes the ature to be attracted more forcefully.
Relay armatu es will have some residual magnetism
after, the ene izing forte is removed. Therefore, to
keep the a tore front touching and sticking to the
coil's core, a nonmagnetic residual plate is attached
to the armature. Some relays have a small setscrew
to adjust the gap (Kfttration) between the armature
and coM-1.1tis_b. residual screw passes through,
the anmature at the point directly oppoSite the

ELI

I MAKE

I BREAK
.

a

2 MAKE

.

Aforoirsr0- e BREAK

MAKE BEFORE BREAK

BREAKMAKE

BREAK MAKEMAKE

wt:;s4
a

BREAKBREAK

Figure I-11. Arrangement of relay contact springs.

a

A

C 0
. Figure 1-12 Types of contacts for telephone relays.

center of the ore. Foil wing adjustment, tM screw
is locked in place with -,locknut,, Changing the gap
changes the relay rel me. This residual screw
allows for, quick ad , but the adjustment
should never b made without serious
consideration of i consequences and without
knowing if the adj ent is really nemsmry.

NOTE: If the rest ual screw were turned in too
far, the armature ovement would be insuffi-
cient to force the co tact bumper or pushers an
adeqpate distance to alce or break all contacts.
A residual -screw that extends too far out may not
keep the armature from sticking; thus the relay's
release would tie impossible.

We can n see- thlt residuals differ in deSign and
construction: but regardless of their development
they all do the same thing. They prevent the
armature from remaining against the core after the
current is rernov i from the circuit

Spring Ascem y. Associated-Wititthe-armature
are one or mor contact springs: You should
realize, too, that the movement of the armature
must be. sufficient to overcome the opposition of
the spnngs within the spring pileup. The springs are
usually of nickel-silver composition, which
provides adequate_ spring tension to permit the
required -action. The function- of these springs is
like that of a switch. When they are forced to move,
they close or open electrical circuits. Each spring is
insulated from the-other by means of a filier spacer,
and in order to control the contact effectiveness the
armature must move the springs into the desired
position. The springs are arranged to form four
batic types of spring combinations:

Make.
*Break.

Break-make.
Make-before-break.

Figure 1.711 depicts spring combinations. The
term "make" refers to a pair of contacts whose
switching action closes (completes) the controlled
circuit when the relay is operated; hence these
contacts are called normally open contacts. The
term "break" refers to a pair of contacts that are
normally touching; the operated relay opens them;
therefore, the circuit being controlled is
incomplete. The break-make operation opens one



Figure 1-13. Progressive "jar of relay contacts.

controlled circuit, While simultaneously completing
another controlled circuit The make - `before - break
arrangement is sequential action; one controlled
circuit must be tOinpletatibefore an associate cir-
cuit can be Opened. This latter action is Very hetet.,
sary in the dial telephone equipment circuits; since
a telephone call could not progress without it. Ex-
ample: the succeeding equipiient, a cbfineCtor for
instance, must return a potential to the preceding
equipment (selector) if the call is to be completed.
This action is done by a retay which is constructed
with make- before -break contacts in the _spring..

assembly:
In some combinations; the spring is fiziked to

continue moving for a short time aftei the contacts
touch, as the contaeft meet, the armature forces the
traveling spring (swinger) to travel a little fnithet,
placing a bow in the stationary spring. -From_ 4Dis
mating of the-contacts and with the accompanying
contact "follow;' the contacts rub tbgether to
provide a self=cleariing effect This action insures
good electrical contact.

The contacts on the Springs of the assembly are
made of gold, silver, tungsten, silver alloys, or
alloys of platinum, and quite often lite_plated with
cadmium or nickel. This construction makes them
more durable under -the conditionS Where they
operate. When contacts either complete or open a
*cult, there is likely to be sparking. This is

eSSpecially true in a circuit which includes only a
relay. The voltage at the relay contacts of such a low
resistance circuit at the _time of closure may be
negligible when compared to the voltage that could
tic observed when the_contacts open. Two reasons
for this sparking_ effect are these: (1) contact
separation _begins slowly and (2) the speed of
contact movement increases as the COntacts get
farther apart. Alio, the collapsing magnetic field of
the core and coil induces a voltage, in an effOrt to
keep current in the relay operating circuit The
result of these conditions is that the contacts get
burned or they vaporize. Pits or buildupt do not
necessarily .mean that the life of the contact is

ended. The contacts are formed as discS, bacS, or
points and are attached to the springs by 'spot-

The size shape of contacts depend largely
upon the mechanical wear to which they are
subjected and upon the energy to be controlled. In
cases of severe operating conditions, the contacts
-are made large enough to take care of
manufacturing variations in location as well as
contact alignment. For example,_ t point contact
may be mated with a disc contact or two bar
contacts may be mated. In most cases, the useful life
of a relay is determined by the life of its contacts:

. The contact material must be free from corrosion,
as corrosion acts like a high-resistance film on the
contact surface., Contacts must also be; able to
withstand the electrical wear caused by arcing and
must be sufficiently hard to limit the wearing away
to a minimum. Contact protection: (spark
suppression) einuuits are used to prolong the life of
contacts. Figure 1-13,A, pictures normal _bar and
disc relay contacts._ 1-13,B, reveals pits that have
developed as a result of arcing; and 1- 13,C,,shows
contacts that are in need of replacement. These
latter contacts have been vaporized until The metal
Of die_spricist can be seen: Figure 1-14_ illustrates
contact pitting and _the associated B of
figure 1-14 ShoWs-a buildup with a sharp point this
qrpt of defect has resulted in a mechanical-locking
action following the. losing contacts. Many
relays -are constructedwith twin contacts, a contact

. on each arm of a Y,-shaped_contacts_prinFthus each
Contact act; independently. If one arm and its
associate contacts fail to function because of grit,

. corrosion; etc., the- other contact can complete the
( operation. Twin contacts also can provide k 'higher

current carrying capacity than can a single contact

14.

welding: FiVre 1-12;A; illustrates the pointed
contact its Mate, showS the bar - shaped
(also referred to as crosspoint) contacts; and
1=12,C, pictures the disc contacts,

1@1

C

Figure 1.147 Contact pitting and buildups.
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Contacts and springs are usually giyen an
: identical number. Spring_ numbering is necessary

because without it the repairman or any other
interested person would find it inconvenient, to

.1identify the specific device which he seeks.

Exercise (200)i

1. lndentify the parts in figure 1-15 marked with
lettered callouts in the space provided and state
the function of each.

A: Spring zembly H. Coil_ _

B. Heelptece_ Armature Lever Atja
_Z. Armature Y J. ArM Backstop
D. Pivot Pin K. CopperSlug
E. Airline or Air Gap

L. Terminals
Rest al Screw M. Armature Yoke SCreW

Z. Armabre

Figure 1-15. Strowger horizontal-type relay (objective 200; 1).
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201; Given a relay adjustment sheet, interpret
selected portions of it.

The relays installed in telephone equipment are
not often checked iifilividually because they are a
part of a circuit 1.--ting the- circuit reveals the
condition of its components. For instance, if the
tests performed on a given circuit reveal no
symptoms of trouble, it is safe to assume that all
components of the circuit are meeting their
requirements-. Of course; there are many relays and
components Used in some circuits and any one of
them could cause the circuit to fail One advantage
of using relays in telephone equipment, ho kvever, is
that the relay armatures are practically the only
movifig parts withiri_the equipment These

'armitures move only a few thousandthi of an inch;
and, in so doing; they make or break the associa&l
contacts. _Circuits are affected by the atuated
contacts. Particles of dust between these contacts
can limit or prevent the operation of such circuits.

Actual practice litii shown us that a minimum of
maintenance is -required with relays when care is
exerted in keeping the telephone equipment area
clean. Relays hold their adjustment for iongperiods
of time and,_if left undisturbed, .require little
maintenance. There is a gradual deterioration but
manufacturers are aware of this and make
allowances for it. There are only two cases when
you may find it necessary to do any relay
adjustment. The first situation occurs when
equipment failt to work proverly, and the second
exists when tests reveal that there is a discrepancy in
the relay adjustment Value. Relays can be adjusted,
but not repaired, while installed on the equipment
You can change the armature travel; spring
alignment, and contact spacing: but if the relay his
a broken spring or grounded coil; you must replace
the assembly.

Before we mention relay adjustments, a few
words of caution are in'order. You Should never
touch relay adjustments unless tam indicate that it
is necessary to do so. You must use extreme care
when working on telephone equipment, because
tools dragging on, or unintentionally hitting a relay,
may knock it out of adjustment The failure of such
a relay may disrupt one or more circuits in the
telephone system or equipment.

Relay adjustment is divided into two major
classifications: electrical and mechanical. Electrical
adjustment consists of applying specified amounts
of current to the relay while observing its operation:

The values of theie currents are similar to those
'applied to the relay under actual operating
conditions The mechanical adjustments consist of
gauging and tensioning of springs, spacing and
aligning of contacts, and aligning the mechanical
parts of the relay_ Actually; the mechanical
adjustments are performed to cause the relay to
function on its specified current values.

Relay Adjnstmeat Sheet; The relay adjustment
sheet; figure 1-16; contains a wealth of%
information; but you have to be able to understand
the information in order for it to do you any good.
The adjustment sheet hat four (4) 'major columns
plus NOTES and EXPLANATION OF TERMS
blocks. The major columns are RELAYS, SPRING
GAUGING, TEST FOR, and TESTING-
INSTRUCTIONS:

For each circuit connector; repeater; etc.; there
is a sheet or series of sheets that make up the relay
adjustment sheet We start at the left side of a
typical adjustment sheet and move to the right.

Rek6s. This column lists the relays that make up
the Circuit you are working on: Under the relay
designation you find an R number. This is the
number of the heelpiece assembly. Below the R
number is a D number. The D number is she
number of the coil that is used for this relay The
No: 1 and No: 2 (if the relay has two windings) and
the ohmic 'values that follow them indicate the
resistance of the individual windings of the' coil
listed. To the right 'of the relays_ information;
between this and the next column, is the residual
screw setting shown in thousandths of an inch.

Spring pugging In this column you find a
drawing of the relay contacts for a particular relay
(fig. 1=16). Notice that the contacts forrelay A, C,
and E are shown -on the right-hand side of the
column; while the B and F relay contacts are Shown,
on the leN This indicates what side of the assembly
the spring 'contacts are located. The A, C, and E
relay contacts are numbered from the center (coil)
to the left (outsideLas kon look at the assembly;
whereat the B and F relay contacts are numbOred
from the center of the assembly to the right
(outside) of the assembly.

The contacts_shown_for relay A in figure' 1-16
indicate that with a .006 inch gauge_placed between
the residual screw and the core; contacts 1 and 2
break. For practical purposes you use .(05 and
:007 inch gauges to chmkthis 'adjustment: With a
.007 gauge inserted contacts 1 and 2 don't break;
With a .005 inch- gauge inserted they do. It workt
thM way because the :005 inch gauge allows the
armature to travel further.

For contacts 2 and 3, which are make contacts; a
.005 inch gau inserted Between the residual screw
and the coil_ es not allow them to make: By
inserting a .003 nch gauge contacts band 3 should
make:

9 0 I



Take a look at the spring gauging column for
relays C and E; to the right of the contacts and their
adjustment specifications is a minicolumn with a
three-place number. This number indices
thousandths of an inch the stroke requirement for
that relay. The stroke is the distance between the tip
of the armature residual screw and the coil core,
when the armature is at normal. This column
sometimes contains_ notex_indicating SLA (short
lever armature) or "X" APP (X application, which
refer to a specific issue drawing for this circuit).

Test for. This major column has six subcolumns.
Under the words TEST FOR you find an 0 and an
NO line. 0 stands for Operate and NO for
Nonoperate and is explained in the Explanation of
Terms block at the bottom of the sheet To the right
you have .two subcolumns of resistance
specificationi and two subcolumns of current
specifications. The resistance and the current
specifications subcolumns are for use in setting up
your current flow test set. If youtcurrent flow test
set is the resistance type, 'you used the resimance
specifications. If it is a current type, thi 1-161 for
instance; you use the current specifications. The
Values shown in the test columns are used only
when determining if a relay is out or uljustment
When a relay is to be adjusted the values shorn in
e Readj column are used as they are

st3ingent than the values found in the Test c mn.,
In the SEE NOTE subcolumn are umbers
referring you to, wh applicable, the not lock at
the bottom of the adjustment sheet

ore

Testing instructions. Contained in thisco lumn are
special notes necessary to the proper testing and
adjusting of a specific relay.

Exercises (201);
Use figure 1-16 to
following questions
adjustment sheets.

provide answers for the
about interpreting relay

1. What is the resistance of the No. I winding of,
relay F?

2. What is the residual screw adjustment for the 1$
relay?

3. What is the Operate and Nonoperate test
values, both resistance and current, for relay C?

4. What size gauge, inserted between the residual
screw and coil core, should cause contacts 4
and 5 of relay B to make?

Figure 1-17. Panel illustration.of current flow test set.
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Figure 1.18. Drawing of face of 1-181 it set. )

5. Where %"tilci You connect the positive lead
from_ the elirrent flow test when adjusting the E
relaY1

202. Given A hilt of relay items, i ratify the
tool(s) snd/Or tom. equipment used to a int each.

Now that dim the relay components and the -
adjustment Sheet are fresh in your mind, lees talk
about the tools and teat equipment nemisary to do
the adjusting.

You would Reiter think to work on your car's
Vie a 2-pound ball peen hammer or

your wristwal with long nose pliers. Special jobs
require special trials and test equipment

adjogitlo relays you rigid a that
provides cliffeet in specified amounts end tools
designed for the tWe of relay you are working on

CoKetat Flow Test w Several types of current
flow test getS_ vailable for use by switching
center repairtoeO, g.ach is designed to be connected
in A=1'06 with felkys or other electrical apparatus to
be tested. The hrimary function of the set is ,to

,and 05kOtrol the current on the winding_of
lay, or sirniar electromagnetic devices. The

me
the

resistance of the test set is adjustable. When
adjusting the resistance; you cause the cuirent in the
relay circuit to conform to the curitnt value
specified in a relay ent sheet. Figure 1-17
illustrates the control pan _ f one testlet. We have

the figure; re, we are not picturing.
all e control devices the set. You can see that
the top row of switches is identified as the
nonoperate switch row. The row'of sv)itches below
the nonoperate switches provide Connections which
operate the relay under test. Two terminals at the
right of the set are to be strapped to the battery
source; therefore; they are identified as BAT
binding_posts*To the left Of the BAT binding posts
is a battery culoff switch, Below this latter switch is
a reversing switch which reverses the battery
connections to the relay circuit. Figure 1-17 also
shows a DC milliammeter which registers_ the
current- in the relay circuit. To the right of the

- milliarnmeter are the TEST key and the OUT TEST
binding posts.

Another current flow test set used in testing
ays and switches is illustrated in figure 1-18. It
the COARSE and FINE controls 'w ich permit

you to adjust the resistance of the relay est circuV.
It is evident that each control has an indicating dot
which you position beside -MAX RES for the
maximum circuit resistance. In addition; there are
two 3-position twist-type keys: One key can be
selected for 0, 3,000, or 0000 ohms while the other
permits selection of 0, 7,500, or 15,000 ohms.,The

1 13 6
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ARMATI)R RENDER

RELAy ARMATURE BACKSTOP BERGER

DUCK BILL PLIERS

CONTBCT SPRING 8ENOER

,:ONTACT FluRNTSNE,RS

Figure Relay adjusting tools.

keys are used in association'with the COARSE and
FINE controls with which they are aligned. For ,

example;- the 3;000-6;000-0 key is used with the .
two number I control knobs. These variable
resistance controls provide the same conditions as
the 28 operate: and nonoccrate switches_ of the
former current -flow test set. This test set is a 'smaller
and more easily carried unit Alttiough there are
additional controls and terminals on the unit of
figure 1-18 (for example, the ZS-150-15 MA meter
selection key,L we are not describing them.
Remember = The operating_ instructions are
provided in an Air Force technical order-. Use. it
when preparing to operate and when operating the
test set Regardless of each -set's development, the -

tests that you can_make with each are identical.
Adjustment Tools. In order, to perform

adjustments on relays, you will use certain types of
adjusting tools..

Some of the most frequently used tools are

pictured in figured I-19. The purpose of the tools
follows:

a. Armature bender. This tool is used to bend
the armature when uch an adjustment is necessary:

b. Relay arms r e backstop bender. This tool is
used for bending t e armature backstop on relays
which_sre not prOvided_with a backstop screw.

c. Dilckbill pliers. These pliers are used for
straightening and tensioning the relay contact
spring.

d. Offset screwdriver. The offset- screwdriver is
used to loosen or tighten the relay adjusting screws.

e. Contact spring hender. The bending tool is
used to bend the contact springs to obtain proper
setting_and tension.

f Contact burnishers. The contact burnisher is
used for cleaning and burnishing the *lay spring
contacts. .7. ./

.

Exercises (202): )
Naitie the tool(s) and test equipment necessary to
adjust the following items.

1. Airline. t

A

2. Residual.

4. Contact springs,

5. Operate/NonoTerate requirements.
N,

203. Given statements describing relay
adjustment _problems, state What adjinument(s)
need to be made and what took(sj'should be used
for each adjustment.

Adjustment Relationships. As a 3-skill-lever" .
repairman, tieing able to adjust a relay is very
necessary; as sa 5-skill-level repairman mora is -

required, not only in your proficiency, but in your
helcd. It is 'ney for you to understand 'flow
vario_us adjustments affect otherg.:For this reason,
we discuss dint problem briefly at this point. It is
not difficult and you already have the needed

`information; we just need to look at it from a new
Vie,._



'Residual adjustment. The residual adjustment is
primarily made for the purpose of helping to
overcome residual magnetism as the magnetic field
of a releasing relay collapses. If you change the

. residual adjustment from' .006 inch to .008 inch
you have done what to the travel of the armature?
What about _the,stroke__and__the spring contacts?
STOP READING AND. THINK 'ABOUT IT!
Once you think you have an answer; continue on,

First of all, you have reduced the travel of the
armature itself and the stroke adjustment too. Most
important; the spring contact adjustment has been
totally wiped out, especially if the armature is a
short lever armature, The same would hold true,
only in reverse _ if you change the residual
adjustment from .006 inch to .904 inch.

Armature arm. The armature arm is adjusted so
that the make or break adjustment of contacts 1 and
2 meet specifications. It also affects the stroke
setting as well as the adjustment of the rest of the
spring contacts. t '

Airline. The airline adjustment affects not only
the speed that the relay operates at; but also irthe
armature will pull up fully.

Exercises (203):

State what adjustment(s) is /are required and what

9

8

7

11 12

tool(s) should be ,used for each of the problems
listed below.

I . Relay spring contacts travel too far when the
relay. operates aid the residual adjustment is
correct.

2. Relay does not operate fully and the contact
spring tension requirement for operate value is
correct. .

3. Relay releases much slower than it should and
it is not a slow-to-release relay and the Spring
contact adjustment is correct.

1-2. Stromberg-Carlson Relays
As wo said earlier, Stromberg-Carlson relays are

constructed somewhat different than Automatic
Electric relays. In this section we looklat the
differences in the relays, adjustment sheet, and
adjustments.

13 .14

AoIrs _tort _

3

1. COIL
2. COIL CORE
3. ARMATURE RESIDUAL PLATE
4. RESIDUA': SCREW AND NUT
5. ARMATURE SUPPORT PLATE MOUNTING SCREW
6. ARMATURE SUP eORT PLATE
7. FORCE SMOG

BASIC ATYPE RELAY

7.--
8. HEAVY STOP_
9. LIGHT. SPRI NG

10. WAVY= SrING
11: PUSHER t
12. CLAMPKG MATE SCREWS (4)
13.LMOUNTI NG PLATE SCREW
14 . CLAWING PLATE
15. MOUNTING PLATE
16. ,F fIAME
17., COIL MOLINTING ST b NUS' AND WASHER

ticoaic
Figtinet 1:20. Location. of Atylie relay components.
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204. Given a picture of a Stromberg-Carlson
relay, identify selected compOnints.

Relay Types. The two types of Stromberg;
Carlson-relays that you are concerned with are the
A-type and C-type.

A-type, The A-type relay. figure I I-20, consists of
four major assemblies: frame, -coil, armatuye

mbly, and dual-spring combinations assembly.
&me A-type relays may be equipped with only a
single spring combination assembly (Spring pileup).
All of these components, are mounted on a single
frame.

The frame (16) functions as a mounting base for
all the major components of the relay. Two holes
are provided at the rear of the ,frame to mount the
relay t6 _the circuit plate. The frame also acts as a
magnetic return- path for the core; which
strengthens the magnetic field acting on the relay. A
spring retainer is welded to the top of the frame at
the armature end,-This holds -the armature assembly
in place on the frame by means of its spring clip
action,- but allows the armature assembly to move
freely on its pivot at the front of the relay frame.

The coil core (2);is insulated from the coil (1) by
a sleeve of triple layer cellulose acetate. The Coil
windings: are made of enamel insulated wire and
may be single or double wound around the core.
The assembled coil is fastened to the rear of the
relay frame by means of a threaded stud and a nut
17). When energized, the coil acts like an

YOKE

LEFT ARMATURE- (L)

RESIDUAL DI SC

electromagnet attracting the armature to the coil
core:

The armature assembly consists of four parts:
armature residual_ plate _(3), residual screw (4),
armature -support plate (6), and armature support
plate mounting screw (5). The armature is-held in
place by means of a metal spring retainer. When the
relay operates, the armature pivots on its knife-edge
bearing which _produces an upward movement
beneath- the -springs:, This movement actuates the
spring pusher (11) which actuates the moveable
light springs (9) so that they make-or break contact
with the stationary heavy springs (10).

The:armature residual -plate is equipped with a
' welded nonmagnetic disk (projection) or an

adjustable screw. The projection of the residual
determines __the operated iairgap._ This prevents, the
armature of a deenergized relay from stickingjothe
coil-core because ortesidual magnetism.

The armature support plate is attached to the
armature residual plate by means- of an armature
support plate mounting screw. The armature travel
may be varied by rotating-the screw.

The spring combination assembly generally
consists of two separate spring combination
astaitibtiet..(pileups) joined -together into a single
assembly with aclamping.plate:(14) at the top and a
mounting plate (15-) -at the bottom. The entire
assembly is mounted at the top of the relay frame
with a mounting plate screw (13) and a clamping
plate screw (12). Phenolic spring pushers (11),

SPRING COMBINATION

SPRING PUSAER

4

FRAME

COIL

ARMATURE BACKSTOP

RESIDUAL SCREW
PIN

RIGHT ARMATURE (R)

Figure 1-21. Location of C-type relay components.
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inserted through clearance slots in each spring of
the spring pileup, act to move the moveable light
springs (9) of each pileup upward.when the pusher
itself is actuated in an upward direction by the
armature of an energized relay. This causes the
springs to make or break, thus opening or closing
circuits.

e=rype. The C-type relay, figures 1-21 and 1-22,
is equipped with dual spring pileups which may be
composed of one or more of the standard spring
combinations. -Each relay- section operates its own
spring pileup independently of the other: The total
numbr of springs in a single pileup may not exceed
20.

1. CLAMPING PLATE SCREW
2. SPACER
3. MOUNTING PLATE SCREW
4: SPRING PILEUP
5; FRAME
6. ARMATURE MOUNTING SCREW (2)
7. ARMATURE ASSEMBLY 112-)
8. ARMATURE RESIDUAL SCREW
9. ARMATURE RESIDUAL NUT

19: COIL MOUNTING SCREW (2)
11. COIL (2)

The parts of the C-type relay are basically similar
in constructionofunction, and operation to those of
the A-type r tdyik' The only exception is the
armature.

The relay uses two separate armature assemblies. L
Each armature ope tes its own spring pileup. Botli
armatures may uipped with a nonadjustable
residual disk =or a djustable itsidual screw. Each
armature is.pivo on a nonmagnetic pin mounted
in a brass yoke_

Spring Combinations. Spring combinations are
made up of a coniibination of light, heavy, and force
springs separated y insulators. The various types of
spring combinati s are shown in figure 1-23.

Figure. I -22 C-type relay. exploded view.
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NM.

WAKE (A) COMBINATION

r711/11

t
BREAK-MAKE 11 C) COMBINATION 4

DOUBLE BREAK-BEFORE MAKE

(C) COMB INAT ION ( B ,C)

Y./7// JIMINlasImmanumisa.r.
iafio

DOUBLE BREAK-BEFORE DOUBLE MAKE

ID COMBINATION (CC)

PRELIMINARY BREA(-MAKE

(XC) COMBINATION

LIGHT LOAD BREAK-MAKE

IMIC) COMBINATION'

BREAK (B) COMBINATION

MAX E-BEFORE-BREAK

(0) COMB NATION

BREAK-BEFORE-DOUBLE MAKE

ID COMBINATION (A.C)

PRELIMINARY BREAK

(X13) COMBINATION

/A
t L

LIGHT LOAD MAKE

(MAI COMBINATION

NM,

BREAK-MAKE (C) COMBINATION

MAKE-BEFORE-BREAK

(K) COMBINATION

DOUBLE MAKE-BEFORE-DOUBLE BREAK

IF) COMB MAT ION DK)

A -
/ EMMEN=

PRELIMINARY MAKE

(XA) COMBINATION

P7A 1-1711r)u,
LIGHT LOAD BREAK

(MBI COMBINATION

14-0TE: ALL COMBINAIVIIIVARE'SNOWN-INFIGN:OPERATED- PO'519:01

Pollen, 1-23. apiring combinations.
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25
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A. A=TYPE RELAY

A B.- C

LEFT RIGHT

C.

A B

B. CTYPE RELAY

C

Figure 1-24. Spring contact numlaTring.

Special types, such as M and X, are also shown.
The M-type requires a_ smaller movement the
armature to operate its contacts. The X=Vp-e
operates before other combinations in the same
pileup. Any combinations that are mounted on a
limited travel relay are designated L. The limited
travel relay has a large residual screw and special
adjustment requirements. Pulsing relays are usually
limited travel relays. _

Spring Numbering. The method of numbering
springs of relay spring pileups for both A- and C-
type relays is shown in figure 1-24. Position the
relays with the spring_Oleups on top of the frame
and The spring -con Maim termin* rear af The
relay) facing you. For dual spring Pileups, two
series of numbers are used; 1 to 20 for the left
spring pileup and 21 to 40 for the right spring
pileup. For a single spring pileup only the series 1
to 20 is used: The spring numbering begins at the
bottom of the pileup and proceeds upward with

17

C 040

every spring being numbered. No more than 20
springs may be in a single pileup.

Coil Terminals. The A-type relaydoil terminals
are designated from left to right A, B, C, and D. If
the relay is single wound the winding generally
begins at terminal A and ends at terminal C. In
some -coils, such as the coils of slow to release
relays, the winding begins at terminal A and ends at
terminal D. In a double-wound coil, the second
winding begins at the B terminal and ends at the D
terminal. Should there be a third winding (tertiary
winding); the ends of the windings are brought out
bY J/IC3_
required. These Wads are designated E and F. The
winding begins at E and ends at F.

The C-,type relay coil terminal designations A;
B, C, and D are the same as the A-type relay. Each
of the two coils of the C-type relay has a single
winding. One coil winding begins at A and ends at

112
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A. SLOW RELEASE LEVER ARM ATYPE RELAY

PUSHER
STOP

"x " CONTACTS

Y_UNDRICAL PUSHER

B. IX) OR IM) COMBINATION ATYPE RELAY
HC-033B

Figure 1-25. A-type relay armatures..

B, whereas the other coil winding begins at C and
endi at D.

Classification of A- and C-type Relays. There
are four'relay classificationa ilow7acting, slow-to-
operate, slow -to- release; and fast-acting.

Fast-acting. The fast acting relay has a range of
operating time of .008 to .020 seconds and a range
of release time of .008 to .020 seconds.

Slow-acting. The range of operate and release
time depends on several factors, such as pileup,

YOKE

LEFT ARMATURE (L)

numbir of coil winding turns, and current flow.
Retarded operation and re-lease is also
accomplished by a copper sleeve over the coil core.
This delays -the buildup and collapse of the
magnetic field: _

Slow-to-operate. Slow operating relay _may have
a range of operate time of .020 to .130 seconds and
a release time of .110 and .210 seconds. This type
of relay his a copper slug at the armature end which
causes a time delay between its circuit closure and
relay operation.

4SPRING COMBINATION

SPRING PUSHER

FRAME

RESIOUAL OISC

RESIOUAL SCREW
PIN

RIGHT ARMATURE (R)

Figure 1-26. C-type relay armatures.

COIL

ARMATURE.BACKS.TOP

_
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LEASE LEVER ARM

TURg..SUPportT ft-
4,

SUPPORT
ADJU9TI SCREW

ARMATUR
RESIDUAL
SCREW AND NUT ,

Figure 1-27:

Stow-to-retease. Slow-releasing relays may have a
range of operate time of ;005 to .095 second atter a
release time of .045 to .135 second. The copper
slug is located at the heel end of the coil core to
delay the magnetic flux action. This allows the relay
so remain in the operated condition for a short time
after the-electrical circuit has been removed:

Standard Ratio Lever ArMature Relays. This
type of relay is used when a fast acting feature is
desired. The A- and C- type relays both employ this
standard ratio armature but they do differ in
construction:

SPRING COMBINATION

COX LEVER=ARM PIVOT

A-type relay.

SPRING COMBINATION CLAMP PLATE

0.

The A-type relay armature aim pushes the spring
pusher at its end; creating this standard ratio: The

-type relay has its armature pivot pin located in a
forward position so as to give this ratio. See figure
1-25 for the standard ratio A-type relay and figure
1-26 for the standard ratio C-wpe relay.

Short Lever Armature Relay< When ,a long
release time or other special circuit conditions must
be met short lever armature relays are uwd. The A-
type relay has a slow-to-release leVeTarm which the
armature presses against the armature arm which
presses the pusher giving the 1 to 1 ratio (see fig:

........ .. . .
UAL SCREW AND

LC161CINt NUT USE TOOL #24
(SCREWDRIVER AND SOCKET
WRENCH)

COIL -

ARMATURE BACKSTOP

ARMATURE PIVOT POINT NEAR
THE CENTER GIVING THE
SHORT RATIO ARMATURE

14C -031113

Figure 1-28. C-type relay.
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1-27). The C-type relay has the pivot pin mounted
in a center position giving the 1 to 1 ratio (see fig.
1-28).

L

2. 13.

4. 5.
P

10

9

ti

Exercises (204):
Label the relay parts marked by callouts in figure
1-29.

°ii _ 12_ 13 14

-agyk--"Ptf

15

16

17

BASIC A=TYPE RELAY

Figure 1-29. Basic A-type relay (objective 204, exercises I through 9).

9. 3.

205. Given relay adjustment sheets, nterpret
selected portions.

t
Relay Adjustinent. The adjustment of XY relays

is considerably different from that of Strowger'
relays. Two things. do remain the same; wever;
the adjustments are Important to the operation of
the central offices and if you go a step at a time; it
isn't difficult. ---

Mechanical Contact Gauging Sheet for A-
5. 15. C-Type Relays. These sheets (figs. 1-30 and 1-31)

provide information used -to adjust the relay contact
combination for the dist:Ince that the armature
moves before the springs make or break. This is

6. 14 known as contact gauging. All figures entered on
this sheet are in thousandths or ten thousandths of
an inch.

The main column on the far left of the sneet is
7. . 1. labeled TYPE O17 RELAY. This column describes

the relay such as: not over six steps without lever
arm. This means not more than six hooks on the
spring pusher.

8. 16. The main column in the second position on the
sheet is for the A, C, and 1- contact combinations.
This column is divided into two subcolumns
labeled "Makes make" and "makes do not make."

20
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(76 APPENDIX I

MECHANICAL CONTACT DINGING SHEET FOR A "A" TYPE RELAYS

TYPE OF SPRING COMBINATIONS

TYPE OVRELAY

A. C A IC CCMDMATIONS- B. C i IC COMBINATION
MAKES DO

MAKES-MAKE NOT MAKE
BREAKS 00

BRILAIO-BRFAK flQT 12161k
TEST READJUST TEST TEST READJUST

NOT OVER SIX STEPS
I,VETHOUT LEVER ARM

0045" 0055- . 0025" .0095"

OVER-SIX glE PS
WITHOUT LEVER ARM

0055" .0065" .0095" .0105"

WITH LEVER ARM 010 012" 014".. .012" .019" .022" . 024"

LIMITED TRAVEL 0045" 007 0075" 009"

LARGE SINGLE CONTACTS 003" _0045" .0055' . 013"

SENSITIVE OR "If"
COMBINATIONS

010- .012" .014"

PRELIMINARY OPERATING
OR "X"_CMABINATIONS

020" .023"

INDICAT PECT/CN BY CONTACT PRESSURE (SEE NOTE 21

ARMATURE OP A DJUSTIA E NT

THE ARMS TURK BACKSTOP SHALL BE ADJUSTED AB SPECIFIED DI/THE FOLLOWING CHART
WITH THE RELAY ALWAYS IN THE UNOPERATED PORTION. ,7

MAKE BEFORE-BREAK COMBINATIONS

010"

K's _MAKES MAKES. DO

TEST mftfini6?P"'

. 010" 010-

. 025 025"

%

TYP COMBINATION'
RELAY

RELAYS _C MITA MING ALL
MAKE (A1 COMBRIATIONS ,

_

RELAYS CONTAINING OTHER THAN
ALL MAKECOMBINATIONS

CLEARANCE BETWEEN RERDUAL AND CORE
_GAUGE Qum/Axles

VALUES SPECIFIED INDICATE
CLEARANC 6-BETWEEN- UNDERSIDE
OF BREAK CONTACT SPRINGS AND
PUSHER

WIT LEV ARM 007" .0092 .011 .011" PERCEPTIBLE TO .007"
er

PITTI1 LEVER A .021" .627" PERCEPTIBLE TO 007

LIMITED TRAVEL -- ._ --
LANOE gm -\
CONTACTS

.ORS. .0111" .012" PERCEPTIBLE To .007"

"II" COMB TRIM -- -- -- -- . PERCEPTIBLE T1):;007"_111113VEEN
PUSHER AND.

"K' CCCOMBINATIONS

_

SEE TEXT - SECTION 3. 3. 2 SEE TEXT - SECTION 3. 3. 7

UNLESS OTHERWISE SPECIFIED

NOTES:

1. ALL COMBINATIONS ARE REQUIRED TO HAVE A MINIMUM CONTACT
arrmumicitor ._ootr LIWEPT_TTED_TRAVEL COMBINATIONS _
WHERE THE MINIMUM SEPARATION IS .004" and "M" COMBINATIONS
WHERE THE CONTACT SEPARATION MAY VARY FROM . OM" TO .017 ".

2. CONTACT PRESSURES SHALL BE AB FOLLOWS:

2.1 BREAK PREMIUM Or "8" i "C" COMBINATIONS SHALL BE
3340GRAMIL-

2. 2 THE MAKE PREMIUM% OK 'Tr 111"K" COMBINATIONS SHALL BE
20-40-GRAM& ,

3. 3 THE BRKARPREINIUMM_OFCOMBINATIONS WITH LARGE SINGLE
CONTACTS SHALL BE 25-50 GRAMS.

2. 4 THE_ MAKE_AND 1RXMCPRZSSURES or "IA" COMRINATIONS ,
SHALL BE 25-0 GRAMS.

2. 5 SRAM- PRESSURES- TOR-"X' CONTACTS SHALL BE MEASURED
WITH TEE IOLA Y_NORMAL r_ AIWIATURE _11111T_
STRIKING THE REGULAR -COMBINATION PUSHER. PRESSURES
SHALL Bile _GRAMS ihmaitum_
2.5.1 THE BREAK or AND- "X" CONTACTS MUST OPEN

COMPLETEL Y WORE -THE -MAKES -MAKE THE
BREMLCONTACTILSRALL HAVE O10" MINIMUM
CONTACT FOLLOW WHEN GADOED BY EYE.

2. 5.i. 'ELCONTACTIP_IIINT_FULLY-OPERATE-stromr-Ins
ARMATURE STURM THE REGULAR COMBINATION
SPR010PUIR11116.--ADJUET THWRZGULARCOMINNA-
TIM SPRING PURISM ADJUST THE PUSHER STOP.

3. AFTER COMPLETING RELAY ADRIIMIENT. APPLY CLYPTOL TO
THE ARMATURE SUPPORT SCREW.

4

Figure 1-30. Mechanical contact gauging sheet for. -type relays.
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MECHANICAL CONTACT GAUGING SHEET
FOR "C" TYPE RELAYS

TO BE USED IN CONJUNCTION WITH E-75910

6

"C" TYPE RELAY &
COMBINATIONS

TYPE OP SPRING COMBINATIONS

Ai C & re COMBINATION B; C & IC COMBINATION MAKE BEFORE BREAK COMBINATIONS

MARES- %,

hfAlt*_
MAKES
NOT MA

BREA KS-
BREAK

BREAKS DO
NOT BREAK MAKES-MAKE MAKES -MAKE

MAKES DO
NOT MAKE

TESL',' READJUST TEST READJUST TEST TEST R DJUST TEST READJUST

2-1/2 : 1 ARM. RATIO
BEARING PIN IN FRONT . 005" .0075" .009" .010" .011"

7-
013" . 013" . 010" 013"

I:I ARK RATIO
BEARING PIN TO REAR ;008" 0115" .013" 017". 018" 020" , .021" .018" .021"

1.1114.1YED TRA VEL
BEARING PIN IN FRONT

PRELIMINARY OPERATING*
OR "X" COMBINATIONS

.005" :0065" .007" .0075" .00S" N.I o" . 01

. 027" .4)3I2.2

Indicates Inspection By Contact Pressure (See Note 12)
NOTES:
1. All combinations are required to have a Minimum contact separation

of .008" except Limited Travel combinations where the niinimuiv .

separation is . 004".
Contact Pressures shall be as follows:
2.1 Break Pressure tif "B" & "C" conibimtions shall_ be 25-50 grains:
.2.2 The make pressure 4 "D" & "K" combinations sh.1.11 be 20-40

grams. 1,.
4.,

2:3 Gram pressures for "X" contacts shall be measured with the
relay normal or with the 4rmaiure just 'striking the regular
combination pusher. Pressures shall 4F 20 grams minimum.
2.3.1 "X" contacts must fully operate before the armature

strikes the regular combination spring pusher. Adjust
the regular combination spring pushers. 'Adjust the 'r
pusher Stop

2: 3 2 The break d "X" contacts must open completely before
the makes make. The break contacts shall have . 010"
minimum contact follows as gauged by eye.

S. After completing relay adjustment, apply glyptol to the armature
support screw.

b

MATURE BACKSTOP ADJUSTMENTS FOR RELAYS
HAVING OTHER THAN ALL MAKE "A" COMBINATIONS:

THE ARhIATIEW_BACKSTOP SHALL BE ADJUSTED AS
SPECIFIED IN THE FOLIDWING CHART WITH THE RE LA
ALWAYS IN THE UNOPERATED POSITION. FOR RELAYS
CONTAINING ALL "A" MAKE OR SPECIAL COMBINATION:
REFER TO TEXT E-75918.

TYPE OF.COMBINATION
AND RELAY

VALUES SPECIFIED INDICAT
CLEARANCE BE TWff,EINI UNDI
SIDLOF BREAK-SPRINGS AEI
PUSHER CRADLE.

BEARING PIN IN FRONT PERCEPTIBLE TO .008"

BEARING PIN TO THE
REAR

PERCEPTIBLE TO .008"

LIMITED TRAVEL 004" TO ; 010"

"X" COMBINATIONS SEE TEXT SEC. F 7

Figure 1-31. Mechanical conUct gauging sheet for C-type relays.
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RELAY

APPARATUS C I R C U I T ' ' 1 . . ' . o I 9 . ' a / '----

DES1G. STOCK NO: RESID.
BLOCK OR
INSULATE

-TEST
WITH ,

(SEE NOTE)

-ITEST -
_SET
POINT

N

TEST
WDG

TEST
FOR

Afr_ 'EH
SOAK
MA

READ1.
MA.

TEST
MA.

.,

REMARKS AS-30236

SW 361315 . 004 7 & 9 SW (1,e) 1-e _ -O , 19 21
NO 16 14.5

35200 006 5 & 7 SW (I) b-d O 37CB-
. NO 31

RD 203085 5 it 9 RD (a) a-d 0 41 45
R 8 7

47 H 10 I I
_

ICA 384435- 5 4 9 XD (I)
-...-c 0 31 34.004

-..., ' H 12 13

ir R II 10

-HA-- 352028- . 007
II

1 7 HA (a, c)- C) 98-
ii NO 82 78

ED 353824 5 it 9 XD (1) a-c 0 44
NO 158

---s.
. . -
___ --- __.--

IN

..

I

I. BOTH WINDINGS DI SERIES
2 X MAGNET IN SERIES
3. Y MAGNET IN SERIES
4. Z MAGNET IN SERIES
5. PO& BATTERY- -THROUGH

TO POINT INDICATED

EOM_
BATTERY THROUGH TEST SET

INDICATED
SET ACROSS POINTS. INDICATED

ENERGIZED AS INDICATED
TESTIli

CH BEFORE
CURRENT F OW TEST.

Selector
Digit
Level

STANDARDADJE/MIENTS

)6. NEG./ TO POINT
7. TEST

, 8. WINDING
TEST SET 'DURING

9. DISCONNECT_EY
MAKING

A TYPE RELAYS B-1749
C TYPE RELAYS E-75816
-XY SWITCH T -1014

Circuit, Local or incoming
Cancelling Without Reused Level
RestrictionLevel Marking.

, -

HC-043

Figure 1 -32. Electrical relay adjustment sheet.
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/13
Use these -columns to inspect and adjust the relay
with this contact _combinition_For example, you
suspect that an A-type relay with an A cdfnact
combination is out of adjustment. This relay is g
limited travel relay. Check the spnug gauging of
this by using the figures in the test column: The
relays contact will make with a .003 -inch -gauge
inserted between the armature and the core, and the
contacts -will not make with a .006 -inch gauge
inter-tea between -the armature and the core. If the
relay does not meet these specifications; it must be
readjusted to the ADJ figures, .0045-inch make and
.0055-inch not make.

:Electripal Adjustment Sheet. The relay
adjustriient'sheet (A&sheet) is used to make, the
residual adjustment_ and the curry t flow
adjustments. Refer to figure 1-32 and s at the

column of the sheet. This first column is led
Desig and gives the relay's design non as to the
circuit- it is used in. Directly to- the right in the
remaining columns are the adjustment
specifications for each one of the.relays in that
particular circuit.

The second column gives the manufacturer's
stock numher of the ,relay.-

The third column is labeled Residual Projection
and gives the Specification in thousandthi of an
inch- to which the residual projection should be
adjusted, - -

The fourth column laheled Block or Insulate is
used when the relay is adjustedin the circuit plate
and it is necessary _ to block (keep a relay from
operating) or insulate relay contacts:
_ _ The _fifth column is labeled Test With (See
Note). If note I appears in this column the special
instructions for this note will appear in the lower
left_section of this AS sheet.

The sixth column labeled Teit Set Point specifies
the relay and_springs to -which test set leads will be
connected. This is used only if the relay is to be
adjusted in the circuit plate.

The seventh column, is labeled Test WDG,
which tells which winding of the relay you will be
checking.

The next column will be labeled Test For-, arid
will have either 0; NO; H; orR. The_O stands for
operate, NO for nonoperate, H for hold, and the R
for release: The relay Will operate on a specified
amount of current. It will not operate on any less
current. It will hold on a given current, but will

'release on a lesser amount. The current values will
be found on the next two columns to the right,
which are labeled Readj.MA, for readjust
milliamps, and Test_MA, for test milliamps. The
remarki6column wiLl give any special instruction
needed to adjust'the relay.

Exercises (205):
Use figures 1-30, 1=31, and 1=32 to respond 'f,a the
following. r.

) 24

9

I. On an A-type relay with a lever arm; at how
many thousandths of an inch_ do A
combination makes-make under TEST?

k

2. Whit is the residual setting of the XD relay in
circuit AS=30236?

3. When adjusting milky SW in circuit AS-30236,
what operate and nonoperate values are used?

(
4. On a C-type relay with _a I : Larmature ratio; at

how many' thousandths of an Inch do B
combination breaks-break under READJUST?

206. Given a list of relay adjustments, identify
tools imdfor test equipment used for each.

IVIechailical Adjustments for the ArType
Raay. The A-type relay may--he equipped with
either _a nonadjustable welded disk-type residual or
an adjustable residual- screw._ The residual airgap
fin relays with or without residual screws is given in
the applicable relay adjustm_ent table in_figure I -32.
For relays with nonadjustable residuals, it- is only
necessary that a .002 gauge be loosewhen_inserted
between the armature and core of the relay. The
adjustable residual screw controls the amount of
space between the armature and:the coil core with
the relay electrically operated. To adjust the
residual screw projection for proper air gap; follow
the procedure in a. through- f.

a: Use a' screwdriver and socket wrench to
loosen the locking nut slightly.:,

b. Operate the armature by hand.
c. Insert the specified thickness _gauge _between

the armature and the core while holding the gauge
parallel to the pivot edge just clearing the residual
screws.

d. Check the fit of the thicknesS. gauge. Adjust
the screw until the gauge fits snugly between the
armature and the core.
(I) Residual Projections Loose Fit Tight -Fit

.010 in-ch or smaller .001 inch smaller .001 larger

For example; for a specified residual projection
of .004 inch, a .003-inch gauge should fit loosely
between armature and the core and a -.005 -inch
gauge should fit tightly.
(2) Residual Projections Loose Fit right -Fit

Aga inat or larger .002 inch smaller :002 larger



ARMATURE ANO FaSIDOAL PLATE.

ARMATURE SUPPORT PLATE
MOUNTING SCREW

RESIDUAL SCREW

THICKNESS GAGE HC035

Firire 1.3 Chiecicing contact gauging.

For exailVic; for a specified residual projection
of .01; inc' nA .0,10.inch gauge should fit looselimNaP
between the,arthatklre and the core, and a .014-inch
gauge should fit tightly-

e. geeheck the residual projection after
tightening d! Itieking nut.

f For ie_la.h which have release time or hold
current re,10,0truents,mthe residual screw setting
may he varies frorn the setting specified on the relay
adjustment table in order to obtain desired
operating .cWItacteristics. At all times, however,
there must be herceptible residual gap and proper
contact PreI5-ur

Ainkingz°ntriet garigini The armature position at
which the conlEIct5 Make and break may be checked

'by inWlinil_4_1t specified thickness gauge between
the armature and the coil core (fig. I -13). The end
of the gauge iNt Just cover the residualprojection,-
and the tele trust beelectrically operated while
making the chkk. If readjustment is required, turn
the armature_Ilivport plate adjusting screw in the
clockwise diretion with a small screwdriver. The
armature sUPPnri, Plate Mounting screw should be
sealed with gi)vol cement. This adjustment will
compensate for normal contact wear. If, during
adjustment; the strew is turned in too far; remove
the armature alld armature support and reform the

\ armature bY- heeding it inwards. To seat the
armature SLI,PPI't Plate adjusting screws; it may also

'be necessary t(1 reform the ar e-by bending it
°Inward- If a relay has two rine,pileups and is

badly out of adjustment because of damage; it may
be necessary reform the armature by bending It
outward. If a relay has two spring pileups and is
badly out of adjustment because of damage'it may
be, necessary to bend the- front end of the spring

\ combination clamping plate to even up both
pileups. This will cause the make contacts or both
pilqups to make at the same time.

Break contact gauging. When the make contacts,
are properly adjusted, the break contacts will
probably be in correct adjustment. However, if
readjustment is necessary, the front end of the heavy
break springs may be _adjusted with the spring
adjusting tool. EXTREME CAUTION: During
this adjustment, be very Weal not to damage the
pusher or stop.ilf after the heavy spring adjustments .
have been made, the relay fails to meet its specified
electrical requirements, adjust the tension, of\the
break springs by using the proper spring adjustmert
tool. The tool selected will depend ob the thickness
of the spring to be adjusted.

Armature backstop cictrustment (see fig. 1-34).
Insert the projection of the adjusting tool into the
hole in the armature backstop and twist this section
of the armature to meet the requirements.

Pressure gauging (see A. 1-35). Adjust the tension
ofLkiec break springs with the proper adjusting tool;
c the pressure with a pressure gauge: This
djustment will only be necessary if the adjustment

sheet Calls for specific contact pressure.
Mechanical Adjustments for the C -Type

Relay. The settings of the residual screws on 'relays
equipped with adjustable residuals are specified in
the relay adjustment sheet.

For residual projections specified as .010 inch
and smaller;_a_gauge .001 smaller_shall be and
a gauge .002 inch larger shall be tight When
inserted: For residual projections specified as :011

25

CLAMPING"PLA. TE AND ARMATURE
BACKSTOP ADJUSTER TOOL

*ARMATURE
BACKSTOP

ARMATURE
SUPPORT PLAN

ARMATURE SUPPORT PLATE
MOUNTING SCREW

ARMATURE

RESIDUAL SCREW
AND LOCKING NUT

H C -036A

Figure I -34. Adjusting armature backstop.
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PRESSURE GAGE

KEEP GAGING ARM PARALLEL
WITH HEAVY SPRING

FORCE
DISTRI
CON

OULO BE EQUALLY
no BETWEEN BOTH-

CTS OF PAIR

Figure 1.35. Checking contact spring pressure.

Inch or larger, a gauge .002 inch smaller shall be
loose anti a gauge :002 inch larger shall be tight
when inserted.

For rela with the nonadjustable welded type
residuals; tf i adjustment is necessary, but they
should be inspected to see if a .002 inch gauge is
loose when inserted; For relay?. which have -release
time or hold current requirements, the residual
setting may be varied from that specified to obtain
the desired characteristics but they must always
have a perceptible residual airgapr

Contact gauging.When the light spring is a part
of a braik combination it should be- adjusted so that
the pusher must move from :005 inch to :007 inch
before touching this light spring. All the heavy
springs whether they are part of a make or break
combination should be against the spring stop.

The armature position- at which the contacts
make and break may be checked by inserting the
specified thickness gauge between the armature and
the coil core. The end of the gauge must just cover
the residual projection and the .relay must be
eteetncaily operated while making the check. If
adjustment of the make springs is_required bend the
light springs with a spring bender of the correct
size: To adjust the break combinations bend the

1.2

MC...0388.

heavy springs with- the spring bender. -Extreme
caution should be taken when adjusting the heavy
springs to prevent breaking the pushers and stops.

Backstop setting. The relays having make contact
combinations_ only, the back stop will be adjusted as
follows: standard lever ration armatUreathe back-
stop will be adjusted so that a .01_2 inch gauge will
enter freely between the residual and core and .a
:014 inch gauge will not enter:

Electrical Adjustment for the A- lad C-Type
Relays. The current flow test set will be used to
adjust the AL and Ciype relays for the-operate and
nonoperate values. The relay adjustment sheet will.
give tffe current values that the relay is to be
adjustid to. If the relay operates on both the operate
and nonoperate values, place more tension on the
short force springs until _the relay operates on the
operate value but will not operate on the
nonoperate value:

If the relay will not operate)6 the operate value.
remove some of the tension on the force springs:

Exercises (206):

State what tools and test equipment are required to
make each of the adjustments listed below:



4. Make or BreaJc.

5:, Operate, or N-oisoperate value;

26 r Giveh_itatemeati describing relay
adjussinentitr6bleissi identifywhat-adj9stment(i).

As we said in our study of. Strowger relays',. how,
one adjustment 'effects others it a knowledge- you!
need in order to.properly adjust and troubleshoot
'relays:'

_Adjustnient RelatiOnsisips. The adjustment
relationthips,of a StrombetiKarlton -relay ara-lin

- most cases;. considerably 'different froth- Strowger
relays because :their construction is considerably
different

A-type residual screw_ adjustment. The. residual
screw-adjustrnent not only determines how guickly
the armature restores when the relay is deenergized;
it alto determines theainotint of armature- residual
;Plate travel when the, elay operates; It also worms
with the al-Mature support plate and its adjusting
screw to determine the athount of travel of the
spring pusher' which' causes the spring contacts
(light)tO move. %

needed So be° inside;

27

-.A-type backstop adjsunnent.- -.Tht backstop
adjuinuent. :affects the stopping point of he
'armature residual plate..when the relay _it
deenergized; it also affects distance between --the
light (movable), springs and the heavy. (stationary)
springs when- the relay, is deenergized, Citinging this
adjustment necessitates reidittsting 'the armature
stIppOrCplat5._ . .

C-typerOctXO1 screw ackusvnent. kb-out the only
diffetenice between the C-type relay and the A-type,,..
so far as the residual screw adjusimenisoes,,
this type of relay does not have aharmaturesuPport
°plate to contend with. ;

C-type reSittikal airgap' and licckseop--44juStment.
The residual airgap should allow the armature to
swingfreely on its pip: insure that the gip is an even
distance froth the frame for .:the length .:of the

re Rini and that there is only a 'perceptible
elearafi fie batkattilititUustnient on this_ type of ;
relay aff the stopping point of the, armature-and
spring. contacts Ofra deenergited- relaY-in-muchlhe
same way as on the A-type relay. /
Exercises (207):
State what adjustments) is/are required for each of
the problems listed below.

.
I. The liilitiprings of ith A-type relay travel t6o

far when the relay operates. The residual and
backstop settings are correct

2. Sometimes the armature of a C-tysie relay fails
to pull up when the relay is energized or it pulls
up slowly. The residual airgap and backstop
adjustment are correct

3. On A-type relay the light Spring contacts are
touching the preceding numbered heavy spring
contacts. The residual screw adjustment
correct

9 9
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Telephone Systems Switches

MANY CENTURIES have passed, yet the Romans
are still recognize4 as -having been great
roadbuilders. Many of their highways, laid
hundreds_of years ago; are still being used in
Europe. Their "engineers'' realized that merely
laying a road from one main point to another did
not provide adequate access for travel to and from
any but the "in-line"points..Thus, they evolved the
"network" principle of roadbuilding; with
crossings or interc affording the traveler
alternate routing to eraibl 'm to select the path
that most adequately satisfied his need. This
network principle has been reened over the
years into countless applicationere there is a
requirement for flexible routing along with efficient
traffic-handling capacity; In a similar manner;
switches in the dial telephone switching center
provide both the routing flexibility and a capacity
for_handling traffic efficiently.

Homing! Nonnumeriad! Numerical! These three
words should be familiar to a telephone switching
specialist. The first of these could make you think
of your own home: that wonderful place so doir to
your heart and so filled with joy when you are there.
Yes, thoughts of that home where ypu live may give
you a feeling of pleasure; but we must think about
another type of home. Stepping-type switching
devices usually have a home position; too; A device
that returns to the same location (home) at the
completion of its operating cycle has been referred
to as a homing device. Release of the switch-
stepping mechanist! permits the device to return to
a normal (at-rest) position because of spring action
and the force of gravity. A "homing device" is alio
defined as one that always starts in the correct
direction of motion or rotation. From the home
position, the switch shaft _moves in a specific
direction because of a combination of pawls;
ratchets, and detents, and as a result of circuit
connections made byfrelays. Therefore, the
supping -type switches fit both descriptions; they
return home, and they always start in a prescribed
direction of travel. Non numerical; in the telephone
language, refers to equipment that is completely
automatic therefore, it is not controlled by the dial

28
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of the telephone at -the calling station; Numerical;
to a telephone sw an refers to equipment that
is under the con of the dial at the calling
telephone.

2-1. Strowger Switchei
The telephone switch completes, interrupts, or

changes connections in a telephone system. The
switch actions take place with the assistance of
relays; The resulting connections complete circuits
between vertically and horizontally placed contacts
or between individual banks or vertically placed
contacts.

. We have stated that theprogress of a call through
the automatic switching equipment is comparable
to the progress of a call throUgh die manual
switchboard, Removal of the handset starts a series
of activities that provide a connection between the
calling telephone and the called telephone In the
manual system, the operator completes the call by
means of a cord circuit; whereas in the automatic
system; relays and switches complete the
connections.

The Strowger telephone system uses relays and
stepping-type switches. The system works so that
one of several operations, or steps, is completed
before another begins to progress toward
connection.

The Strowger stepping switches are most often
referred to as single motion and two motion,
because of their construction. Singh- motion
stepping switches include minor switches and rotary
stepping switches. Both types of stepping switches
have a stepping mechanism and a set of contacting
arms (wipers). The stepping mechanism moves the
wipers over a contact bank until they reach the
desired contact or set of contacts. The Wipers; rest-
ing on this contact or set of contacts, complete a
connection between two circuits: the circuit that-
terminates at the wiper is connected to the circtri "=

that terminates at the contact or set of contacts.
pur concern in this section is the Strowger two-

motion stepping switch; its makeup, operation,
adjustment; and adjustment interactions.
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Figure 2.1. Two-motion Strowger switch, half-right view.

208. Given a _picture of a Strovvger switch,
Identify selected parts and state the function of
each.

Two-Motion Switches. A two-motion stepping
switch consists of the shaft4_ wipers; magnets; cams;
pawls, springs, etc., which comprise a stepping
mechanism: In addition to this stepping
mechanism, you will find two-Motion switches that
include control relays and a contact bank assembly.
The 'contact bank assembly has the contacts which
terminate the conductors of a cable. The wipers of
the stepping mechanism touch these contacts when
they are stepped to the bank. The control relays
govern the electrical circuit of dreswitch. Figure
2-1 shows a view of _the Strowger two- motion
stepping switch, and figure 2-2 pictures the same
switch; but from the opposite sidc Note thit these
illustrations reveal the contact banki as being a part
of the switch. The switch base and control relays off
notpictured; but they alsO are considered to be part CAM SPRING

of the switch. The vertical magnet operates to start ASSENT*,

the operation of this Strowger switch: The armature
associated with this vertical magnet presses a pawl NUMBER CARD

against a tooth of the vertical MOLDERatchet on the switch
shaft; thus raising the,shaft one step. The wipers are ... .0D
mounted On the shaft; therefore, they move into a

MINA *OD
position opposite a level in the _contact bank: -A COLLARS

holding detent_ prevents the shaft from returning to
the home position. Each operation of the vertical
magnet steps the shaft over an additional tooth of
the ratchet. The stationary detent supports the
weight of the shaft during rotary stepping;

The second motion of the switch is a rotation of
the shaft. Current in the rotary magnet operates the
rotary armature: A pawl attached to the operated
armature engages a tooth of the rotary ratchet,
rotating the shaft one step horizontally over the
level of the contact bank; Each time_that the rotary
magnet restores, the armature withdraws the pawl
from the rotary ratchet: The shaft cannot return to
the first position._ though; because the rotary detent
holds it in the selected- position. Each operation of
the rotary magnet steps the shaft once horizontally
over the contact bank level. Remember, this level of
the contact bank over which the wipers are passing
was !selected by a vertical- stepping action. The two
motions of this switch, then, are vertical stepping
followed by horizontal_ (rotary) stepping: The
wipers are springs, and their tips press against the
contacts in the bank assembly:, thus they provide an
electrical connection -when the switch has
completed its operation. Wiper cords (conductors)
extend from the wipers to a wiper _cord terminal
strip mounted near the top of the bank assembly. By
means of these wiper cords; an electrical circuit can
be completed.

The wipers and-shaft of the two-motion Strowger
tch are restored to the at -rest position when the

re magnet operates_ The operated release
maga attracts-the release armature which; in turn;
presses against the double detent. The double detent
pivots, thereby withdrawing the vertical and rotary

Stan SPRING
NEL iCAL TTPE

.DET I-NT- REARING
PAS BRACKET

OCTENT SPRING

VERTICAL PAWL

PAWL SPRING

RELEASE ARMATURE

RE AAAAA MAGNET COIL

DOUBLE DOTE NT

RELEASE ARTIATURC
PN

ROTARY MAGNET
COILS
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Figure.2.2. Twomotion Strowger switch. halflefrview.
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Figure 2-3: :Vertical stepping macitiainnt.

detents from their respective ratchets of the shaft.
The double detent is not permitted to return to the
ratcheta because of a release link. The release
magnet is permitted to restore. A helical spring at
the upper end of the shaft which is tensioned
during the rotary action, causes die shaft and wipers
to rotate counterclockwise until the wipers clear the
bank. The stationary detent prevents the shaft from
dropping during this return of the shaft to the left.
Gravity restores the shaft to the home position from
the raised position.

We have said that stepping switches consist of a
stepping mechanism and a set of wipers. They may
have one or more banks of contacts. Let fus now
look at these units in the Strowger two-motion
stewing switch more closely.

Stepping medianism. Figure 2-3 shows a view of
the stepping mechanism for the Strowger stepping
switch. Isolating the mechanism in this fashion
allows for a better understanding of the switching
actions and otthe position and the function of each
component. The vertical magnet is actually two
coils which are series connected. Current in their

Figure 2-4. Rotary stepping mechanism.
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Fignie 2 5. Strowger switch release pnWtaltism.

windings causes the vertical armature to move
toward the core Accordingly, the moving armature
activates other devices: The small finger that
projects from under the vertical armature lifts a
release link, which permits the double detent to
move against the ratchet under the pressure of the
double detent spring. The vertical pawl, which is
attached to the vertical armature; moves upward
while pressing against the vertical ratchet. Because
of this pressure, the elevating vertical pawl lifts the
ratchet which, in turn; raises tip shaft. The shaft
rnounts'the wipers. Figure 2-3 does not show these
wipers, but figure 3 -6 does: Each operation of the
vertical magnet raises the shaft the distance which
equals the length of one tooth of the ratchet. When
the vertical magnet restores, likewise releasing the
vertical armature, it causes the vertical pawl to be
withdrawn from the ratchet. The released pawl is
held away from the ratchet teeth by an arm of the
stationary detent: Figure 2-4 shows this tower arm
,on. the stationary detent, but it does not show the
extension of the vertical pawl (vertical finger) which
rests against the arm. The tension of a flat spring
restores the armature. This spring is not shown in
figure 2-3: Meanwhile, the upper finger (called the
vertical detent) of the double detent hai slipped
under the tooth of the vertical ratchet bemuse of the .

pressure exerted by the double detente spring. The
vertical detent holds the shaft- in the raised position.
When the switch is not being operated; the double
detent is held clear of the shaft ratchets by a flat
spring (the release link). Figure 2-5 identifies this
release link. The cutout section of the release link
drops over a projection on the double detent to
hold it out Of engagement with the ratchet.

Figure 2-4 pictures a closeup view of the rotary
stepping mechanism for the Strowger switch.
Again, you can see two series-connected coils
which have been given the nomenclature "magnet."
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Figure 2.6: Strowger switth contact wiper assembly.

The operating current in this rotary magnet
produces a movement of the rotary armature. The
rotary pawl; attached to the moving armature,

rate t. As a result, thepresses against the rotary
swig:ft shaft rotates the wipe rizontally along a

' level. of the contact bank. he stationary detent
supports the weight of the shaft during this rotary
movement:

NOTE: When the shaft steps vertically. the stationary
decent rats within a groove on the side of the vertical
fatdet.

Taking the first rotary step moves the groove of the
ratchet from the stationary detent and brings the
protruding edge of a tooth over the decent; thus a
transition is made from the vertical detent's support
to stationary detent support. The vertical detent is
not able to support the Shaft during rotary stepping
beicaitie there is clearance b-etween it and the edge
of the ratchet tooth: This clearance is the result of
rotating die small= projectiona on the vertical
ratchet. The circles shown at each tooth of the
vertical ratchet in figure 2-5 represent these
projections. During vertical stepping, the vertical
detent rested under such a projection;_ but during
rotary stepping the projection is out of the in-line
position: This ratchet projection also allows the
stationary detent to slip under the ratchet tooth.
Following each-release of the rotary magnet, the
rotary pawl is withdrawn from the rotary ratchet. A
flat spring within the rotary armature presses
against an adjusting screw and supplies restoring
tension to the armature. A fixed residual on the
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magnet permits rapid release following termination
of current in the magnet operating circuit. The
restored rotary armature rests against a stop pin.
This stop pin provides that the rotary pawl just
clear! the shaft during its vertical stepping. The
rotary detent holds the shaft in the rotated position
until the succeeding action is begun. This action
could be another rotary step for the shaft or a
release of the switch:

Figure 2-5 is a dosetip Of the release
mechanism for the Strowger switch. The single coil
of this release magnet operates_when the current is
in the switch releasing circuit. The operated release
magnet moves the release armature against the
double detent. In response to this pressure from the
armature and the armature release wrew, the
double decent pivots away from the ratchets of the
switch shaft and Into position for seizure by the
release link; Since the rotary detent is withdrawn
from the rotary ratchet by the armature action, the
helical shaft spring is able to rotate the shaft to clear
the wipers from the bank and return the groove of
the vertical ratchet to theposition of the stationary
detent. When the stationary detent slide:* into this
ratchet groove, gravity returns the shaft to 'the home
position. Remember that the double detent spring
presses the double decent against the ratchets during
switch stepping. Alto, the restoring switch restores
the vertical off-normal (VON) switch by placing
weight onto a lever which, in turn, presses against
movable contact springs of the VON switch:

Contact wiper assembly. Figure 2-6 remolds three
contact wipers which are mounted at the Wer part
of the switch shaftcontrol-bank, vertical -bank;
and line-bank wipers. The control-bank wipers are
placed higher on the shaft because they mast ride
over contacts of the control-bank section of the
contact bank assembly. This wiper unit consists of
springs which have an insulator between thern. The
lips of the wipers; thOWn to the left side in figure
2-6, are separated and have a flattened area which
permits reliable connection with the bank contact.
A pair of wiper cords terminate at the opposite end
of the wiper, as shown to the right of the figure.

NOTE:_This terminal comtection to two cords does not
always liold tnse, becatallE the taminalt an be dripped.
In this latter case. one wiper cord is stiffidian.

The vertical-bank wiper is placed below the
control-bank wiper, but this specific wiper is found
only on a special-purpose switeh, such as a
linefinder: In the linefinder equipment; this wiper
warches for a marked level on the vertical bank.
The vertical-bank wiper moves outward away from
tfie vertical bank following the first rotary step. This
vertical-bank wiper differs from the other wipers in
that it has only one lip and it is mounted
perpendicular to the shaft rather than horizontal.
The line-bank wipers are shown near the loop of
the wiper cords. Their construction is identical to
the control-bank wipers.
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Figure 2-7. Si uoger switch contact, bank assembly.

Some Strowger stepping switches have two line-
bank wipers rather than only the one as figure 2-6
shows. The control -bank and line-bank wipers are
placed. on the shaft with their home position being
one step below the associated bank of contacts and
one step to the left of the first set of contacts in the
first level. The control-bank wipers are mounted to
operate in unison with die line-bank wipers. When
the line-bank wipers are elevated to a specific level
(row) of bank contacts in the lower blink of the
bank assembly; the control wiper is raised to the
corresponding row' of contacts in the upper bank.
In other words, if the switch step five times, the
line-bank wipers are positioned to rotate over the
fifth row of contacts in the. lowest bank; likewise,
the controt-bank wipers are positioned to rotate
over the fifth row of contacts in the upper bank.
14ow, rotating the shaft one step permits the wiper
lips to rest against the first contacts in the selected
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bank level. Additional rotations enable the wipers
to test the subsequent contacts in the bank level.

NOTE: The wiper's terminology is derived from the
bank assembly with which it functions.

Contact - bank assembly. Figure 2-7 shows a
partial view of a_Strowger switch bank assembly,
You can see the 10 control bank levels I though 0,
but you have to assume that there are other banks
below. Level 0 of :a lirte: bank is also identified.
Each bank level'is shaped in a semicircle and has 10
contacts or 10 pairs of contacts; The _contacts_ are
brass and they are separated by insulation. Each
contact extends through the switch and then beyond
the insulator for a short distance._ This extended
portion allows the conductors from lines, trunks, or
other circuits to be terminated. The controL-bank
wipers of the two-motion switch of figure 2-7 have
100 points to test; since there are 10 levels with 10
contacts to each level. The contacts of this
illustrated control batik are designated control (C),
and they correspond to the sleeve,(S) designation
for a control lead in other equipment. A control
bank may have 100 pairs of contacts: in this
arrangement, the extra conductors are designatd
extra control (EC) or special control (SPL C).

In a line-bank level; the 10 contacts are paired,
one contact placed above the other. The upper 10
contacts are called negative ( ), and the lower 10
contacts are referred to as positiveq+). These
designations correspond to the ring (R) and tip (T)
conductors in _other_ equipment; Line__ banks
terminate-the cable pairs from telephone lines or
trunlcs(Dialing and tatting circuits are completed
through the contacts of these banks.
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Figure 2-8. Strowger two-motion switch, half -left view (objec-
tive 208. exercises 1s9).
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Identify specified Strowger switch components, .

using figures 2-8 and 2-9, and state the purpose of
each.

1. C, figure 2-9.,

2. M, figure 2-8.

3. B; figure,2- .

4. A, figure 2-8.

-a.
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5: L, figure 2-8.

6. L, figure .

-1)
figure 2-9.

8. E; figure 2- .

9. D, figure 2=8.

209. Given statements describing switch
adiusnment problem, state what adjustment(s)
need to be made and what tool(s) shotdd be used
for each adjustment.

The basic purpose of switch maintenance is
trouble _prevention rather than trouble_slearance,
since one switch in trouble may hat affect a call
through the central office. When it becomes
necessary to perform preventive mainteniqe on a
particular switch in your central Vice, to task;
Sithilat to relay maintenance; invatves testing,
adjusting (if necessary), and cleaning the switch. As
long ai switch performs its function; we suggest
that yoU make no attempt to adjust it. A switch will
operate satisfactorily as long as it remains within its
maximum allowable range of Adjustment Due to
normal use you should expect a switch to deviate
some from its normal operating values. However, if
you determine that a switch is out of its maximum
alowable range of adjustment; naturally it must be
adjusted.

Teging the Switch. The logical approach to
switch- maintenance is to first test the switch to
determine if it is operating properly.

Adjusting the Switch. After you have tested a
switch; you find that an_electrical or mechanical
adjustment is necessary. if the electrical adjustment
pertains to the control relays of the switch, you
should apply the principles of relay maintenance
covered in Chapter I. On the other hand, if the
switch requires a mechanical aajustment, such as
the vertical or rotary stepping mechanisms, you
Would have to refer to the manufacturer's
specifications apgropriate to that switch.

In order to 1-'n the techniques of mechanically
adjusting a switch, you must practice adjusting it.
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Figure 2-10. Vertical stepping mechanism.

As we did with relay a7djustment; we will limit our
discussion to the effects that the mechanical
adjustment will have on the switch.

We will not illustrate a complete switch We
will review the mechanical functions of the switch
,and illustrate the main parts of it which periodically
need adjustment.

The two- motion Strowger stepping switch
consists of a shaft wipers; vertical and rotary
magnets; cam; pawls, spnngs. etc., which comprise
the stepping mechanism. When current is applied to
the vertical magnet of the switch, an armature
associated withthe magnet presses a pa161 against a
tooth of the vertical ratchet-on the switch shaft, thus

sing the shaft one Step Let's stop right here and
e* the vertical stepping mechanism
Vertical stepping mechaiiiini. Notice in figure

2-10, the Vertical _Stepping mechanism consists of
the vertical magnet and its armature, the vertical
pawl spring, vertical pawl, and ratchet.

What items should you consider concerning the
adjustment of the vertical stepping mechanism?
Acnially just abbut everything you see in figure
2-10. Consider the vertical magnets. If the magnets
are not positioned according to requirements set

STATIONARY DETENT DOUBLE DETENT SPRING

MEASURE DETENT
SPRING TENSIoN

HERE

VERTICAL
DETENT

DOUBLE
DETENT

ROTARY DETENTVERTICAL_
PAWL GUIDE

Figure 2-11. Vertical stepping mechanism.
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forth in the manufacturer's specifications; the
vertical play of the shaft will be affected. For
example, the free vertical play of the shaft should be
tietWeen 0.002 inch and 0.010 inch. If the vertical
play is above 0.010 inch, the magnets should be
raised. If the vertical play is below 0.005 inch, the
Vertical Magnets should be lowered. In figure 2-10
notice the vertical armature: You can set that the
vertical pawl, which engages the teeth of the vertical
ratchet, is attAthtd to it. if the vertical armature is
out of alignment:the vertical pawl will also be out
Of alignment in relation to the vertical ratchet teeth.
Since the requirement for smooth vertical stepping
is to have the vertical pawl centered to the vertical
shaft; you must, if the-armature is out of adjustment,
bend the armature either to the left or right to
position the pawl so that it centers the vertical shaft.

Figure 2-11 shows a different view of the vertical
Stepping mechanism. It shows the vertical ratchet
and associated double and staftonary_detent. The
function of the double detent, often called double
dog, is to,prevent the shaft from restoring to normal
when the switch is stepping in a vertical or rotary
direction. The purpose of the stationary detent is to
support the weight of the shaft during rotary
,stepping. Again referring to figure 2,11; the double
dog consists of a vertical detent and rotary detent
During vertical steppin& the vertical decent rides
over the naiad of the vertical teeth. The vertical
detent will drop in under a vertical tooth just before
the vertical armature has traveled its full distance;
to prevent the shaft fiorn returning to normal
during vertical stepping. The rotary detent, during
the course of vertical stepping, remains static in a
groove of a rotary tooth. Figure 2-12 is another
view of the vertical stepping mechanism. This view
shows the double dog spring which holds the
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Vertical clog in its proper place in relation to the
vertical teeth while the shaft is raisinj. Also this
view shows an extension to the double dog; which is
associated with the release mechanism of the switch.

Now th e've Rtplained the functions of the
major item that Mike, up the vertical stepping
mechanism, let's briefly consider certain
adjustments that periodically have to be made. With

t reference to figure 2-12, the vertical dog must have
a certain clearance between its top surface and the
underside of the, vertical teeth when the switch is
operated to keg) the vertical overthrow of the shaft
at a minimum. This insures smooth vertical
stepping of: the switch. If the vertical overthrow of
the shaft is excessive; you must bend the vertical dog
up to correct the problem. Notice the double dog
spring in figure 2-12. Its purpose is to proVide
tension enough against the vertical detent so that the
detain will not be-Coate disengaged from the vertical
teeth during stepping. The tension on the spring is
measured in grams; and approximately 250 to 400
grams' tension is required to secure the vertical
detent With reference to figure 2-12, notice the
Stationary detent. A groove is cut in the vertical
ratchet and the stationary detent must be adjusted to
pass' through the groove when the shaft is being
moved up or down. The stationary detent hai no
function with the vertical stepping. Its function, as
Mentioned previously, is to support the weight of
the shaft during rota*, stepping.

The rotary stepping of a two-motion stepping
switch works essentially on the same order as the
vertical stepping mechanisms: As a matter of fact, it
hai the same number of acting parts: rotary
magnets, armature, pawl ratchet, .land detents. These
parts need periodic adjustment as does the vertical
mechanism. HoWeVer, since the rotary stepping
function is similar to the vertical stepping function,
We will not discuss the mechanism in terms of its
adjustment; instead, let's take a look at and talk

RELEASE MAGNET
DOUBLE DETENT SPRING ) BACKSTOP

SWITCHtHAFT A :fitr; 'SCREW

1STATIONARY
DETENT

VERTICAL
RATCHET

ROTARY
RATCHET

el

RELEASE
...--SARMATURE

PELEALSE
LINK

RELEASE ARMATURE
DOUBLE DETENT PIN

Figure 2-13. Release mechanism:
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F GRAM GAGE

Figure 2-14. Switch adjUsting tools.
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about the release mechanism of a two-motion
switch:

Release mechanism. Figure 2-13 pictures .the
release mechanism- of a two-motion stepping
switch. The release mechanism consists of a release
magnet, release armature, release armature pin, and
release. link: The ramie mechanism operates to
restore the switch to normal after the switch
ammietes its vertical and rotary stepping. With
reference to figure 2-13; the release magnet
operates and attracts the release armature which, in
turn; presses against the double detent. The double
eletent pivots; withdrawing the vertical and rotary
detents from their respective- ratchets of the shaft.
The double dog (double detent) is not permitted to
return to the ratchets because of the release link.

The adjustments required for the release
mechanism are relatively simple. Periodically, the
release armature stroke must be adjusted so that the
striking pin of the armature presses the double dog
with enough force to withdraw the double dog from
the vertical and rotary ratchets after stepping Also;
the striking pin must he turned in or out so that the
release link will drop over the lug of the double dog
without binding.

Switch aeaning. Good housekeeping is the
most im_portant single task required to keep your
central office operating properly Dust and dirt on
the switch mechanism not only cause the switch to
deteriorate; but can prevent its stepping) When it
becomes necessary to clean the switch, the pans to
consider are the banks, the control relays, and all
accessible moving parts: As you'll recall; relay
contacts can be cleaned with a piece of bond paper
and the accessible moving pans can be cleaned with
a lint-free cloth.

Adjissting Tooli. Figure 2 -14 pictures some of
the more immrtant tools used in adjusting the two=

otion= Strowger stepping switch:
et. Figure 2-14,A, shows an open-end wrench,

which is used on magnet adjusting screws; adjusting
caps, and lOcknuts.

b. Figure 2.14,B, pictures an offset screwdriver.
It is used to turn screws positional at an angle.

c. Figure 2-14,C, Shows a T-haridle socket
wrench; which is used to turn screws holding the
cliMping brackets.

t Figure 2 -14 ;D; shows the L-gage. It is used to
ITICantre large clearances.

e. Figure 2-14,E, -pictures the double dog
bender. It irused _to bend the double dog.

f Figure 2-14,F, shows a gram gage. This tool is
umxI to measure spring tension.

g. Figure 2-14,G. pictures a fish scale. This tool'
is used in place of the graingage when springs
require 'more tension than the gram gage can
measure.
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Exercises (209):
State what adjustment(s) need to he made and what
tool(s) should be used for each adjustment; for the
switch problems helow.

I: The release magnet operates, but the switch
fails to release.

2. The switch does not return cornpletely to the
left during release on all vertical levels.

3. When a linefinder switch steps to the 11 th
rotary step, the release magnet does not
operate. It is not an electrical problem.

4. A linefinder oftentimes steps more vertical
steps than it should; the vertical wiper is
adjusted properly.

5. The release_par,gnet remains operated after the
switch iebmpletely released.

210. State how selected switch a djustments affect
other adininnents or switch actions.

Switch maintenance is one of the things you
spenerost of your time one It is n_ot really difficult
and one of the things that makes it even easier is
knowing how . the various adjustments work
together.

SWIMS )140sAlittist Relationships. Some of
the obvio relationships are the wipers_and the
bank con , the normal pin and the off=normal
lever. If the wipers are not lined up with the
contacts of the bank, you _have broken wipers and
bank contact insulators. If the normal pin or off=
normal lever are not properly adjusted the VONs
cannot do their thing or the switch_ may not return
to normal when released. Let's look at some of the
others.

Vertical assembly. Think shout all the parts
involved with vertical stepping. Look at figures
2-10, 2-11, and 2-12. When the vertical magnets

'operate; the vertical armature pulls up, raising the
pawl. The pawl engages the vertical ratchet and
raises the shaft. The double dog's vertical detent
slips uader the ratchet to keep it from falling: Hold
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Figure 2-15 thiiversi two-motion switch.

2. Pawl guide is lowered.on just a minute! What if the magnets do not raise
the shaft high erfOugh or raise it too high? What
happens if the vertical pawl guide or vertical detent
are not adjusted properly? There is more,.biit. you
get the picture. Instead of a smooth working switch;
you could have a real headache.

Rotary assembly. Figures 2-1 and 2-4 show parts
of the rotary stepping mechanism; If the rotary
magnets pull rotary armature too far, the switch
overstepsif it isn't pulled far enough; the switch
cannot step rotary; If the rotary armature backstop
or rotary pawl guide are not adjusted_properly,
rotary stepping may be bad or even nonexistent; to
saymothing or the rotary pawls that may tie broken.

Release assembly. Figure 2-5 shows the release
mechanism components. If the release armature pin
is out of adjustMent, the switch might not release or
it might cause the double .detent spring to_lose its
tension due to moving too far from the sha1uring
release. If the release link is out of adjustment, the
double detent may not disengage the Shaft at
normal. If the armature backttop Strew is out of
adjustment, the armature might not be pulled to the
release magnet to release the switch.

We have not covered each item on the switch; but
with a little thought and your knowledge of switch
components and functionsyou can understand fully
how one adjustment_ affects others.

Ettettis-es i210X
State what switch actions and/or adjustments are
affeeted by_ _a change in the adjustments listed
below. Use figures 2-1 through 2-13 as needed.

1. Stationary upper detent is raised.

3. Off-norMal lever bent down.

4.. Release armature pin screwed out:

a
5. VerticaF magnets towered.

6. Rotary magnets moved toward the back of the
switch.

2-2. XY Switches
With the eitceptiOn' cif the mechanical way it

works, the XY Universal switch does the same
things a Strowgetawo-motion switch 'doet.
However, its ,fhysical- makeup and mechanical
operationrite considerably different from those of
the Strosvgir

In an xy offide you find DECA_switches, which
equate to the minor switch in a Strowger office;
rotary switches, which are almost identical to those
in as Strowger office; and XY Universal switches.
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12.9
In this section we deal only with t XY

Universal_switch. The truly unique thing out this
switch is that it may be used as a linefinder, selector,
or connector. It is not a part of any particular
circuit until plugged into that circuit by means of
the 36-point F plug attached to the switch cable.

211. From a picture of an XY switch; ideptify
selected parts and state the function of each.'

XY Universal Switch; Figure 2-15; pictures a
universal stepping switch. The switch is so named
because it is usable as a linefinder, selector, or
connector without changing_ any components or
making any adjustments. You can see in the
illustration that the contact bank assembly is not a
part of this switch. The control relays are also Ulu
unit separate from the switch. The switch
illustration shows a Shaft. wipers, magnets, cogs, .

sprigs, 'etc., which _provide the stepping action.
The identification for _these components_ will be
found- in figure 2-16. The method of making the
connection differs from the procedure used in the
Strowger switch, This switch uses two motions to .

conhect to the chosen circuit of a group of 100
lines; but these motions are in a single_horizontal
plane. The switch-is first stepped in the X directifin
'and then in the Y direction: The designations X And'
Y are chosen from the rectangular coord'hate
item in which X corresponds to east and to
north; as used Qn maps; hence the name Y"
switch. The first motion of the switch is always in
the X (east) direction to move the T, R, S. and HS
wipers and the X and Y carriages along the tubular
shaft toward the digit drum. This drum is the device
shown to the far right in figure 2-15. The marked I .

and 2 on it are within your view. After the necessary
steps in the X direction are completed, the Y
carriage steps north as many steps as necessary to
place the T, R, S, and HS wipers in contact with the
proper switch bank wires. The switch can move a
maximum of 11 steps in the X direction or 11 steps
in _lie Y direction: The I 1 th step identifies '
oyertravel. The number of steps that are taken is

- ,
determined by the control circuits. '

X direction stepping takes place when the X
magnet operates. The X armature moves toward the
magnet core and; as a result; presses the X driving
piwl against a tooth of the X gear ratchet.
Consequently, the gear cluster rotates. Teeth of the
rotating gear sprocket engage a cog roller ratchet,
thereby activating it The companion roller moves
the X carriage along the shaft Each operation of
the X magnet moves the X carriage one step to the
right on the switch shaft..A retaining pawl prevents
the carriage from returning to the normal shaft
position at the end of the step. The releaSed X
magnet permits the driving pawl to return to a
position that is in line with the succeeding tooth of
the X gear ratchet. After the X stepping is

40

135

terminated; the control circuits prepare for the Y
direction stepping.

Operating the Y magnet continues the stepping
progression. The movement of . the Y armature
toward the Y magnet core results in the Y driving
pawl engaging a tooth of the cog roller. The turning
cog roller moves pinion _gears which, in turn, carry
the Y carriage and wipers toward the north (at a
right angle to the shaft). Reduction of current in the
Y magnet causes, it to release. Accordingly, the N
armature restores aruidisengages the Y driving pawl
from the cog roller. The Y drivingtawl isprepared
for the' next step when it is in place beside a tooth of
the'cog roller. A retaining pawl prevents return of
the Y carriage to the home position. An additional
Y direction step is made during each operation of
the Y magnet.

There is an additional important movement on
this universal switch. A third wiper _assembly is
moved_ while_ the _switch components are_ being
`stepped. The XXX wipers attached to the X raCk
move in the Y direction only; but make this motion
in unison with the X carriage as it steps in the X
direction. The X gear cluster has a separate gear!-"---
whiCk drives the X rack :in the Y direction at the
same time another gear of the-X gear cluster drives
the cog roller and the attached assemblies in the X
direction. The X-XX wipers: accomplish special
circuit switching for linefinder control and
restricted or code call service.

The switch returns "home" after the release
magnet operates. Th6 operated release magnet pulls
the release armature; The operated release armature
presses the retaining pawls out of engagement with
the roller and ratchet; thus they allow the Y and X
carriages to restore.

This universal stepping switch, which is pictured
in figure 2-15, has a steel baseplate. The plate is
placed so that It is horizontal to the exchange floor
and;.similarly; the components which enable- the
switch to be functional lie horizontal to the steel
plate. The terminology for these .components
conforms to the terminology used to identify units
in the previous stepping switches. Included in the
switet4 then, is the stepping mechanism.

Stepping mechanism. The stepping mechanism
consists of magnets, gears, pawls, ratchets; springs;
etc._ Figure 2-16 is a top view of the switch. By
looking at it, you can see the many components
which comprise the switch and visualize the
component arrangement which allows mechanical
inlivement.

The cam assembly, cog roller, pinion assembly;
and digit drum are supported by a tubular shaft
which extends from west to east - across- the
mechanism baseplate. The cam assembly operates
the Y off -normal and the XY overflow springs.
You can see these cams fastened at the west end of
the shaft.



Figure 2-17. Switch stepped in X diredian. simplified diagram.
: -
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Figure 2-18-. Digit drum in normleposition.

_ The _cog roller moves toward the di 't drum in
the X direction) in- response to the ng X gear
cluster. Figure 2-17 reveals a more simplified view
of the_ X gear and cog roller relationship._At the
same time that -the -cog roller moves toward the east,
the X rack moves in the Y direction (north) as a
midi of die X tack gear -movement. Figure- 2-16
identifies the X rack geir, and figure 2,17 shows
the X carriage_ assembly Stepped to the fourth
position. -The X-XX wipers extend from the X
rack: consequently, they are positioned against
wires of the X-XX wire bank by the X rack gear.
The X rack moves one step in the Y direction for
each step that the cog roller moves in the X

direction. The X rack is stepped only when the
switch mechanism moves in the X direction: The
cog roller rotates in the Y direction under control
of the Y magnet assembly. The rotating cog roller
positions ',the T-R and S-HS wipers in their
respective wire banks.

The pinion assembly is supported by the X
carriage assembly and is mounted on the tubular
Shaft The teeth- of the pinion gear engage teeth of
the Y carriage assembly to move the T,11 and S-HS
wipers toward the-wire bank. The pinion assembly
rotates following the operation of the Y magnet
The pinion gears return to normal and likewise
return the Y carriage to its home position following
the operation of the release magnet

The numbers. on the digit drum indicate the
position of the pinion assembly and thus show the Y
position of -the- T-R and S-HS wipers in the wire
bank; Figure 2-17 shows the top view of these
numbed. The digit drum is locked to the shaft by a
setscrew: On the older model AI switches; the
setscrew is visiblejust above the guide rule when the
switch is in its uno_peratisd position (see fig. 2-18):
On later models of the XY' switch; the setscrew is
located behind the guide rule when_the switch is not
operated. When the numbers on the digit drum are
in the position shown in figure 2-18, it indicates
that the Y carriage. is in the home position:
Operating the Y magnet twice would rotate the
drum until the 2 is visible just above the guide rule
and the I is behind the guide rule; therefore; the I
would not be visible. The drinn in figure 2-17
indicates rip Y. direction steps although; looking'.
from this to view, it may appear that two steps have
been taken. When 11 steps have been taken in the Y

DIGIT DRUM

X LEVEL

Figure 2.19. XY switch in position 24.

42

13



to* Nona!!

1.
IIIIINIE

1111 It 1thil II Ii

aIWIli-XXXIMIN mmi V=EXMa
_. V V '-'Pt talsemoo IMMATURE

X

POW.. 1111111ROTXR "MN.
WA/44 t _ PIM ION gilheiAllt

Soassma smart: ASSX11111. V ASKINDLY

Figure 2-20. S.witch stepped in X and Y position gmplined diagram.

13S

0ARRIAda-
AtisaMacw



3

Figure 2=21. XY switch mechanism.

direction, no Eitithb-er is visible on the digit drum
just above the guide rule.

The guide rule has numbers stamped on its face
to indicate the ritimb-er of steps taken by the switch
in the X direction (fig. 2-19). This figure shows the
X Stepping mechanism as having stepped twice, and
the Y stepping- mechanism as having stepped four
times. The switch position; in this case; is referred
to aslxisition 24. The guide rule numbers, as well
as the digit drum numbers; are seen if the switch
cover is removed for inspection.

The X carriage assembly moves only in the X
direction to position the Y carriage; which is
mounted on the X carriage; at the proper point for
it to insert the T-R and S-HS wipers into the wire
bank. The operated_ X magnet causes the X
armature to move the X driving pawl. The operated
X driving pawl engages a tooth of the X gear
ratchet, thus moving the cog roller and the X
carriage along the shaft in the X direction. An X
return spring, not shown in figure 2-17, is
tensioned during this action so that the components
can be returned to the: home position following
reltate of the switch._ A retaining pawl fits against
the tooth of the X gear ratchet to prevent its return
to normal at the end of each step. Release of the X
magnet at the end of a current pulse causes the X
driving pawl to be withdrawn from the ratchet and
to line up in:relation to the next tooth of the X gear
ratchet: This same sequence of actions is repeated
for ach_step taken in the X direction. Completion
of the X direction stepng allows the control
equipment to prepare circuits for stepping the Y
direction mechanism:

The Y carriage assembly moves the attached
wipers in the Y direction toward the wire bank. The
operated Y magnet attracts the Y armature. Figure
2720 identifies this Y armature and the remainder
of the Y direction stepping mechanism. The
operated Y armature actuates the driving pawl;
which rotates the cog roller. The turning cog roller
moves the pinion gears which; in turn; carry the Y
carriage to the north. The retaining pawl presses
against a tooth of the cog roller to prevent the
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return of the assembly until after the switch release:
The released Y magnet allows the Y driving pawl to
withdraw from the cog roller and to position beside

- the next tooth of the cog roller. Each additional
operation of the Y magnet provides the Seine
sequence of motions to step the Y carriage. After
the required Y direction steps are taken, the control
equipment opens the operating circuit of the Y
magnet.

Figure 2-16 Identifies the stop bar. Figure 2-21
illustrates this device and its associated components
more clearly. Figure 2-21 shows a side view of-the
components: whereas figure 2-21 is a top view. The
Y stop bar is pressed against a tooth of the Y stop
ratchet b_y_theoperated Y armature. This stop bar
limits the cog roller to one step witheach operation
of the Y magnet. Releasing the Y armature also
restores the Y stop bar. To understand the need for
this stop bar action; one must realize that the
universal switch can make-as many as 40 steps per
second: The momentum of the rotating parts must
be kept under control to obtain accurate stepping.

The release magnet has extended arms that
disengage the retaining pawls from the X gear
ratchet and the cog roller. The control equipment
completes the operating circuit of the release
magnet, whiCh operates the release armature. Figure
2-22 identifies the release components of the
universal switch and pictures the release ofithe X
retaining pawl from the x gear ratChet. ,The Y
carriage in this figure appears to be at norrettl; and
the cog roller and X carriage assembly are within
approximately one step of the home position.

Related components. The wipers are a necessary
part orthe switch but cannot be contidered a part Of
the stepping _.mechanism: These wipers are
constructed_ of nickel silver and are formed into
twin contacts. They are under sufficient pressure to
insure positive contact with the smooth,_ round;
vertical wires of the wire bank. Figure 2:19 reveals
the arrangement_ of these wipers and the peg that
separates them. Each wiper is connected to a switch
jack or plug by a conductor: Figure 2-16 pictures
the cables, which include the conductors leading
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Figure 2-23. XY switch bank, viewed from above.

from these wipers, and identifies a switch jack
which terminates them._

Four spring assemblies provide control for the
stepping and release of the switch; The X off-
normal springs operate when the X carriage takes
the first step, and the Y off-normal springs operate
following the first step of the Y carriage.: The XY
overflow springs operate whenever the switch takes
the 11th step in either the X or Y direction; The

operate at completion of the call tp
prevent switch seizure until it has returned to
normal. _

Additional spring assemblies which allow the
call to progress are the X magnet interrupter and
the Y magnet interrupter springs. TheXinterrupter
springs open each time the X armature operates;
they are necessary if a switciris tube functional in
searching, such as in linefinding. The Y interrupter
springs open during the Y armature movement and
allow a switch to function automatically, such as in
the Y direction stepping by the selector:

The wire banks are not a part of the universal
switch, but if we are to understand the circuit
connecting procedure and trace the circuits, it is
necessary that we understand -their design and
placement Figure 2-21 illustrates the wires within
the bank, as tlieY would appear from the top. You
can see 1 1 dots to a row and 42 rows; which is a
total cf<462 possible connegipg points. Each dot
represents a wire contact which terminates a
conductor: The wire contacts of the first row in the
T= and R bank terminate tip conductors, and the
wire contacts of the second row terminate ring
conductors. Together, these first two rows make a
level. Rows 3 and 4 in the T and R bank make the
second level; rows 5 and_ _6 in the T and R bank
make the third level, etc. The same pattern is true in
the S and HS bank; since level 1 includes the first
two rows of wire conductors, level 2 includes- the
second two rows of wire conductors, etc. The only
difference in the banks is the row designationT
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and R for the west bank and S and HS for the east
bank. These levels identify the X direction steps:
for instance, the first operation of the X magnet
moves__the cog _roller_ one step _ to the east.
Accordingly, the T and R wipers and the S and HS
wipers move to theinline position with level 1 wire
contacts. (Fig. 2-23 identifies three pairs of wipers
in the home position, but for now we are discussing
just the _two7--T and R. and S and HSpairs.) If a
second X direction step is taken ,before the release
magnet operates; the X carriage moves the T and R
and the S and HS wiper% in line with level 2 wire
contacts. The numbers that appear to the right of
each bank indicate the Y _direction steps; for
example, having moved the X carriage one step to
the eastand the Y carriage one step to the north; the
T and R wipers would rest against the first wire
contacts in level 1 of the T and R bank; and the S
and HS wipers would touch the first wire contacts
in level 1 of the S and HS bank.

NOTE: Vertical dales are drawn to represent these connec-
tions in figure 2-23. The X,XX wipers are likewise touching
the first wire contacts in:the XXX bank after the first X
magnet operation. Ten X direction steps allow the XXX
wipers to press against the wire contacts marked with an
asterisk (') in the X-XX wire- -'bank. Then. operating the '1
magnet 10 times causes the T and R and the S and HS wipers
to step to the 0 level 0 wire contacts (also marked with an
asterisk).

The designation "overflow" indicates the wire
contact which is connected to a potential so that a
signal will notify the switchroom personnel when
the switch has overstepped. This condition results
when the stepping mechanism takes more than 10
steps. The horizontal dashes(- -) in the X-XX, the
T and R, and S and HS banks indicate that the X
carriage was moved 5 steps and the Y carriage was
moved 11 steps.

Exercises (211)
Identify specified switch parts in figure 2-24 and
state their function.
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212; -Given statements describing switch
adjustment problems, state what adjustments)
need to be made and what tool(s) should be used
for each adjustment.

Switch adjustment in the XY system, while just
as important as in a Strowger office, is considerably
different'In this section we look at some of the
major areas of adjustment, adjustment
specifications, and tools uted. This coverage is not
intended to deal with all the adjustments, as that
information is contained in the technical order.

Switches that need adjustment are found through
routine testing (PMIs) or testing accomplished
during troubleshooting. After you have found an
out-of-adjustment switch; there are some basic tools
and test equipment that you require.

S*I$ A4attnient Tools and Test Equipment.
The pillrgpf testtquipment required for XY switch
adjustment is the XY switch test set, figure 2-25.
The tools required are a common screwdriver;
spudger, wre es and/or nut drivers, and possibly
feeler most measurements can be gaged byr-\
eye, however.

XY Switch Test Set. The proper use and
interpretation of your XY switch portable test set
will be a great asset in the routining and adjusting
the XY switches in your office. Listed below and in
their pro_per sequence are test, checks, indications
of failures; and adjustments to be made: See figure
2-25.

Preliminary instructions. The preliminary
instructions are outlined below:

(1 ) Before connecting the terminals to DC
power, all keys on the test unit must_be in their
upright_ position and with toggle ON-OFF switch in
the OFF position.

(2) DC power must be properly connected to the
test unit.

(3) _The_ XY switch to be tested must be in the
HOMENORMAL position before you insert it
into the ll bank. The switch must be firmly seated
in the cel bank and the "F' jack must be locked
with COITCS nding male plug terminals.._

With all of the abbve done, you are ready to start.
Spring pileup lamp check (fig. 2-251. The test set is

arranged so that the four spring combinations can
be quickly 6hecked for spring contact and electrical
continuity. In the tests and procedures outlined
below, the -following lamps light for proper
operation:

ON-OFF switch to ON. All keys at normal
(UPRIGHT position). Four white lamps lighted.

(2)_ Move switch manually one step in the X
direction:

a. White X-ON lamp outRed X-ON lamp on;
b. White Release lamp outRed Release lamp

on;

(3)- Move switch manually one step in the Y
direction:

a. White'Y-ON lamp out---=-Red Y-ON lamp on.
b: White Release lamp outRed Release lamp

on.
NOTE: With the switch being moved manually into the X or
Y direction, operation of the Release Magnet (eleCtrially)
at this time is an indication that a Release path circuit from
contacts 3 and 4 of the OFF Normal contacts to the Z
magnet is complete.

(4) Moving the switch manually into either the
X or_ Y overflow banks will extinguish the white
overflow lamps and light the associated red lamp.

Vie test unit provides a source of p_ulses to check
the Percent Make (high and low) capabilities of the
XY switch. The first key on the left acts as a start
key, the second key selects the cycle, either X-only,
Y-only; or X-_10 and Y-10:

iD/With_41he key at normal (X plus Y),
--operate 4he Percent Make Start Key to high
position. The switch should step positively to X-10
plus Y-10 without stuttering, locking, or skipping,
and release. Recycle at least three times.

1 ,1 3 48
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Figure 2-25. XY switch tat set.

(2) Repeat as above, except with the Percent
Make Start Key set on the LOW position.

Automatic stepping rests. The test unit provides
Circuits for_ operating the XY switch pulse mist in
the X plus Y directions with automatic release and
recycle, The fou key selects the cycle_ C
forward, _ "X bac rd, or "X" and - "Y" center).
The third key as a start key_ chi is moved
forward to start cycle.- The first to be made
is to recycle from the X plus Y pond n at least ten
times: later,_run "X" and then "Y" separately, The
switch should_ step out to X-10 plus Y-10 without
stuttering, buzzing, or locking. Initial start of this
action and continuous performance is controlled by
normally closed interrupter X contacts and their
associated interrupter leads:

NOTE: Operation of the signal !antra testing the
overflow contacts shall be observed during the automatic
stepping tat While running X or Y only.

Speed test. The test unit will check the automatic
stepping speed of the X=Y switch. However, the
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speed test can be made Only with the switch moving
in one difection (either X or Y). The fourth key

.selects the cycle and the third key serves -as the start
key when pry:nix! backward and held in that
position (NONLOCK KY). The switch will move
to the overflow position -and remain there until the
key is restored to_ normal. Speed indication is given
through -the fighting of green lamps. _

The speed lamp requirements are thine:
a. X-Direction-25 to 45 steps per second;
b. Y-Direction-32 to 45 steps per second.

If neither green lamp_ lights, the speed is in excess
of 45 steps per second. If the 32=45 Ian* lights, the
Speixl_is 32 to 45_ steps per second. _If the 32 to 45
lamp flashes and- the-25 =32 lanip_lighti, the speed is
25 to 32_ steps per second. If both lamps flash and
go out, the speed is heloW 25 steps per second:

NOTE: If the tat unit is unable to give a proper speed
check (no lamps lighting) for y one given direction, '
check the contact pressures orinp 6 and 7 of the
associated off -normal pileup.

33
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Figure 2=26. Xstepping mecititnism. top view.

Wiper test The circuits of the test unit are
arranged to give an all-through electrical test for
continuity and shorts:

(1)- Wiper continuitchl!Ek:_ _
a. If either XX or X wiper fails to make proper

physical contact with jai\ associated wire bank or
fails to complete an elecilical circuit through the
associated wipers and wire-6ank, the switch will
move onto the X-overflow poiition and will not
restore.

b. If any one of the tip, ring; sleeve; and HS
wipers fail to make physical contact with their
associated wire banks -or fail to complete an
electrical circuit through the wipers and Their
respective banks, the switch will move onto the Y
overflow position and will fail to restore and
recycle.

(2)_ Shorted_wipers:
a. XX and X wiper shorted, the switch will not

step in X direction.
b. T and R shorted, the switch will step to X-10

and Y-5 and recycle.
_ c._ S and HS shorted; the switch will step to
X=10, Y-1, and recycle.

Review of Operation. In order to make
adjustments you must be able to interpret
adjustment specifications, know how the switch
works mechanically; and have the mechanical
ability. a
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We discuss a few specifications but spend
4ost

of our time on reviewing how the twitch
mechanically.

Stepping in tire X direction. Figure 2-26 shows a
top view of the X stepping mechanism. When the X
stepping magnet operates, the X driving pawl
engages the X ratchet_ gear. As the armature
continues its travel, the X sprocket gear is rotated
so as to move the cog roller one step in the X
direction.

X ARMATURE DIRECTION OF WIPER
CARRIAGE MOVEMENT

4
X SPROCKET GEAR

X DRIVE PAWL

INDEX HOLE

X RETAINING PAWL

X RATCHET GEAR

HF -065

Figure 2-27. X-drive mechanism with X-magnet full operated.
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Figure 2-28. Y-stepping milthanisrn, side view.

Tife X retaining pawl then engages the next tooth
of the X ratchet gear to prevent the X sprocket gear
froni returning to its home position. Rack preasure
on the X sprocket gear is supplied by a coil spring
(not shown) Mounted belOW tbe gear.f

A gear mounted below the X sprocket goat it
continuausl engaged with the XX-X rack, figure
2-17; so that the rack is moved whenever the X gear
cluster is rotated. Thus, the XX-X rack it advanced
one step in the Y direction:

It ShOiild be recognized that the momentum of
the switch; if not arrested, would carry each step
beyond its limits. This is more easily realized when
you consider that the stepping speed is often as high
as 40 steps per second. In order to stop the X

a

CAM

Y. RETAINING PAWL

COG ROLLER

Figure 2-29. Y-drive m hanism.

1 f>

COG ROLLER

OH A

motion of each step, the end of the X armature
engages a tooth of the sprocket at the bottom point
of the armature travel; See figure 2-27.

The X interrupter springs_ are mounted on the
rear of the X stepping mwhanism; figure 2-17;
Each time the_X magnet operates; the_X armature is
pulled toward the magnet,- raising the bumper ki
that it relieves the_ pressure on the upper X
interrupter springs,_figure 2;26.

Stepping_ in the Y clireaton-. Figure 2-28 shows a
side view of the Y stepping mechanism. By means_ of
tension supplied by- the drive-pawl spring, the drive
pawl always rides - against the cam mounted below.
the Y armature. Figure _2-29, view A, shows the
position of the drive mechanism when the Y magnet
is fully restored.

PAWL STOP

VIEWS

COG ROLLER

mr011
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GUIDE RULE

VIEW A

GUIDE RULE

VIEW B

Figure 2-30: X- direction locking medilnism.

When the Y Magnet operates, the drive paid
rocks forward to engage the ratchet teeth on the cog
roller. As the Y armature continues in its travel; the
dog roller is rotated so that it moves the Y Carriage
Mt 2-20) one step in the Y direction, Y armature
overtraVel is prevented_ by the pawl stop, The
position of the drive miechanisin. with the Y magnet
fialy operated, is shown in figure 2-21;B; with cog
roller rotation. The Y retaining *WI engages the
next ratchet tooth on the cog roller to prevent the
roller from returning to its _home position. Back
pressure on the cog roller is supplied by a coil
spring located within the cog roller:

The ritethOd Of arresting the Y Minion of eac
step is shown in figure 2-21-,B. As tong as the Y
magnet rani-dna operated; the Y drive pawl is
against the pawl stop and attars the ratchet gear of
the cog roller. The lower angle of the Y drive pawl
is such that tite_tog roller tricks and is not free to
rotate any further-. When the Y magnet restores, the
Y drive thethanism returns to the positi n shown in

/figure 2 -21:A.
The Y tterrupter springs (figs: 2- 8 and 2-20)

011...0117

are mounted on the rear of the Y stepping
Mechlin-SM. Each time the Y_magnet operates, the Y
armature is gulled down. This raises the bumper
and relieves the pressure on the upper Y interrupted
Spring, allowing the spring contacts to open.-
_ X and Y carnage ms Mies. Figures 2=17 and
2-20 show the tip view of the X and Y carriage
assemblies. The Y carriage assembly consists of the
Y carriage and Y pinion; sears on. the Y pinion
engage teeth on the Y carriage in such a manner that
it must move in the X direction with the X carriage
but is free to move independentii in the Y
direction. The X carriage is cone -to -the_ cog
roller assembly so that cog roller translation results
in an equal amount of X'earriage station. The Y
pimon is also mec I.I wally con led to the cog
roller assembly so r roller ro, on results in an
equal amount of Y pi on rota

A flange, in the Y pi constructed that
fUrthor X stepping IS irnpossi o e X carriage
is advanced in the Y direction. Wi Y pinion
normal, a cutout in the flange allows carriage
to move freely along the guide rule, fi e 2-30,A.

X ...OVERFLOW AND VOVERFLOW SPRING PILE UP

X...OFFNORMAL SPRING PILE UP
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Figure 2.32. Switdting lever control.

However; once the Y pinion is rotated; the cutout is
*9* repositioned so that the flange engages one of the

cutouts in the guide rule; figure 2-30,p.
X an'd Y off-normal and overflow spring

pileups. The X off -normal spring pileup and
overflow spring pileup (X control) are controlled
by the switching leveuconnexted to the toggle lever
as shown in figure 2-31. The switching lever is
located on the baseplate directly below the cog
roller assembly and is mechanicsilly coupled to the

(i)

NOt(mAL CAM (NORMAL POSITION)

C. TOvERF LOW CAM (NORMAL POSITION)

1y2
X gear cluster; figure 2-32: Two studs mounted on
-the under side of the X sprocket gear control the
movement of this lever. The normal position of this
mechanism is shown in figure 2-32.

When the ,k sprocket gear is rotated in the
direction shown in figure 2 -32 by . the arrow,
resistance to motion is removed from the switching
lever. The toggle lever -in figure 2-32 is normally
undertension from the X off:normal spring pileup.
Thus; the switching lever is found to move and to
allow that pileup to operate. ,

if the_X sprocket gear is rotated -so much as to
send the X carriage into overflow(11 steps in the X
direction), the overflow pileup is operated. The
switching-lever stud engages the switching kr on
the 10th X stp so that the 11th X step for the
switching lever to move. This operates the toggle
lever.which, in turn, operates the overflow pileup.
Since there are but 10 cutouts in the guide rule of
figure 2-30; the flange Of the Y pinion becomes so
positioned as to prevent-any movement in the Y
direction. The overflow spring pileup will remain
operated as long as the X carriage is in overflow.

The Y off-normal spring pileup and overflow
spring pileup (Y control) are controlled by two
cams mounted on one end of the cog roller
assembly. These cams rotate whenever the cog

S. V OFF NOM/AL CAM (OFF - NORMAL POSITION)

D. V OVERFLOW CAM (OVERFLOW POSITION)
HP 019

Figure 2.33. Spring combination operation by Y-off normal and overflow cams.
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Figure 2,34i Cen!line of cog roller.

roller is tated. Figure 2-33 shows the operation of
the Y o -normal and overflow cams.

Adjastureletc Now it is time to take a look at
some of the specifications for adjusting the XY
Universal switch.

X stepping mechanism.. When making
adjustments to the X stepping mechanism, the first
requirement is X gear clutter, I inetip,and backlash.
This is done by_checicingto see that the centerlines
of the X gear cluster, Its indei hOle, and engaging
tooth are perpendicular to the axis of the cog roller.
Now, that sounds like a mouthful; but it isn't. Look
at figure 2-26 and draw an imaginary_ line straight
down from the index_ hole; through the X-post nut;
and along the edge of the X retaining pawl where it
engages the X ratchet gear. if all three are on the
line and the line is perpendicular to the cog roller;
you have it made-. If it isn't, there are a, couple of
things to do. First, loosen the X post nut just a little;
second, disengage the X retaining &WI from the X
gear tatChet and:then shift the X gear cluster very
carefully, until-the. indek hole and the X:post riLlt
are on a line perpendicular to the cog roller. Then
adjOst the X retaining pawl until it is on the
imaginary line and it drags sltly when disengaged
from the _X ratchet gear, using a fingernail

Now for the hacklash adjustment. Backlash in
this case is the quick; sharp moil between the
Sprocket gear teeth, figure 2-26, and the teeth of the
cog roller: This is done first with the cog roller in
the normal, at home position and then sliding the
cog roller slightly to the right. This adjusurient is

Y-STOP ADJUSTING SCREW

Figure 2.35. Y-stop ataernhly, left end of switch shaft.

.020" RADIAL
CLEARANCE

COG
ROLLER

Y-RETAINING PAWL

Y-RETAINING PAWL NUT

Y-- RETAINING
PAWL ASSEMBLY
MOUNTING SCREW

.CXX1 -,1:115"
TANGENTIAL
CLEARANCE Hir-o432

Figure 21-36. Y-retaining pawl assembly.

gaged by eye; and there should be from .000 inch to
.010 inch betWeen the sprocket gear tooth and the
mating cog roller tooth. If the- requirement is met,
check it with the switch in the X-5 and X-10
position. If it is not met, lOOSen the X post nut and
reposition the X gear cluster and try again.

From here We go to one Of the Y mechanism ad-
justment requirements.

Y stepping mechanism. The requirement for the Y
retaining pawl and Y Stop is the one we now
consider.

Before we Start, hoWeVer, a word of adviceUSE
THE FIGURES IN THE TECHNICAL ORDER!
You have heard it said that "A picture is worth a
thousand words." This is_partittilarly true when it
concerns something of a technical nature: The
technical orders we use contain words like annular,
tangential; etc: They are words don't use every
day and may throw you somewhat; but, if you look
at the figures. that come with the instructions, they
normally clear things up for you. Now on to the
requirement.

The first requirement states that the Y retaining
pawl assembly is to be so positioned that the inner
face of the _pawl is approximately ,010 inch ahead
of the centerline along the axis of the cog roller.
Look at figure 2=34; the inner face of the Y,.
retaining pawl is the side closest to the Y magnet
assembly. There are two lines running d
through just right of the centerline of the cog ro r.
This requirement does not deal with the pawl
mating_with cog roller teeth but with the inner face
of the pawl extending :000 inch to .010 inch ahead
of the centerline of the cog roller. This requirement
is met by loosening the mounting screws of' the_ Y
retaining pawl assembly and sliding it into proper
ppsition, then carefully tightening the screws.

The next requirement States that the tangential
clearance between the Y retaining pawIti arid its
mating tooth on the cog roller must not exceed .015
inch at its most open position with the play Of the
cog roller key eliMinated. We are dealing with two
things here. Cog roller key play is found by turning
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Figure 2.37: Release mechanism; top view.

the pinion: gear from the top,_ slightly toward the
back Of the switch Or ctitinterclockwit`e (fig. 2-34):
Check the movement by looking at the key _ffig.
2-35), wipers, and the retaining pawl. This
movement shows the tangential clearance; see figure
2-36; between the Y_retaining pawl and the Mating
tooth Of the COI roller. When turning the pinion
gear; you turn it only until theshaft starts to move.
The distance that the Cot roller and pinion gat
move from the start of the turn until the shaft starts
to move is the play. If at this point thi Clearance

tooth;

.015 inch between the pawl-and cog roller
tooth; there is too much play.

The excess play is eliminated by adjusting_ the Y
stop adjustment screw. The first step is to loosen the
locking nut shown in figure 2-35. Once this is done,
turn the Y stop atiustment screw counterclockwise.
Check the tangential clearance and readjust until
the clearance requirement is met; th-en carefully
tighten the locking put so that the adjustment is not
disturbed.

Two &Sin and one to go. With the Y carriage in
the normal (home)_ position,_ the radial clearance
between the Y retaining pawl and the root of the
tog roller too:h.-should be a maximum of .020 inch.
Take a look at figure 2-36; it clears up thingi like
root of the cog roller tooth. What the requirement
is, is a space with the switch and Y retaining pawl at
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normal of not more than .020 inch. It is gaged by
eye and is easy to _check. Push down on the top of
the pawl; it Should go down into the cog roller
tooth. If the pawl moves down more than :029 inch
before it hits the root of the_ Cog roller MOM, you
have an adjustment to nuke. Look at figure 2-37 at

- the extension arm of _the release magnet armature
assembly. It rests against the Y retaining pawl; by
carefully bending the -arm; your adjustment is made.

With your knowledge switch components;
switch functions; and the mechanics of various
switch operations,. along with technical data, switch
adjustment should not be difficult.

Exereisas an):
Identify what adjustments need to be made and the
tool(s) used to Make each Adjustment for the
problems stad below.

1. The switch oversteps in the X direction.

2. The switch cannot step to Y_-11. The problem is
not hi the Y magnet assembly.
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3. The switch indicates it is stepped farther in the

Y direction than it really is.

4. The X magnet when energized, does not pull
the X ariiiatiire to it.

5. The switch takes one Y step during testing in
the switch test set and goes no farther, the Y
magnet does not deenergize.

213. State bow selected switch adjustments affect
tarter imiluithsents.

XY %left Adjustment Relationships. The XY
Universal switch adjustments relate to one another
far more than ih the Strowger two-motion stewing
switch. It is easy to see, then, why a thorough
knowledge of these relationships is important.

We do not attempt to cover all the adjustment
relationships; but rather, make you look at the
switch and use the information yoU already possess
to see these relationthipi.

X stepping mechanism When the X magnet
operates, it causes the armature to pull up and the X
interrupter contacts to open. The armature moves,
causing the attached pawl to engage the X gear
cluster and turn it. The X gear cluster moves the cog
roller in the X direction as it turns; it also allows
the switching lever to move. The switching lever, -in
moving toward the X gear cluster, operates the X-
oft=normal (xoN)_ pileup. This goes on and on.
Look at figure 2-17 and find the X retaining pawl.
You remember that in technical school, the first
thing you did when you were adjusting the XY
switch was, to adjust the X retaining,pawl. It is a
logical place to start; it is the home or normal
position. Sometimes it is necessary to move the
retaining pawl assembly, this often inns loosening
the ejector strap that alio connects to the X gear
cluster. Now; once that adjustment is made, what
adjustments have you affected? Would you believe
the adjustment dealing_with_the place that the X
armature pawl strikes the X ratchet teeth?

Let us lOok at .Y stepping mechani;m.
Y st4ping medwMis,n. The V retaining owl

keeps the shaft from returning to y normal during
V stepping. Its adjustment is not difficult, but think.
about The other adjustments that it affect._ See.
kph* 2 -20. lf affects the position of the wipers. If
the adjustment is changed, the wiper* either step
past or step short of a bank contact. It also throws
the digit drum_ adjustment off as well as the
tangential cl ce adjustment.

Release pi ism. Figure 2-22 pictures the
release componen What could it_potaibly affeet?
It either releases the switch or it doesn't. When you
loosen the mounting screws and move the release
magnet _assembly just a little; what have you
affected? Think abOiit it before reading further.
You have changed the radial clearance between the
Y retaining pawl and the cog roller. You may have
done something even more important; the switch
may try to release X first Instead of Y. That is'hard
on wipers.

We could go on with this, but the truth is that
you already have the information, and with the
figures provided in this chapter or an XY switch
itself, you can identify the other relationships.

Exereises (213)

State what switch 4intinents are affected by the
change in the adjustments listed below. Use figures
2=15 through 2-37 as needed.

1. The Y retaining pawl assembly is moved
forward (toward the cog roller).

2. Only the X retaining is moved very slightly to
the left (toward the left bearing).

3. The release magnet is moved slightly
counterclockwise. ,

4. The step screw is turned one=half turn
counterclockwise.

5. The front screw (nearest the wire banks) of the
cog roller support is tightened slightly.



Telephone Systems Fundamentals

WHEN IT COMES to telephone systems, sound,
transmitters; and receivers are about as
fundamental as you can get. Isn't that what a
telephone fstem is all about? Just about; getting
sound from one place to another means that you
need a way to get the sound *here you want it.

That is what-this chapter covers. We look first at
sound; what it is and how it travels. Then we tie it
tOjtetifer with a transmitter and receiver, which
enables sound to travel further than it can in the air:
We discuss the relationship of the original sound
wave; what happens to it after it strikes the
transmitter and afterit leaves the receiver.

We will alto. look at tine of the telephone
systems that make- it possible le for you to talk to
someone who is out of earshot or whom you can't
see

XL Sound, Transininers, and Receivers

Any telephone system begins and ends with
sound. So; we -will concern ourselves with the origin
and chatatteriatics of sound waves as an introduc-

to the elements and operational principles of a
c telephone system.

214. Given pertinent questions concerning the
traMnsission of wend, supply brief answers.

Sound. Sound is the sensation- caused in the
nervous system by .vibration of the delicate
membranes of the ear- An analysis of sound as a
sensation is not necessary but we will mention that
the causes of sound by physical vibrations can be
analyzed and measured with accuracy. Sound
results from the rapid vibration of a rigid or
semirigid body; for example; a hacksaw blade (see
fig. 3-1). If you hold a pencil lightly against the
vibrating body, the physical motion often may be
felt by the hand. Without the pencil as a niedium_for
the transfer of energy the vibrations cannot be felt,
even at a small distance from the source: Although

. you could not feel the vibrations with the hand, they
are heard by the ear as sound. The ,physical medium
between the source of vibrations and the ear is the
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CHAPTER 3

air, which is set in motion by the vibrating body and
carried to the delicate and sensitive membranes of
the ear.,

Other mediums, either solid or liquid, can
transmit sound. For instance; a boy lays his ear
against a railroad track to detect an oncoming train
which is too far away for its sound to reach him
through air. You know, too, that the American
Indian is reTutid to have been able to detect fir
away footsteps by pressing his ear to the ground. In
both cases, a droner medium carried the sound
farther than the sound could travel in air.

Sound waves. The motion of the air molecules;
set up by a body_vibrating in arr, produces sound
waves which travel outward in all directions from
the vibrating source. The manner in which sound-
waves are producoi mn be understood by
considering a rapidly vibrating strip of Metal; such
as a hactcsaw blade.

The blade in figure 3-2,A, is shown at
rest an the_air particles are evenly spaced on both
sr of it. As it moves to the right in figure 3-2,B,

ts of opposite nature occur: One; the blade
momen "ly increases the pressure in the group of
air particles &bacon on its right, causing a local
condenurdidll'or bunching-up of the particles on that
side. Two, blade momentarily deettita the
pressure in up of air particles adjacent on its
left causing a rairfaction, or dispersion of the
particles on that side.

Condensation and rarefaction occur at the same
time and are canoed by the single motion of tin
blade to the right

If free to vibrate by itself, the blade starts to
move to its venial' position of -rest as- -in figure
3-2,C; but motion has been impart} to the
particles on each side, and their subiequent
behavior is affected. The bunched-up group on the
riglit has iireiri given a velOcity outward, and pushes
agidnst the layer of particles still farther to the right.
Great numbers of minute collisions occur and the
striking particles _give their neighbors their own
motion and bunched-up arrangement. This
accounts for the new position of the regions of
condensation and rarefaction. This outward
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VIBRATING A HAMAN SLADE

Algae 3 -I. Vibrating a hacksaw blade.

progress continues; the wave of sound energy
moving rapidly outward; but the individual air
particles that transmit the motion remain behind.

As the black returns left toward the vertical and
the condensation travels outward to the right an
increasing gap occurs between them, as Aiown in C
of figure 3 -2 This region becomes one of lessening
pressure because_ the nearby air particles tend to
Nth in and fill theme to normal density. By the
time the blade reaches the vertical the pressure
immediately to its_ right has &created to about-
normaL and normal pressure has been restored just
to its left.

The blade at this point has a good deal of
velocity and continues to the left as in D of figure

Visa* 3-2. Sound wave produoed by a vibrating hadaw
blade.
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3=2. It now has caused a condensation on its left
and a rarefaction on its right The initial
condensation on the right, meanwhile, has
progmad still farther from the blade, and the
initial rarefaction still farther to the left.

In this way, ataach advance of the blade to either
side, a crest of condensation is sent traveling
outward; and at each retreat of the blade a trough of
rarefaction is established. The energy of each wave,
crest to crest, was given to it by transfer of the
energy of motion of the blade. This energy, now
-caned a sound wave, continues outWard. The air
(articles which transmit the energy do not go along
with it; each collides with its outside neighbors,
unLarts its energy, and returns to a pornt close to its
original position. Thus; with the blade again
vertical, normal pressure is restored on hoth sides
of the bl as in E of figure 3-2. By this time; both
condensahon and rarefactions have moved farther
out from the source and they are followed as in F of
figure 3-2; by a new wave which has been forming
The process continues and a train of waves is sent
out as long as the vibration continue

Representxion of wwtd waste Sound waves may
be represented_ on a graph by plotting the relative
compression of the air particles of successive groups
against their distance from the source or against
time.

In figure 3 -3; a portion of figure 3-2 is redrawn
showing_ the particles comprising several sound
waves. The alternate regions of condensation and
rarefaction are moving toward the right, as
explained before. Below this representation is a

DIRECTION OF TRAVEL

ONE CYCLE i

CONDENSATION

A.
3ISTANCE

TIME
AMPLITUDE

IF V V
I Y400

SEC

I/1100
SEC

FREQUENCY 400 CYCLES

PERIOD I/400 SEC

RAREFACTION

Figure 3-3. Waveform of simple sound.
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graph on which the veniall distances correspond to
the relative compression of the air particles along
the path of the wave. Note that the hithett_points of
the curve (positive peaks) lie beneath places of
maximum condensation, the lowest points of the
curve (negative peaks) lie beneath places of
maximum rarefaction and points on the horizontal
axis lie beneath places of medium density.

Since the wave is traveling to the right the earpf
the listener experiences variations of pressure
identical with those existing along the path of the
wave; first, the rarefaction farthest toihe risk; then
the adjacent condensation to the left, etc. This is
because the entire train of waves is moving toward
the ear from the let.-For thii reason, the graph of
pressure ageing time at any point is identical with
the_ graph of pressure against distance at any instant,
and horizontal distances may represent intervals of
time:

This particular graph represents the sound waves
set up by an object vibrating 400 times each second.
The time required for each complete vibration is;
therefore, 1 1400 second.

The number of complete vibrations of the object
that occur in 1 second is the same as the numbeof
cycles of the wave that occur in I second. This
number is called the frequency of the wave. A cycle
is a complete set of pressure Values, from one
positive peak to the next; anywhere along the path
of the wave. The words "cycles per second" usually
are expressed as hertz. The time required for one
cycle to occur is called the period of the wave. It
tistuilly is Mei-Mired in seconds or milliseconds. The
period is the reciprocal of the frequency. For
example, the frequency of the waVeform illustrated
in figure 3-3 is 400 hertz, but the period is 1 /400
second or 15 milliseconds:

The maximum Value of the wave Me:attired from
the zero axis is called the amplitude of the wave;
The sound represented in figure 3-3 is a pure tone
such as made by a tuning fork. Since its graph is a
sine wave, the terms which apply to electrical sine
waves also apply to= it.

Complex, sounds. Most- sound sources in
telephony do- not produce sounds of the simple

form represented by the sine wave of figure 3-3;
Those usually encountered are complex sounds
consisting of two or more simple sounds, each
having its own frequency and amplitude. The
variations of the voice are of considerable
importance in telephony; for any part of the
telephone system which suppresses or distorts than
Makes the received sound less intelligible.

Frequency and amplitmle of round are the two
most important qualities of sound . from the
standpoint of voice communication. Speech
frequency is determined mostly by the _speed of
vibration of the speaker's vocal cordi. Frequency
determines the pitch of a wound: The sound of a
siren starts at a low frequency, goes to a high
freeLtiaicy, and ends at a low frequency. The human
ear _can detect sounds from about 20 hertz to about
20,000 herd. Most speech requires only the
frequencies between 200 and 3;000 hertz;
Amplitude of sound is closely related to loudness.
It is determined largely by the power used in
speaking:

Why is this business of frequency and amplitude
important to a central office mechanic? The
telephone circuits that you maintain and repair
inust pass enough sound freq=uencies to make speech
understandable. The sound amplitude at_ the
receiver must be great enough to he heard. Poor
connections reduce amplitude; Wrong sizes of
certain components or faulty components can
reduce freencies and amplitudes to such an extent
that speech is not understandable. The part of the
telephone system that sets up and controls the

uencies and amplitude in the circuits during a
telephone conversation is the telephone.

By means of the telephone, conversations may be
held over great distances. To accomplish this; the
sound waves of weech must be converted into a
form of energy that can be transmitted efficiently
over wires. The conversion pr6duces electrical
waves (airrent) in the transmitter of the speaker's
telephone set. The electrical waves which are
created correspond to sound waves both in
waveform and frequency. The electrical waves are
transmitted over the transmission line and enter the

ELECTRICAL WAVES

TRANSMISSION LINE

RECEIVER

SOUND
WAVES

"MD

Figure 3-4. Transmission of sound by telephone.
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Figure 3-5. Teleithblit telininkter.

receiver of the listener's telephone set The receiver
converts the electrical waves back into sound waves
which again correspond in waveform and frequency
to the original sound waves. The listener from his
receiver thus hears worth corresponding to those
spoken into _the distant transmitter. This is
illustrated in figure 3-4.

The fundamental principle of the telephone can
be summarized by the explanation that electrical
waves, traveling over wires, are subitituted for
sound waves traveling in air, over the major portion
of the distance separating the speaker and listener!
Various types of telephone systems are in use, but
this principle is common to them all.

Operation of the telephone presents some rather
complex problems which do not occur in

transmission of sound through air. These problems
include distortion of the sound; noise generated
mechanically and electrically' in the telephone
system, noise from external sources, the cutting off
of some of the low- and high-frequency
components of the sound, and the reduction ip
volume which occurs in long-distance transmission.
All of these problems tend to reduce the clearness
of the words, the naturalness of the tone, and
quality -of thesound. These problems arise from the
wires, from the component parts of the equipment
and from the associated circuits required for the
generation of power. The engineer must consider
all of these problems in designing telephone
equipment; and both the operator and the
maintenance man must be familiar with them to
secure the_ best possible operation of the equipment
Particularly, distortion of sound and distraction
from external sources must be kept at a minimum,
since the personal contact so important in face-to-
face conversation, is lackinl.

The Telephone Transmitter; The two basic
parts of the transmitter are a metal-disc (diaphragm)
and a carbon pocket The diaphragm is a thin metal
disc which vibrates when sound waves strike it.
Figure 3-5 is a picture of a transmitter and figure
3-6 shows a simplified drawing of a receiver
network. A button is attached to the center of the
diaphragm and extends into the carbon chamber.
The carbon chamber is loosely filled with grains of
carbon. When the diaphragm vibrates, the button
packs the carbon granules as it moves inward and
loosens the granules as it moves, outward. The
carbon-filled chamber acts like a valve for electrical
current. More current flows when the granules are
packed, and less current flows when the _granules
are loose. Thus; the current flow through a

protective
metal grid
protec,tlye
silk scgten

diaphagm

Silk acoustic
resistance disk

air chamber

Figure 3-6. Telephone receiver.
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transmitter varies with the frequency and amplitude
Of sound waves.

The Telephone ReceiverrA telephone receiver
is shown in figure 3=6. Its tWe biiiic parts are a thin
metal diaphragm, a permanent magnet (bar
magnet), and _a coil of wire (winding). The coil is
arranged so that its magnetism aids or opposes the
permanent magnet. The current which flows
through the receiver coil results from the
transmitter current which varies as the sound waves
vary. The receiver diaphragm is placed near the
magnet so that It is attracted more or less by the
varying magnetic force. The receiver diaphragm
thus vibrates at the same rate as the electrical waves.-

-= As the diaphragm vibrates, it sets air particles into
motion; the electrical waves are changed into sound
waves.

Exercises, (214)

Complete the following about sound, transmitters,
and receivers.

1. What is the definition of sound?

2: What does sound result from?

3. Name three types of mediums with respect to
sound.

4. Whatis a medium, with respect to sound; how
does it work?

5. In what form does sound travel through air?

6: What are condensation and rarefaction?

7. What dcies the representation of pure tone
sound waves resemble on a graph? ,

8. What three values of a sound wave can be
determined from a graph of the sound wave?

9. What are the two major parts of a telephone
transmitter?
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10. What is the basic function of a telephone
transmitter?

1

11. What actin i in the transmitter increases
current in transmission line?

12. What is tltOlationship between the frequency
and shape-of the sound wave applied to the
transmits d the resulting electrical signal on
the trans ion line? Why?

13. What are the three basic parts of a telephone
riceiver?

14. What does each major part of a receiver do in
converting the current wave to sound?

15: What is the relationship between the frequency
and waveshape of the eleCtrical signal of the
transmission line and the resulting sound wave
at the receiver? Why?

3-2; Telephone Systems
To connect our telephone with other telephones

of our choices, central switching systems are used;
that is; all of the. telephones in a given area are
connected to a switehbOard or central office by
telephone lines and cables: The central office, or
1Witr-hlidard, does the necessary switching so that
any two lines in the area may-be interconnected for
two-way conversation. Also; connections are
provided by the central offices for connecting
telephones in one area with the telephone systems
of other areas. Thus local or long-distance
connections may be made.-

The systems ley at the present fall into two
classifications: nondial (manual) and dial
(aztomatic) telephone systems: In the nondial
system, all telephone connections are set up
manually at the central office. That is, the operator
completes the connection at the spoken request of
the calling party. In the dial system; the connections
are set up automatically by electromechanically
operated switching mechanisms under the remote
control of the dial used by the calling party.
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Although most of the telephone systems used

today are of the dial (automatic) type, there are
...some manual circuits and systems still in use. It has

been the normal trends however, as telephone
systems were developed, to replace the older
components with units of more modern design.
Thus the development and improvement of
telephone systems is a continuing process.

21L Given statements about a manual or
automatic system's _function, state how the same
fbactliM _is accomplished -by the other system and
identify those tancdons that are the same in both
systems.

The history of telephone systems dates back to
about 1876; when Alexander Graham Bell
invented the first practical telephone. Once its
practicability was established, a search began for
ways of improving the quality and extending the
scope of this instrument. The search has heen
continuing ever since; each year new improvements
are perfected. Naturally, as telephone systems
became larger and more involved, inventors
concentrated more and more on the development of
automatic installations in which electrically
operated machines replaced manual switchboard
operators.

any people living today were introduced to
telephone service by equipment which required
many more actions by the subscriber than does
today's equipment. These early manual-type
switching components provided effective service to
a limited number of subscribers at a_price which
was then acceptable. But the demands for increased
service taxed excessively this equipment and the
men that cared for it. In fact, the type of equipment
then in use was unable to give efficient service to
such a massive group of subscribers. Several
featunta that made this equipment unsatisfactory
were:

Long - distance calls took too much time to
originate; and after you had your party, it was often
impossible to hear what was said.

All the connections were made by operators;
and these people required regular salaries, which
increased the expense of service.

A completed call had to be verified by recall-
ing the operator. This action was often neglected,
causing extra work for the operator:

The components of the equipment were often
large and cumbersome, which made the equipment
unnecessarily large. Also, some components were
short-lived, requiring regular replacement.

The progress of automatic switching, through the
efforts of men who were curious and unsatisfied,
has permitted extensive improvements in telephone

service. Today you can dial numbers and get the
desired connection without the assistance of an
operator. The party whom you wish to speak with
may be anywhere in the United States or in certain

'other areas of the world. Future developments are
unlimited. Also,Nsher'e is seldom a need for you to
talk more forceful15% than you nontally would in
order for your listener to understand you. When
you terminate a call, you return the handset to the
telephone, and automatically the equipment returns
to tftie idle condition to await another call. In

addition, the cost' is very reasonable when
compared to the expense of telephone operations
and the quality of that service in those earlier years.

There have been many devices originated and
placed in use by the competing industries. For the
most part, these many devices have been the
cumulative developments of several individuals.
For instance, the first automatic switching machine
was patented in 1879, but proved to be impractical.
Its basic idea was further developed and then
patented in 1891. This switching device is presently
referred to as a step-by-step switch, because it
operates upward one step at a time and then rotates
around in a similar fashion to make a desired
connection. It now appears that many of these
devices are transitional units, because so many
developments are under way that the present
systems may be obaolete within your lifetirpe.

System Development. at occurred in a
system that permitted a subscriber of these early
years to converse with the person at the second
telephone?

With the simple telephone system, the operator
completed the telephone connection between the
two subscribers by a cord circuit. The calling
subscriber signaled the operator, who inserted a
cord circuit's answer plug into the proper jack.
After receiving the number or name of the
subscriber to be called, the operator inserted the
plug at the other end of this cord circuit into the
jack associated with the line of the called
s 'ber. The operator then provided ringing ,
curren to the line, which rang a bell in the called
telepho e set During the conversational period, the
operato continued making connections for other
substri rs of the exchange. Termination of the
previous call by the originating subscriber required
him to rering= the operator in order to get the
switchboard cord restored to the plugshelf. The
failure of many subscribers to notify the operator
caused a switchboard to be tied up or busied.

To overcome this discrepancy, a method was
developed to indicate the terminaton of a call
automatically. Other improvements accompanied
the change., too. Every subscriber, as a normal
action, had to remove the telephone handaet to
make a call and then restore it on the telephone at
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TABLE 3-1
COMPARISON OF METHOD AND PROCEDURE FOR INTERCONNECTION BETWEEN LINES

MANUAL AND DIAL CENTRAL OFFICES

OPERATION MANUAL AUTOMATIC

I Subscriber initiating call pick" up his
handset (hookswitch closes).

Line rlay in C.O. operate'. Line relay in C. O, operates.

2 Line relay operates. on owbd. (associated with &Wks position (electrically) of calling subs.
calling u is. Line ckt. - and jack) to
signal operator.

line and signals-automatir linefinding
equipment.

3 Signal
.

Operatorcaplitiknzneanircuer plug and con-
nee" to

Linefinder 411111111- automatically for calling
line.

Instructions from Central Office Operator throw talk ing key to talk
position and says " umber lease".

Linefinder connects calling line thru to next
switch Next switch returns di-X-14=one back to
calling subs.

5 Instructions from Calling party Subscriber tells operator number of
desired_ sublCt7her' line.

Subscriber dials number of station desired.

6 Interconnection of the subLibera Operator picks up call plug of_cord cir-
_c_nit and sonnects-to-callmilineitesk. .

Dial plaid" control cOnnecto.r. Connector moves
.,t-called-line-appeararice.

Signaling desired station (ringing
called party).

Operator throws taik--ring-key inter- Connector aUtomatically co ects interrupted
mittantly to ring position. ringing to-called

Called subscriber picks up handset. Signals operator. Operator stops ringing. Connector switch antomatically_c_tits_off ringing
current.

9 Power for subscriber's transmitters. Furnihed from C.O. battery thru Swbd.
cord circuit (if common battery system).

Furnishaid from C.O. battery thru connector .

switch circult.

10 Talking channel established. By with ue of rd-circnit at AtItntrintically with switching equipment at C.O.
C. . !Ivo .

It Disconnection. Subscribers replace
handsets on telephones.

&thscriber' hookswitch control discon-
nect (superviiory) signal in cord circuit
being used.

Subscriber's hookswitch opens. Switching,
equipment rel . /

C.------
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the completion of the call. These operations
initiated actions that notified the operator of a need
for service. The telephone was constructed in such a
manner that a lifted handset caused a lamp to light
at the switchboard; and replacement of the handset
on completion of the conversation caused other
lamps to light. The switchboard supervision of calls

*Was greatly improved by this development
Now what. occurs in the telephone system that

lets you converse with your girl friend, boss;
mother, or father? Stepping -type switches provide
the connections in the Strowgerartd XY Systems:

The description of the connecting process is
going to take much longer than the call that you
made. When finished, we hope that you understand
it as well as you did your most recent telephone
conversation;

System Similarities. Each telephone system
must have a unit of equipment which permits
attachment to the wires from the telephone. The
same unit also terminates cables from the central
office equipment. The_ omenclature for this unit is
the main distributing frame (MDF). An additional
frame that permits termination is the intermediate
distributing frame (IDF). In larger exchanges, a
single frame is used for both these frames. It is the
combined distributing frame (CDF).

The wires that connect the telephone and the
MDF are eferred to as lines. One wire of a line is
called th tip side and the other is called the ring
side een the MDF and the equipment are the
tip (T), ring (R), and control wires. The
manufacturers use varying abbreviations for these
leads, though. In common usage ism -4-_ for the T
lead; a for the R lead; and a/an S, HS, or C for
the control lead. ...

Most telephone subtcribett must be able to
originate calls as well as receive calls: The MDF,
therefore, must have strapping or jumpering which
permits this: The terminal pins that serve- a
subscriber's incoming lines are jumpered to she
terminal pins that connect with the central office
outgoing wires.

--- -Multiple is a term that the telephone people use
for parallel. Equipment that is connected together
in order to permit a choice in accessibility must 1.3
multiplied. Manual switchboards are multiplied
when the number of subscribers is excessive for one
operator. Connecting a second manual switchboard
in parallel with the occupied switchboard permits a
second operator to give assistance in servicing the
calls; The largest percentage of multiplying in
automatic swit ng equipment is done at the
distributing term' al assembly.

Different aut atic systems resemble each other
in their equipment functions. Linefinding,
selecting, and connecting-equipment is found in the
majority of exchanges. Other functions necessary
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for completing each call may be the same but are
often assigned a different name. Examples of this
are the distributing; allotting; of- guard functions.

The power requirements for these exchanjes are
pretty well standardized. The equipment with each
office, therefore, meets the same requirements, but
with a variation in methods. Ringing may be
accomplished with a mechanical ringing generator,
with an interrupter, or with an electr nic ringingjo
generator. Large batteries are used i most of the
central offices for filtering and f r temporarily
providing all the direct current in an emerge_ ncy.

Since- you are probably .Thiniliar ual
equipment, we will relate iscussion of
automatic switching to man uipment as closely
as possible. ,

The equipm required to connect two
telephones tog i er automatically is known as a
link. The simplest link is made up of a linefinder
and a connector. The telephone central office
which contains only these 2 elettents serves fewer
than 100 telephones. The directory number
assigned to a telephone of this small exchange
(switching center or central offie2)-has two digits;
This link in the system performs the same switching
operations as doss the switchboard operator in a
manual system. The automatic connection of the
linefinder wi4i the calling telephone is the
equivalent of manually inserting the answer plug
into the switchboard line jack. The connector ac-
tion completes the circuit to the called telephone;
thus corresponding to the manual insertion of the
call plug into the switchboard line jack of the called
telephone. Ringing the called party is automatic
with dial equipment. p

In a telephone exchange that serves more than
100 but less than 1,000 lines, a link consists of a
linefinder, a selector, and a connector. In order that
a connection may be completed through this link, a
three-digit directory number is assigned to each
telephone. A larger exchange, which uses a.
linefinder, a first selector, a second selector, and a
connector has a four-digit assignment. This latter
link limits the exchange to serving 10,000 lines.

Table 3-1 is a comparison between a manual
system and an automatic system of the operations
from the time that the calling party picks up his
handset until the time that he hangs it back up.
Should the called line be busy when he tries to use
the dial system, the connection will not be
completed: instead, the switch will operate in such a
way that a busy signal (busy tone) will be connected
to the calling line. This signal corresponds to the
operator's "the line is busy" in the manual system.
As you might.suspect, a- number of types of dial
systems have been developed. Each system has its
own advantages and disadvantages, and these,
properly evaluated. determine the type most suited
to a particular requirement. All dial systems are
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compatible: and it is difficult to identify one system
as the best. In the older step-type system, 10 calls
could be in progress simultaneously in a 100 -line
group; whereas in the more modern systems, the
trunking percentage ranges up to 15 percent.

Though cost and economy have no direct
bearing on quality of service, they must also he
considered when selecting a system: For example;
in large installations, retaining the same number of
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Figure 3-8. Telephone links connected in parallel.

The. various automatic systems provide similar
service features; they differ only in the manner by
which interconnection between telephones is made.
The two metallic wires that connect each telephone
to the andst office may be strung with* wires on

jcrossanns of poles or they may be tart of the pairs
in aerial_ or underground cables. Each telephone
line is connected to line equipment-relays in_the
central office through the MEW. Figure 3=7,A,
illustrates this connection in block form. The MDF
is not shown; but you can _see that = the line
co cation to the central office equipiiierit is

leled; One point within the office connects to
both the line equipment relays and the linefinder.

Remember The telephone is actually some
distance from the office, but the equipment within
the blocks is in the central office

Figure 3-7,B, shims that lifting the telephone
handset operates guard circuit relays to seize an
available linefinder. At thit time alsti, the line
equipment relays make the line unavailable (busy)
to other calls While this teler3hone is being used. The
(Merited linefinder extends the call by aiming the
connector control relays to seize an available
connector. Dialing a number causes relays_ to
operate and close or open gaps between contacts
which; in turn, result in establishing _proper
electrical connections. Figure 3-7,C, pictures this
effect Dialing the second digit into our small
exchange completes the connection between the
calling and called telephone; Figure 3 -7 ;D;
indicates this" action.

It was previously stated that the MDF strapping
permits each telephone subscriber to originate mils
as well as to receive them. To insure that this action
IS possible, all links are wired in parallel, as you can
see in figure 3-8. This link is further broken down
i figure_3-9 to show that the connector :nals
an linefinder terminals multiple and then nect
wi the lines from the telephones in 'the
number of links wired in el for
determines the number of sim us
can be niacieOne_ link =is used
connection. The 200-point tel
parallels 24 links for-each group
should maize, then, that thii
calls to be made simultaneously. L
connectors are often referred to as

which means .t
connects with every linefinder and

Functions of Switching Equipment; The
automatic switching equipment in a dial central
office performs the follbWingfunttiorit: It connects
and disconnects calling and called parties through
intraoffice and interoffice trunks. To prerent
interference with calls in or-ogress, it tests all called
lines to see if they are busy. If the called line is busy,
the automatic switching equipment transmits a busy
tone 'signal to the calling telephone. If the called
line is idle; the automatic equipment rings the belli
of the called telephone. The switching equipment
also provides automatic trunk - hunting to PBX
(private branch exchange) limn.

The switching equipment in a dial central Office
Operates directly from the dial pulses transmiqed by
the dial of the telephone. These dial- pubes are
interruptions of current caused by the alternate
opening and closing of the impulse springs in the
dial mechanism Each set, or series, of dial pulses
Corresponding to each digit dialed by the telephone
user extends a connection one step at a time through
the switching equipthent to the called telephone.

Selecting the Called TelepbOne. From the
information given previouily, you can see_ that
expansion of the basic switching system to ,serve
more than 100 but less than 1,900 lines requires the
addi;idti of a first selector and a third digit in the
directory- number. This selector is /direct's,

= connected to the linefinder's outgoing lined; thus
the connector follows it in the link; Figure ,3-10
shows 4 groups of 100 telephones connected to the
astociamti linefinders and connectors; Between
these tvi6 members of the link are the selectors. 'Phis
figure indicate% that only!the selector of the 200
group is connected I the conn -tors; but
actually, the selectors f all the group* haVe access
to all COnnettOrS. nib in this system; the first digit
dialed _selects a connector, in 'a particular
HUNDREDS group. You can see that trunks are
indicated bat they are not shown connected. In this
illustrated 1,000-line exchange- there could be a
maximum of 10 links for milt 100 lines. As\ a
result; then; there could be 10 calls _vide
simultaneoutly_ in each 100-line group or 100
simultaneous calls are possible with the 1,000 lines.

Riirther expansion of the central -offle to
10-000=line service requires the. Use of a second_

a
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Figure 3=10. Theoretical 1,000-Ajne system. .
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Figure 3-11. Selection by dialing in a 10.000-line system.
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selector. The second selector connects betWeen the
first selector and the connectors: The directory
number is alio given an additional digit assignment
Dialing the first digit of the four-digit number
selects the proper thousands'group of telephones.
This may be seen more readily if you look at figure
3-11. This illustration shows a 10,000 -line system
into which the number 4658 has been dialed by the
calling telephone. That is this number has been-
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10TH
UNIT

9TH
UNIT

8TH
UNIT

7TH

CALLED__
TELIPMONE

4658

UNIT

6TH
UNIT

5TH
UNIT

4TH
UNIT

3RD
UNIT

2ND
UNIT

1ST -
UNIT

dialed After the linefinder auiomitically connected
the calling telephone to the first selector.

When the digit 4 is dialed into the first selector
of the system illustrated in figure. 3= 11, it stlects the
fourth thousands group of the_10 available. Since
each first selector in the 10,000-line system has
access to all the second selectors serving that
specific group, dialing the 4 causes the called
telephone to become 1 of 1,000 telephres rather
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than 1 of 10,0(X) telephones._Each second selector;
in turn, has aess to all connectors in that
particular HUNDREDS group; therefore, the
second dialed diipt (6) causes the second selector to
choose a connector of the sixth HUNDREDS group
of 1, telePhones. The called telephone is now
one of a group of 100 telephones. The last two
digits dialed by the calling subscriber operate the
connector, thus completing the circuit thin permits
conversation between the calling and called
subscribers. The ringing current, which indicates _a
netvd to pick up the called handset, is automatically
applied to the line when The foregoing procedure is
completed. Sear in hund that the callpd subseriber
actually completes the conversatioiral circuit by
lifting that telephone handset.

Working backward through figure 3 -I I, ?ou can
see that a 103-line office requires only a single
connector group; a 1.000-line office requires one.
selector group having 10 connector groups; and a
10,p00-line office requires 10 selector groups, each
hay% 10 connector groups.

a

SY

Exercises (215):
For each manual or automatic telephone system
equipment function listed below, state how the
same or equivalent function is accomplished by the.
other system.

1. A common battery subscriber in a manual
system lifts the handset of his telephone from
the cradle.

2. Te selector(s) and connector step in response
to dial pulses.

3. The actions of the connector equipment prior
to returning busy or ring back tone.

4. The subscriber rerings theoperator.

69
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CHAPTER 4

Telephone Switching Systems Installation

WHO INSTALLS the central office equipment?
According to AFM 39-1, airmen with AFSCs
36251 and 36271 must install and maintain
telephone switching equipment It is evident; then;
that the telephone switching equipment
rem:Irmo/technician may be assigned to the job of
installing central office equipment.

When telephone switching equipment is
installed; certain basic` principles muat be followed
if you =are to Obtain the bait poi:Obi-00;Pb. The firti
of these principles is to start with a bomplete, well-
orde_ plan for the total job. A poorly planned-,
hastily installed exchange may become a constant
source of trouble. A well-planned; orderly
installation is usually planned by qualified
engineers: After the plan has been completed, it is
given to the inttion personnel in the form of a
C-E scheme:

Installation SChemes

The telephone exchange at Somewhere AFB is
operating percent of its rated capacity (1,000
Lines) and Malty subscribers are waiting a long time
for dial tone 43 to,_I0 minutes). IMpossible you say?
No; it happens .every now and again', normally
through pbor planning or- rapid changes brought
about by urppected events..:. y case, one thing
is obvioui; something must be ,.ne to correct the
problem. A icheme expa the telephone
exchange would Solve the prohrent)

6f,2z
The requirement for a scheme May be for one or

more of the following reasons:

(I). nstallations---A telephone exchange is
install the first time with new equipment

(2) ionsAdditional equipment is
need ing inside and/or outside plant. ,.faciliti R Ir-O

7,

4 (3) onThe old system needs, nevr4`
parts, ent, or a general overhaul

(4) liotiAn exchange IS to be ino lVecl t
a new thin. ,

(5) Reks6val-LIAn exchange is to be taken
due to up iiirther use.

r# '

2I6 List the parts of a C-E scheme package,
describe the information contained in each part;
And interpret selected portions.

A i4jor command (Must originate the request for
a scheme; however, the requeltbr may simply be a
base asking through the major command: The
command originates the request by submitting a
CEIP (Communications Electronics
Implementation Plan). El (Eleetronic Installations)
will ?urnish the technical advice and pre-
engineering assistance required to prepare a CEIP:
A PM (Program Manager) from the requesting
command is then appointed to act as coordinator
between El and the originating command. The
CEIP is then prepared with the aid of planning and
programming directives, technical manuals; and
other pertinent documents.

After the CEIP hal been prepared; Ei_will
indicate its agreement or disagreement on a CEIP
coordination sheet Headquarters USAF will then
approve or disapprove the CEIP. They could_ also
approve only part of the CEIP. If the CEIP is
approved; a Site Survey must be made by El. After
El makes its recommendations, a Facility
Utilization Board (FUB), composed of members of
all concerned organizations, must approve the site
survey.

Within 30 days after the FUB meeting, El must
submit a site concurrence letter. This letter shows
that everybody has agreed on the site and that the
originating command has agreed to furnish support
structures and allied support to El: When the Site
Concurrence Letter reaches base level, the base
commander prepares a forwarding 'indorsement
that will static-:what specific action_ is being taken to
provide the support requirement. In some cases, El
Jnighthaverprovide all or some of the support
reqlirerteritseltiererirvices must be stated in the
site c9rictitcritice lent ltd the reasons given why El
must -

inn the budgetary
F! C will budget for

refituired to install and
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TAB A

SCHEME COVER
'GENERAL INFORMATION SECTION

CONSOUDATED UST OF MATERIALS

TAB B

!-IMPLEMENTATION AND INSTALLATION OR REMOVAL
INSTRUCTIONS IN SOW FORMAT

DRAWINGS

APPLICABLE SUPPORT DOCUMENTS

Figure 4-I CE scheme table or contents.

( I ) ktiekne cover. This is AFCS Form I. It is used
as the front Cover and also as a blank page for the back
cover and binds the scheme together. AFCS Form I
will include the scheme designer, base or station name,
AFCS agency preparing the scheme; project engineer,
and releasing engineer's signature.

maintain authorized CrE-M facilities, The major
commands will budget for The supporting structures
and real estate:

After this procedure has been followed; El will now
take this detailed planning and write the

youschemes. Please realize that the outline given you here
is the procedure necessary to turn a base requirement

ti into a C =E scheme.
All C-E schemes are prepared using a similar

format; whether accomplished by Fleadquarters
AFCS/EI or by the appropriate region. Most schemes
are made up by the El region having authority over the
area where the_ job is located. SChemes will bi
prepated for all types of work on C-E facilities,
whether it is a new installation or any kind of changes
or repairs to existing plant_These schemes are actually
detailed specifications telling the WHAT WHERE
WHO; ``and HOW of installing ground electronic
equipment.

A C-E scheme is divided into two main parts as
shown in figure 4-1.

Tab A, logistics, consists of the following three
parts:

NFA 083

(2) General information section. This section
consists of documentation; authorizing the scheme,
authorization for emergency action, a copy df any
correspondence, message; or records of telephone calls
resulting from coordination with the base, station, or
command relating to allied construction; and copies of
SCL (site concurrence letter). or SRL (support
requirement letter) and support documents.

(3) Consolidated list of materials (CLM). The list of
materials will be -engineered in accordance with the
applicable standard drawings, supplemented by
current SPEL/Telephone Material List (STML) and
the AFCS Illustrated Catalog. The CLM will contain
only those major and minor items necessary to install a
single facility or portion thereof, as required in the
authorizips program document.



Tab B, scheme technical information, consists of
the following three parts:

(I ) Statement of work. The Statement of work must
include or refer to all information necessary to
implement the scheme; test the facility and provide the
user with interim "as installed" records. The
inforthation will be in the form of detailed instructions

?, and make specific-reference to applicable technical
orders; manuals. installation standards,_ test
procedures, etc. Maximum use will be made of %FCS
installation standards; The engineer must not assume
the installation team will not be able to install the
scheme Without detailed _guidance.

(2) Drawings. Drawings include sketches, drawings,
maps; and circuit diagrams, as needed, to permit full
understanding of the scheme. Use drawings rather than
narrative to the maximum extent possible to convey
information since they are more readily adaptable _for
use in plant-in-place recorZit(PIPR). Classified
drawings are distributed under separate cover when
necessary to maintain the unclassified status of the
remainder of the scheme.

(3,) Su-pportings documents; Documentation
considered to be of assistance but not essential for
completion of the installation. Copies should be
furnished or made available to the installers and be
clearly marked "For Information Only."

Exercises (216):
Complete the following about C-E schemes._

1. List the two main parts of a C-E scheme:

2. Describe the information contained in the first
part of a C-E Scheme.

3. Describe the information contained in the last part
of a C-E scheme.

4. Where is the C-E scheme in figure 4-2 to be
performed?

5. How many digits will the directory numbers
contain in the scheme in figure 4-2?

What
liNf' shown

4\ r

f

1 C
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numbers shall be dialed for the services
in figure 4-2?
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A- 1. General Statement-

SCHEME NO. 01361A7D-.11-VNVP,
ZZ0000.10,W-2221-18

PART A
-'ARAGRAPHS A-1 to A-3
PAGE 2

_PART A_
GENERAL

This specification covers the installation ol an initial 600-Line
All-Rlay 200-p_oint Dial Central Office and associated Manual
equipment for the base administrative telephone system at
Hensley Air Force Bale.

A -3 Summary of Equipment

Line Equipment

Linefinders; in groups of 12
linelindr per 20011ine
equipment and 8 linef inde r
per linefinder-connector
unit.

Connectors. in groups of 8
connectors per linefinder-
connector unit and 12 '
connectors and 20 out-dial
trunks to connectors per
connector unit

Local I t- selects

Present
600

60

60

60 -

A-22. The station telephone, numbers for directory listing will/consist
of five digits, with three digit group selection and two (heeling
selection. For example; for line 99 of the 22100 group, Dial kif
"22199"

A-23. The following numbers, are available for .alignment

INDIVIDUAL GROUPS TRUNK HUNTING(PBX) GROUPS
22100-22199 4.22200-22299
23100 -23199 1' 23200-23299
24100-24199 f 24200-24299

2100-21199

A-24. The following numbers ,shall be dialed for the service indicated:

NO. SERVICE
"0" Information
"9" Citylunresiricted)
"117" Fire
"118" Wire Chief

Figure 4.2 An example.of a portion of C-E scheme (objective 216. exercist's 4, 5. and 6)
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217. State why C-E scheme packs, es are inspected
kio, to starting work; also the method used to insure
efficiency and economy of installation.

A C-E scheme, as you have seen in the preceding
text. looks at everything and provides all the answers
before the installation team can ask the questions. Be
that akit may. the best laid plans of mice and menoften
go astray.

There are some things that are best looked into by
the installation team when they arrive at the site.

If there is to be a minimum of interruptions during
the installation; the planning has to include an
understanding and an- agreement between supervisors
who have control of the facilities which must be
available at specific times. Included among the
agencies with whom coritultation is necessary are the
building preparation team; the utilities company; the
outside plant organization, and the baie Materiel unit.
The construction or repairing agency must have the
building in gt condition before any installation is
attempted_
after it

WOrk
pc
firm

e the equipment cannot be disturbed
ce. Also dust. smoke. and moisture

a minimum, in a central office: thus. no
ould provide _these elements is *o be

r the equipment is installed. The utilities
ve AC power connected into the buiFding

and an arripk number of convenient outlets in working
order. The overhead lighting must mei_ the
specifications established for* all central offices.
Ventilating. ,air-conditioni d heat must also be
provided prior to beginnin e:nrtAilation. The
outside plant personnel s h fie dable vault
constructed and the =Win* in he ma net
section will have to if& touts;_ w tlealf ng
equipment. shop shelving, filing ts."Land other
necessary building furnishings:

By checking the tasks to be done and the Order_ in
which.,they must be done - against_ the prerequisites
discussed ahove.,*otimajifrid that yoti do not have to
wait "asileigg _as youthopght in order to start the job.
type of careful study niay save your team time and
clfolt: by allowing you to do certain portions of the
installatio p4r to Vompletion of work by civil
engine or some othEr agency:

E (217):

;.7

I. Why should schemesibe inspected prior to the start
of the work?

2. What method is used: while inspecting the Schitife.
to insure efficiency and economy of installation?

74

4-2. Equipment Placement and Securing

This part of the text describes the preparation of
central office floor plans. We will discuss the factors
which determine the positioning and securing of
equipment. The engineer must consider the following
in preparing a floor plan:

(1) The relative placement of equipment units
should allow for the shortest possible cable runs,

(2) Allow for expansion of the office without
rearrangementOf equi_pment_or interruptions in service
when equipment). is added and _cut_ over.

(3)_Space should be allotted for future equipment in
each line -up so that equipment will be grouped with its
own type.

(4) Adequate clearance must be provided on cable
racks for present future cables:

21IL Explain how reference lines are established;

When the floor -plan drawing is complete it will show
the exact placement of all equipment Brass markers.
known as floor markers. should be located and
fastened in place at the time the building is constructeil
The markers provide a two-way alignment for
providing the installer with a positive means for
locating the equipment.

Where floor markers exist, reference lines shall be
establiihed to intersect at right angles at the point
where the markers are located. These reference lines
are _designated i",4-=A" and "13,13."

However. if floor markers do not exist. the installer
may establish a reference line parallel to' the_ longest
unbroken wall of an equipment room. All other
measurements for equipment layout markings are
made from the reference line. Measurements Aaken
from random points along the same or different walls
within a room will vary to such a degree that the
equipment will not line up properly.

The reference lines should be placed on the floor
with a chalk line 'aligned at the centers of reference
plugs. Where reference PlUgs are not provided, the line
may be laid parallel with the wall by either of two
methods.

Level and Square Method. Place the square upright
On the floor with the longer side parallel to the wall and
butt the end of theShorter side against the wall. -Lay the
level along the side as shown in figure 4-3A and shift
the square until it is plumb, but still in contact with
bcith the Wall and floor. Make a suitable mark at the
point of contact between the floor and bottom of the
inner edge_ of the square. All marks made in this
manner will be 14 inches from the wall:

'Plumb Bob Method. Place the longer side of a
square against the wall approximately (3_ feet _above
floor level. Plumb the square with a level as shown in
figure 4-38: Drop a plumb line from the short side 6f-
the square as illustrated. and mark this point on the

Befloor. certain that the plumb bob is hung from_the
same point of the square foi each succeeding
operation.
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ALTERNATE POSITION OF LEVEL

CIIIF-209A

Figuiti-4 IA. I eel and %quart: method

P- lorm thc marking operations in at least three
tions one near each end of the wall and the third.

ear the center. The more locations marked, the better
Will be the chance of detecting deviations in the walt-

After _the: points have been marked; stretch a
chalkline to intersect thew and snap the line on the
floor. When the references points are not directly in
line dile to variations in_ the wall structure, locate the
efialkiiinq to intersect the greater number of points,

._,Ancluding those at either end; where possible.
", Abase- line is one upon which the equipment is

itnwiy, aligned. It may be placed at the front, rear,
sidC or as a centerline for the" _equipment. The
centeirliae `Is'.usually indicated by C on floor plan
drawingS.-14scibles may be required to be laid either
parallel or gietttentlieular Io ---the',reference lines.
Methods of accomplishing this are thoroughly covered
in TO 31-10-9.

Exerclais (218):

I. When floor markers exist, how are reference lines
established?

2. When floor markers do not exist, how are reference
lines established?

219. List the steps for laying out floor angles.

Floor angles for switching, equipment frames are
furnished in the required lenffhs. Theihoimting holes
in floor angles are predrille . The simplest method of

vi
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CARPENTER

SQUARE

REFERENCE
POINTS mums ROB

C BF 2098

Figure 4 3H. Plumb hob method.

marking of the mounting holes centerline is to place the
floor angles on their vertical face lines and mark the
floor at the mounting boles (see fig: 4-3C):

The procedure for installing floor angles is to drill
the holes in the concrete floor in the designated
locations as follows:

(1) Use an electric drill or star drill and-hammer ,Re
sure to use a dril point suitable for concrete:
WARNING! Always wear goggles when drilling
concrete to protect your eyes.

(2) If the hole is more than Ye inch diameter; drill a
pilot hole with a WI inch drill. Use a drill of Proper
diameter to obtain the final size of the hole. The pilot

3 FT. FROM WALL

MOO WINONOCE
CENTER-LINE

VERTICAL
FACE LINE

Figure 4 lc Relationship heti.% een %emu
mounting hole centerline

HO 06

cc line and



USE OF LAG SCREW WITH ANCHOR

FLAT WASHER SOMETIMES USED
WITH BEVELED WASHER

BEVELED-
WASHER

USE OF BEVELED WASHER

5

USE OF LAG SCREW WITHOUT ANCHOR

SETTING TOOL

EGEND

-I -LAG SCREW
2 - WASHER
3 - S TEEL PLATE
4 -LINOLEUM
6= WOOD
6-CONCRETE

HEX HO BOLT OR RD HD
MACHINE SCREW

LEAD SLEEVE

CENTER CONE

DRILLED HOLE

6

EXPANSION ANCHOR REQUIRING SETTING TOOL

Figure 4-4: Floor fattening devices applial to various floor materials

2
STEEL SLEEVE

DRILLED HOLE

THREADED_
NUT

6

171

POWDER-DRIVEN STUD

HEX HO
80 LT

EXPANSION ANCHOR NOT
REQUIRING SETTING TOOL



holes prevent the drill from "drifting" from the hole
centers: The length of the hole should he 1/2 inch deeper
than the site of the fastening device it accommodates.
In other wordS. if the fastening device is 1 1/:, inches
long. drill the hole 11/2 _inches deep.

(3)_Use a vacuum cleaner to clean out the concrete
dust during and immediately after drilling process.

-04y Holes may be drilled in wood floors with either
hand operated or electrically driven tools:

(5) Insert the -fastening devices (expansion anchors
or shields) if they are to be used before installing the
floor angles._Figure 4-4 illustrates a variety of anchor
methods in different types of floors.

(6) Place the floor angles on the vertical face lines
and fasten each floor angle loosely in position until an
entire line has been laid out.

Stretch a; piece, string across_ the vertieal_faces of
the angles to check for pro r alignment. Tighten the
screws or bolts onl er perfect alignment and
levelness are observe o build_ up the floor angle at
low level areas. u.- fight metal Shims the width of the
floor angles an t least 4 inches long: To level off high
spots, cut out as much linoleum as is necessary under
the floor angle. It mkty.be necessary to chip the concrete
floor to achieve desired leveling. Also remember each
row of floor angles.inust be level with each other.

Exercises (219):

1: State; in proper order, the steps for installing floor
angles.

2. What hardware is required to connect a small cable
rack to a large one?

76
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3. What Standard lengths does cable rack cprne in

4. What standard width does cable rack Come in?

220. List the steps for installing ladder-type cable rack
for specified situations.

Cable runways are used to support the wires and
cables that ,connect the equipment in your central
office. You tend to take cable racks for granted, as well
as the rest of the equipment that make up your
exchange. At this time we cover the basic procedure for
installing cable rack.

Placement and Supports. Cable racks are installed
where the cable rack assembly drawing shows that they
are supposed to be installed. The floor drawing shows
the_ location and the length of each of the cable racks.
Before you can install cable rack, all of the frames, wall
angles, and permanent bracing must be installed; and
should be level and plumb.. After all; cable rack is not
supported 13!. sky hooks, although ceiling hangers
come close.

After checking the cable rack assembly drawing for
the location. check the cable rack furnished for the job
against the . job drawing to determine the most
economical use of the rack.

Installation Procedure. The first thing you must4o
is to select cable rack of the proper width. In tech
school you were taught that cable rack comes in five
widths; 6; 9, 12, 18, and 22 inches in width and in
standard lengtligs of 5 and 10 feet. This

1 7 ()



BOLT (P=75613-2
UT (P-75615)

--CORNER CLAMP (P-75614)

SPACING I/8 IN. MAX

*RINGER (AS REQUIRED

CABLE RACK

Gm,

SIDE VIEW A

(

-SEE SIDE VIEW A

SPACING
1/8IN.MAX

...CABLE RACK

SPACING \SEE SIDE VIEW B
1/8 IN MAX

CLAMP (P-75612) BOLT (Pr5615-1)
NUT (P-756I5) .t.

SIDE VIEW B

Figure 4-5. Clamping smaller rack to larger rack.

information is found in the cable rack temerqbly used to join the branch cable rack to the main run.
drawing The procedure fOr installing the branch cable rack

Once you have a length of cable rack you place it is the same as that used on the main cable rack run.
on top of the channel bracing and secure it using J When you must change cable rack sizes in a
bolts, clamp plate, lock washers, and nuts. given run; you_ use corner clamps and stringers or

The !text step is to place another section of cable side bars, see figure 4-5.
raCk on'top of the channel bracing and join it to the If you encounter a situation where pipes or
preceding section using straight clamps, nuts, ancl,. jeiling construction get in the way of a cable run;
bolts. Secure the second section_ to the channel you use an offset arrangement which allows you to
bracing with .1 kilts as did the first section. This lower the height; when branching out to another
continues until the cable run; as shown in the equipment row, across an open space When channel
drawing, is complete. You must be sure that the bracing is not used to support the cable rack. The
cable run is level over its entire length. 45° clamps, nuts, bolts, andite proper short lengths

When abtable rack must branch_ way from the of cable rack are used to do this.
main cable rack run you must select the proper It should be obvious that no one standard
width and length cable rack. Corner clamps are procedure holds true when installing cable rack.

77
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This much, however; does hot You use the
cable rack assembly drawing which s, ws where the
cable rack runs are to be installed; ilia's° indicates
the width of the cable rack to used the length of
the cable run.

When amine' bracing is used to support the
cable rack, J bolts are used to secure the cable rack
to the_channel bracing. Straight clamps are used to
anmect lengths of equal width cable rack together:
Corner clamps are iiied to connect the cable rack,
for branch cable rum or turns; to the main cable
rack run. An offset arrangement is used to loWer or
raise the heigit of a cable run when necessary due to
ceiling construction or obstructions such as pipes or
conduit in the path of the cable run.

Tech Order 31-10-6; Cable Racks, Troughs, and
Their Supports, outlines the various procedures used
for particular situations and instructions on how to
do it This should be used any time you have to
install cable rack.

Exercises (220):
Read the narrative below, and then answer' the
questions about cable rack installation
Twelve-inch wide, ladder-type cable is to be
installed above four selector bays with a ble rack
connection at one end. Selector bays 101 and 102
are on the opposite side of the aisle from bays 103
and 104. The totallength of each run is 30 feet long
and the aiile is 4Art Wide.

L What is the ft4 step you will take?

2. What is the second step (bays 101 and 102)?

3. What actions follow the second step in bays
101 and 102?

4. What is done when the cable rack above bays
101 and 102 is completed?

5. What is the next step once the cable rack
installation above the four selector bays is
complete?

4=3. Central Office Cable Installation
The cable routing for every installation. regard-

. 78
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less of size or whether it is the original installation
or an addition, .should be_planned well in advance
of the cabling operation. The plan may be outlined
in the specifrcation;or may be completely drawn up
on the job. The planned cable route need not be the
shortest distance between two pieces of equipment,
bis2ould be planned to limit pileup, minimize
c vets, and present a good appearance.

nib Gift* a statement outlining the installation'
of cable; state the order and method of running
the cables and the ties and stitches to be Used at
specified locations.

Station ground and power cables have rubber
covering over stranded or solid copper conductors.
Power cables can be lead covered. Station ground
cables are used to provide a main point of DC
return for a central office while the power is on

Switchboard cable consists of several conductors
bound into one or more grounds which are thvered
with a common sheath. The sheath may be/of either
fabric or plastic_ The common sheath or covering
offers protection to the conductors and keeps out
excessive dirt or moisture. The term switchboard
was originally applied to its principal use and has
been retained, although the application of the ca-
bles has been greatly expanded.

Paired wires or jumper wires are insulated
conductors twisted together whhout a sheath or
outer covering These wires are used to make
miscellaneous or temporary runs between
equipment.

Running a cable is placing it on a cable rack or
other support frAm one termination point to
another

There are six different types'of cables in present
use and that cables must be placed on the cable
rack in a specified order:

Sequence Cable Type

1 Station_ around Cables
2 Power_Cable and BX. BXL, etc
3 Lead Covered Cable
4 Switchboard Cable
5 Coaxial Cable
6 Miscellaneous Small Cables

and Wires

You will seldom; if ever; find all the types of
cable in .0 exchange, but the running order is
maintain e purpose of having a running order
is to insure t at the heavier and sturdier cables are
kept on the lower levels rather than piles:Jon lighter,
more fragile cables. The permissible height to
which layert of cable may be piled on cable rackS,
troughs; or trays; is generally considered to be a
distance equal to the width of the runway, but not to
exceed 12 inches. The height of the layers of cable
is.shown in the installation scheme.

Some items to be considered when planning
cable runs are as follows:



(1) Number of cables to be run.
(2) Types; codes; sizes, shapes, and lengths of

cables.
(3) Location of breakoff points of cables from

racks to equipment.
(4).. Allowance for the placement of additional

cables on future jobs;
(5) Intersections and junctions of cable rack.

Preparation. Before Starting to run cable,
inspect the cable runways for rust or scratches.
Remove the rust and touch up the framework,with
matthing enamel. Place personnel at all bends_;
turns; and'points of contact to guide the cable and
prevent the sheathing 'on the cable from being

.

Unless all safety precautions and practices are
strictly followed, running cables present haiardS to
the installer;_eqaipment; and f lowing
general practices will aid in minimizi as
well as expediting the running operatio

(1) Do not leave Fable reels unattended while
cable is being run.

(2) Run only as many cables as can be handled
conveniently at one time.

(3),Lotate reels in a marines which prevents
cables from rubbing on adjacent reels or stands;

(4) To keep waste to a ;minimum, check the
length of the cable on the reel against the total
footage-of the type to be run and plaroccordingly.

(5) Do not cut cables to.the lengths shown in the
cable running list: Run the cables first theh cut
them.

Cable Tags. Cable tags are used _to identify or
mark the cable to be run. These cable tags may be
supplied in sheets of six or in pairs. Carben paper is
inserted between them so they can be made out in
&Plicate since two tags are required for each cable;
Information to be filled in on the cable tags is
usually obtained from the cabling -sedion of a
specification or a job cable running list:

:Cable Running. The reel attendant should keep
twists ou f the cable between the reel and the cable
rack: The members of the crew will be responsible
fpr their assigned areas. This eliminates the
necessity of untwisting the entire length of the cable
when the run has been completed. It will also
protect the cable sheath and the insulation of the
conductors from damage.

The reel attendant shoilld prevent excessive
strain on the cable by turning the red by hand. To
prevent the reel *And from tipping over should
excessive pull be ekartedriunwind the reel from the
bottom side. Place the reds on heavy cardboard or
plywood to avoid damage to the floors;

When the cable has reached the piece of
equipment in which it will terminate, pull in
enough additional slack to allow for forming and

69
at all

side

!late

power cables age usually!
wed.r.Grould-

. . .°titer types of es T
for ruhning ca
supports. r .

Ground and power cable tend-.,

coiled shape of the cable reel and ni or
formed to sdaightert them as they 'Y run.

Do not drag armored powers cab the
cable rack as the metal covering will acre h paiSt
and expose the rack.to rust and oxidation: '
'` When a run of 'ground power cable is

completed, cut the cable with tither a hacksaw or
boltcutters. Cable shears are not designed for heavy
work.

Switchboard cable. When running switchboard
cable, place the reel in an A-type frame. Inspect the
plastic or fabric sheath of the cable for tears or
abrasions as it is-being run. Handle it carefully to
avoid, damage.

B4res. Tag and run the miscellaneous wire in the
time general manner as cables. Since these wires
are sthaller than cables (usually one to
conductors) they tend to tangle and spread
the runway,To keep the wires reasonably straight
while running, place wire loops temporarily on-the
threaded rodt or on the runway at intervals of 8 to
10 feet and at all turns and bends: Run the
miscellaneous wires through the loops until:enough
are accumulated to be sewed down. Misoellaneous
wires are usually supplied on small meal reels.. A
gOcid methcid for holding these reels is to insert a
metal rod in the center of the core. Then the wire
can be pulled off very_smoothly.

Lacing 'Cables. The preferred- method of
securing cables to the cable rack is lacinl them with
waxed number 12 cord. Lace the cables to the cross
straps using the starting stitch, Kansas 'Cif stitch,
and ending stitqh (Hawthorne knot). Other special,
purpose ties, suah as the banding tie, are sometimes
required for single cables or large heavy 'cables.
Secure the cables and wires to cable racks at every
second cross strap unless otherwise specified.

Exercises (221):

t

Use the narrative below, as necessary, to complete
questions about running Fable. ;).

r.For the installation of an additional row of
selectors (two bays) and a grading terminal
assembly (GTA) in an existing; XY telephone
exclirge, the following listed cable had to be run.
The cable rack used is 12 inches wide. A power
cable, 20 lengths of switchboard cable, a ground
return cable, and 10 lerigths of small wire.

P.4 !'
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1. In what order is the cable listed above to be

run?

4e,

wing power cable.

coded conductors: Color coding may or may not be
used for the conductors of a lead covered cable.

Use of the color coding system eliminates the
it necessity of making continuity tests in order to

select particular conductors: The coding system
employed is dependent upon the type of insulation
used, the number of .conductors in the cable, and
whether the conductors are arranged as singles,
pairs; triPles, or quads. Citifies most frequently Used
have either cotton and silk or polyvinyl chloride
insulation on their conductors.

Cables having a relatively large number of
conductors make use of a basic color code
consisting of five cialbiltie, orange,- green,

. black, and slate. Use of this code provides 20
combinatioris which are illustrated by number and
abbreviation in figure 4-6.

3. What are the cables laced to, after they haVe
been run?

4: What three stitches are used when sewing a
form?

222. List the color code for the standard 20.

The insulation of the conductors of a cable is
usually color coded to determine selection of the
colored conductors. Switchboard cables have color

CONDUCTOR NO. COLOR

3
4
5
6
7
8

:9
10
II 4

12
13
14
13
18
17
18
19
20

obi some cables, black is us

graluenge

Green
Brown*
Slate
BIue*VPhtte
Blue - Orange
131ws-Green
Blue-Brown
Blue-Slats
Orange-White
Orange-Green
Orange-Brown
Orange-Sate
Green-White
Green- Brown'
Green -Slate
Browns-White
BrownSTSbite
Slate- White

ed instead of brown

Figure 4-6. Color Cilode for standard twenty.

a

1 7 6
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The color coding established for single
conductors that have cotton and silk insulation
permits the distinguishing of as many as 60 single
conductors. The first 20 are identified
by means of the basic color code shown above in
figure 4-6. The Second set of 20 conductors are
identified by the -basic color code plus a black
tracer. A tracer is a thread of contrasting color
woven into the insulation of a conductor to permit
distinguisqng that conductor, from another having
the same 19111is color. The third set of 20 conductors
is identified by the basic color code plus a red and
black tracer.

A cable containing 60 single conductors may
also contain a ground wire (black insulation) and as
many as four spare single conductors. Spares 1.
through 4 have insulation which is colored red and
Whitt, black and white; to and black, and red;
black; and white respective

Usually, 1 spare pair is- provided in a cable
having up to 100 pairs and_2 spare pairs in a cable
having betiVien 1043 and 200 pain.

The ring conductors of triples (three cond
of a cable are identified using the bit:tic col
shown in figure 4-6; Insulation of the mate (tip)
conductors of triples is colored white, while the
third set of conductors (sleeve) is identified by red
insulation: Colors used to identify the conductors
of a spare triple are blatic (ring), white (mate or tip),
and red (sleeve):

A spare quad has its first pair of conductors
colored red (ring) and red and white (mate); its
second pair is colored black (ring) and red and
black (mate).

Exercise (222):
1. List the color code for the standard 20.



223. State the termination' requirements for
solder raid *ire wrap termhiatioit.

IFattiag and Stripping.. Butting and stripping
cables are necessary to-. remove a sufficient amount
of sheathing or Outer insulation from cables to
permit- access" to conductors for forming_ and
terminating operations: Methods of butting and
stripping var./. and are dependent upon the outer
covering of the. table and additional wrapping such
as braided metal; flexible armo4 or lead sheathing.:
Butting is the term used to describe the operation of
making a 'circular cut through the covering or
sheath of a cable at the point where the outer
insulation is to terminate.

"Stripping" is the term used to describe the
operation of making a lengthwise cut in the cable SINGLE TWINE
covering from the butting point 'to the end of the
,cable. Stripping alio includes removing the outer'
covering and inner wrappings to expose the inner
conductors for forming 'and for terminating '_.
operations. 0

1 "?

CABLE
FORM

DOUBLE TWINE

Figure 4-8. Forothdon of the scarring switek

Iforizontal fanned form: On the horizontal/Ude of
Fasaed alrms. A fanned form is a group of a main distribution frame a cable can fan out to no

conductors that originate at the butt of a cable or at more than five terminal strips. The leads of
a corresponding point along the sewed portion of miscellineaus cables may be fanned over a
the cable form, travel through a fanning device, and maximum of 10 terminal strips.
end at equipment terminals. Vertical fanned form. On the vertical side of the

The fanned forms permit maximum access to the « frame a cable may be fanned over the entire vertical
or over any portion but never over more than one
vertical.

equipment for maintenance or troubleshooting. In
addition, it also permits freedom of movement of
the equipment and does not interfere with the
installation or operation of any removable or
movable parts.

The conductors are fanned through the fanning
ring on the side where the equipment wiring is
located. The equipments side is usually called the
local cable and is found on _L: be left side of a vertical
terminal k or on the bottom side of a
bonze I block:

For ling and fanning, conductors
may be g 6 inches beyond the face of the
extreme rout e of the terminal strip.

Care should be taken to insure that the pairs of
conductors are not separated while handling.

NAIL CONDUCTOR Unequipped wires at terminal strips having
fanning devices shall be treated the same as spare
wires: Where the wires are in excess of the numher
that can be fanned though one hole, they may be
placed in a phenolic tube and secured to the form.

The unused wires are regular wites in a table,
other than spare or unequipped wires, which are not
required for future use and which are generally
treated as spares in the form. The unused wires of a
cable are used in preference to the spare wires when
leads in a cable have to be replaced.

When the cable:conductors are spread over a
group of terminal strips, the cable is butted on the
horizontal brace of the frame (transverse arm)
approximately at the center of the group of terminal
strips.:

_

The spare wires are the extra wires placed ,in the
cable. They are used in cases where; through
breakage Or other unusual causes, some of the
regular wires in the cable are not available for use.

At the terminal strips equipped with a fanning
device, the spare wires are brought through the
farthest fanning strip hole foutn thi butt of the
cable: The wires are _then cut approximately I Vi
inches past the face of the clamping strip and bent
toward the cable_ butt and extend through a hole and
allow '/2 inch of wire beyond the fanning strip.

' CABLE FORM BOARDS

Figure 4 -7: NMil-type (OM board.

81 _

111.



1-72.

,

Figure 4-9. Typical sewed cable form.

SEWED

.Sewed forms. A sewed form is an arrangement of
cable wires compactly laced in such

a
ner that

the wires are brought out approximately
their associated equipment terminals. Sealed forms
are used for local switchboard, I vexed; and
other types of multiconductor bles which
terminate at equipment lacking f ning devices:

Sewed forms follow the ntoUr of the
framework. All bends, wire brcako ts, and skinner
lengths are predetermined before the forming
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SINGLE TWINE DOUBLE TWINE

Figure 4-10. Formation of the lock stitch

tionstarts. All bends and arms are Made while
o In&

The position of the wires in the form are kept
straight to keep -the wires from crossing one
another:. If crossing is necessary, make the cross
over the greatest distancabpossible.

Form boardi are constructed on_ the job: They
are used to shape the conductors of a cable when
laying them out prior to sewing: Form bodies are of
three main types: hole-type, notch-type, and nail-
type: Figure 4-7 shows the nail type.

The materials that are used for the form boards
should not produce dirt; lint, or any residue that is
detrimental to nearby iniipment. Some suitable
materials are plywood; fiber board; or wire mesh
eh to 1/2 inch).

The form issewed with approVeti sewing twine
or cord: If the maximum diameter of the main form
is less than 3/8 inch; a single strand of., number 6
twine is used. If the maximum diamet of the main
form or branch arms is not greater [Kan 1 t/3 _inches
nor less -than 34 inch, a single strand number 12
twine is used: Where the main portion of the form is a
greater than inchei in diluneter, use doubled
number 12 twine. Twine of two different sizes is
not died on the same form.

The knots of the stitches are placed on the side of
the form nearest the equipment served.

With the single leg fonni_a starting stitch (see fig.
4-8) is made as near the butrof the cable as possible
(see fig. 4 -9). Now, . -the lasing end of the twine

semis wafts_
MMHG MOM
THAN ONE MM

STARTING STITCH

irillLOCKTwit/fit:a
SEWING

SRANCH LEGS
STITCHES wal

--1 /2- A .1/'r A v/
mfflieer lmniar.,a WINO W. IV WWI an. IF

, v,s' I= A .., -1._ii'..1-,-;.a'S tillikw
I I t 1 1,1

IlL/TT LEO

CI i II'
STARTING STITCH_

11 11

1 15

SKINNERS

TIP LEG LOCK STITCH

SNARE WIRES SERVING
ONLY -ONE- VERTICAL ARM STARTING STITCH
DISPOSED OF AT END Of ARM FOR-SINGLE ARM

OF A FORM

Flaw,- 4-11. Mundt* form with vertical branch legs.



a lock stiteli'
the cable pairt.isestiWa-11): .

ich consists difit*t'
r in place of the regii*.sintle

where the last conductors bat*
orm.Ahirf
Idles form is sewed with the starting ,

to the butt aSpossiblei With the lacing
df the -twine, non die locking stitchet. They are

at intervals of approximatelyt inches -on the
'pottion of the form that has no branch arms or
breakouts. A lock stitch is plated at its breakout
point, at each bend, and at the beginning of branch
arms. These airlift continue until the farthest
point of the form is reached.

Additional twine of itzfficient Itrittli is sewed
into the form. This additional tWtine is later used to
sew the branch legs. At the end of each leg the
ending stitch is used.

Where cables are sewn into a form,
the spare, unequipped' and unused
wires should be at least as long as
the longest wire in the fond.

On a Single-leg form, the spare,' un-
equipped and unused wires should be
brought out to a point approximately
1/2 inch beyond the face (tip) of the
form, doubled back along the equipment
sidp cif the form and sewn into it. The
free ends of these wires are cut cliff
1/8 inch beyond the regular stitch
Which secJr'es and is - nearest the ends

of th e wires;

411

A
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multileg form; the spare, un-

--end unequipped wires serving all
the arcs are to be doubled back on

and sewn Ati,;t.o_ the equipment side of
the horizontil arms. A cable serving
only one arm of a multileg form shall
have their.spare, unequipped and un-
used wires cut to the same length as
the longest wires of that arm and
sewa into the arm;

After the sewing operation is completed, the
forming board is cut loose and you prepare to
terminate the conductors.

liminstiog. Terminating involves stripping the
insulation from the conductors; placing the
conductor in or on the proper terminal, and
securing by wire wrap or solderin.

Soldered _connections. The American Welding
&ocietv 2ifines solderins as a joining Prcoce4
wherein combining or blendiiiis produced by
heating, and by using a metal, Mt has a melting
point below that of the base metal: The melted
solder is distributed_ between and around the-
properly fitted Furls. This type of soldering is also
known as "soft" soldering in order to separate it
from silver soldering, etc., knowrras "hard" solder
which requires higher heat:

When molten solder forms a continuous,
unbroken film on a metal surface, it is said to "wet"
the surface. -Wetting can be explained in the
following way. If a drop of water is placed on an
oily surface; it will retain its original shape 91 will
not spread, it does not wet the surface. If a detergent

SWITCHBOARD
CABLE SIDE

A.
Figure 4-12. Single notched terminals.
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TERM NOTCHES

A: JUMPER CONDRS

B. STRAPS
C. CABLE CONDRS.
D. CABLE CONDRS

tr,

,/

CLAMPING STRIP

MOUNTING
"TRIPS

7.

BOARD

OF

,
FRON%

BOTTOM BASE
STRIP

CN CN
(C) (C)

FANNING
STRIP

HOLES FOR

JUMPERS

BACK OR REAR
OF BOARD

Figure 4-13. Double notdled terminils.

Or wetting agent is added_to the _water, a
drop mixture will spread and et the same
=flak &older will wet some metal and not others
Soldering is achieved :through wetting,

The teitiperattirt ramie between nlid-and liquid
is called the pasty or plastic range In this rangethe
consistency of the solder is soft or Slushy. The
smaller tim_plavtic range; the lance of bad or
a:Itd connections_ caused by motement of-the wire
or terminal and the quicker the job can he finished
and returned to service:

_ :43 _

The Air Force industry hit selected isolder
having_60_percent tin and 40ercent kW as being
the nearest_ standard soldee'16' the ideal. It has a
plittic range Of only 130; it is as nearly ideal as
could be expected from a standakiffielf_itern. _

The primary function of &flux is to Piii'ent the
formation of oxicW on-metallic =funs while they
are being heated for soldering. Fluxes have some
cleanin4 hekveVer," they dihiild not he

solderingeopper or ironlvidta copper tip. It can

remove

external

paint,- or

The traditional soldering tool is the conduction

dirt from metals. Such oxide or residue roust be
removed by iriectitiiiical or chemical cleaning

conventional electric element Copper tips are used
becatnie copper has a high beat conductivity and
readily allows heat to flow from heating eldlifient to

t`-`

HOLES FOR

CABLE CONDRS

its tip: In addition; copper tips els* . Tinning is
the process of protecting the soldering Won tip from
tarnish and corros ion by means of a thin coat of
solder applied to the tip This way; the iron can
transmit heat most efficiently to th.e joint being
sOldered;

Soldering irons must he selected to fit the
partiqular soldering Operation because numerous
**fare available in a wide variety of sita, shapes
and ratings. Whereas many _soldering irons are
general purpose tools, °theta have been develi*ed .

'Itiftmecifle wpo.Wof roldering. The size and
Of iron _needed depends on the size and shape of
joint, the speed of soldering required, the sold
melting temperature; and space limitations:

Electric soldering irons are ---- rated in want
according to their capacity. Although the actual size
of the soldering iron is related to its wattage rating,
two irons may maintain the same tip temperature
eve:yr:though their size and wattage may be quite
different. A mi4orpoint to be considered in the
"election of a solderingAroit is the size of the joint
to be soldered.

Most electrical soldertng lions are designed to
he died with several tips. The pyramid, screwdriver,
and chisel are the mostcommon shapes of tips* btu
other tips are available for special applicatibns.
Tips vary in lengths and diameter. Copper tips
oxidize rapfdly at tempesoures over MO° F. and

15 o
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become rough Lind pittal.. To maintain their
Soldering efficiency, copper tips must_ be tinned
frequently and shaped or dretted by filing when
necessary.

Notched terminals consist f flat,nietat strips
Shaped at the end to receive conducthrs and hold
them in place mechanically until soldered. Several
variationsvariations in the type of notches encountered are
illustrated in.. figures 4-12 and 4-13. Notched
terminals are usually strip Mounted, . the, entire
assembly being commonly called a termii0010,or
terminal block. .

Connecting sequence may vary to some degree
with job conditions and the individual... however;
the method described below has proVedauccessful
and will be used when practicable.

Insure that wires remain twisted until time for
connection. They may be separated back to the

-7 s--

soldering clamp when one is used or to the fanning
strip when no clamp is, used. In either instance;
pairs will remain twisted behind the fanning strip or
up to the terminal board providing no fanning ship
is being used.

Connect sufficient wires mechanically before
starting to solder in order to minimize handling of
toolaind to permit the soldering iron to maintain a
good working temperature. ,

dace all_lteconductors underneath (on the
'vertical blod* or to the left (on horizontal blocks)
of their assorted rows`df terminals and place the
adjustable soldering clam_p in position. Fold all
wires around the_ fanning strip; then pull them
back into position and connect by rows.

On single notched terminals draw the wire up
into the connecting notch until the insulation is up
to but not in, the notch. Bend the conductor

;!..W'
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around the end of the notch; flat across and against
the back of the terminal. Continue bending!he-wire
around the end of the terminal (opposite the notch)

-of End_ break the wire off.
bet term:milt' with two notches the procedure is

the same as with a singlenotch terminal. The outer
" notch will be used unless *third wire, is attached.

When Makinga solder connection, the following
procedure it used: -

(1) Wipe the tip of the iron on a wiping pad and
then flow a, small amount of solder on the tinned
area.

(2) Place the tinned air Of:,,Ihe tip on the
connection (where the condtictOr and the terminal
touch or the side opposite the insulated part of the
conductor) and allow it to heat both the conductor
and the terminal.

(3) When the terminal and conductor are
sufficientlyheate&tilt the tip of the iron and insert

:..the end of the solder into the opening,. between the
iron and the terminal. Then press the lipAown on
the connection, melting,the solder in the PiOcess.

(4) Rtick the tip slightly as the solder begins to
flow; this allows the solder to flow complete155,then
slide the tip of the iron from the terminal at the
rear. Be careful to avoid moving of the wire and
po%ibly causing a cold solder joint. ,

Wire wrap connections. Wrapped, Connectiofr
consists of a series of close iiitaps of wire. These
wires are formed tightly; utiderrension, around a
specifically designed termitial. The wraps ma,y be
soldered or remain unsoldered as specified.:pr
determined by, requirements.

The wrapping tool .-bit is formed of metal
&Intlining an axial hole an slot The slot is on
the outer surface of the_bit a receives the skinned
portion_ of tlie wire. The center hole hOle)
accepts the terminal that the wire is to be terminated
to. This hasic tool can be powered by one of four
ways: electrical; compresso-z, air; mechanical; or
hand. 1

44 . The bit rotates while the sleeve remains fixed
during operation. The two notdiTs of the sleeYe
located on one end are for anchoring the insulated
portion of the wire. This prevents any slipping of
the wire during operation. On the same end of the
bit is a U-shipIT:d flare This flare guides the wire
into' the. slot Of the bit. The wrapping tool is
energized by operating the trigger and rotating the
bit in the fixed sleeve. .

On wire wrap terminals a minimum of 5
complete wraps are requirecL using 22 and 24 gauge
%vire. As a general rule, a 11/4- to '/2-inch shiner
(conductor stripped of insulation) provides enough
shiner for a five wrap termination.

Once the insulation is removed from the
conductor, the following procedure is used
secure a conductor by wire wrap:

oil
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(1) Insert the skinned portion 'of- the Aviridinto
the slot use the`-,,1- shaped flare on the sleeve as a
guide for the wire: Insert the wire up to the
insulation.

(2) Bend the insulated portion of the wire into
the anchoring notch in the sleeve. .,

(3) h wire wrap tool (hand or gun) on
the to ,up to the shoulder (wide pan at the
base o terminal) of the terminal; o_ tup to, bin
not over a previously connected wire.

(4) Operate the trigger; while kei*ing the tool
straightor parallel with the terminal. lqici hot pull
up on the tool or push against it let the tool move
up on the terminal by itself. ".

Exercises (223):
1. When is a fanned form?

4,1

2. What is the maximum number of terminal
blocks a horizontal fanned form can fan out to?

4,

3. What is the maximum that a vertical fanned
form can fan out to? i'sa

4. What, concerning sewed forms'," is
predetermined before the forming operation
begins?

,.5. What nYineis used, if the maximum diameter.
of a sewed form is between 3/ijp 11/2 inches in
diameter?

6. What o you lin2*.littOur the diameter of a
form sewed with a dotible strand of number 12,
twine?

w.

7. What does terminating consistof?

8. What two methods are used to secure,..
conductors7to terminals?

9. How far back on the terminal strip may
conductors be untwisted when terminating?

IS?

a
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10. What is the length, as a general rule, of the

shiner when securing a conductor by wire
wrap?

I I. What is minimum numb of wraps for a
wire wrap termination?

12. Where, on a notched terminal; is the wire
broken off?

224. State bow and when to connecrpower leads.

The power equipment is normally. installed as a
'' group, with each individual unit being mounted

with-its coordinating unit., Power panels are bolted
to an angle-iron frame which gives them adequate
support The installed frame contains equipment
which provides for supervision of all exchange
equipment for controlling the operation of the
storage battery and its clutrginwequipment and for
distribution of the direct _current for operating the

'switching equipment and alternating current for
ringing and tones. The Flotrol rectifier converts the
incoming alternating current to direct current. This,
output DC changes the battery and provides
operating current to the switching equipment.

All wiring,to the interunit switching equipment
is completed before any wires are connected to the
hattety or to the power equipment Included in the

--40,' powcakipment sviringare the cables connecting
the -volt DC supply with the c,entrai office
switching equipment units, the cables Mr the power

e.andbattery;_and the many power cables
frt3su.the 220 -volt, 3-phase_60 cycleAC. All cables
are placed in their respective 7-locationsc*fore c
terminati6ns are to bi made All. pVwerneables
terminate,at the ftiSeAdegiettit power fitiihe,but
notaill cablerattach_to fuse panels at the switching

A .elinment frames. The cablet are connected to bus-
bant 'which. have a specific polarity,' which means

tonductors of the cable likewise; are to be
ideh tied with a polarityeither negative ( ) or

positive (+). Observe_good wiring and soldering
practices at all times. Be sure that all connections
are clean and tightened securely.

Formed cab' ay;_be supplied by the
manufacturer to permi theAstailer to complete the
cable connections -'r pithy- and with greater
assurance of a , pro-pat:installation. The formed
cables will be identified"viith a code number. The
longer formed cables connect the power equipment

to the equipment frames, and
multiple the equipment frames.

Usually the positive (-I-) terminal of the storage
battery, the ground potential ringing terminals on
the power panel, and the ground bus bar (bunching
board) of the distributing frame should be
connected to ground. The preferred method for
grounding each of the units is by providing each an
individuli attachment to the earth (ground). The
simplest. yet most effective, ground for most
conditions is a ground rod driven deeply into the
soil. &cold water pipe may be used, but a common
grott*-"wire to this pipe for both the central office
and J. electrical power protection panel is not

.permitted. A separate ground wire for each system
.......Anstsrbe.used. and each wire is connected directly to

a section of the pipe. This procedure reduces the
possibility of hum or crossed-circuit effects.

he conduit and power circuit installation
bet*en the service entrance switch and the power
equipmentomust; conform to National Electricp1
COde requirements. The Aviring, normally, is= the
very last to be installed before the system if put into
operation. The central/. office ends .of these
conductors are attached before the endi at the
service. entrance switch are tersninated. This
pros re erovides for. greater safety, while making

-the nation:

ti
I. When power for the switching equipment bays

connected?

Exercises (224):.
Answer the following questions about

conne&ing poWer leads.

2. Where do all power cables terminate?

3. What should you observe- when terminating
power cables?

86

What two itenis' in the equipment bays are
power cables attached to?

4-4. Plant-in-Place Records.
Your first two questionkare probably, what are

Iplant-in-place drawings and what purpose do they
serve?

1s3 f



Plant,in-place drawings or records show what,
where. and how C -E _equipment is installed; and
they are essential for the maintenance and
operation of these facilities. They are used for
planning, modifications, expansions, and changes

41t, to C =E facilities. When you arrive at a new base,
these drawingt are invaluable as sources of
information about your new exchange.

225. Given information about 'completed
scheme acs, state how to correct and/or up-
Sate plantakrplace records drawings;

Types of Recordt. There are It1*e types of C-E
plant-in-place records (PIPR). Each is explained in
the following paragraphs.

inswllwtion records. These are site adaptation
records provided by Air Force Communications
&erVice (AFCS); they ,show*`whitt equipment is
installed; its location; and its interconnections.

:4 InchOed are drawings, narrative listings, catalog
documents, and any other data such as rich orders,
photographs; etc.; that are ne ry for future site
planning, engineering, current ccountability,
operation; and maintenance. .

Ccualog docUrhents. These are_ it part of the
installations drawings; but are mod separately

use of their importance to the PIPR system,
e catalog documents include the drawing record

index; engineering data lists, key sheets; and base
layout drawing. .

C-E schewqs: These include installatio
marratives, materiel lists, test instructions, transito
drawing, standard drawitigs, and site adaptation
drawings. Some of the drawings will become
installation records when the scheme is
implemented. * S.-41...x'

interim 'records. Interim records are copies of
scheme and installatteji reddrds and associated AF

`Fornii.i. 1_1 4 6, _(Engineering Change'
Requei_CAuttioniation) marked by the installation
team to show devidtions from the planned
installation :- or marked by exchange personnel to
thdw corrections.

_ These_ records are held and maintained as part of
the PIPR to provide accurate installation records
pending AFCS revision to the. mister drawing
records.

Ruse C-E records. Base 'C -E records are
maintenance; programming;;engineering, and
temporary- installation recorca established and
maintained by shop and base activities:

Maintenance records include line record cards,
cable assignmefk records, and operational test
reports.

Engineering and programming records include
AF Forms 1261 (C-E Installation Completion
and Commissioning C; j.kilicate), 1319
(Subsystem /System Test Verification and
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Commissioning Certificate); and 1325 (C-E
Facility Removal Certificate); site concurrence
letters (SCLs) and support requirements letter
(SRLs); lettem,of agreement, real estate data, test
results, program change documents, and other
supporting and historical documents as directed by
the_major command.

Correcting gad Updating PIPR Drawings.
Whether you are part of an Engineering Installation."
(El) team or a member of a maintenancesliop you
need to know how to read the draWintatid make
corrections when you find errors or tehange is
made that 'requires updating the drawings.

Regardless of the reason for changing drawings a
system that everyone understands is necessary; that
is, if your records are, to be correct when the new
drawings are returned to you.

A simple system using three colors is used Air
Force wide to make changes to the drawings.

Yellow. The color yellow is used to identify
deleted data, notes, and equipment shown on a
drawing. In other words, if a selector bay is
removed from your exchange you trace over that
equipments on the floor plan drawing, with a yellow
pencil to indicate the equipment has been removed.

Red. The color red is used to indicate additions
to the facility,

Blue. This color is used for notes to instruct the
draftsman; engineers; and Othars.

At least two sets of drik are annotated to
reflect changes in the ,fa; set is sent
forward, for the purpose of ,irrecting the master
drawings and getting updated drawings made; the
other, set/Ait'maintained in the organization as the
installat drawing until updated copies are
recekted:

Exercises (225):

1. A bay
yott
plan

O-dial trunks has been added to
t do you do to the floor

2. What color pencil should-t used1or each of
the following command directed chat to the
selector equipment inyour exchange..
a. C-i is _changed from .01 mf capacitor to

.025 mf.
b. The lead from contact 3 of relay B to contact

4 of relay C is removed.
c. A lead from contact 4 of the VONs to

contact 10 of relay C is added. z.

3. How many copies affected drawin
marked up to reflect changes and wha
to the copies?

1S

are
appens



U

CHAPTER 5

Central Office Records

RECORDS; THE MERE term is enough to Strike
terror in the hearts of even the best repairmen: Let's
face it,- records are a pain; however, an even bigger
pain is records that are messy, incomplete, or
incorrect. Without records that are legible,.
coMplete ands rrea, it is absolutely iitiptitisible to
tat the cable
number.

Records are vital in any reasonably well-run
central office. There is nothing particularly difficult
about properly maintaininuyour records._ Sitriple
everyday keeping up with them will insure that you
have records which you can. rely on.

r for a specific circuit or telephone

AFTO Forms
In this chapter we discuss- the telephone number

assignment recopt, line record card, circuit layout
record/trouble *Fort, cable records, and cable
transfer worksheet and explain how they relate to
the local communications service order. We will
also touch on the storage battery record.

extracted from AF
Forms 1075, make appro'Priate entries on' a
telephone number assignment _record, interpret
selected entries, and idtlitii5, ail errors.

Telephone
AFT
229.
assign

itiignment _Record_.
pictures the AFTO

Of form is 'tecord' the
ne numbers.

In figu 5',1, notice the numbers on'die form
from 00 to 99., These numbers-are the last two digits
of a telephone numtier. For instance, these
particular numbers are in linefinder/conneetor
group 3 I (X) (see "3104)" in the LF Bay block at sop
right of form). Since this is the case, the first
number, 00; would-be telephone number 3100 and
the last number, 99, would be telephone number
3199. Notice the X narks in the Asgd (assigned)
column beside the v#ou.s telephone numbers. The
X indicates that a particular telephone nuniber haS
been assigned and is in service. You rriark an X by a
telephone number on the assignment recorlfly

88

when an installatiph has bein complete& For
example, refer td- telephone number 3187 (number
87) -on the assignment form: Notice the number
75=100, that appears_ beside it. This number is the
service order number that appeared on the
Communications service order _(see fig. 5-4 Why
does the number 75400 appear by _telephone
number 3187? We refer to figure 5-2 to explain
Why. The teletilidne number, 3187, was used for the
new main line installed in the day room of the
3760th Instructor Squadron. When the inside plant
'repairman selected the number he-did ribt-Selett the
number at ra_ndomInstead; he checked the
telephone number assignMent record to determine

. the number to use: Since 3187 wasn't in use; he
placed the service order number 75-100 beside
3187 until the installation was completecrIfIld then
placed;an X4boside it in the Asgd column. One
reason why a service order number is written in the
assigned: column beside a selected telephone
number before an installation is completed is_ to
show that the number will be used for the tiending
installation.

..Continuing .:our discussion of the telephone
nitrnberassignment record; the ,1020 right part of the
fciren indicates the linefinder bity' and group that the
numbers -60 -99 are located in. Directly under this
infOritiatiOn is the' linefin_der shelf these num
are located Below.:the shelf information; you.
a block containing the class -of service; how many in
use, and w-- -ill featurei. The classes of service for
assigned telephone numbers are:

AXA-==_Unrestrictitl.
BUnrestrictedpaid fort*, subscriber.

CRestricted for official on_ base tails:
D. - Special niiiiihert assigned for fire reporting,

guard, phones; etc.

The Unrestricted block of the AFT° Form 229
(see fig. S- I) shomthe_total unrestricted numbers
lit use As you tafiltee, 00;39 and 8049 are either
class Al-A or _clasSAIB numbers. As you add or
delete new telephone numbers, you will have to
make adjustment in this block to reflect'dle
you have taken. ".

1S5
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The last block of the AFTO Form 229 is the
Remarks column. It is used for my significant"
information you desire to write ie. However, in
most cases, test number's, such as the ones shown,

..417 written in this co n.

Eierciat (226)
I. Use the informa th s ivn below to annotate

figure 5-3.
a. Work order

1975. ,
b. Work #ders 75- 8 and 75-21 were

completed on 15 April 1975.
c. Circle the error in the form.
d. Phone number 5119 is assigned to work

order 75-57.
e. Complete the IN USE column.

nstalled on 10 April

227; Given informEtion extracted from A

telephone e recordi..
Forms 1073 make appropriate entries

:i.r.r....

e Record, AFTO Form , Th
cab record is one of the most im.".' jti ntral
officeyecords you are required to maintain. The
reason is because the record contains information
showing the termination of all telephones in your
system. Figure 5-4 pictures a portion of the cable
record seriesL-the AFTO Forms 224. and 224¢t.
The 'AFTO Form 224 is called a left tlib and can
accommodate from "1 to 20_pairs. The AFTO Forth
224A is called aright Jib and can accommodate_31
airs, making a total of 51 pairs that the AFTO
onns 224 and 224A can accontodate.
Before we get into a 4Mailed explanation of the

cable record, AFTO Form 224 series, let's sec the
relationship of theseyecards with the

'communications service order. Referring .tti the
-communications service order in figure 5-2-for a
inomept, notice the distribution plant data tblock.
The information sucia-as the cable, plir, terminal;

,a and pin count needed to install a new maikkitWis.
obtained ftotnrdie cable record, which is made up
to show alTdilelistribution plant data. This data is
obtained from tab layout maps dralien up after
completion of the outside plant cable scheme at
your_base. . ..--- .

.0 When it, hecomecet.Ory to install a new
telephone main lini; youwill have to refer to the
cable record to obtain the necessary distribution
plant data for the installation. This data_wil I then

mskVi-written on the local communications Ce or
as shown in figure 5-2.7You AO e appropt
entries pertaining tothe.-ittstallatio -on the cable
record. ...'' ' ,,. z-,-.

Referring to figure 5-4 agaii,3",'104examine
entries that appear on the cable record, AFT0

..,

i\Sc(.v

Form 224 series. You notice Boxed numbers on the
cable record with arrows point to the portions of
the form we wish to explain. To underStand our
explanation of the form thoroughly, (elate the
boxed numbers on the form with the following:

(1) Terininal count distribinionthis entry is a
...permanent, solid,, line drawn in beside pairs 1

through 51 phich reflects the pair count of a
specific tentinal. When a main line or special
circuit is installed; you place an X to indicate which
pair connects the circuit.

(2)- Pole and tenninal number=this entry shows
the pole and terminal number for pair I count
through 51.

(3), Pole and terminal locationthis entry is the
exact location (area) where a pole and terminal are
located.

(4) Office the- name or number of the
telephone central office is entered here.

(5) Cablethe number of the cable is shown
here.

(6) Pair countthis entry is the pair count of

nneeted to cable informationentries
here where one cable connects to another
e reason for connecting cables is to

pros,' e added flexibility for cable distribution.
(8) ffild orders--service order entries are made

here when the iristallatibn cannot be performed as
scheduled.

(9) Wired ,out of limits-7entries are Made here
when; due to congested .ficilisle a subscribes
being 'served from a- talkie and tetrOnal other than
the one closest to Ws_prentisik

(10),Cable connection ,infOritation,this entry
reflects that.a specific pair is connected
to a speeifirpitir of ano bie tp .reach
premises of a ubicriber. tvLig, ,7-9r-

(111 Gr_p;pan-bayan entry ''is made
where a circui0s-routed thiough fuses or
jack-Or panel appearances at an attendant's cabin
Theentry' is u.suParitl4fule or jack

(12)" Servicethe space is r e ter
services such as class A, B, or C telehand
special 'circuit entries.

(13) Telephone number- -the number of ..the
subscriber's telephone is entered here. ,

k
Yk

ere

Exercise (227)
.1: -Anno
,L 5:6

a C.

b. The cab

els; figures 5-5 and
n given below.

etype CTWX) circuit,
1920 of cable 10 at

e

4,:

led 20 patr leg of
cable 10, front pair 1 31 di ough 17450 at
the corner of Texas and fst A
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c. Telephone 4175, Class A I , was installed on
pair 1944 of cable 10 on terminal PO5A21,
but is wired out of

228; Given information extracted from AF
Forms 1075 and appropriate cable records,
prepare a cable tranfer worktbeet.

Cable Transfer Worksheet, AFTO Form 233.
The cable transfer worksheet is used to record
Information about cable and terminal transfer
work. For instance, a big office; department;
directorate, or organization moves from one
building on base to another and wants the

<communications services and phone numbers to.,;.0,2
remain the same. Without some means of keeping
this information organized; you would really have
problems. .

In the first major block of the form, top left-
hand corner of figure 5-7, you find four columns.
In the REF column enter the cable number(s) of the
cable(s)-being used. In the CROSS CONNECTION
LOCATION column enter the location of each
cross-connect point, in saluence. In the count col-, umn, enter the numbers of thefirst and last cable
pairs of each cable listed in the REF column. In the
WORK BY column record the initials of the person
doing the work at the corresponding cross-connect
point:

In _the upper right-hand corner of the form is a
PAGE NUMBER block, this is used a' more thark,

,one page is used. A two-part number; the first
-"indicating the page number and the second

indicating the total number of pages, should be
used.

In the TEST OFFICE AND TELEPHONE NO.
block list the name and telephone number of the
control office tha is to perform the testing. The
number of the w k order authorizing the move is
entered in the ORK ORDER NO. block. The
initials on the n making up the worksheet and
their phone number are entered in the WRITTEN.
BY bldck.

In the COMPLETE (BEFORE-AFTER) block,
cross out either the BEFORE or AFTER and enter
the appropriate date. Enter the start date of the job
in the_FLD_ _START DATE _ block. In the
FRAMEWORK block enter Yes or No as
appropriate, In the DESCRIPTION OF -WORK
enter, a brief description of the work 'being done.
Enter the numbers indicating the numerical
sequence of the work being done in the ITEM No.
column. 'The next four columns, CLASS OF SVC,
TELEPHONE OR CIRCUIT NO., CIRCUIT
DESCRIPTION_- and SPECIAL ,-EQUIPMENT
columns are- self - explanatory. The information for
these columns is obtained from the AFTO Forms
121 and 3176 of the telephone and circuit numbers
being transferred.

There are four FROM-TO/CABLE REF

columns,_side-by-side, and a TO/CABLE REF.
column. Each major column contains a PAIR and
BP column: Cross out the word FROM or TO
which is not applicable: in the CABLE REF
column enter the proper cable reference number; in
the PAIR column enter the cable pair number; and
in the BP column enter the binding post number if
applicable. In the TESTER INIT column enter the
initials of the person performing the test on the cor-
responding circuit:

In the our blocks at the bottom of the form enter
the signature of the person who accomplished the
work; the date and time the work was completed;
the signature of the person posting the applicable
central office records, and the date they are posted.

Exercise (228):
I .' Use the following Information to complete the

appropriate blocks of AFTO Form 233; figure
5 -7.

The circuits of cable 10,_pair5 1907 (see fig. 5=5)
through 1912, are being tranferred to cable 08 pairs
4 through 9 in terminal POI F25. The work order
authorizing the move is 75-182. The test office is

. the central office, telephone number 2224. The job
must be completed before 10 May 1975 and should
start on 8 May 1975.

229. Given information extracted from AF
Forms 1075; make entries on AFTO Form 376
and state *bat other AFTO forms will be afiected
by the entries.

Circuit LitycAtt RecOrdffronble Report AFTO
Form 376. Figure 5 -8- pictures the circuit layout
record/troUble report. The entries on this form are
similiar to the AFTO Form 121 except that this
form has inforniation written on it pertinent to
special circuits such as teletype, radio, or privatell
lines which are routed over the base telephone cal*
systert. In reference to figure 5-8, notice that the
circuit layout card pertains to a two-way automatic
ringdown circuit. The form indicates that the
automatic ringdown circuit, as determined by liacal
procedures; is PL 64 (private line 64). Thee class of
service for this circuit, as you can)see, is class D
which is the class of service assigned special
circuits. Notice the block labeled Card-No. in the,
extreme top right of the record. See the number I-1
written in? When a particular circuit requires more
than one circuit layout record, the records should
be numbered in numerical sequence such as I -1,
1-2, 1-3, etc.
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.The rest of the form entries on the circuit layout
record are quite simplc. In the Location block of
the form you enter. for a particular circuit, its
Originating and final_ terminating point. In the
Control Office block; enter the office which has
primary control over the circuit.- The notes or
drawings block on the front of the card is as you can
see, used to recorctspecial notes of significance of a
drawing of the-circuit.

_ There is also a TROUBLE RPORT block on
the back of the card which contains six celumns (see
fig. 5-8). All troubles reported for a- circuit are
recorded in this block. In the DATE BY column
enter the-date-the trouble is reported and the initials,
of the person reporting the trouble: In the TIME
ail LOC columns record the time the trouble_ is_
reported and the location of the reported -trouble.
In the TROUBLE column record the trouble_ and
sour initials if you are the one wbo received the
report: In the TIME CLEARED and DATE BY
columns enter the time and date the trouble is
cleared' and the initials of the repairman who clears,
the_trouble.

There is also a DRAWINGS block on the back
of the form: this is for a drawing.of the circuit or_ a
continuation of a drawing on the front of-the form.

Esilircise (229):
I. Use the information Kelow to annotate the

appropriate blocks of the circuit layout
' record/trouble report, figure 5-9.

Circuit XKSV is a teletype circuit: it is located-in
the 327th-righter Operations building 1060 -room
3, and goes off:base via tech control. Cable 07. pair
135 is the transmit pair and cable 07, pair 136 is the
receive pair going to the exchange (building 742)
from building -1060. 'It cross-connects at the
exchange and goes to tech control (building 121)
Via cable 01 , pair 17 is the transmit\and pair 18 is
the receive going to tech control, whkh is the con-
trol office.

r

230; Given information extracted from RF
Forms 1075, make entries On AFTO Forms 121
and identify other AFTO forms affected by the

, .entries.

Line Record; AFTO Form Ill. Ttie line record
form is used to maintain d subscriber's telephone
line. With the exclusion of afeW entries, the same
information appears on this recoiTI Ns that appear-
ing on the telephone communications service circler*
(AF' Form 10_75). Figure 5- rip shows the AFTO
Form 121. Referring to the line record in figure
5-10 and the communications service order in

-;fatire you can compare and sf-e that entries 1.
3, 4. 5. (1,7, 8,9,10, and 12 of t1v.:1 ;le record form
can be filled out from the coil; ..oications service
ofder.

We will briefly explain those-entries that cannot
be filled out by referring to the communications
service order, In_item I 1 .enter The loop resistance
of the stibscriber's line. Usually the reading of the
loop resistance is. obtained with a Wheatstone
bridge. In 'tern 13 you enter information pertaining
to the .telephone instrument. The manufacturer of
the instrument. Western Electric (WECO), is
entered. Also, an entry is made indicating...that the I
telephone Is a wall or desk type (tk' or D).
Furthermore, note that the code of the telephone
(500) is entered. Initem 14 enter-the number of-the
line _ relay_ associated with the subscriber's
telephone. Item! 15 is reserved for miscellaneous
information. For instance, if the telephone
instrument has a two_-way key._ enter that
information in the mtscellaneous-blOCk-.

The reverse side of the line_ record card (not
shown)_ is used tO record all troubles reported on a
subscrillers telephone line. Columns:are provided

. to show he date and time thetrouble:was_reported,r
who 'reported the trouble,- the trouble fOund, its
cause; and the work done to correct it Also.spaces
are provided to enter the dateand time the trouble
was cleared and who cleared the trouble.

Exercise (230):

105

1. Use the informathon contained' in the AF Form
1075, figure 5-11, to annotate the line record
card, figure 5-12.

231. Given a partially complete ALTO Form 226
and the neceasaf information, make appropriate
entries and ca,,

Monthly Storage ttery ReCord, AFTO Form
26. The purpose of a battery record is to maintain, ..

on a monthly_ basis, a _historical. record of the
condition of the central ice batteries. `Figure
5-13 illustrates the central Oflice battery record: In

,-, reference to the figure, you can see' that the form is
designed to record all pertinent information for (
battery cells. For instance, under the heading,
Monthly ReadingAll Cells, entries are'made for .

each cell of a 26-cell bathery:
Reading from left to right for'cell 1; you can tell

that provisions are made on the record to enter the
"cell voltage" "observed specific gravity," and
"temperature" of the electrolyte_ in the battery cell.

In the left-hand portion of the form notice the
Wording: Pilot Cell Weekly Readings. If your
central office batteries do not have a battery charge

indicator;_you should record a pilot dell weekly
reading. The number of :the cell you choose is
determined by your supervisor or yourself. (Usually t
it's the cell Closest to the middle of the battery.)
Enter the cell number in the Pilot Cell NO. blotk.
Also enter the exact time you read the cell as
indicated in the Time block of the storage battery
record in figure 5-13. The rest of the entries,forthe



pilot cell are entered - under the Cell_ Voltage.
flydiCtifetkr itinTding Obeetired Spec Gray, and
Temp of Electrolyte blockk As you out see; no
specifk gravity cg-rections are made for pilot cells.

The rest of the bwtery record in figure 5-13 is
' self-explanatory; such as the batter'y__number;

manufacturer, name of battery. etc. Notice the
Remarks coluinni. You can see that the
information contained in them is flexible. Any

0

information pertinent to _the condition of the bat-
teries can be entered in these

Exertite (231):
1. Use the info tion below to complete the

AFTO Form 226 (fig. 5-14); and make
nary calculations.- °

a. The voltage of all:cells is 2.15 volts.
b. The manufacturer's basic temperature is 71°.

S
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CHAPTEil 6

Manual Central Office Equ

DO YOU REMEMBER when all you had to do to./
make_ a phone call was to lift the handset to your
car? If you have never experienced this yourself,
you have probably seen it in the movies or on TV.
With the coming of dial and electronic switching
systems, _..._%'ve don't give the old manual systems much
thought 'These dars. The Air Force still has some
manual telephone systems in use today. These
manual systems meet certain needs more
economically and -just as reliable as the newer
automatic systems.

At many of the small Air Force radar stations the
ANIFTA -_13 manual telephone system is used.
Compared to the automatic systems you studied in
Tech School, this system's circuit operations are
lesscomplicated it hits fewer components and:

ance ofrequires less test equipment for the pe
PMIs_and maintenance.

6-1. System COmpoisents
In order to inspect or maintain, the AN/FT/V.13

manual telephone you first need to know what it
lobki like, and the batic purpose and function of its
major components.

23L- G1 en a list of components' and Statements
of purpose or functions; match the statements to
the Proper components.

The purpose of the AN/FTA-13 'manual
telephone system is to fulfill the communications
requirements of radar stations and their related
radar networks It provides for selective inter-
communication among-site perso.nnel.
CoMmunication by telephone line or by control of
radio link with radarshelters, information centers,
and inflight aircraft are also capabilities of this
particular system. The backbone of this system' is
probably_someitat different from others you have
seen or studied. rn addition to ge PBX switch-

. board, this system Uses an ope to /-1- telephone
circuit (1.0 line unit -'

switchboard, d, Since the switchboard is normally
the first component thoiight of, when manual

telephone systems are mentioned; we will start,
there. ,

. 1 .

Fare "equipment The face equipment ofd Lthe
switchboard (see fig, ;6-1) includes the jacks and
lamps usociattewith Magneto lute and common
battery line circuits. The lamps;jactics; and dialkeys
ktr trunk circuits as well as a hand generator, alarm
lamps, night.alann, and position switches are also
part of the face equipment.

Kothelf. The switchboard keyshelf Seen in figure
6-1 contains many of the componenislound on the
attendant's cabinet in an automatic exchange. Some

- of the different items are an, additional row of
(magneto) supervisory lamps and the talk and ring
functions which a r e handled b y one keT A key for
the monitor function is not needed: The operator
can monitor calls by operastrig the_ talk key kir a

-given cord and not operating the push to talk key on
his hand:Set. Withlout the circuitry located on the
relay gate, at the rear of-the switchboard`the rest is
useless: The relay gate contains the universal cord
circuits and the switchboard circuitry for Magneto,
common battery, and trunk circuits:

Main Distributing_ Frame (MDF) The main
thstrtlititing frame for this system is similar_to others
you have seen: ire:oaks of two.s=tions. They may-
be located.side by Side or in two locations within
the exchange. &ettion-ene (fig. 6-2) is similar to the,.

- fv1gIF in an automatic to ne exchange: The,
vertical side is 'eqiiippq with protectors, three.
vertiatis of one himdratl\and- o e protectors, for i
three hundred outside termirytti a .' A piotdxtor
alarm circuit, similar .to those saw in, Teeth
School is also -included: The Ili. tal)side of
section one,haS ten 2 x 20 to nal blocks; to which
circuits from the relay rack are ,terminated. Section
one of theiMDF is ussd to cr'oss,=ebnnectthe outside
lines to the relityrack circuitry - - -

-. Section two (fig: 6-3) of the IMF car .he
1-compared to the intermediate distributing frame

(II?F), in -in automatic exchange. The vertical side ,

has twenty 5 x 21, terrina,1 blocks which can
terminate --up to 4teles tom the operator's
telephone units (.10 -3 : Th hbrizotital side has)
three 5 x 20 terminal blocks which. connect to 6

, 10-7
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10

12

1. Night Alarm Switch II. Operator's Jack
2. Fuse Alarm Lamp 12. Hand Generator
3.
4.

Fuse Alarm Switch
Generator Switch

13.
14.

Key Shelf
Answering Cords

5. Position Switch 15. Calling Cords
6. Lamps - Trunk Lines 16. Magneto Supervisory Lamps
7. Dial- -Keys IT. Answering Supervisory Lamps
8. Jacks - Trunk Lines_ 18. Calling Supervisory tamps
9. Lamps and JackS - Common Battery Lines 19. Talk-Ring Keys

10. Lamps and Jacks - Magneto Lines 20. Dial HC-018

Figure 6 -I. PBX switchboard. A N/FTA- 1 3.
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poi
ring down (magneto) circuits in the relay rack and
.one3,x,20 terminal block connected to the radio
control circuits in the relay rack. A fuse panel and
fuse alarm control for the operator's telephcifie
units are also located on section two:

Telephone Test Set. The telephone test set is
nothin_g more than a test desk. Figure 6-4 shows the
face equipment and test panel; figure 6-5 shows the
rear view. We discuss the telephone test set later.

TERMINAL STRIPS

SPACE FOR FUTURE
RA010 RECEIVER,
LINES, 20 PAIR

SPACE FOR FUTURE
RADIO TRANSMITTER

LINES,20 PAIR

Operator's Telephone Circuit (10 Line
The operator's telephone unit. figure 6-6, allows
direct communication between the operating posts

' of the radar station and selected radio channels and
magneto line telephone stations. It is equipped with
the necessary keys and supervisory lamps for
making outgoing calls and answering incoming
calls from the .telephone and radio channels
connected to it. It also contains a night alarm

; IL

1 .1 i- q
_

v.=

IgraAllMM -Mi I W. MM.

SPACE FOR FUTURE
RA010 CONTROL.,i,
LINES; 20 PAIR 21.111mnims

NN 1m

Figure 6-3. Main distributing trame. section 2

110

2

MAGNETO LINES,
1-60

COMMON BATTERY
LINES, 1-50

SPACE FOR FUTURE
MAGNETO UNES,

20 PAlk

PBX TRUNK LINES.
I -20

RADIO RECEIVER
LINES, 1-20

PBX MAGNETO LINES, .

1-20

RADIO TRANSMITTER
LINES, 1-20

SPARE TERMINALS.
20 PAIR

RADIO CONTROL
LINES, 1-20

HCOba
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4

5

7

9

10

1. Radio Line Jacks
2 Radio Line Toggle Swttches
1 Magneto Line _Jacks
4 SWItchboArd Magneto Line Jacks
5 Common Battery Line Jacks
6. Trunk Line Jacks
7. Recording Jacks
8 Selector Switches - Radio Channels
9 Operator's Jack

10. Wheatstone Bridge
11 Nameplate

1I 21

6

16

rr
22

12. "TALK" Jack
13, ''TEST" Jack
14. Supervisory Lamp
15 "FUSE ALARM" Lamp
16. Voltoveter
I7. "TALK-RING" Key
18. "SUBS BATT - TEST REV- Key
19 -LAMP REV" Kay
20. "NIGHT ALARM" Switch
21. Operating Instructions
22: Selector Switch - Test Circuit

HC-o19

Figure 6-4. Test board (panel), face equipment.
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RELAY GATE

RELAYS FOR
COMMON EQUIPMENT-

RELAYS FOR
RADIO LINES 1-20

RELAYS FOR
FUTURE RADIO LINES

RELAYS FOR
MAGNETO LINES I-60

RELAYS FOR
FUTURE MAGNETO

LINES

COMMON BATTERY LINES
4 X 50 STRIP

PBX MAGNETO ANC
DIAL TRUNK LINES
4 X 30 STRIP

MAGNETO LINES
FOUR 7 X 20 STRIPS

OM

RADIO LINES
TWO

9 X 20 STRIPS

31ZV31414

-
.471'3%434

TERMINAL STFliP. FOR
RADIO LINES 21- 40

WIRED SAME AS ABOVE

Figure 6-5. Test board (panel). rear view.
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111.
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TERMINAL STRIPS FOR
MAGNETO-LINES 21-80
WIRED SAME AS ABOVE
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circuit 41ticbi!.
fn.., wig cal
:}1 4

audible signaling of
lacks for a handset or handset-
.--

y. The 11P-1.408/FTA-13 power
'sup .e pedl,with, four 6-volt storage

fa liectifter, se tin for. charging the batteky
frequency inverter for

v ng the priMilty Ac source to 75 'to 90 volts,
0_2 ringing current

lay Rack. The relay rack serves as a switching<-
s on for applying signalAt ringing current on

coming or outgoing caIlsiem*eto lines and for
,itching from `restive ;to tfansmit on radio

channels. It also contains wire chi test panel
and toggle_ switches '.for' control of the radio

. --transmitter battery.
The relay rack is equipped th 60 ring-down

relays and.60 ringing relays fo magneto circuits. It
is also equipped with 20 ound-to-air switching
relays for the radio channels: ,20 battery control
switches fot the radio transmitters; 4 recorder jacks
utd associated rotary switches:

Equipment Relationships. There are many ways

LiNE CAMPS

BUSY LAMPS

TALK-RING KEYS

LINE LAMP

BUSY LAMPS

TALK-RING KEYS

eme

C)ct

this system can be arranged; a typical arrangement
is seen n figui"e 6-7.

Figuk,6;.7 sews operator's 10 line telephone
Uflits; connect by cable; through the MDF (sectio),,
two) to magneto (mag) and radio line, equipment
Mounted in the relay rack.

Looking at figure 6-7 from the right, you see
section one of the MDF. The telephones for the rest
of the site'bffices, barracks, and shops are
connected thro-ugh the protector assembly to
terminal blocks on/he horizontal side of the frame
to Magneto and common battery (CB) lines and to
transmit,. receive, and control circuits (radio)
located M the relay rack.

At the bottom of figure 6-7 are the switchboard
and the power unit. The switchboard is cabled to
the CB line equipment in the relay_ rack and also to

limited. number of triag lines. The power supply
furnishes DC and ringing current to the relay rack
and the switchboard and DC (battery and ground)
to the fuse panel on-section two othe MDF and a

t ground only to section one of the MDF.

UNIT NO

e NAi 5 OFF ON

I

, . eiN
t .T) ,ft

i-Nmk 417

. fd,

UP

( eee eeeee
e

6 , 7 6 1

.'. ef1#IPfd
e 0 0

ill
elle 0 0 0 0 0 0.0.

Figure 6-6 Operator's telephone unit. If/ line.

1 1 3
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_NIGHT
ALARM
SWITCH

PERATORS JACKS
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OPERATOR'S
TELEPHONE

UNITS
00-LINE) _

'UNIT I
NO1

UNIT
NO 2

UNIT
MO 39

PERT

UNIT
N0.40

INAL

MAIN. TRANE;
SECTION 2

HOW

I 5)1211

6

s

0..
!,(.

0
q

rs;

I 5 X 2 I

I SX20I

RELAY RACK

MAGNETO LINES 1-10

3 X 20

SPARES

-FuSE
PANEL

MAGNETO LINES 11-20

MAGNETO LINES 21 -70

MAGNETO LINES 31-40
MAGNE TO LINES 41-S0

ma GNE-TO-LINE-S--SI-fak 4\

RAM LINES
RADIO LINES 11 -20

_el se

41-

2 X SO

fuTURECO-LtNES-41-50-

MAGNETO LINES I -10

g,

2 x 30

PBX SWITCHBOARD

Fuse PANEL 1

DE (BAT L1 GN01

1 7X20 -I

lx 20 I

ITX20I

9X20

EuTURE

2X SO

2 X 30

FIUSE
PANEL

MAIN FRAME,
SECTION I

HOR PERT

-AC ( RINGING SUPPLY)

EIG ( BATS GNO)

POWER UNIT.

QNO WIRE

AC INPU

Figure 6-7. Typical configuration of An/FTA-I3 manual telephone system.
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Exercises (232):
Match the statements (column B) about manual

\telephone systems to the components (column A).
Colivivt A Column B

_

I SwiWibOad.
2 Operator's

telepheine circuit
(10 line unit).

3 MDF (section one).
4 Power Ripply.

5 Relay rack.
6 MDF (section two).

5.

b.

d.

e.

f.

Serves as a switching sta-
tion for the system:
Terminates the- site
inbicritiet'S lines to &IMO-
meat terminal blocks.
Has access to magneto
lines and radio
Processes calls for CB and
magneto line subscibem
Tertriiiiiipl the operator's
telephone Units to mag-
neto and radio lines.
Provides ringing current
and DC to the
switchboard.

--6(..2: Switchboard sadAssociated Ckrcuits
Now that jou have seen the-iystem's_ parts,

ons, ancl-b= ic arrangevent, you need some
how the circuitry of the various parts work.

233; Use the foldopts discussed inAlt segment to
identify the actions that occur in the. switchboard
and associated circuits during operation and state
what-, effects those actions hive on associated
equilptillit:

In this section we look at theie callS: (1) a 10 line
unit to Mag line, (2) a mag line call to a 10 line
unit; (3) a CB line calling through the switchboard
to a mag lisie, and (4) a mag line calling through the
switchboard to a CB line:

Call From a 10 Lillie Unit to a Mag Lint
Foldout -I is the schematic diagram-Of the operator's
telephone circuit (10-line unit) and foldout 2 is the fl
schematic diagram of the magneto line titalit. Let
us, subsume that an operator needs to talk -to she
-subscriber on line 1 of his 10 line unit. Hit first
move is to ort ifthat line is busy: He does this by
looking at the busy (BM') lamp for that line; if it is
not lit he can proceed. Since he it calling a mug line
he mast called party; he does this by
operating_ the NG-TALK .key (levsr switch) to
the RING position (see foldout 1, lower right-hand
corner). 2'

Ring key ed. When the ring key for line oneisfaal I

operatecti ir aces a ground through _contacts 113
d 2B of the key, out the S lead tAlie S lead of the

line (foldout 2) being called:
Coming into the magneto line circuit from the

10 line unit (left=hand side of foldout 2), the
ground on-the S lead causes relay RR to operate.

Relay RR operatei. When relay RR in the mag
line circuit operates it closes contacts 2 and 3 and
contacts 22 and 23, placing ringing from the
generator circuit out to the called line, causing the
phone to ring.

r
115
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Ring key releasivi and talk key op_equed. After a
second or two the operator releases the key from the
RING position. This opens contacts 1B and 2B of
the ring key (foldout I) and removes the ground
from the 'S lead in foldout 2. This causes die-RR
relay in the mag line circuit to rcleasi. This does
two things: (I) tt removes _ringidg current to the
called line beta* contacts 2 and 3 and contacts 22
and 23 open and (2) it partially closes the
transmission path between the operator's unit and
the called line because contacts 1 and 2
contacts 21 and 22 close.

When the 19 line inict Subscriber Opera
key to the TALK position (foldout I) the follow'
events happen:

(1) Contacts 6D and 7D close the circuit to
relay SW of the 10 line unit it operates.

(2) Contacts 4D and 5D close ffie circuit to the
busy lamp of the circuit in use; causing it to light.

_(3) Contacts 2D and 3D and contacts 2C and
3C partially close the transmissi

Relay Sie OpeltiteS: When relay SW }_crates it
connects the secondary winding of the duction
coil to the line, completing the transmission path.

When the called subscriber answers his phtne;
conversation takes place. The handiati of the
calling and called partiesare both the push-to-talk
type 4

Call From a Mag Line to a "runt uniL The
subscriber (mag connected to line 1 of the 10 1
line unit initiates a I to the unit by o rating the
hand generator of his instrument. This places -)

ringing current on the line into:Me magneto lineN.1
circuit (foldout_ 2,- right -hand -side), causing relay
RU to operate to its "X" contacts.

The path that operates the RU relay to its "X"
contacts is throe contacts 23 and 24 and the b-d
winding of the U relay.

fif./ relay o es to its "X". contacts. When the
RU relit)) operates t -,its "X" contacts (1 and 2, and
21 and 22), they close a path to fully operate the
RU relay,

- RU relay operates fully. _RU operates fully and
olds operated. Contacts 23 and 24 break, opening

the path that operated the RU initially; this action
keeps the relay from chattering due to the AC
coming in on the litre from the calling party.
Contacts 3 and 4 of the RU place a ground on the
EL (line lamp) lead to the IQ line unit (foldout 1).

Look at foldout 1 and find the LL lead for line
10. The ground comes in on that lead, through the
INC lamp to the night alarm (NA) relay winding to
battery. The' NA relay in the 10 line unit is
multipled to all the incoming lamp leads in the
unit: The INC lip lights and the NA relay
operates. If the Ni switch is operated _contacts- 3
and 2 of the NA relay close; operating the buzzer:
this warns the operator there is an incoming call.

a*
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The operator operates the ;ING-TALK key to the
TAL tion. ti

TaliCesyioperated. When the TAIL key (foldout

the previo discussion, plus one other. Contacts
1) is it does all the swim- things it did inof

us
4D and5D/in addition to lighting the busy lamp on
the 10 line unit, place the, same ground out the BL
lead to the -magneto line. circuit (foldout 2) and
shunts the hold path of the RU relay; causing It to
release.

RU relay releases. When the RU relay (foldout 2)
releases, its 3 and 4 contacts open the incoming
lamp circuit 'of the 10, line unit Conversation can
then take place.

Call FtOm a CB Line to a Magneto Line. In this
discussion we use foldout 3; Pf3X switchboard
common battery line .circuit; foldout 4, 'PBX
switch card universal-cord circuit foldout 5; PBX
switch and operator's circuit; and foldout 6, PBX
switch and magneto line circuit Let us start wi
folddlait 3: Our calling subscriber's line comes into
the exchange by way of a vertical prbtector
assembly -on- Section orie of the MDF and is cross -
connected to a terminal. block on the horiiontat
side of the frame. From the terminal board it is
cabled thiough a pair of test jacks (shown in fig.
6-8) located on the relay rack. Fpr our purpose the
subscriber-is connected,to the T and R leads going
to the test jacks.

CB subscriber -lifts the haridset. When the CB
subscriber lifts his handset, it _places a loop across
thetip VI and ring (R_) leada of the common battery
circuit ifoldout 3): This closes a path from ground
through contacts of the switchboard line jack to
battery in the NA circuit. This causes the line (INC)
lamp to light.

Switchboard operator answers. The switchboardc4operator, upon see ngthe lighted line lamp, inserts
Ain anser (rear) (foldout 4) into the line jack
of the circuit This a :on opens the ntacts of the
linej , and puts out the line lamp. e ground on
the s of the line jack makes ntact_with the
sleeve of t;he answer cord, operati
the cord circuit

Relay RS operates. en relay RS operate% its
contacts 24 and 25 battery through its b-d
winding on the ri of the subscribeI's line and

g the RS relay in

INE OR TFit,INK
RELAY EQPT -Ft RA_

contacts 21 and 22 place ground through its a-c
winding on the tip side of the subsCribees line.
Since the subscriber's line is a loop;-a path forselay
RB is completed. The contacts of relay 1B4o
nothing at. this time.

. Operator operates talk key. When the switchboard
operator operates the talk key, It puts the operator's
circuit (foldout -5) across tip and ring of the_cord
circuit Notice that the operator's transmission .
battery is e.liaratetliblocked from,the calling party's
transmission battery (supplied by relay RB in the
cord circuit). This is dOne-by capacitors Cl and C2
of the operator's circuit If the battery were not
blocked, relay FB in the cord circuit would operate...

.Conversation can now take filici. Our calling party
asks for connection to a switchboard magneto line.

Operator accesses magneto line circuit, The
operator plugs the call cord into the proper
magneto line circuit (foldout 6). Notice that the -
sleeve of the mag line jack is open. When the plug
(call)fnserted itopens contacts to remove the RU
relay oldout 6) from the circuit and the operator
is; for all practical purposes; directly across the
allied party's Line. The operator operates the
TALK=RING key (foldout 5) to the RING
position; closing a circuit from the ringing
genevator circuit out the call cord to ring the called
party's phone. Notice in foldout 5 that ringing
current can only be applied using the call cord. The
operator then operates the key to the talk position
to see if the called party answers. If he does, the key
is retiirned to the normal position. .

Call From a Magneto Line to a CB Line. In'
order for a magneto line subscriber to signal the
switchboard operator 'V operates the hand
generator of his ins ment placing ringing currenttru
across -up and ring the magneto line circuit
(foldout 6) through _closed line jack contacts; p
contacts 23 and 24 of relay RU, and the b,:d
Winding of the RU relay; This causes the RU relay

'to operate to its X contacts. Contacts I and 2 close
an operate (M1) path for the RU relay.

RU relay operates fully. When the _ftU relay
operates fully it opens its contacts 23 and 24,
removing the AC from the upper winding. Contacts
3 'and 4 of relay RU close a path through the INC
lamp on the switchboard to battery in ,the
switchboard's NA circuit, lighting the INC lamp.

TEST JACKS

GRN IN

r\/
G Pr-471.,71nN A

OUT _L
IOW-WM!'

OR N - WHTORNfP

Figure 6-8. Test jadk.
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Switclitiard operator answers. The switchbOgird.
operator plus the answer- cord into the magneto.
line jack. Remember there is no potential on
the sleeve of the line ack. This -means -that nothing
in the coed circuit operates: Inserting the answer
cord _plug into the. line jack opens contacts,
releasing ttieRU ray. When the RU relay releases,
the circuit through its contacts 3 and-4 opens the
path' of the INC hintp.,The operator then operates
the talk key.

Talk key is operated. When the operator operates
the talk - key he bridges the operator's circuit
(foldout 5) across the.transmissiOn path of the cord d.
circuit(foklout 4). A magneto line subsciiber is not
provicled_tranintiWon battery-, so thire is no need
flit the RS Or RB relays in the cord circuit to...
operate: The:operator talks with -the calling party
and finds out whom he. wants to be connect to. In.
this case it's a CB subscriber:"

aperdtor accesses &rime. When' -the operator
plugs the call' cord of the cord circuit (foldout 4)
into the line jack of the CB line circuit (foldout 3).
the ground on the sleeve of the line jack closes a
path to the FS rel!ty in the ccird clic- uit

Relay FS operates. Contacts 24 and 25. and
contacts 21 and 22 of relay FS_preRare, a path for
relay FB. Contacts 1. and 2 of relay FS close a Ft,
lighting ih-e mil cord (front) supervisory lamp. is
indicates the called party's phone is on the hook
and not in use. The operator operates the ring key at

Ails time; connecting ringing current to the called
line. The key is then tenuned to the TALK position _
for the operator to see if the' parry has answere0.

Called party (CB line) answers. When the
common _battery subscriber answers, a loop is
completed across tip and ring of the line by his
phone aiming the FB relay in the cord circuit to
°penile.

.

FB relay operates. When relay FB operates it
contacts 3 and 4 break, opening the path 01:Abe-lit
call cord supervision lamp: Relay FB provides
transmission battery to the common battery sub-
cri ben

c.

Exercises (233):
Identify the actions that occur in the circuits
indiCated below, for the specified part of the circuit
operation.

1. Line one receives a call from a magneto line
subseriber.
a. What happens in the magneto 'line circuit

(foldout 2), when the calling party operates
his hand generator?

Z- A
4)
Su
a.

b.

c.

circuit (foldout 1), line 1; fcilloaing the
actions in the magneto line circuit? Why?

What happens in the magneto line circuit,
when the operator moves the TALK-RING
key to the TALK position? Why? (Foldouts
1 and 2.)

What happens in the_ operator'i telephone
circuit, when the TALK RING key is
placed in the TALK position? (Foldouts I
and 2.)

common battery subscriber (foldouts 3 and
makes a 'call to another common battery

&Scriber.
What happens in the PBX switchboard
common battery circuit, when the subscriber
goes off-hook?. Why?

What happens in.the cord circuit, when the
Switchboard operator answers the call?

Wfitit happens in the = rd and common
battery line circuits; w the operator
inserts the call-cord into the line jack of the
called party?

TrogblesboiithigApproach
Have you ever taken your car to a garig_e to have

some trouble fixed? How did the mechanic
approach the problem? Did he start replacing parts,
hoping' he would hit upon the trouble, or did he
systematically pin it down to what was really
wrong?

Replacing, parts until you luck out and clear the
trouble is a sorry way to troubleshoot' and
eventually clear troubles. It wastes time and pans.
There is a tetter way.

In this section we discuss a systematic approach
to troubleshooting. it is not a cure-all, and it is not
going to clear all your equipment troubles in a
flash; it is, however, the best method presently
known.

b. What happens in the operator's ephone 234 From a list of troubleshooting steps
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explanations, Match the steps to the proper
expinuations.

r
Troubleshooting is a'proedure used to locate

faults iitcentral office equipment to determine their
EXACT cause(s). After locating the cause(s) you
make the repairs needed.

We use a six step procedure that has prowed itself
over the years. The six steps are

Recognize.
coCaliie.
Analyze.
Point-by-point elimination.
Clear the fault.
Test

Recognize. The first step, recognize, in trou-
bleshooting is obvious; you do not fix something
that you think is workin_g as It should. You can
recognize a trouble -in several ways using yo-ur
senses of sight,-sound, smell, and touch.

Sight. This includes visual alarms (lamps) a
stepping switch not stepping properly, etc.

S514-hd. Relays chattering, rotary switches spin-
ning; audible alarms, etc.

Smell. The odor of overheated relay coils, switch
magnets, or transformers.

Touch, Excess heat from equipment.
Localize. The next step is localizing the trouble

to a major component (specific switch or main
circuit). This is done using alarms and test
equipment to narrow the possibilities to a specific
equipment and trouble.

yze. After the trouble is narrowed down to
a specific area get the proper schematic diagram(s)
and circuit explanation sheett. Now analyze the
circuit to determine the possible points of trouble
that fit the symptoms: dirty contacts, open
windings, broken wires, no battery or ground, etc.
A knowledge of system _operation_ helps here. '

Pointphy=Point Elimination. Now that you have
identified the possible points of trouble you must
determine, using test equipmerit, where the problem
is. Continuity tests, using, a test lamp or test
receiver, are excellent for thistask._When you get to
the point where you do not find the potential that
ought to be there; you have almost arrived: Your
search may lead you to a circuit:that controls the

- one you first thought was in trouble or it may be no
more than dirty relay contacts in the affected

. circuit.
Clear the Fault. Once you have narrowed down

the problem, do what is needed. Banish the dirty
contact; adjust the relay; whatever you must do, do
it.

Tea. It has been vid, "The proof of the pudding
is in the tasting." -When troubleshooting it is in the
testing. You perform an operational system test;
this is one to see if you have found and filed the

trouble. If you have, congratulatfons: if you haven't
it is back to point-to-point eliniination. Remember

_ it is possible that more-than one trouble was in the
circuit.

Exercises (234):
Match the list of troubleshooting steps and
explanations below, properly in the space provided.

I ReaSgnize.
2 Localize._ 3 Analyze.
4 Point-by-point

t.faulon.5 Clear
6 Test

a. Determine possible trou-
ble points in the circuit

b. Seeing -or hearin_g alarms:
looking at the trouble.lo_w

c. Replacinwparts or making
adjuscmenm.

d. Determining *ItiOs circuit
in a bay is in trouble.

e. Performing an opera-1
tional syitan check.

/. f. Testing for-. circuit . con-
tinuity and/or component

'operation. ,

6-4. Troubleshooting Switchboard and
Associated Circuits

The moment of truth is here. You have looked at
the major components of the manual system; its
functions, some of the main circuits, and an ap-
proach ro troubleshooting:

We cannot actually do it in this course, but since
the ihiportant part of troubleshooting is done
mostly between your ears, let us took at a trouble or
two and see if you have if all together.

235. Given sWitchboard and associated switch-
board circuits trouble symptoms, me the foldouts
to identify the probable causes of trouble and
state corrective action for milt.

One of the essentialt for troubleshooting any
circuit is knowing what the circuit is supposed to do
under normal conditions. Being able to read and
interpret the schematic diagrams is another. The
rest is a !hatter of systematic approach and being
able to select and use test equipment,

Magneto Line Circuit Trouble; LOOk at foldout
6 while you are reading about the following trouble
symptoms. The subscriber complains that tie can
receive calls, but he cannot make a call.

You recognize the trouble; you have a com-
plaint. Your next step is to localize it. Look at the
facts available. The subSeriber can receive calls; this
tells you that his transmitter, receiver; and battery
for transmission are working. You do not know (1)
if his hand generator worlis, (2) if the lige jack
contacts are clean and/or made_when a _plug is not
in it, (3) if contacts 23 and 24 of relay RU are made
and clean; and (4) if the b-d winding of relay RU is
good and the RU is operating, etc. Look for other
possibilities before going further. The "X" contacts
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May be bad; the INC laMp maip be burned out
(open); and contacts 3 and 4 may not -be making
These kit but a few of the possibilities. Now, where
do you start?

Checking. the inside posse ilities; outside? Why
not call-the subsepber and as him to turn his hand-

--iz
- generator; after you get off the line;_and see if his

hand generator. .works? It is the only item in his
intrument that you arevatit sure of: The best Way to
do this is by placing a meter across his cable pair.
Let us assume that you receive the proper voltage;
this means the trouble is in the exchange; either the
circuit or switchboard. .

t' Did the RU relay operate? This is easy to check;
look at it! if it operated you know (I) thit the line
jack vntacts are ititidend clean, (2) that contacts
23 and 24 of the RU le clean and made, (3) that
the relay winding is gOOd, and (4) that the full
operate path of the RU is good:

You have eliminated four of the original
possibilities. About the only possibilities left are
these: is ground at conTact 4 of relay RU; is'the INC
lamp gq,ci; are contacts 3 and 4 of RU making or
clean; and is there battery coming from the night
alarm cirCuit? A sitnple continuity test with a test
lamp or test receiver provides the answer.-

Exercises (235):
Use the foldout(s) -indicated and the trouble
symptom(s) given to determine the cause and state
the corrective action for each trouble.'

1. The magneto line subcriber_ii connected to line
one of an operator's telephone unit!' The
subteriber can receive calls; but cannot initiate
calls: His telephone instrument and the
operator's telephone unit.are not in trouble.

2. The switchboard operator on position.one can
hear iuhscribets, but cannot be heard. The
operator's headset,' varistor RV1, and _ repeat
was_ are good and no fuses are blown.
(Foldouts 4 and 5.)

3. On cord circuit one of switchboard. _position
two only magneto line subscribers can be heard
when called. No fuses are blown. (Foldouts 3,
4, 5,- and 6.)

6-5. Test Board
The test board in this manual system is a panel

mounted in:the relay rack. :the _central testing
point for all the circuits i your,exchange.

236. Use the appropriate foldouts to identify the
actions that occur in. the test board during the
performance of tests.

Look at Figur - ; notice that the top portion of
the face quit= nt contains IN/OUT jacks for all
of the different circuits iii the system. These kacks
are used for testing either.the line side or the eqeilp-
ment side of the circuit. These jacks serve the same
purpose as a test shoe in an automatic telephone
office. Figure shows one set of these jacks and
how =they are wired.

Without a test cord_plugged'into eitherjack, the
circuit has continuity from the tip conductor on one ), .

side to the jacks to the _tip conductor on the
opposite si4e otthe test jacks. The same holds true
for the_ring side.: When a test -cord is plugged into
the, OUT test jack, the tip and ring conductors are !

removed from the equipment and placed across tip -
and ring of the test cord.' The same is true, .in
reverse, if the test cord is plugged into the IN jack
instead of the OUT jack. -7_

The test cord we have been discussing has plugs
on.both ends: You know where to -plug one end of

° it; the other is plugged into the TEST jack on the
t panel, figure 6-4. The TEST jack (13 in fig:

4) is dtrectly tatheright of the TALK jack (12 in
g. 6-4). The TALK jack provides a means of

talking on or monitoring the line or equipment side
of any telephone circuit. This is done with another
double plugged test cord:

Test Keys and Selector Switches. Look at
foldout 7; it is -the test circuit for the test panel.
Compare it with figure 6-4 until you have located
all the keys and twitches on the face equipment that
are a part of the testing circuit

Notice table A in foldout it contain a list of -
tests and states the position of-the selector switch
(22 in fig. 6-4) and what key must be operated.

As you have seen in table A of foldout 7 there
are a number of tests that can be performed from
this test panel. Let us look at how to Make some of
the tests and how the test desk circuitry works:

Testing* Magneto Line. Before doing-anything
you must plug your test cord in the TEST jack Oh
the panel; and plug the other end into the OUT jack
of the line being tested. With the test cord plugged
in and the selector switch on terminal 1, look at the
test circuit; keep in mind that the subscriber's
telephone is across the test jack of the- circuit.

NOTE: There are four lows of seven contacts
shown for the selector switch. Whatever posi-
tion the selector switch is turned to switch
contacts A, B, C, and D are ay on the same
number position.
To come in at the tip (SL) conductor of the test

jack you pass through (I) Contacts B of the TEST
REV key; (2) contact Don terminal 1 of thou
selector switch, (3) closed contacts C of the TALKS
key. (4) closed contacts B of the RING key, (5)
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f thrdugh the b-d winding of the RU telay and its 23
and 24 contacts, (6) capacitor C4 and contacts A of
the RING key; (7) contacts D of the- ALK key; (8)
contact C in position one of the sel r switch, and
(9) contacts A of the TEST REV ey to the ring
co uctor (SL. -WHT) of the test jack to the

trumem.
Do you/remember our ;lam line subscriber

earlier in the chapter who could receive but not'.
make phone calls? Let us assume we have thc test
cord in. his circuit. He can receive calls, so let's
operate the ring key. By operating the RIN_G_Icey
you place ringing current on his line. TRACE THE
PATH from the tip condUctor-of the test jack to the
ring conthietor. Now, move the key froth the RING
to the TALK position and trace the circuit. This
places theseCondary. winding pf the induction coil.
in the circuit and when the subacrihercanswers, you
can hear hiin. By operating the push-to-talk switch
on the hindset of ;he .tea; bOard you can.talk to'the

. subscriber and ask him to operate: the hand
generator on his instrument. You then return the
TALK key to the normal position.

Whtn the subicribCr operates thc generator on
his phone it operates the RU relay to its uX"
contacts; do you see the'path through thc b-d
winding of the RU and its 23 and 24 co tacts? If
not. try again._ it's there. When tilt " (t and 2)
contacts of RU Make, it operates fu y and holds to
ground on the TALK key: Conte 23 and 24 open'
the original operate path of the U; contacts 3 and
4 close a path that lights the S lamp on the test
board.
. Now that we know that the subscriber's phone is
gOod wc need to look at the inside equipment
(foldout 6). You move your test cord to the IN test
jack. With no keys operated and theselector switch
inposition one, operate.the rinLkey and the RU in
the :nag line circuit should operate; If it does a lot
of possible trouble points arc eliminated. In any
case, you know that the line from the substriber to
his line jack appearance_ is good and that his
instrument is altO4:kkl. Let's see:how to Make
meter measurements;

Loop Potential- Tea. Place the selector switch
on position two and trace the circuit from the test
jack on the test panel. This time tht tip conductor is
connected to negative () side of the meter by
means of the selector switch D contact, and the ring
conductor is connected to thepositive (-1-) side of
the meter by means of the C and A contacts of the
selector switch (C and A are strapped together on
step 2 of the selector switch); If a battery source is
present on thc line, such as in a ywitchtioard
common battery circuit (foldout 3), the meter will
indicate the voltage of the battery. If thc battery is
reversed, causing the meter to move in the wrong
directionoperate the TEST REV_ key. TRACE
THE PATHS BEFORE READING FURTHER.
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Let us_ assume that you,are testing the Cable pair
of a CB instrument for the rest of the tests.

Negative Potential Test. For this tint; place the
selector switch on step 3. This places a. ground
potential through contact A of the selector switch io
the positive ; side of _dile meter and out the tip

.conductor; if negative battaty is present on the tip
side of the line,, the voltage of the potential will be
indicated on themeteis ;.. .

. By o_peratiir -TEST REV key you can test the
rihg side 9 c nc for_hegative battery.

Ifiidge p. For this test place- the selectOr
switch on step 4. Trace the path froth' the tip
conductor, of.the test jack, 'thrdugh the Wheatstone, .
`bridge the ring conductqr of the.-test jack., Thit
allows you to test for the loop resistance of the-line
of for a.stiOrted cable pair.

licidge;.Tip; or Rim to Ground; By placing the
selscior switch on stip 5.you can. test the line for a
groUnd. With no .keys operated you are testingithe
tip groundlx4ential; youteSt the.,
ling side operating the TEST REV key)Tr_ace
the path' for a ground on the tip side of the. line
under test. Remember that this bridge,is set to read
a Short; and from a-grounded line to a ground, with
thc bridge in the middle; it appears to be a short-to
the bridge circuit. Herejs the path: grouncion the
tip side of the line; in the tip conductor of the' test
jack; through contacts of the TEST REV key in the
.normal position; through the D contact at step bf
the selector switch to the Xt2_ terminal post of the
bridge; and through the bridge circuit to terminal
X-1 to ground on step 5 of the B selector switch
contact. With ground present, a riading is obtained;
if the tip side' is not grounded, no reading is
obtained._NOTE_Bcfore testing anysircuitwith_the
bridgc MAKE SURE NO BATTERY' POTEN:
TIAL IS PRESENT. Battery potential will destroy

.the bridge. To test the ring sid; of the line for
ground, operate the TEST REV key.

Exercises (136):
Identify the actions4that occur in the circuits
indicated below for the conditions specified.
'II. A ,subscriber complains that his phone is dead:

Test results indicate that the linc is shorted .
(IliCadout 7). -

a. How is a short found using thc teseboard?

b. What test mast be perfOrmed prior to the test
that found the short? why?

2. Testing of a PBX switchboard common battery
line circuit (foldout 3) from the IN test jack.



a. How, using the test board (foldout.7.), do
you test for a battery potential on the iing
side of_t,he line? What, is the path from the
test ja through the test desk circuitry?

h.' How. using the test board (foldout 7),.do
you test for a bound .potential an the.tip

F: .... ..:*

6

side of the line? What is the pain from the
' test jack throtigh the test desk circuitry?

64). PoNyer and Ringing Equipment

2l7
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One of the- truly necessary accessories in any

3

RINGING
.GENERATORI'
RECEP1)tCLE

AC POWER CORD,,

6

Figure 6-9 Power supply. rear view.
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elettiximechailical telephone system is a power sup-
ply% The manual system we are discussing requires
24 volts DC and 20-hertz ringing current.

2.37. Use the power and ringing equipment
echirinatic diagrams in this mimed to identify
circuit actions for specified conditions; and ming
ttiMble symptoms, idesti the prehable came
and state the corrective action

Couponems. The power supply face equipment
for this manual telephone system contains six
circuit breakers, an ammeter, and a voltmeter.
There is a designation strip mounted above the
circuit breaker switches for identifying the
equipment supplied current through each breaker.

The rear of the power supply (fig. 6-9) contains
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an AC power cord which connects to the 115-volt
AC primary power supply and a convenience outlet
for interconnecting other items to the AC supply;
the ringing generator; for example.

It also contains a constant voltage charger for
charging the storage battery, which supplies the 24
volts DC for the system. ma battery distribution
and fuse alarm circuits arejocated in both the relay
rack and section 2 at the MDF.

Distribution and Fuse Alarm Circuits.
Figure 6-10 shows that three of the six circuit
breakers are for AC; whereas, the other three are
for DC. The leads for the battery distribution
circuit connect to DC circuit breakers.

The battery distribution and fuse alarm circuit
for magneto and lines and the test panel is
seen in figure 6-11. r 24V and +GRD leads
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Figure 6-10. Power supply, power and battery connections:

122

213
.r

rn
10_.0 v AC

SOURCE

.-027



TO_ WIRE SID
CHIEF CCt

OND

TO POWER.
PANEL _24s_v_

.MAGNETO= UNE S

gigit
MAGNETO- LINES

I

0

u

Itt _ --RA,

WIRE RAO LINES MAGNETO LINES
CHIEF

4.
ifs A P 4so on , \, /

RADI. LINES MAGHtTO LINES

Figure 6-11. Battery distribution and fupe alarm cirtuit for magneto and radio line circatita.
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going to the power panel connect to one of the three
DC circuit breakert. This fuie panel is mounted in
the back of the test panel which is mounted in the
relay rack. The fuses used_in these panels are Ph
amp indicator alarm-q7e ftiset like those you saw
in the XY telephone exchange in Tech School. You
know from the battery distribution circuits in your
central office that battery is connected to only one
of the two posts that the fuse connects to. You also

TO POWER
PANEL

"4.GNO

know that the ring side of a circuit is ccygnected to
the other fuse mounting stud and thus to the battery
through the fuse. The other side of the circuit is
connected directly to ground, not passing through a
fuse. The battery and the ground terminations are
shown in figure 6-11.

The bar running between the rows of fuse studs is
in effect one contact in the path that operates the
FA (fuse alarm) relay. When a circuit is overloaded
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Figure 6-12. Battery distribution and fifse alarm circuit for operator's telephone units (10 line).

124

22.1



TO
POV/ER
PANEL -24

TO FA CFA
CIRCUIT

TO CORD
CIRCUITS

0

21G

FUSING B BATTERY DISTRIBUTION

U-

BATTERY BUS-

GROUND BUS
o

110V

40W
OTIN---WNT

z

In h

TO cOttO CIRCUITS

GENERATOR SWITCH

0

I k3 AMP

FUSES

Fr)

TO CORD CIRCUITS

Ii
iii i:t

GENERATOR
SWITCH

TO POWER PANEL OR
ADJACENT POSITION

Figure 6-13. PBX switchboard generatoint fusing circuit.
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and blows its 11/3 amp fuse, the wing of the fuse
connected to the battery side drops down and
makes contact with the center bar: this causes the
FA relay to operate. Its 1 and 2 contacts make,
!felting the fuse alarm lamp.

Figure 6-12 is the battery distribution and fuse
alarm circuit for the operator's telephone units (10
line). It is located on section two of the MDE and
is, in operation, identical to the circuit in figure
6-11.

The PBX switchboard generator and fusing

TO FUSE_
ALARM BAR

A4 FA

a

circuit (fig. 6-13) and the associated fuse alarm
circuit (fig. 6-14) are located Off the first position of
the PBX switchboard: The fusing and battery
distribution (fig. 6-13) and the fuse alarm circuit
are very similar to the other figures you have had.
This fuse alarm circuit comes equipped with a DC
operated bell, controlled by a fuse alarm' The
fuse alarm lamp and key are located on the face
equipment of the switchboard. The generator
switch allows the operator to transfer. during power
failures, the path for ringing generator to the hand

8600
OHMS

FA_

PILOT

ORN

EFLURED

DC
BELL

Al3

514
0

BLK

RF I

RED

TO FUSING CIRCUIT HC-024

Figure 6-14. PBX switchboard fuse alarm circuit.
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generator (HG) on 'his switchboard position. The
switch and lamp for generator area located on the
him equipment of the switchboard.

Exercises (237):
Use the figures and info tion given below to ,
answer the following q tions about power and
ringing equipment.

1. What happens in th circuit, shown in figure
,6- 1 1 , when a magneto_ciicuit fuse blows? Why?

7-

4

2. Why, when the FA lirlay in fig.ure 6-142i
operates, does the bell ring but thi lamp not
light? What is the corrective action? What type
of test will pin it down to one trouble only?

3. Two fuses in the circuit shown in_figure 6142
are blown bringing in an alarm.When the fiist
fuse is removed the fuse alarm lamp goes opt
Why?



2l9

ral Office Maintenance

THE BACifj ONE of good service from a manual
telephone s stern, or any electromechanical
telephone system, is a_periodic (routine) system of
inspections and maintenance:

In this chapter we discuss the preventive
maintenance inspection (PMI) system, the use of
PMI workcards; the Makeup of theAlistributing
frames, and the running of jumpers.

7=1. Preventive Msintetuusce Inspection System
Tech Order 00-20-1 states-, "All Air-Force equip-

ment must receive repetitive inspections of su
cient thoroughness to verify serviceabiliq or detect
deficiencies and malfunction& These inspections;
when combined with effective repair or modifica-
tion actions, will assure the highest possible degree
of support to the mission of each Air Force unit"

What is beingsaid is that a periodic system of in-
spection and maintenance will befet up to find and
fix minor troubles, to prevent or equipment
troubles, and circuit outages;

Our mission as &witching equipnaLrepairmen
is to provide the BEST telephone se hunianly
possible; t
238. Given a list of page and plumgraph titles
from workcardon=ech orsUers, Ntde the type of
information c under each.
I

I9)1t order to do this job you need some
' gui lineto tell you what to do, how to do it, w

t do it, what to do it with, and why you are doin
,e7it.

You tiave at your disposal, for your particu ar
telephone system; a workcard type of tech order
For the manual telephone system you are studying,
it is TO 31W1=2FTA13=6WC=1. For the. XY

tem, _discussed in Ni_olume4 of this course; it is
p1W2=4-120-6WC-1. All workcard TOS are
tified by the -6WC- identifier at the end of the

TO number.
After the A page, 'n a h order, the next page

(or pages) is the-ta le contents= The table of
contents for =6WC- tech orders is laicLout using

CHAPTER 7

.00
the numerical designator of the PMIs as a guide. In
other words; I - I is the first routine (PM!) listed in
the table of contents. Next after the table of
contents is an INTRODUCTION page. This page
has three sections: purpose. sco and
responsibilities. This page states the pu Lithe
workcard set tells who it applies to; and lists the-
maintenance supervisor's responsibilities with

- respect to the use of the workcard set and insuring
proper documentation of PMIs.

The nextpage contains a recommended schedule
for the accomplishment of routines. This page is
normally broken out by routine number and the
type of operation for the exchangecontinuous,
tactical; or standby. The number of days between
inspections is listed under each type of operation.

Next you find a page entitled; "Suggestions for
proving = the preventive maintenance, program."'

Isis page contains some good commonsense items
such as these: don't be a knob twister; insure that
test equipment is primly calibrated; etc.

Next is_the information you are really looking
for Each PMI is broken into four major areas. The
General Information section contains the purpose of
theroutine, what to do if established resultsare not
met, and the approximate time required to
the routine.

The Test Ernapment Required section lists items
that are necessary to perform the routine (such as:
multimeter; hydrometer, or test set).

The Materiats Required section lists items needed
to perform the routine (such as: lubricants or tools).

The ProcectureV--settion contains step-bY-step
instructions for performing the routine; expected
test results, and illustrations to clarify instructions.
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Exercises (238):
State the type of information contained under each
of the following listed titles from workcard type
tech orders.

1. Table of contents. (page).

225



2. Introduction (page).

3. General information (paragraph).

4. Materials required (paragraph).

5. Procedures (paragraph).

Now that we have discussed the PMI system and
the Makeup of the workcard tech orders, we need to
discuss types of PMIs and locally designed PMI'.

239; State When and why different types of PMIs
are performed.

The pM1 system is anything but stagnant.
Granted, some of.the PMIs that you perform ia the
automatic and manual systeMs have not changed in
years. This means that they are doing the job; not
that anyhody. cares You care; and if there is a better
way to do something you should bring it to
sonzone's attention. There is a method for doing
this;-but first let us look at the types of Milt.

Types of PMIs. There are three types of PM1s:
types 1, 3, and 2.

Type 1, performance routines. These check the
operation of the equipment under nearly normal
conditions.They are as a geneml rule, performed
every 7 to 28 days. These routines help you find
most o the troubles that are in _Yrnfr equipment.

Type I ,servicing routines! The purpose of this
type is to keep things running clean and smooth. In
our business especially in the automatic exchanges,
lubrication is a must. _Oil and the like gather dust
almost like a magnet: this over a long time leads to a
sticky mess that slows or stops mechanical actions
instead of helping them. These routines are
normally performed every TIO to 180 days This
does not mean that all the twoImotion switches in
your exchange are cleaned and oiled in one day;
just that each switch is One_ once in the allotted
time frame.

Type 2; alignment and a4usnnent routines. These
are no longer a part of the scheduled PM's: They
once were but it was found that by scheduling this
type of PMI, more harm was done than good. You
do not wake a sleeping baby to feed him just

22c
because his schedule says he is supposed to eat at a
certain time.

It has been fcund that if equipment needs
adjustment, thi4 will show up during the
performance of type 1 PM1s and sometimes during
the performance of typek3 Mils:

As we have said earlier, PM1s are the backbone
of good service and effective rpaintenance; but what
happens when a PMI is not doing the job it -s *uld
or if a PMI is_needed and none exists?

inspection Warkeard, AFTO Form 21 Tech
Order 00-20.1, )Chitmer 4 states, "Additional
inspemica requifemen; that are necessary due to
local conditions, such types of missions, special
utilization; or geographic locations, will be entered

" on locally prepared inspection workcards by
authorized individuals as Rrescrihed by the major
command and utaccordance with TO 00-5-1 " The
AFTO Form 26D is used for this purpose. Ips to be-,
made up in the format of the workcatti-type tech
orders.

129

The quality control firnction in your
organization knows how to go about getting this
done. Chart-cc:4 are that you will seldom, have to
develop a PM; but the PMI is a tool that you use,
and the better the tool, the easier the job. Use it to
your advantage. 4
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Figure 7-1. Distributing frame comments.
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Exercises (239)t
L Why are type 1 Phis

30
`INSULA TEO RING

vERTICAL
ANGLE ACN

FANNING. STRIP F6 ANING STRIPS.
110F VERTICAL)

Figure 7.2. Four views if a'distributing frame.

2. When are type 2 PMIs performed?

3. When are types 1 and 3 PMIs performed?

4. Why are type 3 PMIs performed?

Whits Frames
The distributing frame provides devices WhiCh

permit cross-connections between the lines and
trunks from the outside equipmentand between_the
switching equipment units within ttie central office.

_ALSO the distributing frame mounts protective
devices, serves as a testing point, -and permits
interconnection between certain equipment units
within the central office. The section that
terminates the outside lines is often referred to as
the_,main distributing frame (MDF); the
interconnecting section is referred to as the
intermediate distributing frame (IDF). The practice

VERTICAL SIDE

of .placing the two frames together so that they
appear as one unit has re-tithed in the unit's being
called the combined distributing frame (CDF). The
additionaLterm of trunk intermediate distributing
franle (KIDF) may also be used to identify a section
of the distributing frame. Included as components
of tl1e distribittini frame are the channels, support

larmi trips; guardrails, terminal boards,
and protector assemblies.insula

240. Given selected distributing frame- trouble
sysitpthriti, Ideoill r dleprolable causes of trouble
and state the corrective action for each.

amulets Ad Support Onrs.- Ea-ch_ section of a(
distributing frame his a Vertical angle iron with
attached horizontal channels. Figure 7-1 shows a
vertical angle iron with_ seven horizontaL4annels
There are alio nine horizontal support bats Spaced
aloes the vertical iron; the top and bottoin bars are
extra heavy to hold the section in the desire!
Osisition. There is a strap bolted to the end of the

Figure 7.3. Horizontal terminal board.
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Figure 7-. Vertical terminal board.

remaining seven support bin to keep them in-place,
but figure 7-1 does' not picture this strap.

Fatalist Strips. Three types of fanning strips are
used to distribute the conductors to the terminals of
the terminal board. In figure 7-1 the IDF-vertical
fanning strip is T=thaped and extends nearly the full

STRAP

l CCU
09 II

length of the section. The flat portion of this strip
has drilled holes for wires to pass through; and the
raised portion of the strip, mounts the vertical ter- .

minal boards. -

The MDF's vertical fanning strip is made in two
sections; with an iroi strap between. Tic three
devices are then bolted together to provide the
support and'terminations for the protector
assemblies.

The fanning strips iised on the horizontal side of
the MDF extend the fu width of the frame. The
separated (fanned) doctors are passed through
the holes at the top d tottom of the strip. and the
centrally mounted, horizontal terminal board
includes the terminals which terminate these wires.
Figure 7-2; part B, shows -this horizontal
arrangement at the MDF. The two verticals at
the left in part D of ftture 7-2 show placement of
the components as,you would find them on the
IDF; and the four verticals to their right illustrate
the MDF vertical arrangement, but without any
protectors 'attached.

Gwardralls. Part C of figure 7-2 indicates by
dashed lines the position of a guardrail. This length
of angle iron protects the MDF from damage
caused by ladders or other floor equipment. These
guardrails are bolted to ;supports and are
junctioned, where necessary, with space plates.
.End-guard support and end-guards are similarly
intiunted to protect the ends of the frame" and to
form -a continuous protection. This protection
eAteridi Slightly beyond the front of the terminal

6, boards and protegtors.
Terminal The terminal board shown in

figure 7=3 hat 156 terminals. These terminals are
placed with three pairs -to each to*, and 26 rows to
the &oard. To 4acilitate soldering; the rear 52
terminals of theard are equal in length, and they
are somewhat longer than middle 52 terminals.

.

15-- 17__ 19_ 21 _ _23__
COM v COIN LI 0010 Vir COM V ONO OWN as 0

JUMPERS

PROT2TORS

Agate 7:5.

1 1 1 1 1 1 1. 1 1

1 1 1 1 1 1 1 1 I

1 1 1 1 1 I/ .1 1 1

I I 1 1 I I I I 1

1 1 1 1 . 1 1 1 1 1

1 1 1 1 1 1 1 1
I. QOM -0- VOWS L-V- 1 CON" lir caw 1 moo L. aeon
05 10 I 2414 Is 19 20 22

Nu 'ng for a horizontal terminal board.
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WIRE
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WIRE

B

JUMPER WIRE.

Figure 7-6. Strapping at the distributing frarrie terminal boards.

The froth terminal pairs. are the shortest terminals:
You can see that each.terminal extends beyond the
board on two sides, thiii permitting several
exinnectiRns to be made: These connections -
also be made without piling or bunching of, they
wires. The terminal board of figure 7.3 is sitting as.
it would be placed on a horizontal -fanning strip.
For its placement on a vertical faiinintStri_p, picture
it as standing on either of the short ends .Figure 7-4
may help you to understand thit Vertical position of
the board and its terminal arrangement. Figure 7-5
shows the top view of a horizontal terminal hoard.

-1 111f) (
IIII1 I I 11111
IIIII 1 1 11111
11111 I I 11111 I

I ilt" I _L l_L III I

SWITCHBOARD
CABLE SIDE

SLEEVED
STRAP WIRE

You can see dearly the 26 rows Ofteniiiikals with 6
terininalt to the row. Notice too; that each row of
six termifials has_two _+_terminals, two __
terminals, and two C terminals. Remember t the
C terminal is identified as S on some te_ Anal
boards. Notice also that the rows Marked" NN"
are parallel to the rove marked"LF.""The fi t line
(00) connects with_the sii_drapped terminals- the
left front in figiire 7=5 and line 01 terminates at the
three rear terminals of rows 1 and 2,_ This line
connecting arrangement ticiWt for all the odd -
numbered lines (01, 03; 0 07, etc.) at the rear -of

JUMPER SIDE

A .

Figure 7-7. Conductor entry into a distributing frame terminal board.
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LINE
TERMINALS

SPRINGS
(NORMAL)

EQUIPMENT
TERMINALS

GROuND
STRIP

MEAT COIL CARSON
BLOCKS

SPRINGS
(OPERATED)

HEAT COIL

Figure 7-8. Distributing frame' protector assembly.

the terminal hoard and tpe even-numbered lines at
the front of the terminal board: A +; a , and a C
terminal for rows 25 and 26 are vacant on the
terminal board we show.

Short, bare wires (straps) are placed from the top
of the linefinder (LF) terminal to the top of the
connector (CONN) terminal on each of the +;
and C terminalt; figure 7-5 shows only the
terminals for lines 00 and 01 so connected. These
cross-connections are necessary if the equipment
associated with the line used is to be busied to other
calls during a conversation. The _CONN terminal
must be cross-connected to the LF terminal at the
IMF if the CO relay of the line equipmenris to be
able to operate. Figure, 7-6 is a partial,sipplified
illustration showing several methods of aking
cross- connections at an individual_ terminal board.
The connections shown at figure A, are on a
hoiiiiiBtal terminal board. The strap at the right
front is the LF-CONN terminals cross-connection.
Short, bare \rross-connecting wires are permistible
where there is no danger of _short-circuiting to
another circuit. Insulated straps (jumpers) have to
be used where protection _ftom short circuits is

rynecessa. These LF-CONN terminals;, at the
underside of the horizontal board. are connected to
the cables which come from the linefinder and
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onneaor units. Figurt._7-6.13. shows how to con-
nect straps at the vertical terminal boardi: You can
see that two terminals next to each other on this
board can_also_ be connected_ together_with_a _hare
wire. B of this figure shows also that separated
terminals are connected with an insulated strap;
Cable conductors are permanently connected to
each notched teripinal_ by skinning; scraping; and

trOsoldering. Placen1nt of the conductors confOrms to
the color code established by the manufacturer: For
verticai terminal blocks, the conductor is brought
under its- associated terminal; the conduCtor is
brought to the left_ of the_associated terminal at a
horizontal block. Pire. 7-7,A, shows conductors
at a vertical block terminal; and 7-7;B; shows a
conductor entry and attachment to a horizontal
block terminal.

. -
Insulated Rings For each horizontal at each

section, there is a jumper ring. The rings permit
the jumper to be changed in direction without
damage. _These rings_ are insulated_ to protect the
jumpers from being chafed by any sharp corners of
the framework: Figure 7-2;A; B; and C; shows the
position of these rings ori_a frame.

Protector Assembly; The protector assemblies
consist of heat coils. carbon _blocks._ fine and

. equipment terminals, ground strips, and operating
'springs: Figure 7-8 illustrates these components:
The heat coil, one of which is pictured in figure
7-9: is used only at the main distributing frame. A

RESISTANCE

B.

RATCHET WHEEL

IIIII

ritte:11411CW
l XeattIMMV:

V, &'%Vb MIMI= t.N.
nil 0000000 6-1

SOLDER 1

Figure 7-9. Heat coils for telephone circuits.
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Figure 7-10. Carbon block auembly.

small-value- current in the line circuit may overheat
the apparatus. Therefore; _a heat coil is placed in ,.

series with each incoming line conductor to protect
against current which- results from any accidental
contact with power__circuits. This sneak current .

prOtection is generally required for 16Cal circuits
rather than for...long-distance circuits; A sneak
current of 0.35 Co 0.45 ampere in thecircuit t9i. a
period of approximately 3 hours melts the
(seen in_ B of figure 7,9). within the coil whi_ ,_ in
turn, releases die ratchet` wheel. AS a result- f this
action; ground is connected to an alarm ci 't and

i the operating circuit for the incoming lines is
opined; A few minutes after the ratchet wheel has
rotated and released the alarm spring which
grounds the alarm circuit, the solder of the coil will
have cooled sufficiently to permit the wheel _to
support the pressure of the spring again. Thus, this
heat coil can be used repeatedly; A current of 0.5
ampere or greater will operate the heat, coil
immediately. ,;-

The heat coil at the left in figure_ 7,8 has_.not
operagid; therefore, its associated springa.are held .,

- °tuff contact with the ground strip; The heat coil at '
the right has operated; thus,. it has released_ the
spring (with_ a- square-shaped catch),. which L

depresses a second springy This mate spring is
shown against the ground strip. This grounded -..
spring operates an alarm at the power panel.

The carbon blocks' (open-space cutout type of
protective _device) relponik to high voltages
introduced by the outside lines or trunks. -Thee
voltages can be caused by wind blowing a telephone
line against a ppwerline or by lightning. Figure
7-.10 pictures the construction of a carbon block
assembly. The carbon blocks are separated by a thiii

Y 0.005-inch strip of mica which is_partially cut away
in the center. One carbon block of _die assembly
connects to the line and the second block connects
to ground; A surge of high voltage will arc across
the airgap between the blocks atid discharge to

i ,..
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ground. If the high voltage is continuously
connected to the line; the carbon blocks break
down and ground the circuit permanently. When
this collapse occurs, you must replace the destroyed
carbon block assembly with a new one in order to
make this line effective wain. Remember that the
protector assembly of figure 7 -8 protects only one
cable pair.

1_
Elierclees (240)
Identify the prObable cause and state_the corrective
action for each distributing frame trouble described,
below. 5

1: The line relay has a shorted winding and when
the subsCriber_goes off hook the circuit pulls
.57 ampere before dial tone is received and the
subscriber dials the desired number.
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Figure 7-11. Block diagram showing distributilirfriltne
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,-Ftgu--re. 7-12. Connecting jumpers from protector assembly to,
horizontal terminal board.

, .

2. Subscriber A initiates a call, during
conversation someone that called subscriber A
breaks into the conversation.

3. Subscriber B can make, .but not receive; calls.<
4. A subscriber's line relay- is operated and the

phone is on the hook. When tested froth the test
board a ground is seen on the ring side of the
line, but the cable pair is not grounded.

Figure 7-13 Vertical terminal board to horizontal terminal
board jumperi.,

Figure 7.14. lumpering from MDF vertical to MDF horizontal
board.

7-4. Cross-Conicting die Distribiting Fume
The MDF provides the terminations for all pairs

within the incoming telephone cables. These cables
contain paper-insulated Imes which are connected
to the line terminals at the protector assembly: The
IDF provides terminations for interoffice trunking
allowing for the flexibility desired to meet changing
needs. In this section, we discuss distributing
frames for both manual and automatic telephone
systems:

241. State the type and location of cross- connects
Used for various equipMent arrangements.

Look at figure 7-8 to see the line and equipment
terminals for the protector assembly_ The first pair
is connected to the top protector, the second pair'
terminates at the protector 4directly, below the top
protector; and the third _ pair attache: to the
protector below the second protector. Thus, you'
can see that- the line-connecting_patterri to The
protectors is from the top of the MDF's vertical to
the bOttbm.

The equipment terminals of the protector
assembly are cross-connected (jumpered) to the
terminals an- the top side of the terminal boards at
the horizontal of the MDF. The lower terminals of
these same horizontal bOardi terminate pairs of ca-
bles from the line equipment relays and switching

ti equipment. Detail A of figure 7-11 is one method
of showing the distributing frame's division, and
figure 7,12_shows the connections.

Circuits from the attendant switchboard and test
desk connect at the vertical sections also: But; 'these

A terminations'are at the terminal boards of the IDF.
You Should remember that included on IDF
sectigns are the wires for The trunks; 'out-dial
to connector; and gut-dial to linefinder,
inforthation, city; magneto; common - battery; and
PBX connector. The cables from the attendant's
cabinet are brought, into the)eft terminal of the
terminal board. Again, jumpers tie together these
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-BOARD IN
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INFORMATION TRUNK EOuiPmENT

Figure 7-15. First selector connections to horizontal terminal
boards.

.

vertical section terminal boards and the horizontal
terminal boards. These jumpers connect to the right
terminals of the vertical board and the top terminals
of the horizontal terminal board: 'Figure 7-13
reveals these connections and figure 7-14 presents
jumpers as they extend from the vertical to a
horizontal _through the jumper ring. The bottom

Aiadapf the horizontal board's terminals connect the
Male pairs From -the switching equipment units.

Illustration B of figure 7-11 presents the plan for
connecting the attendant's switchboard.

Future expulsion of the central office is to be
expected. Some interconnections, therefore, must
be of a temporary type: _These connections are
conveniently made with jumpers which connect
between the desired terminals of the horizontal
terminal boards. Cables from first selector units are
connected to terminals at the underside of the
horizontal terminal boards, and jumpers are used to
connect thete terminals to their associate terminal

Figure 7.16. Distributing frame jumpering.

boards. Figure 7-15 shows these jumwfs attached
to the terminals at the top of each terminal board.
This interconnection between horizontal terminal
boards permits one first selector to access 10
specific trunks. For example, dialing the digit 9
progresses thecall from the Brst selector to I of 10
city trunks. Figure 7-11,D, illustrates another
connection at the distributing frame which provides
a special function. The cable from the prite
branch exchange- terminates at the pprtectors. The
jumpers from this vertical extend to a terminal
hoard in the horizontal row. Then this horizontal
terminal board is interconnected to a second
horizontal terminal b o a r d that has access to line-
finders. Figure 7- 1 pictures the jumpers between
the protector and terminal board and those between
the two horizontal terminal boards. Again, you can
see that the cables terminate at the underside of the
horizontal terminal boards.

Exercises (241):
I. State how the city trunks terminate to the banks

of the first selector.

2. State how -the line equipment is terminated to
the subscriber's line:

3. What do the bottom terminals and left-hand
side terminals on the horizontal and vertical
terminal blocks of an IDF have in common?
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ANSWERS FOR EXERC1qES

CHAPTER I 201 -

Refereseet _ .

200 - I. A. Spring Anatib ly. The itialtigt, what roperatixt
by the inovenwmt of the armature lever I. 202 - I .
ellke and tittak electrical circuits. .--Haltileta. The heelpiece servo as a mounung 202 - 2:
for the relay parts. It also confines the magnetic
field by reducing reluctance.

C. Armature_Yoke.lbe armature yoke mounts the
'mixture to_the heelpiece. 202 - 3.

D. Pivot Pin-. TIW,allows,the armature to swing or
pivot to the -coil -fore.

E or Air Gip. The airline or aitgap is a
202 -.4.]

space, benireat the =nature and ,the heelpiece.
This *ice prevents the armature from binding
on the beelece. 202 - 5:

F. Residual Screw.LThe residual screw is made. of
brastand extends through the armature: It keeps
the armature from wutiting the core, thus 203 - I.
prevailing thereby from remaining operated
due to raidual magnetism after the current has
ltieti -rational. -

G. Arinitere. The armature movement forces the
coots& 6u n r_orpuslxrs an adequate distance
to make or break all tacts.

H. Coil. The imila f wire wound around
kineutlicase. When curtail applied to the ail
the core becomes Magnet Muth
an:racn the antistre fait

I: tetiter Anti. The armature lever arm
moves to -cause the springs of tlie pileup to make
and break claire:11 circuits.
Armature Lever Arm Backstop. This stops the
action of the armature lever arm as the relay
releases..

K. Co Slug. A copper _slug placed on the
'maniac end of the relay makes it slow to
operete. If the copper slug is placed on the
opposite end or the heel end makes it slow ea
release.

L. Terminals. These_ terminals- provide a point to
connect naafi* battery and ground to operate

_ _ the relay
M: Aittniinte Yoke Serew. The armature yoke

screw secures the armature yoke to the heelpiece.
It also controls the amount of airline.

201 1. A300 _

201 2A of an inch :--yl
201 3. Operate 410 Ohne. and 96 ritilliatims,_

Nom-Wine 610 often and 68 milliam_ps.
. 201 - 4: A gauge of 17 thousandths Inserted between the

resideal screw and coil core should definitely allow
contact; 4 and 5 of relay B to make when the relay
operates.

B.

The politive lead from the current flow test set
should be connected to VON spring 4 when
adjusting or testing the E relay.

_The tools requited to adjW the airline are an offset
screwdriver and Feeler gauges.
The -tools required to adjust the residual screw are a
Weill Wrench, small screwdriver, and feelerpuje
The test equipment required is a current flow test
ita.
To Make the stroke aCustmentibe backstop bender,
feeler gauge _and current flow test set are rteiitt.
TO- make the- contact spring adjlTstisserits, in
armature bender foremiaas I and 2 end a spring
bender for norm= 3 and abate is heeded. as well
as the ctrrlyri-t flow test let.
Operite/Non operate requires eats are met by using
a spring Wafer and a daresit flow test set

The anomie arm needs, m be adjuitted. Rekr
kluges; armature bander, and I aerate flow test are
required to make the- Wjettitient. The goring
contact adjMnertni need tot* ran** and require
feeler gauges, spring headers, and a- current flow
teet to :Make. The operate/nonopente values
need dr:eking -and the stroke setting needs to be
react *ring benders and the current flow test are
required for _operatehionoperate values to be met
and a backstop bender and feeler flanges are iteedal
for the stroke sating.

203 2. Tbeairline is set too tight (dose): _A feela gauge,
offset screwdriver, and a current flow test set are
requital to Mat the adjustment. From there all
adjustments need rechecking and adjusting as
Outlined tit the above annver.

203 - 3. Tice residual screw arlAistment_ is let short of
specifications and the annum is too' close to the
coil core when operated,- A feeler pige. Wraith,
screwdriver:and a current:flak Wt era are required
to make the .adjwrinerit_ NOTE: Thit ante trouble
tymptom could end up tieing a dim, coil core and
not an out of adjustment reicluil screw. Once the
residual screw is propfly..sd, the armature arm
must be readjusted ustng_ the armature bender.
*ring control adjustments end tension must be
reset using feeler gauges and the current flow test
set. The stroke facing therineecUto be Mark with a
backstop bender and a feeler gauge.

204 = I . 17 is the coil_ mounting stud nut and wisher.
204 - 2. 13 is mounting plate saw
204 . 3. 6 is t armature support plate
204 . 4. 5 s the armature support plate mounting screw.
204 - 5. 15 it t mounting plate.
204 - 6. 14 it the Tamping plate.
204 . 7: I ii the re y coil.

I 3 7 =
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204 8. 16 is the relay frame.
204 - 9. 3 is the armature residual plate.

205 I. A combination makes-make. under TEST, at 10
thousandths of an inch.

205 - 2. The residual setting_of the XD relay in circuit
AS,302_36 is 4 thousandths of an inch.

205 - 3. The operate value is A9 milliamps and the
nonopemte value is 16 _milliamps when adjusting ,]

the SW relay in dront AS- 30236.
B combination bre-its-break under READJUST.
at 18 thousandth' of an melt.

205 - 4.

206 - I .

206 - 2.

206 - 3.

- 4.

206 5.

207 - I .

207 - 2.

207 - 3.

208 - I.

208 - 2.

208 - 3.

208 - 4.

208 - 5.

208 - 6.

208 - 7.

208 - 8

208 - 9..

209 - 1.

To make the residual screw adjustment requires a
feeler_gauge. wrench. and a screwdriver.
To make the backstoadjusunent requires the use
of the backstop aljusta tool and a feeler _gauge.
To make the spring tension adjustment on break
spritirs requires the use of a spring bender and a
pressure pup.
The Make or break adjiment of spring conach
requires die use of feekr gauges. a current flow test
set, and a spring bender.
To make the operate or nonoperate value
adjustments requires the use of a spring bender and
a current flow test set.

Ma armature support plate needs_ to be readjpted;
this adjustment should -not affect the residual'screw
adjustment but will affect the backstop setting.
The indication here is that spring tension needs to
be learned.
There are two possibilitiex first of all the armature
support pate probably needs adjustment. but check
the backstop setting first.

CHAPTER 2

Vertical interrupter. It works in conjunction with
tla_vertiW magma _to control automatic vertical
stepping of a linridkr.
Release armature pin. Its fUnation is_ to move the
double detent away from the daft so the switch can
release- and cause the double detent to be engaged
by the release link at the same time.
Vertical magnet coil. This works with the other
vertical magnet coil -to pull the vertical armature up
when they are_ cangited; to case the switch shift.
Shaft spring (helical). The function-La the shaft
spring is to rrrn the shaft completely to the left
(CotaiWrtkiatiate) *bandit Pitch relents.
Eitalile &tent (&ija The &Ole dOg has two
functions: (I) to support the shift Miring vertical
stepping and (2) to prevent the Malt from returning
to rotary normal during rotary stepping and
conversation.
Stationary detest (dog). It supports the shaft during
rotary stepping.
Vertical off-normal (VON) contact anian_bly. It
rtit and/Or opens dreuft pads during the first
vertical step (release magnet chant among others)
and just Wore the daft returns to vertical normal.
Rotary armature. It moves toward die rotary
ntets when they energize, causing the pawl
attached to it to step the switch rotary.
Vertical pawl Its function is to raise the switch
shaft when the vertical armature pulls up to the
vertical magnet

The release armature pin:nteth _t0 be adjusted in
toward the &Utile dog. This adjustment requires
the use of a wrench and feeler gages.

209 - 2. Chances are the shaft spring needs more tension.
but it could be a bad wiper or a wiper that is out of
adjustment and dragging on the bank contacts. No
tooli are required -to to the shaft spring.

209 - 3. The cam not& to be sWiusrod to that it operates the
cam spring assembly bantee the 10th and 11 di
rotary A screwdriver is required to make-this
austman.

209 - 4. This trouble could either be vertical magnets out of
adjustment, thereby throwing the shift more step
vertically fain it was supposed to go: or the_lower
arm of the stationary decent h out of adjustment
and the pawl Strlloh the verbal ratthat in the
wrong spot. Adjusting the vertical magnets requires
the use of Wreathes and feeler gauges. Adjusting die
stationary dog requires the use of the double dog
bender.

209 - 5. The off-normal lever is out of adjustment so that
the VONs are not at normal when the switch is at
normal. A pas of pliers is needed to adjust the off.
normal lever.

210 - I . Raising the upper dog on the stationary detent
raises the shaft duriag rotary stemming and
conversation. This affects the adjustment of the
wipers It could conceivably affect the nomad post
coptact assembly in lindindas and selectors.

210 - 2. Lowering the pawl guide could cause the vertical
pawl to raise the shaft more than one step at a time
or even possibly cause the vertical pawl to heath.

210 - 3. This affects the operation of the VON.. It could
cause the release tnagnet to remain operated
continuously and mark the switch busy.

210 - 4. If the pin is screwed out too far,_the switch may not
release or the double _dog may not engage the
Meese link during release.

210 5. Lowering the vertical magnets affects the
gcrstikunetit of the double dog and stationary dog It
alio affects die wiper and normal post cm=
assembly adjustments.

210 6. Moving the rotary magnets toward the rear of the
switch increases the travel of the armature and
pawl. This could lead to more than one rotary step
per armature operation.

211 - I.

211 - 2.

211 - 3.

211.4.

211 - 5.

211 - 6.

211 . 7.

211 8.

This is the lock spring. It secures the switch in the
switch cell or tea sec
Digit drum. It indica= how many steps the witch
his tikkn in the Y direction.

magnet assembly. This camas the switch to step in
the Y direction when operated.
Guide ruic It indicates how many steps the awitch
hat atm in the X dl-recdon:
X armature btstop. It prevenh _the_ _X magnet
armature from biting too tar from the X magi*.
Release magnet assembly. Causes the switch to
release and activates the Z release springs.
Tubular shaft assembly. Its function is to-provide
the cog roller something to slide and roll on.
X magnet assembly. It causes the cog roller and
wiper assembly to move in the X direction when
operated.

212 - 1. The X rWitiat co be adjtid m the end of the
armature engages the X *Octet and prevents the
switch from overstepping in the X direction. A
screwdriver and XY switch tea set are requirid for
this adjustment.

212 2. The Y stop needs to be adjusted. A screwdriver.
wrench. and XY switch test set are required to make
this adjustment.

212 3: The digit drum needs adjustment. An Allen wrench
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and feeler gauges are rcquired to make ht.
adjustment

212 - 4. The X backstop nect6 ;. be adjusted. This
adjustment is made with a screwdriver.

212 - 5. The Y magnet interrupter Jainism are not breaking
when the magnet operates. Either bumper pliers or
a screwdriver, feeler gauges, and an X-Y switdi test
set are hiWtad to make this adjustment.

213 = I . Movinrk the Y retaining pawl assetnbly forward
increases the tangential clearance betvien the pawl
and the cog_ roller: it also changes the radial
clearance between the Y retaining pawl and die
tooth of the cog roller. It affects the vipers. as they
wilt stop_ Mort: of What they shbuld _in die wire
ban The Wjustment betairai the Y retaining
purl and the release armature extension arm is also
clanged..

213 - 2. The X retaining Rawl moved to theleft causes the
cog roller home position to be moved to the left:
this affects the X rear cluster (index hole) which in
turn affects the X magnet; ejector strap; X-XX tool;
switching' lever; and pinion gear (wipers)
adjtathietia

213 - 3. Moving the reltitie magnet slightly
counterclockwise affects the radial clearanq
between the Y resaining_pawl and the cog roller
tooth and might cause the switch to release X first
or before Yirelease is completed.

213 4. Turning the atop screw -one-half turn
counterclockwise decroaes the tangential clearance
heriseui die Y_ retaining pawl and the cog roller
teeth. it alio affects the Y-off-normal (YON) and Y
overflow cam adjustment. The pinion gear and
digit drum adjustments are also affected as well as
cog rollerplay.

213 - 5. Tightening the front screw of the cog roller support
raises the portion of it through which the cog roller
Pam

CHAPTER 3

214 - 1. Sound is the sensation caused in the nenfous system
by_vibradoniof the delicate_membranes,of the air;

214 - 2. Sound resulafrpni the rapid vibration of a rigid Or
semirigid body: _

214 - 3. Three mediums kit acitnid ire air, I liquid. or a

214 = 4. A medium is that which transfers the energy_from
the vibrating bod_y to some other_place, either near
or distant. Something (air, a liqpid, or a solid)
becomes a _medium for sound when it absorbs some
of the energy from a vibrating body and framers
those vibrations to some other pate

214 - 5; Sound travels through hit in the forth Of
condensations and rarefactions.

214 6. Condi:nation is the bunching-up or condensing of
air panicles on one side of a vibrating body.
Rarefaction is the diversion or thinning out of air
particles on the opposite side of the vibrating' body.

214 - 7. The representation of a pure tone sound wave on a
_ graph resembles a sine wave.

214 - 8. The frequency; period; and amplitude values_of a
so trod wave can be determined from a graph of that

- sound wave.
214 - 9. The two major parts of a transmitter are the

diaphragm and carbon pocket.
214 - 10. The basic function of a telephone transmitter is to

convert the sound waves striking its diaphragm into
electrical waves that are identical to those sound
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2 i$ - 1 Wittr. 1hr carbon granules to the c.,.rbon pocket of
the trans:mac) an pacito'. loselv together. the
resistance in the 'circuit decreases and tic current
increases.

214 - 12. Tney dithild be identical. This is because the
diaphragm of the transmitter vibrates in Naponse to
the sound wave; which causes the carbon granules in
the carbon pocket ia be packed or loosened_ in
response to the diaphragm's _vibrations: The
resulting current variations should resemble.
identically. the sound wave.

214 - 13: The three beak parts of a telephone receiver are a
thin 'metal diaphragm. a permanent magnet. and a
coil.

214 - 14. The magnet in the receiver creates a magnetic field
that varies lincroises or decreases)_ in strength in
step with the varying current in the coil wound
around the =Wet The vanabon in the strength of
the magnetic field causes the metal diaphrigin to
Vibrate in response. The vibration of a rigid or
semirigid tiMdy, such as a thin metal diaphragm,
produces a sound wave.

214 - 15. The frequency and waveshape of the electrical
signal on the _transmission_ line_ and the resulting
sound wave at the receiver should be iderific41. This
is became the =rent variations causes variation in
the strength of the magnet's nagneuc field; Which in
turn causes the diaphragm of the receiver to vibrate
in response to those changes. :

215 - I. When a common battery tubscriber_in a manual
system lifts his handset from_ the cradle; is lights a
line amp on the switchboard. Tbeaubscriber in an
automatic system that goes off-hook carts the
linefinder equipment __hunting for his bank
appearance; and eventually gets dial tone from the
first selector. Automatic eachinges have a limited
number of common battery (CB) tracidc when a CB
athscriber, in an automatic tystem goes off -hook it
ham a line lamon the attendant's cabinet.

215 - 2. The stg*ing of selector and connector equictetsj)
in response to dial pulses: is_ equivalent to an
operator in a manual system looking for the jot Of
the party requested_by the calling party.

215 - 3. The testing of the _line, by if* connector switch, to
determine its condition (idle or busy) is equivalent
to the operator in a manual system testing the jack
appearance with the all card to determine/if. the
called line is bus .

215 4. The subscriber twinging the operator it equiValent
to_a subscriber in anautomauc system hanging up
the phone to release the equipment:

CHAPTER 4

216 - i The main parts of a C-E scheme are TB, Aand TA 6
216 - 2. 5 eVitt me, Co vcr, t tints) r

(3-nOL Q.0 5011 &attn. Ltsr of 1110.-Teo-ttna -
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216 - 3. Implementation and Inatallation
or Removal Instructions in SOW
format. Also, drawings and
applicable support documents.

216 - 4.
216 - 5.
216 - 6.

The aeons ii to be performed at Hanley AFB-
Thz dtramry numbers_ will =Cita of five digit&
Zan diaTtet. for lniormadoti;_9 will be
dialed f o r a c c e s s t o dty a ns i k a 1 1 7 will _be dieW
to contact the fire ifentatiatt. and 118 Will be
dialed to aocas the OM de*.

217 - 1. Scheme -should be inspected prior to 'the staroof
work to avoid luring to undo work. already_done;
beams acne other Lipsey did not accomplish what
it & u-idhave, somalung that will area
the itistallinicin was not conlidered or known *Wit
the khans was tieing *hied.

217 - 2. Coordinating with species at the inatillidon site
about requirements such as lighting, power,
plumbing etc. that may affect job progress is the
beet _ tnethod_ along with inspecting the facility
&pawl the drawinp.

218 = 1. Wirt -Sane Mirk*, reference lines are
eitibildied to intersect at right angles at die point
rib a the Marken are loaned.

218 - 2. floor markers do not exist, reference lines
are established by fiiThertha. o.nk
schwa-re. or piuLrAb bob rneT$,Qa .

219 - I. a. PMne the floor angle op die floor and line it 41
on tW vertiaA ram IiTind mirk the floor at
the mounting holes.

Ix Drill the Koko in the floor at the_marked places
using_ an _electric" _drill_nr_a _tzar drill_ and
hammer: !fiche hotels greater Owl 3/8 inch in
diameter drill -s pilot_hola_ The hole will be
drilled -1/4 -inch deeper than the size of the
fasteningsleviat

c. Clean_ cut _the anicrete dust during and after
chilliing the haat,

d. !need the fastening devices into the holes.
e. Place the floor angles on the vertical face lines

and listen loosely in position until the entire
line la born laid out

f; Check for alignment mind levelness; cutting out
u muck linoleum u necessary under the floor
angle to level off the high spots; and light metal
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p

219 - 2.

219 - 3.

219 - 4.

shins. the width of the floor angles and at tea* 4
inches long, at low level areas.

g. Tighten the mowiung fasteners maintaining
alignment and levelness.

The hardware requirixi to clamp a small cable rack
to a larger one is a side bar and comer clamps.
Cable rack coma in standard 5 and 10 foot
lengths.
Cable rack comes in standard widths of 6, 9, 12,
IL and 22 inches.

220 - I. You should first select cable rack of thZ proper
width in the most economical lengths available. Six
10-foot lengths and a 5 foot length of cable rack, if
available, is the best choice.

220 - 2. The second :step is placing the first session on the
channel toucans above one of the selector bays and
secure it with I holm

220 - 3: Aft.- the first set on is seaTra, connect the next
length of CabU rack to the end of*re first using
straight clamps and mare it to the channel tinting
with 1 bolts. This continue until all the cable rack
sections above the two selector bays is up and
secured.

220 - 4. The placanent and securing of cable rack above
bays 103 and 1_04 is done in the same way as above
bays 101 and 102.

220 - 5. Once the able rack_ runs above the four selector
bays is witplete; the diatinice across the aisle;
between the two runs mug be messund and the last
length of able rnck aid to that size- It is contoured
to diZ two able reset -rum at_ the proper end and
'anted With corner Chaps, Then the runs and.die
crossover length of able rack must bZ leveled and

completely iectind.

221 - I. The power and ground relurn 'cables are placncl on
the able rack first; die letigdis of switditiostril able
are run next and then the small wires are run.

221 - 2. Two methods of running power cables are -directly
on top of the cable nick, ahead of other types of
cable, or underneath the cable rack.

221 - 3. The cables are laced to every other (second) cross
strap_unieu otherwise specified.

221 - 4. The first stitch_ used is thastarting stitch; on each
ones strap nag. Thal the Units City aitdi is turd
to secure the tenpin of Wile to the cross stratalt is
finiihed up with the aiding stitch (Hawthorne
knot).

222 - I. The standard twenty color code is
Blue
Orange
Green
Black
Slate
Blue-Whlte
Blue-Oringe
Blue-Green
Blue-Black
Blue-Slate
Orange-White
Orange-Green
Orange-Black
Orange -Slate
Green-White
Green-Black
Green -Slate
Blick-Whitt
Bladt-Slate
SlataWhite
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I
223 - I. A fanned form is a- group of conductors that .

onginate at the lam of a cable or a corresponding
point_ along the kiVed portion of the cable form.
pass thrtingh a fanning device and end at equipment
term:tali.

223 - 2. The maximum humber of terminal blocks a
horizontal finned form can fan out to is five.

223 = 3. The maximum that a vertical foam can fan out to is
all the terminal blocks in one vertical ont

223 - 4. All bends, wire breakouts, and skinner lenatsare
vrodetermined before the forming begins on a
sewed form.

223 - 5. If the maximum diameter of a sewecL4prm is
between 378 and 1 Vi indite, a single Stand of
number 12 mine u tuTed. _

223 - 6. A font *Wed with double stria s of number 12
twine exceeds I'/ indica in diameter,

223 = 7. Termina consists of stripping the insulation
freml a conductors, placing the conductor in or

the proper terminal, and securing it.
223 - 8. The two methods of securing conductors to

1: terminals are soldering or wire wrap. - _

223 - Conductors may be untwisted only as far t:fad as
the 'Mining bded of a terminal strip when
terminating.

223 - O. As a general rule, the shiner 'mai for wire wrap
terminations is I '4 to I '4 inches.

223 - I The minimum number of wraps for wire wrap
terminations_ is five. .-

223 - On a notched twining', the wire is broken off it the
back and (opposite the notch front) of the terminal.

141

2.32.
224 - I. Power is connected to the switching equipment bays

after all the wiring in the bay is complet.
224 - 2. All power cables terminate at the fuse panel of the

power board.
224 - 3. When' terminating power cable, you should observe

good wiring and soldering practices at all times,
insurinrthat all connections are clean and tightly
secured.

224 - 4. Power cables are attached to fuse panel and bus
bars in the equipment bays.

225 I. You Mould annotate the floor plan drawing. in red
pendir. to aidw the locauork of the new equipment
in your eichinge. Any notes you want to add will
be in blue pencil.

225 - 2. a. Blue.
b. Yellow.
c. Red.

225 - 3. At least-two copies of affected drawings are marked
up to reflect changes. One copy is forwarded for
correcting_the master drawings and _to get new
drawings made: the other copy is maintained in the
organiratio_n, as the installation drawing until
updated copies are =civet!:

2S
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CHAPTER 6

232 - I. d.
232 - 2. c.
232 - 3. b.
232 - 4. f.
232 - 5. a.
232 - 6. e.

.1
233 = 1.. a. When the magneto line u :istuber operates is

hand generator it awes relay RU to operate to
its X contacts. The RU relay then operates hilly
through its'X contacts I and 2 to battery on X
contacts 21 and 22 of the. RU. Contacts andand 4
of the_RUdose; placingeround out the IL lead
to light the incoming lamp on the operator's
elepsone unit

b. Foils:Ai/Mg ibe option of the RU in_the
niagneto circuit,. the line litho .(INC),
emaciated with the circuit, of the operator's
**roe unit lights; due to the ground,
potenual on the LL lead from the ashes
magneto 1--subscriber that pound alko
operates the NA relay._ If the night alarm (NA)
metal is operated: the operating NA relay
Moses a path through its contacts 3 and 2; wMeli
operates the buzzer.
When the TALK-RING key_ operator'sc.
telephoneunit is _placed in AU( position
itt 4Diand 3D somas place_pound on the BL
lead to the magneto line _circetihis sbunti.the
RU relay in the magneto line circuit causing the
RU relay W iasose.

41. When the key isp aaoo rndreTAUC position its
cOntacta (I ) 6D and 7D doe. a peth from
ground to operate the SW relay, (2) 4Diiiid 5D

`close a`path from ground to light tbe BSY lamp
and_otti the 4L lead to shunt the RU relay in the
magneto_ line circuit; and (3) 2D and 3D and
2C and 3C dose the usnanission path between
the operator and the svIwiba,

233 - 2. a. The only thing that happens inthe CB line
circuit when the eubscribei goes off -hook is that
the INC line lampfor the circuit lights on the
switchboard. It does this from ground on a line
jack contact, through the subscriber's line loop,
contacts of the line jails to battery on the NA
lead, through the INC lamp.

b. When the operate insertsthe mower cord into
the lire it (1) opau the line jack conta
which extinguishes die INC lamp and (2)
.completes path from ground on the three of
the line jack operates the RS relay in the cord

' circuit through the sleeve of the answer cord.
When the RS relay operates,. it doses a pith
through its 21_ and 22 and 24 and 25 contacu to
image the RB relay over the subscriber's_ loop.
The rear supervision lamp may Bath; but does
not ranain lit.

C. When the operator inserts the call cord into the
called party's line jack (CB), the FS relay in the
cord circuit operates from the ground on the
sleeve of the line jack. When the FS relay
operates; its 1 and 2 contacts doe a path from
ground to operate the front supervisory lamp; it
also doses a partial path for the FB relay.

234 - 1

234.2.
234 - 3.
234. 4.
234 - 5
234'. 6

b.
d.
a.
f.
c.
e.
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235 - I. The trouble Coed bean open h-d winding in relay
RU of tbe magneto line circuit; but the most likely
problem is dirty contacts 23 and 24 of relay RU.
Burnishing the contacts should dear the trouble.

235 - 2. The trouble is an open winding or windings in
'relay RE of the operator's circuit and requires that
the coil be replaced._ It cannot be a shorted
capacitor C4, CS, or C6 as this would tame a hue
to blow.

235 3. This trouble is dirty contacts of relay FS; either 24
and 25 or 21 and 22. Burnithing the contacts will
clear the trouble. Tbe trouble affects only one cord
circuit on the position eliminating tbe possibility of
the operator's' circuit (foldout 5).

236 - I. a. A sort u freed Ming this tee Wad bypeang
the Wheatstone bridge across the cahlt pair.
This is done by piscine the ieletor switch on
sum 4.

b. The line must be tested for Waco _potentiate-
prior to using the_WIseatetont bridge as battery
on the line will nun the_ bridge,

-236 - 2. a. You we fora bitty puiltial on the ri4.side
of the lane under tat by ppl tag the_Wer
switch on step 3 arid operating the TEST REV
.kg. If there is bung potential present. a
re:W*0s seen on the voltmeter. j_

b. You test for avound uxxential on thedp side"
of: the line ONLY after _you_ have determined
that no battery: is present. Place the elector
twitch on ster 5 and owe= the Wheatstone.
bridge. If ground_posendA Is presoak a ring
is obtained. NOTE TM tags performed
individually in exercises 236-2,a and b can be
performed with on test. Place the selector
switch on step 2 and operate the TEST REV
key. If the Meter has moved to the right or up
the Ingersoll*, pone is present on the tip side
and bitTery on the ring tide.

237 . I. When a memo° line drcuit blows a the tine
alarm (FA) Winn lights to indicate that a hie has
blown. The lamp lights because contacts 1 and 2, of
the operated FA relay, make the FA relay operate
became whatt the fuse blown closed a circuit from
battery to the hoe alarm bar that flint between the
Ale strAs and which_ is connected to ground
through the windings of the FA rely.

237 - 2. -The lamp in figure 6.14 !nay not light for only two
reasons when the bell rings: a tamed out FA
PILOT lamp or contacts 1 and 2 of relayFA are
dirty. The corrective action amounts to burnishing
the relay contacts or replacing the lamp. A
continuity test using east lamp or receiver will pin
the trouble down to the specific spot causing the
trouble.

237 - 3. There are two possibilities here: (1) the wing of the
second blown fine may not be touching the flite
alarm bar or (2) the fuse may be installed
backwards shunting the circuit of the FA relay.

CHAPTER 7

238 - I.. The table of contents pageslist the Phils in
numerical order by type and title, also *
Introduction page, the recommended schedule for

'accomplishment of routines page, and the
suggestions page.

238. 2. The introduction _page contains three sections;
purpose, scope, and responsibilities.

IL.



238 - 3 The general information_paragraph contains the
purpose of_ hs_particular routine,the_approximate
time lecTutrect _to perform the routine,_ and 240 - 2.
instnexions concerning malfunctions found during
the routine; _

238 - 4. The itsriWe required peWgripli lists all the items
necemary for the t performance of a particular 240 - 3.
routine, eact test equipment.

-238 - 5. This_promiduresparagraph contains thestery-step
directions, sometimes including pictures, for
performing the routine and expected test results.

239 - I. Type 1 PMIs are performed to tot for the proper
operation of swims or circuit under normal or
nearly_ normal drcuit operating conditions.

239 2. Type 2 PMIs are performed only when it has been
determined that the equipment requires alignment
or -aelithstment.

239 - 3. Typal and 3 PMls_are_performed at the intervals
tilliestad in the workouts; or-more often if
ttecemmy_for proper itiMntamac

239 - A: Type 1.I'Mh are performed to keep the equipment-
deTeri and properly hibeicated and to prevent the
augswopention or nonoperation of equipment
due to dirt and dust combining with the lubricant.

240 - I. The heat coils associated with this subscriber's line
should have blown immediately when the

1

I
subscriber went off -hook. Replacement of the heat
coils is required; _ _

The strip of the C terming between the LF and
CONN termnialt on the nuMer terminal block is
missing or open. The strap needs to be repliced or
the cold solder joint redone.
The straps on the number block between the LF and
CONN tip and ring terminals and possibly the C
terminal are missingor _open.Replacing the straps
should clear the _trouble,- If the jumper were

to the CONN T and R terminals, die
iscribei- could receive and not make-calls.

240 4. The lubscriber's line is grounded on the ringside by
a shorted carbon block in the protector assembly of
the MDF. Replacing the carbon block is the
corrective action.

241 - 1. The circuits to the city ultik.s from the Witt& the
first selector_ cross-dfilinedW at the IDF with
jumpers- Woth the city trunks and trunks from the
blinks of the klectors react the IDF by cables.

241 2. The subscriber's cablnpair is terminated to the line
equipment by a jumper on the MDF.

241 - 3. The bottom and left-hand side terminals of the IDF
terminal blocks both terminate equipment:
Equipment interconneedons are inadt_on the top
and right-hand side terminals of the IDF terminal
blocks.

2 7
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Multiple Choice

1. (2)0) The relay Aoperating time for fast-,operating Strowger r s ranges from
about

.

a; k to 30 milliseconds. a to 50 milliseconds'.
b. 8 to 45 Milliseconds. d 8 to 60 milliseconds.

2. (200) Which of the following types of relays does not use a single wound coil?

a. Slow-acting. c. Slow-releasing.
b; Fast-operating. d. Differential.

3. (200) On a relay equipped with a standard lever armature the

a. armature has a mechanical advantage of approximaiely 2.75 to 1 in respect
to the contact springs.

b. contact springs have a mechanical advantagiitif approximately 2.75 to 1 in
respect to the,arMature.

c. ratio between the contact springs and the_armature is approximately_l to
d. armature ratio is such that the unit is classed as a slow-acting relay.

(200) The best reason for attaching a nonmagnetic residual plate to the
armature is to offset the effect of

a. magnetism retained in a relay armature and core.
b magnetism retained in a relay core and coil;
c. incorrect mechanical adjustment.
d. incorrect electrical adjustment.

5. (201) Relay adjustment is divided into how many major classifications?
o

a. One. c. Three.
b. TWo. d. Four.

6; (201) The stroke setting is that distance between the

a: flat part of the armature and the core when the armature is at normal.
b. tip of the residual screw ana.the coil or when the armature is at normal.
c: flat part of the armature and the core when the armature is in the operated

position.
d: tip of the residual screw and the coil core when the armature is in the

operated position.

7. (202) What tool Should you use to make the stroke setting on a relay?

. Contact spring bender.

. Offset rewdriver.
. Backstop bender.

d. Duckbill pliers.

8. (202) What tool should you use to tension a relay's contact springs?

a. Duckbill pliers. c. Offset screwdriver.
b. Longpose pliers; d. Conti c! 'spring bender.

(203) Which adjustment is probably wrong if the ,r,t-a(-7. springs have too
much travel?

,

a. Stroke.
b. Airline.

c. Residual.
d. Armature arm.

12,1



1C. (203) What adjustments, other than taring c -acts 1 and 2, an,:, 7=ffected

adjusting the armature arm?

a. Residual and spring contact tension.
b. Stroke and spring contact tension.
c. Residual and strcke.
d. StrOke and

11. (204) Toe 2-type Stromberg-CarlSor relay is eluipped with
components except dual

tiY

°
13.

2. _oils.
armatures.

all

c. armature clips.
d. spring pfle-ucs.

of the fcllowinc

(204) As viewed from the mAr of the relay. which of the following statements
best describes the method of numbering Stromberg-Carlson relay spring cortactc?

a. One to 10 for the left spring cileup and 11 to 20 for "'..7 spring

ciIeup.
One to 20 for the left spring pileup and 21 to 40 for right :pring
pileup.
One to 10 for the right spring pileup and 11 to 20 for the
cileup:

springd. One to 20 for the right spring pileup and 21 to 40 for the left sflr;
pileup.

. .

(20E See FigUre 1-32 of the text. What is the ;.*sidual screw setting for
relay XD?

a. .004 inch.
b. .006 inch.

-,*007 inch:
inch.

14.. (205) See Figure 1-32 of the text. i4t;,.is the operate ValUe,;jr
for adjusting relay SW?

a. 14.5.
b. 16.

19.

. 21.

milliAmps,

1)

15. (206) What Siie feeler gauges, larger and mailer thah a residual 4pecification
of .01: 'hch, are -used for adjusting an. A-type relay with the armature.
operate cry hand?'

a. .001 inch larger and .00I inch smaller.
b. .001 inch larger and .002 ,inch smaller.
c. .002 ir.nh larger and .:001 inch smaller.

cl; .002 inch larger and .002 inch smaller.

16. (206) The preferred method for gau^ir.7 make contacts is by adjusting the

a. armature support plate mounting screw.
b. armature residual screw.
c. armature support plate.
d: light Spring contacts.

17; (207) When the armature of an A-type relax pulls p completely to the coil /

core, the make contacts do not make. Irthe resi al adjustment is correct;
"What adjustment should be made?

a. Pusher. c. Backntop.

b. Armature". d. Armature support Plate.



18. (208) Which of the following listed components plays a part in the vertical
stepping of a Strowger switch?

a; Helical shaft spring.
b. Stationary detent.

C. NOrmal post cam.
d. Normal pin.

19. (208) The double detent is made up of the

a. vertical bank detent and the:6tationar7 detent.
b. vertical magnet and the vertical arma-.:re.
c. rotary magnet and the rotary armature.
d. vertical detent and the rotary detent.

(208) The stationary detent is

a. a guide_for the switch shaft.
b. operated by the doUble detent spring.
c. used to maintain the switch shaft in the predetermined vertical position

while going rotary.
d. used int the release function only and 'maintains mechanical control over

the. t it and-the release mechanitm.

21. _(20.8) Which one of the following actions best describes the purpose of the
helical ,spring?

a. Increases tension during rotary stepping.
b. Prevents overstepping to nth rotary position;
c. Returns wipers to home position-during release.
d. Returns wipers from any rotary position duringtelease:

22. (208) Restoring tension to a switch magnet armature is provided by

a. the stationary detent. c. a switch shaft;
b. the release link. d. a spring.

23. (208) Which of the following parts are associated with the ierTical canTmer
assembly?

a. Wire bank, XX, and k banks.
b. Bank_contacts and card holder;
c. Vertical -bank and-switch shaft.
d. )1ControI contact bank and line contact banks;

24. (208) The bank wipers of the Strowger two-motion stepping switch wilIftrmally
rest in a position

a. one step below and one step to the lieft of the i t row of bank contacts.
b. on the same level but one step to the left- of-the -first level -of contacts.
c. one step below and one step to th, right of the firSt leVel of contadts
d. one step to the left of contact ten.

25. '(208) A conversation thru a central office is completed thru which of the
following switch components?

a. Line banks and associated wipers.
b. Line banks and control bank wipers.
c. Control banks and associated wipers.
d. Transmission both Coil!; lnd control bankS.

2 4



.(209) What amount of tension is considered Proper for the double dog spring?

a. 75 to 150 grams. c. 250 to 400 grams.

b. 150 to 250 grams. d. 300 to 450 grams.

27. (209) When a Strowger switch has completed vertical stepping and hat taken two
rotary steps, what is hoIdiu the shaft in the raised position?

a: Vertical detent. c.: Rotary armature backstop.
b. Stationary detent., d. Vertital armature backstop.

=.=211) The most outstanding characteristic of the XY universal switch is its.

a. versatility as linefinder, selectOr, or connector.
b. mechanical operating_principles.
c. quiet, rapid connecting feature.
d. ease of repair.

29. (211) The X gear cluster drives the

a. tabular shaft and pinion gear. c. X and Y carriages.
b. caxIIer and X-XX rack. d. Y stop bar.

30. at _switch position should we see if the "X" stepping meAanism has
twice, and the "Y" Stepping'mechanism six times?

41174ifoosition 4.
b. , osition 6.

31; (21;6 The switching Aver operates the

a. Ilk-XX, rack wiperAM
b. release spring-pi u
c. Y off-normal sliIA p.__- r

d. X off-normal-1r rflowltpring pileup.
t

32. (212). The xr switch wa gned

c. Position 26.
d. Position 62.

a. to last over_40.years.
b. to be maintained with atandardhandtooIs.
CI for space regeOrements as the large consideration.
d,-;'-t-o nifilinat all electrical noise on the transmission circuits.

fk
33. (212) While ma k nig an X-Y stepping speed test; if both lamps flash and go out,

the s

.25745 stepYper second.. c. below 25 steps per second.
32-.45 steps per se,nnd;d d. in excess of 45 steps per second.

34 (212) The X armature tip is adjusted to the tooth of the X gear cluster. This

adjustment sets the

a. position of the X drive pawl. c. X stopping action.

b. X ejector pawl bracket. d. X retaining pawl.

35; (212) The Y retaining pawl is adjusted

a. the same as the Y armature.
b. to the teeth in the cog roller:
c. with the Y stor bar disengaged.
d. to the release magnet extension arm.

5
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36. (21.4) With respect to a Abrating bpdV, condensations and rarefactionS occur

a; at different .times in opposite_directions.

at the same time in opposite directions;
at the same time in the same direction.

d. in a vacuum as well as the open air.

37. (Z14) Which of the following cannot be-computed from a graphed representation
Of a pure tone sound wave?

a. Power.
rid. 4 c. AMplitude:

d. Frequency.

:S. (214; ";hat 7h,twc imr,ort=.7t Thies of a sound wave from the
nt,tint of 'idiOeCOt'-UnitatiOn-S?

a. AmpIitUde ana periOd.
b. period and frequency.

c. Frequency and distance.
d.- Frequency and amplitude.

39. (214) The human ear can detect sounds from about

a. 20 hertz-to about ,20,000 c. 20 hertz-to-abou1q0,000 hertz.
b; 200 hertz to about 20;000 hertz: d; 200 hertz to about 30;000 hertz.

40; (214) How does the signal on the line compare with the sound at the trans- 'tter?

a. Same frequency. a. Same_relative amplitudes.
b. Same wave shape. d. In all of the above ways.

41. (214) What Are, the three basic parts of a receiver?

A: Magnet, coil, and a frame. c. Diaphragm, magnet, and a coil:
b. Coil, frame, and a diaphragm. d. Frame, diaphragm, and a magnet,

42. (214) What is the effeCt of variations in strength of-the magnetic field in
HA telephone receiver?

'a. Diaphragm vibrates. c. Circuit resistance_varies._
b. Line current varies.. d. Transmitted sound is reproduced.

0 1215) What does the action of a linefi- nder in an automatic office equate to
in a manual system?

a... Line-lamp operating. 1

b, tperstor, asking,"NUmlitr please?"
c. Operator plugging a Cord into the line jack,
d; Operator plugging a cord into the jack of the called party;

44: (215) What is the maximum number of lines that can be served by an automatic
central office using a linefinder, two selectors, and a connect' for each link?

a. 1,000.
b. 2,000.

C. 10,000.
d. 20,000.

45; (216) Into how many main parts is a C-t scheme divided?

a; 2. C. 4.

b. 3. d; 5.

.;,

6

2Co



.25-7

46. (216) Which of the following is included in the general information division

of a C-E scheme?

a. List of Material. c. Funttibnal dettriptibt:
Test instructions. d. Technical supporting data.

47; (216) Drawings that are furnis ed with a C-E scheme package are classified as,

a. interim and installation. c:ustation and interim.
b. installation and general- d. general and Station;

48. (217) The installation team inspects the facility against the C-E schemt

package prior to starting work to

a. determine if anything that will affect the installation was overlooked.
b. insure that any construction or repairs to the building are complete;
c. gain the necessary_agreements from facility supervisors
d. accomplish all of the Above:

49: (218) Floor markers sbouId pe 1Ace -in- buildings to

a. crovide the installer with a positive means of locating_equipment:
b. eliminate the need for measuring and marking reference linet:
c. provide four-way alignment of equinment being installed.
d. mark the, location where the MDF it to be inttalled;

50. (219) For installing floor angles, a pilot hOle should be drilled if the angle
hole in the floor is to have a dialleter in excess of

a: 1/4 inch; c. 1/2 inch:

b. 3/8 inch. d. 5/8 inch.

51. (219) -When lining up flbor angles; what line is used to mark the mounting

hole centerline?

a. Reference line A-A.
b. Referente line B-13.

c. Vertical face line:
d. Horizontal face line.

52; (220) What are thq 'standard widths of ladder-type cable racks?

6; 9; 12; 18; and 22 inches: c. 9, 12; 15, 18, and 21 inches.

b. 6, 9, 15, 18, and0i; inches: d. 9; 12, 15, 18, and 22 inches.

53. (220) What hardware is used when connecting one length of cable tack to another?

a. J bolts,
b. Stringer;

c. Corner clamps;
d. Straight clamps.

5 . (221) Fehich of the following types of cable is listed ahead of the normal
install4tion sequence?

a. PoWer.
b. Lead covered.

55. (221) What is use..-to cut poWer. cable?

c. Station ground._
d. Mittellaneolit Wires.

4: Saber saw. c. Cable theart

b: Bblttutters: d. Electrician's knife.

,,
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S6. (221) Cables are normally secured to ladder-type cable racks with 1:Wire

at every

a. cross strap. c. third cross strap.

b. sacond cross strap. d. fourth cross strap.

yl.',(222) Which color is the tracer of the second group of 20 cOnductorS in a
e) cable?!

a; Blue. c. Black.
b. Slate. d. Orange.

59. (222) What is the eleVerth color of t. standard 20 color code?

a. Blue-White.
b. Slate-white.

c. Greeg-white.
d. Orange-white.

59. (223) What does the term butting mean with respect to cable?

a. Making a length-wise cut through the sheath.
b. Making a circular cut through the sheath;
c. Taping the sheath to prevent raveling.
,d. Removing the sheath at a given point;

60. (223) Fanned conductors are cut off how many inches beyond the face of the
front edge of the terminal strip?

a 3. c. 6.

b. 4. d. 8.

61; (223) Sewed forms are u &ed for cables which terminate

a. on the vertical side of the MDF.
b. on the horizontal side of the MDF.
c. in the switchboard.
d. in the DTA;

62. (223) How many feet back from the end of a 16-foot sewed form, do the spare
pa extend?

a. .

b. 14.

63. (223) When terminating at a notch4d to

c. 6.

d. 9.

inal, the wire is broken off in the

a; back; opposite tbe'notchi after Ti 1/2 wraps.
b. 'back-, op osite the notch, after 1/2 wrap.
c. notch,\af er two wraps.
d. notch,- er one wrap.,

64. (223)' As a general rule, the length of the shiner that provides the proper
number of wraps fora wire wrap terminations is

0

a. 1 f/4 to 1 2 inches. c. 1 3/4 to 2 inches:
b. 2 to /4 inches. d. 3/4 to 1 inch.

65; (224) ch.power cables are terminated at the fuse panel of the power board?

a; All of theipower cables.:
b. Those terminated at bus bars.
c. Those terminated in equipment_bays.-
d. All power cables one inch or larger in sitr.--

2PS
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66. (225) There are how many typei of C-E plant -in -place records?

a. Three. o. Five.

b. Four. d. Six.

67., (225) Which of the following parts of the installation records are listed
separately becaUse of their importance?

a.' Catalog__ documents.
b. Base C-E records.

68: (225) On plant -in -place drawings; the

c. Interim records.
d. C-E schemes.

color yellow is used to

I

identify

a. an interim change pending an engineering change order.
b. deleted equipment or notes.
c. notes to the engineer or draftsman;
d. the addition of equipment.

69. (2/t) What could be the effect if-an On AFTO FOrt 22 -Under SER ORD_
ASGD s omitted?;

a; The work order AF Form 1075 could never be completed.
b. Two telephones could be connected to the same line.
c. Any repair_Work needed on the subset cannot be accomplished because the

telephone does not exist.
d. The maintenance man would never know about the omission.

70. L226) There is_on /OA recorded in the class of service block oniF Form 1075.
This means the telephone service is

a. unrestricted.
b. special number.
c. unrestricted paid for by subscriber;
d. restricted for official on base calls..

71. (227)- Refer to Figure 5-1 of -the -text. The AF FOrm 1075 lists a elephone

to be installed as an AlA class of service. What choice of line ntiber is there
in the 3100 group?

a. 00. c. 11.

b. 05. d. 20.

72. (227) If a technician is to assign data to a telephone service order, he
will find the necessary distribution information on the

a. AFTO Form 224; Cable Record;
b. AFTO Form 233, Cable Transfer,Worksheet.
c. AFTO FOrM 229; Telephone Number Assignment.
d. AF Form 1075, Communications Service Order.

73. (228.) When transferring telephones from lape area to another, the form ievolved

a. AFTO Form 121.
b. AFTO Form 229.

c. AFTO Form 233.
d. AFTO Form 376.

.

74.' (228) InforbatiOn On circuits and equipment needed for filling out an AFTO
ForM 233 can be obtained from

a. A6FTO Form l21 and 224 series.
b. AFTO Form 226 and 224 series.

c. AFTO Form 376 and 226 series.
d. AFTO Form 121 and 376 series.
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75. (229) When a trounleg'-14.11e occurs; the trout formation is recorded on

I

. AFTO Form 224 series... c. AFTO Fo 229 series.
AFTO Form 226 ser*s; d. AFTO F rm 376 series.

76. (230 All except_two items of information needed to fill out an AFTO Form 121
can be extracted from AF Form 1075. Thesftitems are the

a. date installed and telephone number..
b. loOp resistance and line relay number.

. type of service and instrument information.'
d. installation authority and telephone number.

77. (230) What is the reverse side of the line record form used for?

78.

a. Sa,cond party information. c. Troubles_reportedc.information.
b. Miscellaneous information.- d. Type of instrument infOrmation.

(231) Pilot cells are read and recorded

a; hourly; c; weekly:
b. daily. ---

-A
ti. d. monthly.

79. (232)- Which of the supervisory lamps listed below is not found on the keyShelf
of the AN/FTA 13 PBX switchboard?

a. Magneto.
, b. Call cord.

80. (232) The-switchbbard operator of a
operating the

a. talk _for_a given cord and operating the push-to-talk switch.k;
. .

b. monitOr'key for a given cord and operating the push -to -talk. switch.
c. monitor key for a given cord and not operating the push-to-talk key on the

handset.
d. talk key for a given cord and not operating the push-to-talk key on the

handset.

Answer cord.
Common battery.

al system monitors conversations by

(232) What is the range of the voltage of the ringing current produced by the
power supply for the AN/FTA 13 manual telephone system?

a. 75 to 90.
b. 80 to 90.

c. 75 to 95.
d., 80 to 95.

82. (233) Refer to foldout 1. What causes relay RR in foldout 2 to operate?

a. Ground through contacts 113 and 2B of thewing key.
b Ground through contacts 4D anti 5D of the talk key:
c. Ground through contacts 6D and 7D of the talk-key'.
d: Ground on the LL lead to the NA relay;

83: (233) Refer to foldout 1; The ground potential through contacts 4D and 5D of
the talk key in the operator's telephone unit

a. holds relay RR in foldout 2 operated during outgoing calls.
b. holds relay RU in foldout 2 operated during outgoing calls.
c. shunts relay RR in foldout 2 during incoming calls.
d. shunts relay RU in foldout 2 during incoming calls.

10
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(233) Refer to foldout 3. What causes the INC lamp

light?

a. 'The operator ;loses the line loop.
b. The subscriber_ closes the line loop.
c. Battery from the night alarm circuit:
d. Ground on the sleeve of the line jack.

85. (233) Refer to foldout 4. .1./hen the call cord- superviso

Circuit lights, a

a. magneto line subscriber's phone is on'-hook.
b. magneto Iine subscriber's phone isOff-hook.
C. common battery line subscriber's phone is on-hook...
d. common battefy line:4subscriber's phone is off-hook.:.

86. (234) .Testing a circuit for Continuity is

4. Test,
b. Analyze;

g part of which tlroublegivoting step?

c. Clear the fault.
d. Point-by-point elimination.

87. (234) Which trOnKeshooting step is being accomplish0Pwhen you perform an
operational equipment Check?

a. Test.
b. Analyze.

C. Cleat the fault
d. Point -by -point eliminatiOn.

40

88: (235) Refer to foldout 6. _What_ is the trouble ,if a PBX magneto line_circuit
RU relay fails to operate when the subscribers operates the hand gen,erator
of his telephone?

Contacts 23 and.24 of the RU relay are shorted.
COntatts 1-apd of the RU relay are shorted;
The a-c winding of the RU relay is open.
The b-d winding of the RU relay is open.

89. (2361: Refer to figure 6-4 of the text; What type of meter is mounted on, he
faceequipment of theAN/FTA 13 test panel?

a. Ammeter.
b. Ohmmeter.-

c. Voltteter.
.d. MultiMeter.

90. (236) Refer to foldout 7. What is the test indication, if a meter reading
is obtained on the AN/FTA 13 test panel with the selector switch on step 5?

a. )und on the ring. c. Battery 41 the ring.

b, .31ound on the tip. d. Battery on the tip.

91; (237), What is the output DC voltage of the AN/FTA 13 system's power supply?

a. 18 volts.
b. 24 volts.

c. 36 volts.
d. , 48 volts.

92. (237) What potential is on the fuse bar that guns between the fuse mounting
studs in the AN/FTA 13 manual system?

a. Resistari4 battery. c. Battery. .

b. :Resistance ground. d. Ground.



93. (238) 'Which of 'the following statements best describes the contents of the

''f..,(.70thmended schedule for accomplishment of routines," page in a woAcard-type
tech order?

1. eatt,

a; Rout ne n- urriber; type of operation, maximum time_IntervaI:
b. Type f operation, routine title, maximum time interval.
c. e-_of opWtion, routine title, minimum time interval:
d. ROutine nUtber, type of operation, minimum time interval.

94; (238) The general information section in a WorkCard= pe TO contains the
the purpose of the routine

a. scope of responsibility, and approximate time required to perform_the_PMI.
b. scope of responsibility, and test equipment required to perform the PMI
c. scope ,of responsibility, and instructions for corrective actions when

measurements do not meet tolerances.
LC.

d approximate time required -to perform the PMI; and instructions for corrective )
action,when measurements do not meet tolerances.

95. (239) A service routine is direct* related to

a. equipment lubrication.
b. proper adjustment.

c. circuit operation'.
d. .proper alignment.

96. (239) What is a type 3 PMI routine called?

a. Service. c. Adjbatment.
b. Alignment. d. Perforthance

97. (240) The Iipe protector assemblies in a telePtne switching center are attached
to

Verticals of the IDF. horizontals of the MDF:
verticals of the MDF. horizontals of the IDF.

98. (240) The heat coil operates an alarm rnme mr40. s ct 142a..st

a. 350 milliamperes. c. 40 milliampere441
b. 400 milliamperes d 500 miIliamPeres:k

. .

99. (241) Vertical and horizontal equipment terminations are made on whic side
of the distributing frame terminal boards?

\_

a. Top and left.
Top and bight. ,

c. Bottom and left.
d. tottom and right.

2:00. (.2141) Conduc,6i,s of the cables from the linefinders terminate at the

a. upper terminals of the horizontal terminal boards.
b. terminals at the right of the vertical terminal boards.
c. terminals at the left of the vertical terminal boards.
d: 10wer terminals of the horizontal terminal boards;
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Preface
It

TELEPHONE switching equipkient (central off e) may. at first seem somewhat com-
plicated. However, the fundamental operations performed are possible because the
major circuits, which are common to all telephone switching center equipment in-
stallations, are nothing more than unique combirnationa oh several simple circuits. The

7oprations resulting from the linking together of these circuits are obtained betause of
the chain reactions based on the accurate design of the equipment and each separate
circuit: With the properly installed equipment adjusted carefully to the proper

,clearances. tolerances, and current values,..the end result is prompt connection be-
tween the calling and the called telephone; whenever such connection is available:

To Understanehow each type of equipment and its associated circuits can make
rapid telephone connections accurately, you must study each type of telephone equip=
merk separately. In Volume 2 you weregiven general information alknit the principles
and theory of telephone switching equipment. In_this volume, our discussion will be
limited to the application of that fundamental information when step-by-step equip-
ment is used to perform the required` switching fUnctions. XY telephone equipment
system will be discussed in a similar manner in Volume 4 of-this course.

There are 10 ...hematic foldouts included with this volume: These foldouts are
printed and bound as a separate enclosure: Code numbers appearing on figures and
foldouts are for use by preparing agency only. If you have questions on the accuracy of
currencyof the subject matter of This text, or recommendations for its improvement,
send them to SAAS/T I Oxu, Sheppard_AFB TX 76311. NOTE: Da not use the sug-
gestion program to submit corrections for typographical or other errors. -

If you have questions on course enrollment or administration, or on any of ECI's
instructional aids (Your Key toCareer Development, Behavioral Objective Exercises,
volume Review Exercise, and Course Examination), consult your education officer,
training officer; or NCO; as appropriate, If he can't answer your questions, send them
to ECI, Gunter AFS AL 361 18; preferably on ECI Form 17, Student Request for
Assistance.

This-volume is valued at 36 hours (12 points).
Material in this volume is technically 4ccurate, adequate, and cuts of Dec-

ember 1978.
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CHAPTER 1

NOTE: In MI volime, the liOblia matterisdtveloped by a'series of Learning Objectives. Eachof
these metes a 36digit iumbtir and i5;:in boldface type: Eilth aeti a learning_goal for you The text
that folio* the objective

e hifOrmation g c
!es you thOlforiliation you need breach that goal; The exercises

following tlod a-chiCk' on your achie e nt. When you complete them, see if
your answers match those in t back of this volume. If response to an exercise is incorrect,
review the objective and its text.

Linefinder Equipment

IN VOLUME 2 we,scussed a manual telephone
system and its similaritietkao automatic telephone .

systems. In this volume and the next; we discuss the
Strowger and XY automatic telephone systems.

You may remember -that a normal switch train
consists of . efinder; selector(s); and connector:
Since the ing is normally the best place to start
and that is ere the linefinder is, this chapter deals
with the_the.Iii bf1nder.

Linefinders are Iwo-Motion stepping switches
whiCh step automatically in response to-a tlemand for
service. A demand for service is created when a
subscriber goes off hook to operate 8 ' relay. Unlike ;

the other two-motion stepping swit: . (selectors and
connectors); linefinders are not operated -by :dial
pulses. Instead, they are operated and their stepping is
controlled by a group of relays which, in priiPer
sequence, automatically close the circuits that provide
particular linefinder actions ancFi,eloch automatically
open the same circdits when the associated linefinder

A actions are completed. These same group relays test
the next linefinder, which is attached 10 the tks of
the distributor; to determine whether it is idle or in
use. When trouble occurs, the group relays also
transfer all calls to the partner group relays.

Each linefinder is wired directly to one particular
first selector, which returns dial tone to the calling
subscriber. The selector also forwards calls through
the central office: lhe linefinder begins every phone
call. It is unique in that (1) it is fully automatic, and (2)
it is not really as complicated as the schematic drawing,
(see FO 1 in the separate inclosure) makes it appear: In'
this chapter we will review the basics of linefinding.

1-1; Linefinder Description
The primary purpose of the linefinder is to provide"

each calling party that is connected to its line banks
access to a trunk (interoffice) line for a selector switch.
In the case of a small central offices it provides access
to a connector switch.

specify the purpose and use of Strowger linefinder
equipment by identifying linefinder switch type and
distributor purpose; how the linefinder connects to
the next iwitch train switch; the number of windings
the combined line and cutoff relay has and has joined
to its operating circuit; the number o1 distributors
used with each linefinder group in a steketed shelf,
whit makes. a linefinder operate, and how two

, group's linefinders are wired so efficient preferential
'hunting' is achieved.

. A linefinder shelf is normally equipped to service
200 lines at 10 percent trunkiiig. This means that there
are 'norttally 20 linefinder switches perthelf. The
linefinder'shelves are divided into two groups (A and
B). A typical shelf has 200 line-cutoff relays, two
digtiilautor switchetwo group relays, and a fuse.

400. Using figure 1-1 and foldout 1 as necessary,

rr. 1

We have said that the action of a linefinder is not
controlled by the telephone user's dial. Instead, when
the calling party lifts the handset froth the cradle, he
places the battery on the -linefinder control bank
contact associated with the calling telephone. Other
units on the shelfthen raise the linefinder and rotate its
wipers automatically until they reach that marked
con.tacteUnder control of the group relays-and-the
distributor; the linefinder_ extends the loop of the
call4ng telephone to ilks associated selector or
connector. The distributor preselects a linefinder for
an originated_ call: The line relay of the calling line
marks one or the linefinder's control bank contacts
with negative battery to indicate which line is
originating the call; and marks one of the linefinaer's
vertical bank contacts with ground to indicate the
bank level of the line appevance. The _group relays.
control the vertical and rotary stepping until the
linefinder wipers find the marked contact.

The linefinder performs the following functions:
a: It steps its wipers up to the level marked on the

vertical bank.
b. It rotates its wipers onto the bank contacts of the

calling line.



c. It connects its associated selector to the calling
line loop.

d. It operates the two-step combined line and
cutoff relay of_the calling tine and removes the line
relay winding from the loop,- and. it: alsd'?Ittes the
ground on the CN lead to the connector:

e. It makes the calling line busy at its multiple
connector bank contact.

f It causes the distributor, to assign an idle line-r
finder_ for the next call. e*g. It releases when the call is en d' e

.

The folloWing equipment;, along .with the
linefinder, makes up elinefinder shelf:: line and cutoff
relay, distributors, group relays, and linefinder control
relays: _

Line and Cutoff Relay. One combined line and
cutoff relay; figure I-1; (usually called the line relay) is
provided on the linefinder. shelf for each telephone
line to be served..The manufacturer frequently refers
to this relay as line equipment, because in earlier
times; two-Or three relays Were required to perform the
functions now handled by one relay. In a central
office, line relays are 'usually assembled on mounting
bases in gfoUps of 20 or 40.

As its -full name implies; the line and cutoff relay
has two; functions: (1) line relay and (2) cutoff relay.

Line relay. In.,its first-step operation,. the line and
cutoff relay functions as a line relay when the handSet
of the related line is removed from its cradle. At this
time, the three windings of the relay are in seriesand

L
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FROM CONN BANKS TO VERTICAL CONTROL BANK

Figure I -1. Line and cutoff relay.

2

are bridged across the telephone line. The current
through the windings develops a magnetic field strong
enough to close the relay's make (X) contacts. but n t
strong enough to open the break contacts. Clonngth
make (X) contacts places ground at a specific levet on
the vertical bank and connects negative battery tom_-
control bank contact on that same level. This
action closes a loop circuit to the group relays. The
group relays then complete the circuit; which starts the
linefinder searching for the marked line.

Cutoff relay. In Its second-step operation, the relay
has a cutoff function: tt frees its windings from the
1,Con and releases the group relays and distributor after

e inefinder completes a connection through to the
.erector. In its second-step operation; only the 600 -
ohm winding is connected across the central office
battery. Thus the current Increases, and the relay
operates fully to open its three pairs of break contacts.

The cutoff function also occurs on_incorlinig calls
when a connector seizes the line. This aOnnector
seizure removerthe bridged- line relay, coils from the
line and preverns a linefindere.3om rting to search
following removal of the receivejrAen answering acalk; 1

Distributor; You have seek e linefinders on
the she( Fe divided" into two groups and that each
group is under control of the distfibutor. This 25-
point rotary stepping switch connects the group relays
to any one of ,t13,e;, ders of its group. This
distributor also disco rn the linefinder just as
soon as it has seized the ng_line. The distributor
also assigns for the next lineito follow::

Group Rellys. Each group offinefinders is related
to a set of group relays. That group relays ire not to
be confused with the linefinder switchiccintrol relays.
These relays gtlart the;,inefinder assigned for,the call to
operating and provide '_a_pub4ng circuit for operating
the vertical magnet: These group relays. stop- the
vertical stepping -,of the linefinder when its vecal
wiper engages the marked vertical bank contact of the
level on which the calling line is located. Thesecelays'
also operate a pulsing circuit for the rotary Magnet of

' the linefinder and reled.se the distributor from the
linefialer when the calling line is seized. They, also
transfer the call to the partner group of linefinders if
the assighed_linefinder fails to find the calling line or if
all the linefinders in the first group are busy.

The group relays of the 200 - point linefinder,
shown0 foldout 1, are listed below: 4

Pulsing
'133 - Timing_
C3 =. Group aelay StArt
D3 - Transfer (vertical to rotary stepping)
E3 - Trouble Transfer Primary
F3 - Secondary
G3 - Release
H3 - Trouble Transfer Secondary
13 - Primary Cut-Through Lower Bank
K3 - Primary Cut-Through Upper Bank

2
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N3 - Normal Transfer
P3 = control .

rer Control Relays; Each
. ,---
Of these three relays:

,;-.,Liiiefinder Start
- 'Cut-through Upper Bank

D -_Cut-through Lower Batik
1Prefirelitinl kiltOt4ig. If a lifiefinder were required

to search for calling lines on all-10 levels of its banks;
lines that appear in thelower levels would probably be
the first to get that linefinder. To-prevent.this, a system

44
. of preferential hunting was deviselt.,, --.-',

The theory of preferential liutrting 42 follows: If a
.-linefinder has to search for lines in its lower five banks
only, hunting time is reduced considerably; and there
is littledanger of lines in the lower bank levels stealing
a linefinder front lines in the upper five levels. The
linefinders on the shelf are; therefore; dividedintO two
groups, A and__13, each_ with its own distributor and
group relays. The linefinders in group A have, lines
connected to their banks in the regular nniterical
sequence previously described. The linefinders in
group B have the levels reversed from top to bOttOm,
For example; if in group A a line appears in level' 3; it
will appear in level 8 of group B, as figure 1.2
illustrates. Under normal operating conditions,
therefore; the linefinders of both groups (A and B)aire
prevented from searching for calling lines above the
fifth leVel. Each group thus serves half the lines; but, in
the event of equipment failure or if there is too uch
traffic in one group:the extracaffic is transferred to
the partner group, and the _partner group is allowc91 to
search in all 10 levels: Lines with the same numbeis
atmultipled throughout all linefinders of both
groups, Rit example, line 33 wippear on line bank

..1zontacts numbered 33 in bothifroups even .though
their physiCall.location in group A is different from .

.that in group B.

linefinder
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Figure 1,2. Linefinder bank multipling.
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In telephone language, the linefinder.bankg within
each group areJmultipled straight; _ and between
linefinder groups the-,:banks are Multipled in reverse.

The f_, and C. wipers of the linefinder are
permanently connected to the connectors. These are
also con to a selector or connector, thus
forming inder-selector link or a linefinder-
tonne The linefinder, group relay, and
distributor circuits of group A are identifial to those of
group B.

Exercises (400):
1. What type of switch is the iinefincep

,./(

2. How'is the linefinder connected to the net switch
in the switch train?

-?
,

3. What causes a linefinder to operate?

4. How many windings does the combined line artd
cutoff relay have, and how many are connected &
its operating circuit?

5. What is the purpose of the distributor ?,

6. When does the dist ibutor step?

7. How many distributors are used with each group
of linefinders in *giNiin sti1If

0

8. HOW are the linefi ers,in two groups wired in
order that pre eniial hunting will be
accomplished efficiently?

1 -2. iLinefiiider Circuit Operation
T14 linefinder circuit of the ,typical step-by-step

dial central office is composed of the four following
groups of, equipment: (1 y line relays, (2) linefinders,
(3) group relays, and (4) distributor equipment.

401. Using figure 1 -1 and foldout 1 and given all
linefin er shelf equipment functions, identify as
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necessary each piece of equipment by name, list the
Strowger distributor bank levels, and compare the
distributor and the rotary line switch.

Although the line relays and linefiOders are
separate units.,, they operate al unison and are,
therefore; grouped together under the singlWerm
"linefinder" equipment. Because the group relays and
the distributor likewise function together, theY are
referred to as group-distributor equipment. The
linefinder equipment and the group-distributor
equipment opetate with each other in seeking out
calling line and connecting it to an idle trunk leaditag
to a selector or to a connector. The combined line and
cutoff relay (generally shortened to line relay), shon
in figure and the upper teiner of foldout I, is
connected to one telephone only. jAs- we. -have
explained previously, each of the teleptIone lines
served by a linefinder has -its own ;line relay. The

4 operation of the line rah? oU any telephone line:,
depends upon whether the call originates or terminates
in that line: that is; whether the call is outgoing or
incoming. A number of linefindersare grouped under
the control of a single distributor. The group relays are
12 relays mounted on a separate base. One set of these
group relays is connected to each group of linefinders.
The group relays control the operation of the
linefinders. They also cause the distributor to operate)
One distributor is cOrnmon to each group o
linefinders.It distributes all calls which come from its
individual group over all of the Ithefinders included in
the group. The distributor is a 25-point; non-homing-
type rotary stepping switch. It has a bank of five levels,
with 25 contacts On each level. The distributor has six
pairs of double-ended wipers one- set for each of the
six distributor bank levelsThe levels of the distributor'
bank -are as follows:

LEVuard
LEV'Bi Finder Start

EV C. Vertical Stepping ,

EVD, TeSt 1 fOr Vertical Level
L ; Lower Bank Cut-Through
LEV Upper Bank Cut-Through

eleventh is the dead costa hich the vertical
wiper rests when in the unope position:

The combined line and cutoff relay in operating its
X (first-step) contacts electrically marks the vertical
bank contact of the level in which a calling line is
located. The vertical bank and vertical wiper permit
the linefinder to step its +, , and C wipers, all at the

e time; to the proper bank level of a calling line
without having to test the individual contacts of the
other line bank levels.

Exercises (401):
1.. Identify the 25-point non-homing-type rotary

stepping switch.

:/,',List the Strowger distributor bank levels.

3. Compare the distr, r and the rotary line
switch.

4. Identify the Strowger equipr4nt which,connects
the calling telephone to the first central office
equipment unit. le

5. Name the Strowger eqttipment which connects the
calling telephone to an idle sele-ctor trunk.

V6. Name the Strowger eqnipment that. controls e
group of linefindart

The varloat.levels of the -distributor switch are
ilitiStrated schematically in,,the center of foldout
Theeiblitor wipers are Shown in contact with only
one. foe 25 ,sets of bank contacts of the 6-level
distill:In& switch. The wipers may be stepped to-any
of the 24 other positions on the distributor bank. Each
position controls a single linefinder, The 25-point
rotary stepping swi ch, used here as a distributor, may
also be used as a-ro switch, except that the
rotary line switch has o lytliree bank levels and three
double-ended wipers; -,t;

The 200-point linefinier circuit shown in foldout 1
is a two -motion stepping switch.

The vertical brink is shown as a row of I I contacts.
Ten of the contacts serve the ten bank leVelS, and the

4

Although the operation of the liPtefinder is simple;
e schematic diaam appears somewhat complicated
cause of the,ittiMber, of circuits involyed. In the

o I lowing para,gttiphsirvve shall discuss in detail each of
the simple, direct-current circuits shown on the
schematic of foldout r1 'in the order in which they
operate. The individual relays are shown in their

'normal (unoperited) condition, except relay N3,
which is normally operated. - When tracing./ these
linefinder circuitrVou must visualize the condition of
each relay at any given instant during the sequence.

We are going to look at the following steps in the
linefinder circuit operation: seizure and vertical
stepping, rotary stepping and cut-through, and release.

Y.



402: Using foldout l's schematic diagram, identify
tlic.actions that occur in the linefinder .equipment
during seizure and vertical stepping and state the
effects these actions have on associated equipment.

Seizure and Vertical Stepping; When a linefinder
shelf is installed, connected; and ready for operation,
the circuit through,relay N3 is complete. Therefore,
relay N3 remains operated constantly, except during
periods of very eavY traffic.

Icat this ti ou do not have foldout 1 opened up
in_ltrint of you; e fdllowing discussion won't mean

. riiticii. The circuit which holds N3 operated, before the
operation of a linefinder in its group, illy be traced on
foldout 1 as follows:

From battery; trace through the N3 relay )yindings,
through contacts of relay E3 and the group busying
switch (SW-7) of the group ref, s, contacts of the
VON switch (SW-1), the linefirider busying switch
(SW-6), Jind through the B relak. to ground.'
.:'''Since *e ATB_ GND lead is multipled with the
VON-switches (SW-1) of all the linefinders in a group,
when one or more linefinders in a group are idle (its
VON switch is not operated),. relay N3 remains
operated.

Relay L (Operated: Relay N3.) When a calling
party removes the handset from the cradle; he

. completes a circuit through the windings of relay L.
Again, the- magnetic fie'd developed by the 'current
through these three windings is only strong' enough to
close the,X contacts of relay L (contacts 1, 2, 3, and-
4). Trace this path 'and all whereon the foldout as wer
progress,

,,
.

(1) "X" contacts 1 and '2 'Close the path that places
600 ohm negative battery on the control bank contact;
to stop rotary iteppingbof_theliefrnder. , -

(2) "X" contacts 3 and 4 d ose the operating path,
through a level marking*istor, for relay C3.

" Relay c0perate,c1: Relay N3 and X contacts of/
relay L). ."'F ''' 1

(I) Contacts 1 and 2 cldke a circuit through the LF
start 4ignal lamp, but the. lamp will not light unless
relay C3 remains operated for betWers49.5 to 19.5
seconds:

(2) Contacts. 3 and 4 close the operating path for the
P3 relay. The path for relay P3 starts With ground at
contacts 4 and 5 of relay F:73 :and goes to battery
through the windings of the motor magnets. The motor
magnets will not operate in series Tith the P3 relay.

,Relay P3. (Operated: Relays N3, C3 and X contacts
of `relay L).

(1) Contacts 4T d 5T close the operating path of
the B relay in the linefinder, through level B of the
distributor. 11

(2) Contacts 4B and 5B close the operating path
for relay 83;

NOTE: Relay B of the linefinder,and relay 133 of
the group relays operate immediately after P3. Each

relay action for vertical and rotary stepping of the
linefinder, and relay B3 starts a timing circuit which
causes the call to be transferred to the partner group of
linefinders if the linefinder fails to function properly.
It is important to remember that the two operations
take place at the same time.

(3) Relay P3 partially completes a circuit
grOrind from its own winding through contacts 7T rffd
6T to contact 6 of relay F3.

(4) Relay P3 provides an additirip4 circuit to
grorind for the winding of relay N3 through contacts
2B and _3B of relay P3. This circuit is required only
when a linefinder is the last in its group to operate. In
this event; when relay .B- of the linefinder operates,_ it
removes the only remaining circuit to ground from the
winding 'of N3 through the 'ATB GND lead: This
additional ground holds relay N3 operated until_the
call is completed, after which relay N3 is restored.

(5) Relay P3 partially completes the circuit which
stops vertical motion when,' the vertical bank wiper
reaches the marked vertical bank contact. This circuit
is completed when the vertical wiper seizes the marked
vertical_coritact,

(6) Relay P3 partially completes the circuit for the
VERT MGT.

Relay 83. (Operated: Relap_ N3; C3, and P3, and
the X contacts of relay LI :discussion in later
paragraphs describes the acWof the group relays and
linefinder relays -in extendiWie loop to the selector.
Immediately following the operation of relay P3, a
sequenc :relay operations; beginning with relay B3;
is start

This uence of relay actions -serves as a timing
device which 'controls the operating time of the
linefinder. Relay B3 closes the operating circuit of
rely H3,

Relay
and the
complete$
performs

ed: Relays N3, C3, P3,_ and B3,
alif 'relay L.) Relay H3 partly

!ding circuit. Relay H3 also
g functions:

(1) Contatts- and 11 close a circuit whir*
applies ground potential to ;tie fifth .:level of alt

in its own group; thus 'preventing the
linefinder from operating above the fifth. level until
H3 or N3 of the opposite group restores:

(2) _Contacts-5 and 4 close the operating path for
relay F-3.

(3) Contacts 1 and 2 o n a partially completedfre
circuit to relay E3 to prey nt relay E3 from operating
when relay F3 operates.

Relay F3. (Operated: Relays N3, C3, pa; B3, and
3 operates

stated
ons:

ough the
.

ring circuit of

I-13, and the X contacts of relay L.) Relay
when relay H3 completes its operating circ
earlier. Relay F3 ritifdis the following fu

(I) It completes its oholding circuit
1250-ohm winding.

(2) Relay F3 opens the trial
relay starts a separate series of relay operations, but relay P3. This circuit was cotpleted through contac
both relays operate at the same time. Relay B starts 4 and 5 of relay F3 when F3 was not operated.
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3) Relay F3 completes another circuit to ground
for re a 3 through contacts 6T'and 7T of relay P3.

(4) Relay F3 opens the operating circuit of relay
B3, which passes through contacts I and 2 of relay F3
when F3 is not operated:

(5) F3 also partially completes the operating
circuit of relays, K3 or"13, which passes through
contacts 7 and 8 or 9 and 10 of relay F3 (FO 1). :

Relay B3 restores. (Operated: Relays N3, C3, P3,
B3, H3, and F3, and the X contacts of relay L.) When
relay B3 restores; it starts its weighted armature
Vibrating. The armature makes alternate contact with
the two points of contacts 2 and 4wf relay B3, thus
they continue to complete the circuit which holds relly
H3 operated. This effect is possible, because relay H3
releases slowly. The contacts of relay B3 are set to
vibrate long enough to keep the holding circuit for a
period of approximately 3'1 seconds. Under normal
conditions, the linefinder will operate, seize the
marked. contacti, and extend the loop of the calling
telephone to thS Selector in this time interval.

dray.NOTE: In the segue of relay operation
described in the prece n paragraphs; we have
assumed normal operation of the linefinder up to and
including the actual extension of the loop to the
seleCtor. _

Relay B. (Operated: Relays N3., C3, and P3, and-the
X contact.1 of relay L.) Relay P3 c1,- 3mplet es the
operating circuitef relay B.

When relay B operates, it opens,- completes, or
partially completes the following circuits:

(L) It complaii the operating circuit of the VERT
MGT through Contacts 10 and 11.

NOTE: The VERT MGT circuit was partially
completed to contact 10 during operation of relay P3.

(2) Relay B partially completes the operating
circuit of the RTY MGT.

(3) Relay B opens (at its contacts 3 and 4). the
circuit which held relay -N3- operated before the call
was started. N3 dotvn _ ore, because an additional
circuit h been ouch contacts 2B and 3B
of rely 4.of relay B breaks with
contact es with ..contact 5, thereby partly

'"'compl oircnit to the selector over the-C, lead by
placinegroundsootential on the C lead;

(4) Relay B opens Jai its contacts 1 and 2) the
circuit from the GUARD lead to ground, which will
be completed when the VON switch operates if
contacts I and 2 of relay B are not opened. Opening
contacts I and 2 prevents grounding of the GUARD
lead at_ this point in the sequence. A grounded
GUARD lead will cause the distributor wipers to step
off the distributoc contacts associated with the
Operating linefinder 1nd disconnect it from the group
relays.

(5) Relay B places the 500-qhm non_mductive
winding of relay D across the loop to the fiakiector
by closing contacts 12 and 13.

This action preseizes the selector and means that the
calling patty receives dial tone faster.

Vertinagnets. (Operated: Relays N3. C3, P3,
and B, and e X contacts of relay L.) When relay B
operates; it completes the arvrating_s:ircuit of the
VERT;MGT. When thecVERT MGT operates, It
raises the wiper assemblyne step and completes the
operating circuitt_of relay A3.

VON switchA(3perated: Relays N3, C3, P3, and B.
the X contacts'of relay L, and the VERT MGT.) The
mechanical movement of the linefinder switch caused
by the first operation of the VERT MGT operates the
VON switch SW- 1 . The VON switch contains two sets
of break-before-make contacts. When the switch is not
operated (the linefinder is/El its idle position), the C
lead to the selector is connected to the GUARD lead
of the_ linefinder. If a short occurs in the trunk _between
the first selector and the linefinder, a circuit it
completed from the GtJARD lead of the linefinder to
ground. This also occurs if the selector fails to remove
ground from the C lead as a result of impro
.operation. If this occurs, the distributor wipers
the linefinder -marked 'busy" and step past it tot e
next idle linefinder. When a linefinder is seized and
operated, contacts 5 and 6 of the VON switch
complete this guard circuit. A circuit to ground from,
the winding of relay N3 is completed through contact,'
2 and 3 of the VON,Alitch when it -is -not operated.
This circuit passes through the ATB GND lead, which
is multipled to contact 3 of the VON switches of all
linefinders in the group: Therefore,Wthe operating
linefindeeis the last in a group to operite, the circuit
to ground from the winding of relay N3 is broken; and
N3,.restores if it was not-being held operat&Ii_by the
ground front contacts 2B and 38 of, relay P3. The
VON switch alsO completes a connection to ground
through its contact 4 and 5; 'which is used by several .

circuits duiing the operation of the linefinder. The
VON switch will also close its contacts -1 and 2
through which the operatitfg.circuit of the RLS MGT
IS completed when the call his been fully rom_pleted.

RelaytA3. (Operated: Relays N3; C3, P3; and
X contacts ofzelay,pL, the VERT MGT, arkttli eIN .

_.,_

switch.) The operating circuit of relay A3 is coniptited -
by opeiration of the VERT MGT and its interrupters
(SW7_21.

.;,..

When relay A3 operates, it opens its breik'contacts
2 and 3; thus opening the operating circuit. of the
VERT MGT. Consequently, the VERT MGT
restores. But when relay A3 restores, it again
completes the operating circuit _of the VERT MaT_;
ands to VERT MGT operates. Each time the VERT ND
MGT operates, the wiper assembly is raised one step;
This.:.alternateoperation of relay A3 and the VERT
MGT continiltintil the vertical bank wiper reaches
the marked vertical bank contact.

Belay DI (Operated: Relays t43,_03_, P3,-and B, the
X contacts of relay L, and,: the VERT MGT..) When
the vertical wiper reaches the marked vertical bank
contact a circuit through the 85-ohm winding of relay

2S1



D3 is completed. A3 operates and holds maifiewrily,
betause its operating circuit is in series with t 85=
ohm winding of D3.

Relay D3 in full operation. (Operated: Relays N3,
C3, P3, B, A3, H3, and F3, the X contacts of .relay L,
and the X contacts of relay D3.). Operation of H3 and
F3- occurs at the fame timetas vertical and rotary
stepping. It may also be noted that the contacts of relay
B3 will be vibrating at this stage f the sequence. When
relay D3 closes its X contacts, It completes aw.circuit
through its 650-ohm winding, which operates- D3
fully: The operated relay D3 completes, partly
completes,-or opens the folloWing circuits:

(I) It opens the operating circuit of the VERT
MGT at contacts 3 and 4.

(2) Relay 1Y3 opens the operating circuit of A3 by
causing the VERT MGt to restore.

(3) Relay D3_ completes the RTY MGT circuit.
(4) Relay D3 fully operated opens- the- c4tlit

through its -85-ohm winding at contacts 6 and 7.
(5)_ Relay D3 opens the initial rating circuit of

relay P3, wh is completed ttit;:iugh it contacts 9
and 10. N, f~ When D3kppens he circuit to the
VERT MGT, the VERT MGT restores: consequently,
A3 restores.

1 :rierclies (402): z
it.- '4

Complete the following' items relgtive to linefinder
equipment during seizure and vertical stepping, using
foldout 1 as necessary:,

I. What relays make up the ng circuit in the
group relays?

2. What is the purpose of thec-yertical interrupter
springs in the linefifider?

3. What relay in the group relays is normally
operated? Why?

4. Which relay ivitacts in the group relays close the
operating path for the D3 relay?

5. List the circuit operations that occur immediately
due to the operation of relay C3?-...

6. State why the linefin r, when linelrelay 41
operates, does not st on the first vertical level.

7

.273
7. Why is the selector keseized? How?

8. Why doesn't the LF start signal lamp light when
relay C3 first operates?

9. If the N3 . delays_ are not operated when a
subscrber goes off hook, what action results in the
linefinder equipment?

403. Using foldout 1 as nec ry, identity the
actions that Occur in the linefinder equipment during
rotary stepping and switch-through and state the
effects these actions have on associated equipment.

Rotary Stepping and Switch - Through. Let's
quiciclreview what we have covered: The subteriber,
went off hook; closing the loop to operate a line relay:
The line relay marked the vertical bank with_ground
and closed the operating path for relay C3. The C3
closed the operating pailLte P3 relay; which caused
actions in the linefinder, as:*11 as in the group relays.
The P3 relay etarted the timing circuit in the group .
relays and cloud the operating path of the B relay in
the linefinder. The B relay closed* Jia-th for,preseizure
of-the associated selector and tape _yertiMil magnets in

,the linefinder. The vertical _interrtipter_springs of the
linefindenand relay A3 of the giouP-relays worked in
coniiiinction ia_step:"the, linefinder vertically to the
pr per lev

NOW-1 indeetepping rotary.
ROtary ed: X contacts of-relay

and rel:. , F3, and 11110.),Nhen
rely 483; rimletes the circuit tb the RTY
MOTy tg own 3 and 2 contacts: When the
rotary magnet operates; it completes the operating.'
circuittof rela_y A3. Theoperating,circuit for relay- A3,
which was completed to ground through coVaets _
and 2 of the VERT MGT, is now completed to ground
through contacts 1 and 2 of the RTY MGT. (Note that
the VERT MGT has completed its function and
restores.) When A3 operate"; it opens the operating
circuit of the RTY MGT. Thus, the RTY= MGT
restores. But when the RTY4146T restores; it oRens
the. Mg circuit of A3. A3 restores and aglin

pletes, e opera i cir.. f the RTY MGT. The
alternate non of t RTY GT and relay A3
will-Continue, Roving the linefin r wipers one rotary
step for each operation of the R -.MGT until the
wipers reach the marked contact of the bank.

We now need to stop and look at something. We
said earlier that we had cut-through relays for the
upper and lower banks in both the linefinder and the
group relays circuits. The J3 and K3 relays in group
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relays work_in conjunction with A and D relays in the
linefinder: The A and K.3,relays and the]) and J3 (dis%
jockey may help you remember) relays work together.
The A relay is for uppe.thank; and the D. fpr lower
bank selection. For our pu se Our callingparpkis in
the lower bank.

Operation of May
L. (Operated: RelaysN3,'
X contacts of relay, L.
control bank contact iS i
negative battery, the operating

406'
4-hd

if the

is
ted

when

completed.
(1) The operating circuit of t .

opened when relay J3 Operates, becaust
through contacts 1 and 2 of this_relay. Ti
relay 13 operates, the RTY MGT resto to that
when the RTY MGT operates for'the las step, itcloses
the circuit of relay AL Therefore; rela)?,A3 operates
and then it restores. This has no effect ion jhe other

,,, ? -,,parts of the circuit.) -
git(2) he operating circuit, of relay 13 is completed

throu the 600-ohm winding and contacts I and 2 of
relay L. Thus, relay L operates fully. Full operation of
relay L removes the line relay windings -from the loop
circuit and removes ground from the CN lead to the
connector (FO 1). Ground is replaced on the CN lead
by the selector when relay D operates.

(34" Full operation of line relay L also opens the
first operating circuit of relay C3, which was
completed through the 9 and 10 contacts of relay L to
ground. C3 does-, not restore, however, because of a
holding circuit completed through contacts 10 and II
of operated relay H3.

Relay D (Opeard: Relays N3; C3, P3, B, D3; H3;
Fi.- and 13.) Sinilirthe control bank wiper is marked,
relays J3 andD operate. Relay D circuit is compieted
through contacts 3 and 4 of relay J3. The operating

i icrcut of relay D al includes the make contacts 4
and 5 of operated rely D3. Since relay pl Is one of
the group relays, gwi II restore after the linefinder has
extended the loop of the calling telephone to the
selector or connector; but relay 1) must remain
operated for the duration of the call. Therefore, when
relay D operates, it completes its own littl ing circuit
through its 4T and 5T contacts. Groun tential is
kept on the --lead during the progress of the call by
each -switch, oae_after another, and finally by the
connector. When relay]) operates; it also completes or
openrthe following circuits:
AA ) It extends the +-and lines of the calling

telephone loop to the selector through contacts 7B-8B
and 5B -6B, respectively. ( -. ''0.-.

(2) It completes a circuit through the 600-ohm
winding of relay L and through contacts of0 related
selector or connector to ground.

(3) It completes the operating circuit of the
distributor MM. Prior to the operation of relay D, the
circuit from the distributor level A to ground was

I

7;4

(4) It opens (at relay. D contacts IT and 2T) a
partially completed circuit through the RLS MGT.

(5) It opens the circuit to the RTY MGT at
contacts 3B and 413.

Distributor moor magnet operates: (This happens
right after the operation of relay D. The following
relays are operated at this point: relays N3, L, C3, P3,

:4; 13; D; H3, F3, and D3.) The VERT MGT; relay
3 and the ,RTY MGT have restored. Relay B3 has

flib(ied, but its ai- ature will be vibrating. When relay
DbAra to it;cotftpletes a circtptthrough the winding
of.tke'diitrOttorAM as descrihed above. When MM
operates, it ,opens. the circuit betWeen relay P3 \and
negative battery at its interrupter springs I- and 2: \

Relay P3 restores. (Operated: Relays N3, L,
D3, D, 13, and F3.) As relay P3 restores, it opals th
MM circuit by breaking contacts 2T and I14'he
closing contacts IT and ,2T of relay 113 partially
complete another circuit through the winding of the
MM. When relay P3 restores; it also opens the
following circuits:

(I) It opens the operating circuit of _relay B, which
is completed thiough contacts 4T and 5T of relay P3.
Hence, relay B restores. Also, the operating circuit of
relay D3 is opened at contacts 5B and 4B of relay P3.

(2) It opens the operating circuit of relay H3,
which is completed through contacts 4B anc1,5B of P3. ,

(3) It opens a circuit from ground to the winding of
relay 19, which is completed through contacts 2B and
3B of relay PI.Note, however; that relay N3 may not
always_Lestort_i since its circuit is completed through!t-
the ATB GND lead, which Js multipled to ground
through the. VON switch and through unoperated
contacts 3 and 4 of relay B of any idle linefinder in its
group. If, however, the operating linefinder is the last
of its group which is idle when the call is cut through
to the selector, the holding circuit of relay N3 will be
opened when contacts 2B and 3B of P3 break; then,

4
N3 will restore. -

. (4) It further opens the operating circuit of
A3 by breaking contacts 8T and 9T (FO 1). Sin'
circuit 6f relay A3 was opened when the vertical
rotary stepping was completed, this contact openin
has no further effect on the circuit.

(5) It also opens the D3 relay X contact circuit.
This circuit was previ uslkibrokenwhen133 fully
operated; therefore, this contact °pa-Ting also has no
effect on the circuit.

-Distributor MM restores. When relay P3 restores, it
opens the o ling circuit of MM. As MM restores, it
causes the dis hutor wipers to rotate one step, and-at
the same ti , it closes its interrupter contacts: When
the distributor moves forward one step, it breaks the
following circuits between the group relays and the
linefinder, which has just completed the o
and partially completes the same circuits between e
group relays and the linefinderirelated to the next set
of distributor contacts. ---'

open. (1) In restoring, distributor,-,. eyel B breaks the

8.0
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operating circuit of relay B of the linefinder. (Note
that relay B actually restores vyhel-133 restores.)

(2) When MM restores; it closes its interrupter
contacts I and 2. This: may or may not complete a
circuit through the winding of MM. )

If the linefinder to which the wipers have stepped is
-idle, its A or D d B relays will restore open the,

" circuit connection: the C lead. Consequently, MM
fa, does not operSie again; and the distributor wipers

remain on thk distributor contacts of !his idle
z linefinder. leztheilinefincler to which the wipers have

stepped is bus-Circuit will be complete from
contacts 3 an the busying switch to contacts 8T
an4,9T, relay , or 7T and 8T of relay A. If the

' linefinder is idle; the distributor wipers remain on the
li inder's dittributcir contacts. If the finefinder is
b the wipers are stepped forward by the ()minion
and restore M.M; as already described; Thus; the
dis butor will ocontinue to ..step its wipers from

orderder to Uniting! until- an idle one is found,
pro ed that at least one linefinder in the group is
idle.

i;

(3) Distributor level C opens_ the VERTICAL_lead
over which the circuit to the VERT MGT is
completed.

_ (4) Distributor level E opens _the_ lead to relay D of
the linefinder over-which the initial operating circuit
of relay D is completed. Relay D provides its own
holding_circuit.

(5) Distributor level F opens the lead to relay A of
the linefinder over which the initial operating circuit
of relay A is completed. Relay A; like relay p,
provides its own holding' circuit.

(6) Distributor level D also opens the TEST lead
over which the circuit to relay J3 is completed

Retay B of the linefinder restores. (Operated: Relays
N3; L; C3; H3; :D3;ES3; and. D.) In studying this
section; mote that a initith_er of relays release at the
instant relay B restores. When relay B ;ores, it

the following functions: -,...;-
_) It opens the operating .circuits ..21- VERT

MGT and RTY MGT, which are completed through
relay B conta* 10 and I I and contacts 8 and * jliese
circuits werealready open at other coin .. ..

.. ets.
,

...
(2) It completes, a multi re trcuic-to s from

the guard lead; level A of e distributor: The functio n.
of this circuit is to m the distributor contacts as
busy until the call is ended (until the linefinder
restores itsVON switch).

(3) It --opens" the circuit which first connected
ground potential to the C lead. This circuit is

relTyPtgground,(F0 I). NOte,ho -ever, thq ground
from the lead 5 ofCO

is applied tiihhe C leackby Ihrtiefict switch in the train
(selectorO connector) as soon as relay D or A

-opqatec When contact 4 breaks with contact ;54 it
makes, with contact 3 thus partly completing the
circa itiretheA018 'MGT: .! k.,

; 76.. -. '
.
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(4) It removes the 500-ohm; noninductive shunt
winding of relay D from the line loop by opening
contacts 12 and 13.

Relay H3 restores. (Operated: Relays N3, L, c3; D3,
F3, D, and J3.) Relay H3 restores -when its holding
circuit is opened by the release of relay P3: When relay
H3 restores, the fbllowing things happen:

(I) It opens contacts 10 and 11 to disconnect the
holding circuit of relay C3.

(2) It opens contacts 8 and 9, through which its'
own holding cir4uit was completed before B3
restored. .

(3) It opens contacts 2 and 3, through which the
holding circuit of relay D /was completed before P3
restored; and closes con cts _Land 2, through whichf the operatinj circuit of relay E3 would have passed if
relay P3 has not restored:
° Relay D3 restorrsA0perated at this point: Relays L.
C3, D, and F3.) The release of relay D3, Which

'happens right after the release of P3; has no effect on
the group relay circuits or the linefinder, because all
circuits completed through its contacts were already
opened when other relays in the group were restored:

Relay C3 restores. (Operated: Relays;L, D, and F3.)
The holding circuit of relay C3 sit' opened when relay
H3 restores The restored relay C3 opens the circuit to
the ST SIG lamp (FO 1), wNch is completed through
contacts 1 and 2. The releas3 also opens contacts
3 and 4; which_completed the initial operating circuit
of P3 before F3 operated. If another call has been
originated in the group relay, C3 will not restore as
indicated. The second calLwill operate the line relay of
the calling telephone: The line relay -X contac
complete a circuit to relay C3 through the start and
level markinggesistors._ This circuit; which prevents
relay C3 from restoring may or tnay.not be completed
through the sthite start and level marking resistor as the
preMiiirs call. Althotigh relay C3 remains operated;
rely P,3-cannot operate until relay F3 restores,
because the Witial operating ciiitt is completed Li
=through contacts 4 and S of relay ground. Since

'4--;;F3 is the last of the group relays to restore (except for
wfr C3); the' groltp relays will be ready to handle tthe next

Iallmwhen_FIr tores_

D75

i,

..:-.,=4,4-p5_43',44 6,..(00erate0: Relay L and relay D of
pkeilhefinder.)lelay F3 restores when its operating
'cliricitii opened by H3- The release of relaY F3 has no

ideffkt 'cih-the circuits of either the group relays or the
tellAys 4ihe linefinder, because all circuits completed

.

;. thkugh its contacts were opened by the release of
other %lays. ' .

All group relays restored: As each group relay
restores after the isis extended to the selector, its
contacts return td-the Position held as.the s of the
call: Whe 1 group relays have restored .eilicept N3.

:.. they are y to handle another call through the
linefiniler I Which ey have been connected by the
distrib or: Relay D _of /the. linefiader (which has
oper apd the In*, relay L do not restore until the
calling p rty ;places The handset on the cradle. Note.------,--- .

9'
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however; that_thelknefinder which we have discussed
-thrO-UlhOilt this chapibr is no longer connected to the
group relays, because the distributor wiperhas stepped
to the next linefinder.

Exercises (403):
Complete the following items relatiVe to linefinder
equipment during rotary stepping and cut-through;
using foldout 1 as necessary.

I. What prevents the line relay from operating the
linefinder when the called party pickup the
handset to answer the telephone?

2. What relay(s) in the linefinder equipment is/are
held operated during conversation? .

3. How do the actions of rel
relays and linefinder during

; t

4. Specify the actions of th linefinder equipment_ if
the next linefinder cpnn ted to the bankS of the
diStributcii--;S not idle.

404. Using foldoin 1 as ateessary, identify the
actions that occur in the lineffilder equipment during
release and transfer.

Release and Transfer. When the calling party
replactm the handset on the cradle,_the loqp circuit is
open to the last switch in the train. This switch will be

the connector if the all has -been extended tb the
connector; but it will be the selector if the calling_ pasty
replaces the handset before the loop is extended to a
connector. When._the loop circuit is open, relay B of
the last switch in the train restores to remove ground
ftom the C lead.
`-,RektYs D and L restore. The circuit that holds relays

D and E operated is grounded through the C lead.
When the last switch in the train removes this ground,
the selays restore.

Relay G3 and RLS MGT operate. When relay
restores, it completes a--circuit from negative batt
through the vAnding of relay 03, through the RE
BATT lead of the RLS MGT;_to_ground at contacts 3
and 4 of relay B. When the RLS MGT operates, the
mo- - -anent of its armature withdraws detents from the
vertical and rotary ratchets on the linefinder shaft. The
tension on the shaft spring-returns the shaft and bank
wipers to the normal rotary.positipn. When the shaft is
in ;this position, a channel in the vertical. ratchet

10

permits the shaft to drop by its own w ght to its
normal vertical position. When relay 0371perates, It
applies ground potential to the RLS WOO lead thrbilgh
contaCti_Land 2 and partially completes a circuit to
the RLS alarm, If the switch fails to return to normal
within a certain period of tithe, a delayed relay -cycle
SOundi a buzzer at the power board and operates the
signal group lamp (aisle pilot lamp) for a row of
linefinder bayS and the green RLS lamp On the fuse
alarm panel of the particular shelf,

VON switch restores, and then relay G3 _and the
MGT restore. (Operated: Relay 03 and RLS MGT.)
When the linefinder shaft drops to its normal posidonir,
the VON switch stoles to open_ contacts; Nnd 2
(through which it to the RLS MGT and relay, .

03 was compje.i." ,This'Astores the RLS MGT and
relay 03;

If the line rs are prevented from stepping
to the marked- contacts of the calling line within the
time allowed; the call will be transferred to the partner
group of linefinders.

Relay 83 tinjetOtit. The distance that the vibrating
reed of relay B3 niaves is slowly reduced before the
reed comes to rest. The holding circuit of relay_H3 is,
completed through the vibrating reed contacts of relay
B3: As the vibrations of the reed decrease, relay- H3
receives fewer pulses and is finally allowed to restore.

Relay H3 restores: (Operated: Relays N3; C3_,, P3; B;
and F3; and the Meontacts of relay L.) Relay D3 may
or may not be operated, depending upon whether the
movement ofthe linefinder is halted_before or after
rotary motion began. When relay H3 restores, it
performs the following operations:

(I) It opens the circuit_to ground from the 1 300 -
ohm start winding of relay F3; but F3 does not restore,
becatiSe it is held operated by current through its
1250-ohm winding.

(2) It opens the holding circuit of relay C3, which
is completed through contacts 6 and 7; Relay C3 does
not restore; however; because _ its initial operating
circuit hes not been opened. Note that Me holding
circuit for relay C3 also'completes a circuit to ground
from the fifth-level contact in_the vertical -bank of the
linefinder in,its own-group. Whenever this fifth-level
contact it marked with ground; the linefinderi in that
group wilt notmperate above the fifth level. Since the
TEST lead contacts ground, on the fifth level, it
completes the operating circuit for relay D3 and starts
rotary motion:

(3) It completes the operating circuit of relay E3
while relay F3 is operated.

a D3 at contacts 3 and 2.
(4) As rels H3 releases; it also opens the holdthg

circuit of rel

Relay D3 restor . (Operated: X contactsfg relay L,
and relays N3 P3, B and F3.) If relay D3 was
operated_ when r lay H3 restored; D3 afso restores.
Release_of D3 o ns the circuit to tie RTY MGT and
the TEST lead, hus preventing roOrry movement.

Relay E3 o rates. (Operated: X c6tacts of relay L,
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ci relays C3, P3, and F3.) When relay E3 operates, it cailing telephone is transferred to rey p of the
remains operated by a circuit, through its 180Q-ohm partner group, the fifth-level marking ircuit of

. .

winding to the ATB GND B lead and to the p
.group of linefinders. Note that the holding circus
relay E3 is completed_ through any idle linefinder
the partner group: Therefore, relay E3 will not rexteir
until all linefinders in the partner group are busy or
until the group busying switch of either group is
mechanically operated by attending personnel. When
relay E3 is operated, it also completes, partly
completes, or opens the following circuitsi.

(1) It opens (at its contacts 3 and 4) the .operating
circuit of relay N3-in its own groupThis circuit may
be traced through contacts _3 and 4 of E3 and contacts
3 and 4 of the group busying switch (SW-7) tb the
'ATB lead of its own group.

(2) It completes an operating circuit orthe MM
through contacts 5 and 6 of relay F3; 6T and 7T of
relay P3, 8 and 7 of relay E3, 3T and 2T of relay P3,
and through the coil of the motor magnet to battery.

_Distributor MM operates. (Operated: X contacts of
re _y L,16ici relays C3, P3; B, N3, E3, and F3.) When
M operates; it opens its interrupter contacts to open
the rcuit between the winding of relay P3 and
negat e battery. Note 'that the circuit which operates
the MM in this instance is not the same circuit which
operated it during the normal sequence of linefinder
operation.

Retay P3 restores. (Operas( contacts of relay L,
and telayie B, C3, F3, E3, N3; and MM.) When MM
operates;. it opens the operating circuit of relay P3,

er group is opened, and an icile_li finder of the
group will search abbve its fifth bank level for

telephone. !14T--

cts 6 and 7 open an operating circuit of
the MM ( ich is normally, closed through the
interrupter co tacts.and the GUARD lead of a busy
linefincier)

(4) It pa ally complet
(F0 1), which registers,,
groups is restored a

Relay C3 restores..
F3, and MM.) The init
completed through contacts 4 an
N3 restqw it opens this operating circuit of C3. (FO
1). _Whehelay C3 restores, it opens the following
circuits_: ..,

(I) contacts l and 2 open the circuit to the start
signal Iint-j) obits own group (FO 1).

(2) Contacts 3 and_4 further open the incomplete
circuit for relay P3. The initial operating circuit of
relay P3 received its ground through contacts 4 and 5
of reiay F3, which is ow operated. Therefore, open
contacts 3 and 4 hav Mo effect on the other parts of
the circuit.

Distributor MM restores. (Operated: X _cofitacts of
relay L, and relay E3.) 'Oen distributor MM restores;
it steps' the wipers tel the next set of distributor
conta . Althou the interrupter contacts of MM
Clos hen it tores, a circuit is not completed over

which is completed through the interrupter contacts of h- G -Ik lead if the linefinder to which the
MM. When relay P3 restores; it opens severaIcircuits: distribu %Vipers have stepped is busy. The circuit
Note, however, some of the circuits completed winclinormally keeps the distributor wipers steppingt

`through the P3 n were previously opened. to an idle linefinder may be traced to contact 6 of relay
(1) At contaA4T and 5T, it opens the operating N3, whichhas restored. The wipers of the distributor

circuit of relay a of the linefinder and the holding will, therefore, remain on the. next set of distributor
circuit of relay F3.

a circuit to the ATB meter
time rattly N3 of bbth

P3, 11:E3, and
'circuit of C3 is

of relay N3 When

contacts until relay N3 of the group is again operated.
(2) At contacts 3B and 2B, it opens the holding Relay N3 will reoperate after relay E3 restores. When

circuit of relay. : relay. N3 reoperates, MM will resume its normal
Retay N3 restores. n relay. N3 restores, it opens

or completes the following circuits:
(1.) It opensitheoperatingcircuit of relay C3 of its

own group by*teairing contacts 4 and 5 and closes a
circuit throu IcOntacts 3 and 4 to relay C3 of the
partner oup (F0 1). Note that wheri any line relay
operates, it rks the banks of all linefinders in both a
groups. Because of the arrangement of the start and mar
leveinarking resistors, the circuit of relay :t3 is fails
nonally completed only by operation of the lifrie mark

function and seize the firsilidle linefinder: Relay E;
remains operated until relay N3 of the B group

or when SW-7 is operated manually.
linefinder may fail to find the marked vertical

ank ctIritact, or it may seize the marked contact and
otaly motion bukfail to find the marked control

ct. If the fErtical &tilt of a Anefinder is
level below the tenth and t linefilder

its vertical movement on reaching the
ct; it will continue to step to the tenthco

relays connected to the lower five bank _levels of its level. Although no call has been originated in that
own group of linefinders. Wilts relay N3 restores, it level, the vertical bank contact on the tenth level is
opens the circuit between relayC3 and the start and permanently grounded (FO 1) and will complete the
level marking resistors °P its osr0 group and closes a rotary circuits.-
circuit between relay C3' and the start and level If, during rotary stepping on any level, the control
Marking resistors of the partner group. bank wipers fail to seize a marked contact, or if rotary

(2) It opens contacts 8 and 9 of the circuit which stepping oCc4rs across the tenth level when no line in
mark the fifth-level contact in the vertical bank of the that level is marked, the wipers will be stepped to the
ertner group, thtis permittin the partner group to. 0eleventh wry position. When the wipers reach this 1.
itperate above the fifth level. When the circuit 9f the rotary position, a cam mounted on the switch

14.
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shaft directly under the rotary ratchet operates the cam
switch SW-4; as foldout I reveals. When The cam
switchuperates, it closes a circuit from the GUARD
lead to ground. This circuit may be traced from the
GUARD LEADS THROUGH CONTACTS3 and 4
of SW-6, and through contacts 1 and 2 of SW=4 to
ground. When the GUARD lead isgrounded, MM op-
erates to starfa series of relay operations.' Notice that
relays J3 and D are not operated, because the circuits
to these -relays are completed only when the wipers
seize_ the marked contacts. Relays D3, F3. and A3,.and
the V RT MGT or RTY MGT may or may not be op-
erated, defending upon the position of the wipers
when failure occurs

Relay N3 is helcroperated by a ground multipled
through contacts 2 and 3 of the VON switch of each
linefinder in its group. Each time relay P3 operates, it
places a locking ground on relay N3 through contacts
2B and 3B. L9cking ground is actually required only
when the operating linefinder is the last of its group to
operate.

When the linefinder starts vertical stepping; its
VON switch operates. If the linefinder is the last of its
group to operate, operation of its VON switch
removes ground potential from the ATB GND lea
through which the circuit -of relay N3 is completed
The locking ground of relay N3, however, holdt it
operated antil the loop has been extended to

) selector andPl_has restored. When relay P3 restor
It : removes the one remaining ground from
operating circuit of relay N3. Thus; it restores:
relay N3 restores, the start circuit is transfitir
relay C3 of the partner group.

- As soon.' as, the loop of a calling telepho
extended to the first selector, ground from
linefinder control bank contast is applied over the eN
(control normal) trunk wire and. through thpfirst
selector to the connector bank contacts of dia same
telephone. This ground for the connector is kept there'
by IRO switch in the train as the loop is extended-1f
the -014ng telephone is called the loop has been

cd to the first selector, the grounded connector
-.- hank contact busy 'tone to the
to ephone Of the party caljing. If th- !ling line is free;
the cut4hrough relay in its conn circuit will
operate through the CN tru 're to e 600-ohm
winding of the line relay of the call e hone. ThiS
operates the line relay and prepares the called line for

_:ng.

'Exercises (404):

Complete the. following items relative to linefinder
equipthent daring releaSe and transfer, using foldout 1
as necessary.

1. State the electrical events that occur in the
linefinder equipment when the calling party hangs
up the phone.

1 What switch operates anid- what resulting a ions
occur when a linefinder greps to the eleUenth
rotary step on any vertical level?

3. How is the operating circuit of relay N3
connected through the VONS of each linefinder
in a group? Why?

4. What prevents the distributor from stepping to an
idle linefinder when the next linefinder connected
to its banks is busy during trouble transfer? Why?

1-3. Troubleshooting the Linefinder
In Volume 2 of this course, we talked about a

troubleshooting approach: We stop at this point, not to
grind it into the ground, but to mention that we are
now dealing with stepping switches. It is an
unfortunate fact of life that manymechanical troubles
appear to be electrical troubles. This happens .notjiiit
to inexperienced tech school graduates; but to old
heads as well: What was discussed in Volume 2 is still
true. Troubleshooting must be systematic and folloW a
logical course if it is going to be quality
troubleshooting and not a hit-or-miss proposition. A
good knowledge of how the equipment works and an
analysis of the symptoms will save much time and.
effort. .

405. Given linefinder equipment trouble symptoms
and using the schematic diagrams in foldout 1,
identify the probable causes of trouble and state the
corrective action for each;

- ..

Mechanical troubles mimicking electrical troubles
arean age-old problem and will probably continue to
beAlrifortunately, there are no particular rules to help
you. It's a "feel" or instinct which is deyeloped
through experience; Helical springs with too much
tension will often lead you to believe that either the .

pulsing relay (normally the A relay) or the holding
relay (normally the B relay) is not Workingropeitty.
The double dog spring with insufficient tension gives a
similar response. ..)

Since one mechanical trouble may mimick more
than one electrical trouble, we are not deicribing this
problem in depth. Secondly, we must limit our
coverage; because\you received this type of
information in the res'Oen course. Therefore, we will
only provide an exam le trouble- symptoth and
identify a mechanical def ct which could cause it.

Assume that followin a subscriber's going Off=
hook, all the idle linefinders in the shelf stepped, one

12 2S7



at a time, to his bank appearance and remained
operated. 'NOTE: This happentt only with this
sutittribr's telephone.;

Your quick recall= should identify that the only
uipment that rel directly with this telephone is

line relay.;, oo at :Adopt _1, find this L relay,
islow, find th grota tact 10 and trace from it.
Following through -: 4 . 9 and LO and 3 and 4 of
relay L and through nta 4 end 5 of relay N3, you
arrive at the w' ding relay C3. You should
remember here at relay C3 is the start relay for the
group relays, d a group relay's function is to stop the
vertiml stepping of the linefinder when its vertical
wiper engages the marked vertical bank contact of the
level on which the calling line is located.

We have seen, however-that all of the linefinders
stepped to his marked bank and_ remained operated.
Which component through wine?) you' ttAced marked
the bank which holds these linefinders operated? Yes,
it is the grounded contacts 9 and IQ of the L rela
Thus, if th contactkdo not open properly fo . wi
the group re y's operation,they couldmiake o' 4,t,
a group ,r y is at fault Several' ns

,-_---
prevent ese contacts from open' mp
relay oes not operate fully when too much
resis ce or too little current. Al .or shorted

7 ci

404, as necessary. State Ave probable cause for each
trouble and the appropride corrective Action.

I. A shelf of linefinders will not step. When the:
group relays are checked; it is found that, in both
gratips. relay_ C3 operates when test jacks I and 2
are started, the A3 relay is orierated, and the 83,
relay functions normally:The trouble is in one of

. the ,20 linefinder switches in the shelf. o

p

2. The linefinders steps to the calling party's bank
appearance (upper bank) and releases: The next
idle linefinder steps to the same bank appearance
and does not release. NO relay contacts in the
linefinder are at'fault. Give the most probable
electrical and the- most probable mechanical
causes of trouble and how to correct each.

When the group relays for group A Of a given
inefiaer shelf ate in use, the linefinders release
uring rotary steppin_g'and a ttouble transfer

occurs: This us an electrical problem due to a
Mechanical adjustment:

contacts or contact spring maladjustment-Could be the
fault: Again; when only one subscriber's telephone is
affected, the most probable trouble is the L relay.
Inspect and test it.

Exercises (405):

COm_plete the 'following troubleshooting problems,,
using foldotit 1 ind.the text for objectives 402 through

4. The A grouP relays have transferred alkills to the
B group relate; but. Ilie,sebscribers for' vertical
levels six and tipeaortoiihitiate a call.

z.
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CHAPTER 2

Selector Equipment

EVERY IMPORTANT event in life must have. a
beginning and an- end. Usually between -these two
positions there are actions that are not too obvious;
but that are equally as important to a successful
completion This situation is equally true in a
successful connection between two telephones. The
lifted handiet operates the line relay of the central
thofrfiocuegheqthuiinneonetri, owdehh rests ted

first
a cotonroection,

things ;fiat-occur in this selector.unit, before that final
connection is made which permits the conversation to
proceed.

2-L Selector Types and Shelves
You haVe learned in the resident course -that a

selector is a two-motion stepping switch used to
partially complete the connection between a calling
telephone, which has been seized by a linefinder, and a
called telephone. It is generally called a seminumerical
type switch; because it steps its wipers vertically in
response to the dial pulses and then automatically
rotates the wipers horizontally in search of aniidle
trunk.

406. Identify telephone switching eqUipment
selectors and relate in some detail how they are
installed. Use figure 2-1 as needed,

When the-selector finds an idle trunk, it disconnects
its own control relays from the calling line and
connects that line to the trunk; so that the pulses of the
next digit dialed will operate the next unit in the
switch train. This unit may tie either another selector
or a connector: The trunk hunting begins right after
the dial' has stopped momentarily and before it is
operated for the next digit. If the selector does not find
an idle trunk on the level dialed; it rotates its wipers to
the eleventh position of that level and returns an ATE
(all trunks busy) tone to the calling telephone to
indicate that all trunks on that level are in use.

Types of Selectors. Selectors are generally
classified according to their position in the switch
train--first_selectors; second selectors, or incoming
selectors. The, use of various terms to describe

selectors does not always mean that the selectors ire
different in any way: First selectors and second
selectors in the same central office may be theipme in
all mechanical details. There'are times, however, when
you may need to include, in one group of selectors,
mechanical or _circuit functions not included in
another group. For example, it may be necesuiry to
equip the first selectors of a military dial central office
with mechanical and circuit arrangements to restrict
certain lines from calling off base. Second selectors in
the same central office will not need the restricting
feature and 'will thus differ somewhat from the first
selectors just described.

For a selector to provide restricted service 't must
be equipped with auxiliary contact springs, Th are
called normal post springs: They are mounted o the
normal post and are operated by a cam (normal st
cam), which moves vertically with the switch shaft.
Teeth 'on the cam are adjusted to operate_ the normal
post springs at a certain level or leveli. Whenever a
first selector is dialed to the restricted level;, the
selector wipers rotate horizontally to the eleventh
rotary Position, and the selector connects ATE tone to
the calling line. The busy tone, in this instance;
indicates a service restriction rather than that the trunk
is busy.

The first selectors are those that come right after the
linefinder in the switch train. They respond to the
pulses of the first digit of the telephone number dialed
and usually are arranged to supply dial tone to the
calling telephone. The shelf on which the first selectors
are mounted is equipped and wired to provide dial
tone The wipers of the first selectors and the
linefindersare connected to shelf Jacks] he jackTh.&
each linefinder are wired directly to the jacks of a
selector, forming a linefinder-selector unit. In
telephone language, this arrangement of connecting
the wipers of one switch to the wipers of another
switch is called back-to-back wiring. The bank
contacts of the first selectors are wired to the jacks of
the second selectors or connectors. This arrangement
is called front-to-back wiring.

Central offices with 100 -point connectors that
serve more than 100 lines or with 200-point
connectors that serve more than 200 lines normally



use selectors that respond to the first digit dialed.
Central.offices that serve more than 1000 lines (4-,digit
numbers) or more than 2000 lines (5-digit numbers)
normally use second selectors in addition to the first
Selectee. The first selector is controlled by the first
digit dialed; the second selector, by the second digit
dialed'. In large commercial installations; third
selectors are alSo often used.

The regular first selector that we shall study in this
chapter contains five relays. They are as follows:

A - Pulsing (controlled by the dial)
B - Holding (holds preceding equipment)

TranSfer (from vertical stepping to rotary
stepping)

E - Auto- rotary (steps wipers automatically)
F = CLit=thtotigh (cuts the calling line through to

the next switch)
Selector Shelves. Selector switches and their

associated equipment are installed/in groups of 10.
Figure 2-1 shows a' selector shelf arrangement.
Accordingly, there are two bays, separated by a
distributing terminal assembly (DTAj.

Odd-numbered bay 101 has 10 shelves with ShelVeS
B, D, 1-1_, and J Installed close to, and-to the left of;
the DTA. Shelves With the same identification in the
even-numbered bay are also close to the DTA but are
to its right. There_ are 20 DTA positions to serve the
200 selector switches. YOU Should remember that this
DTA provides terminals for the bank wiring and for
cross-connecting to the suceeding switch trunks. This
is the equipment where the system grading is provided.

Odd Numbered Bay
101

You will review grading later in Chapter 6 of thiS.
volume.

The switch gioups are mounted in a steel
framework. The portion of the frame in Which each
groupof 10 switches is mounted is called a switch

4helf. Each selector switch is equipped With a switch
Jack assembly, which fits into a Shelf-jack assembly
when the_switch is mounted in its normal operating
position. This arrangement provides a handy means of
removing and replacing the individual Switches.

Exercises (406):
1. Name the first telephone equipment switch that

succeeds the linefinder during the development of
a telephone connection.

2. Identify the types of telephone equipment
selectors.

DTA

3. To how many dialed digits does a selector
respond?

Even NUmbered Bay
102

1

Shelf A

thru 10 11

Shelf B

thru 20

POS 1 Shelf B

---- 11 10'

Shelf 'A

----
POS 2
POS 3 20POS-4

.

21

Shelf C

thru 30, ,31

Shelf D

thru 40

POS 5 Shell D-

-:.-- 31 30

Shelf C

---- 21

POS 6
40P06 7

PDS 8

41

Shf if E

thru 50 51

Shelf F

,thru 60'

tans 9

60

Shelf F

---- -51 :50
.-

Shelf E

41
POS 10
POS 11
POS 12

61

Shelf 0

thru -70 71

:Shelf 14

thru 80

POS 13

80

2 Shelf H

71 '70

ShelfG

....--- 61

POS 14
POS 15
POS 16

81

Shilf I

thru 90 91

',Shelf J

thru 100

POS 17

100

Shelf '3

---- 91 90

Shelf .1

---- 81

POS 18
POS 19
P 20ciS

Figure 2-1. Selector shelf arrangement on bay frame.
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SEIZURE
A

9

VERTICAL/ STEPPING
1st BREAK OF PULSE SPRINGS

1ST MAKE OF PULSE SPRINGS

A

2ND BREAK

0 N.

2r4O MAKE A A schematic diagram of a typi l selector circuit is
shown in foldout 2 in a e inclosure. This

(f) vM diagram represents a basic first- "r second- selector
circuit, depending upon the posi of the selector in
the switch train. When used as a regular, (local) first
select° , e cg.cuit connects dial tone airrent_to the
calling tele he through the grounded DIAL TONE
and GND tad to show that the selector has been
seized. When used as a second selector, however, the
circuit transmits no dial tone current to the calling
telephone, because the DIAL TONE and GND lead is
connected to- ground rather than through the
secondary winding of a dial tone transformer. A three-
wire trunk; consisting of a -1- line; a line; and a C
lead from a preceding switch in 'the switch train, is
shown on the left-hand side of foldout 2. This trunk
actually has a fourth conductor (not' shiiwn), the EC
(extni- control) lead. This leid is used to prevent

RM -
CONTINUES UNTIL AN restricted- service telephones from dialing certain
IDLE TRUNK IS FOUND levels on the first selector banks..4107. Using figure 2-2 and foldout 2 as required;

name the selectorlelays operated at times of selector
seizure.

C

VON

(5

VM

4. What Stroivger selectOr component and
equipment circuit permit's connections which
restrict service to certain lines?

f

.5. What is connected to the Selector banks?

6. A selector bay_ hai provisions for how many
selector switches?

7. Which selector bay and which shelf support switch
number 175?

2-L Selector Circuit Operation

ROTARY STEPPING

RM

TRUNK HUNTING
(NOTE if THE 1ST TRUNK IS IDLE
THIS SEQUENCE WILL NOT OCCUR

IDLETRO SEIZURE
LEGEND

8 OPERATES

171 SLOW RELEASE
PERIOD

8ELEASES

Figure 2-I Selector normal operation sequence.

Seizure; When the loop of the calling telephone is
extended from the preCetcling switch in the train
(linefinder) to a first s-elector, the okerating circuit of
selector relay A is completed. It is through this circuit
that dial tone, induced in the second4ry winding of the
dial tone transformer; is connected to the calling tine
by the first selector. The calling telephone user taus
hears the regular steady hum of the dial tone right after
lifting the handset from the cradIe. This tone signal,
provided only by the first selectors, tells the user that
he can start dialing. Upon receiving the 'dial tone, the
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calling party proceeds to dial ,the digits of the desired
telephone number._

The sequence of ope on of the select% is given in
e 2-2 and the folio g paragraphs:

ay Aoperates. Pulsing elay A is bridged across
the and -- sides of the icing line loop when a
selector is seized and pulses in response to the dial.
Relay A operates because its operating circuit is
completed over the loop through the dial of the calling
telephone when the loop of the calling telephone is
extended (switched through) from the linefinder to the
selector. Operation of relay A con'tpletes the operating
circuit of bolding relay B.

Relay B operates: Relay B operates and partially
pletes (through contracts 2 and 3)a pulsing circuit

for:the future operation of relay C and the vertical
magnet in series:

Right afterseizuro of the selector, the ground on the
C lead holds the preceding switch (linefind4r)
operated during the time the selector is operating and

moan, until the holding circuit of the selector is extended to
the next switch in the train (second selector or
connectot): The selector is now ready to respond to
pulses friim the 'Alai of the calling telephone.

Exercises (407):
1. Which selector relay provides dial tone to the

calling telephone?

2. Which operated selector relay conects ground to
the C lead to hold the linefinder i Aerated?

3. Which selector rely pulses during the dial
operation?

408. Using foldout 2's selector.schematic diagram,
identify the selector equipment or actions that
provide vertical stepping.

Vertical Stepping. When 2 dial .tone,....ks heard, the
calling party dials the digits of the desired telephone
number. Operation of the dial causes the dial pulse
spring contacts, which are normally, in the closed
position, to break and mak& in rapid succession as the
dial returns to.nonnar; thus opening and closing the
Calling line loop. The number of such pulses, or
interruptions in current, is equal to the number dialed.
Since relay A is connected across the loop of .the
calling telephone, it restores and reoperates over the
loop once for each dial pulse. Thus, if the digit 5 is
dialect; relay A restoresand reoperates five

Frst vertical step. (Operated: Relays A and B.)

When the first digit of the desired telephone number is
dialed; the relays in the selector circuit operate in the

.." following sequence.. --C.(1 )"Relay A restores and reoperates in response to
the opening and closing of the dial pulse springs, For
the duration of ja first break of the dial:contacts,

lay A restores.Vben in this restored (unoperated)
position, it closes the operating circuit of transfer relay
Ciand the vertical magnet as seen in figure 2-2. Upon
rAtoring, relay A also opens the operating circuit of
relay B.

NOTE: Relay B does not restore when its operating
circuit is opened by relay A, because its slow releasing
action makes it stay operated during the, time its
operating circuit is open. This slow releasing action of
relay B is due to the magnetic effect of the copper slug
at the heelpisece end of its core.

/.:

(2) Relay 2' operates because relay A restores
during the open period of to first pulse to close the
Operating circuit of relay C. Operation of relay C
partially completes the operating ciKuit of relay E and
the rotary magnet. Operation of rilay C also shunts
relay F to prevent the latter from operating during the
interval between.the operation of the VON (vertical
off-normal) s 'Witch (SW -1 ) and operation of relay E.
This is the first of three shunts on relay F. The
operation of relay C thus provides ground on both
sides of the winding of relay F, which is held in its
normal unoperated position.

(3) Vertical magnet operates. Since the vertical,
magnet has its winding connected in series with the
winding of relay C, its operating circuit is completed at
the same time as the. operating circuit of relay C.
Therefore; the vertical magnet operates in response to
the first dial pulse. Its operation raises the selector
shaft one vertical step on the vertical ratchet, placing
the-shaft wipers in line with the first horizontal row of
bank contacts.

(4) VON switch operates. As the switch shaft steps
its wipers up to the first level of selector bank contacts
in response: to the first operation of the vertical
magnet, the VON switch SW-1 operates mechanically
and closes its normally open spring _contacts. Thus; by
the time the shaft has taken its first step upward,
springs 2 and 4 have made contact with springs 1 and
3. Operation of the VON'switch; Own in foldout 2,
completes the first operating circuit of Telay E. When
the VON switch operates, it also completes part of the
operating circuit of the release magnet. A circuit is
thus prepared for the operation of the release magnet.
(This permits the selector to be released at any time
after its seizure, when relays A and B restore, the VON
switch has operated, and relay Elias not yet operated.
If the handset is replaced on the cradle of the calling
telephone just before the wipers of_ the selector has
seized an idle trunk, the opening of the loop of the
calling telephone will open the op .rating circuit of
relay A. Relay A will then restore and opens the

17
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operating circuit of relay_ B_,_ thereby releasing relay B.
Release of relays A. and B completes the operating
circuit of the'-release magnet to ground ttfrough
contacts 4T an0 5T of relay _F, thus operatingithe

,, release magnet. 1Dperation of the release magnet IJfen
returns the switch shaft to its normal position.)

(5) Relay _E operates. Relay E is called an auto-
rotary relay, hecause by opening and closing contacts
3 and 4; it interrupts the operating circuit of the rotary
magnet. Relay E o rates first when its initial
operating circuit is cl k.t1 through wring contacts 3
and 4 of the VON sw ch SW- I (see FO 2). When
operated, relay E locks Itself in the operated position
by closing its own holding circuit. This holding circuit
provides an alternate path to ground for the operating
circuit of relay E. Thus,_ when relay C restores, after
the last pulse-of the first digit, and-o_pens the operating
circuit of relay E. relay E is held operated. OperatiOn
of relay E also partially completes the operating.circuit
of the- rotary magnet. The locking of relay 1E in the

1-operated position makes it possible to complete the
operating circuit of the rotary magnets to ground at
relay B later,- when7relayC restores. When relay E
operates; it also closes a multiple shunt _to relay F.,-,A
circuit, extending from ground at relay F through-, the
winding of relay F to ground at relay B, is Thus
established to prevent completion of the operating
circuit of relay F at this time. The second shunt onkthe
winding of relay F occurs while the first shunt is still
established. Thus; when the first shunting ground -is
removed front relay F by the-release of relay C at the
end of vertical stepping, the second shunt keeps F
shunted. The second shunt of relay F prevents the relay
from operating during the interval between the end of
vertical stepping and the beginning of rotary stepping;
just before the wipers take the first rotary step onto the
bank contact of the first trunk on the dialed bank level.

(6) Relay A operates after the first pulse. At the
end of the dial pulse, the dial contacts close, restoring
the dial pulse spring contacts to their normal

.This s again closes the,operating circuit of
,;.relay A to reoperate it over the loop. When relay' A
reoperates, it completes the operating circuit of relay B
and opens the operating circuit of relay C and flie
vertical magnet. This action is also indicated in figure
2= 2. ,

(7) Relay 4:{ remains operated: Relay B; which did
not restore during the first pulse because of its slow
releasing action, remains operated, since its operating
circuit is complete again:

(8) Relay C _remains __operated. When relay A
reoperates after the first dial pulse, relay C, which is
slow releasing; holds itself operated for the fraction of
a second, during which time its operating circuit is
opened by relay A. i.)

(9) Vertical magnet restores. When its pperating
circuit_ is opened' by the restoration of relay A. the
vertical magnet restores. .,

Additional vertical steps/(Operated: Relays A. B, C
andX, and the VON switch SW- I.) For each dial pulse
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after the first, relay A restores during the open period
of the dial pulse springs and reoperates during' the
closed period of the dial pulse springs: The moveable
springs (sometiMes called the lever spring or armature'
spring) of relay A reacts to theaction of the dial pulse
springs: Each time that relay A _restores; its lever
spring returns to its normal unopeated position. t,
closes the operating circuit of the vertical magnet
through the winding of _relay C, and opens the
dpera;ing circuit of relay B. When A reoperates, -the
operatingcircuits of relay C .and the vertical magnet
are opened, and_the operating circuit of relay B is
closed again. The vertical magnet operates and
releases each time the armature spring of A relay
breaks and makes, which, in turn; was activited by the
dial pulse spring, of the calling telephone. Each
operation of the vertical magnet raises the shaft and
the wipers one vertical step. The wipers are thus lifted
step by step up to the bank level of the digit dialed. For
example; if 4 is the first digit dialed, the vertical
magnet operates. four times, and the wipers are raised
to the fourth level of bank contacts. The-dialing of 0 a.s
the first digit (0 being an abbreviation for 10 an a dial
number plate) operates the vertical magnet6I0 times,
raising the shaft and wipers to the tenth or top row of
bank contacts. The VON switch SW-I.-however; is
operated mechanically during the fist tiertical4tep of .4

the shaft and remains in theoperatea 'position until the
shaft returns to normal when the call is ended. Relays
B arid .0 do not restore during the 64)sing period when
their respective Op_eratin_g circuits' are opened by the
action of the armature spring of relay /!$. The slug on
the heelpiece end of the coilS of these relays enables
them to remain operated for the short period of tiie
they are disconnected_from ground _at rely F, Two
exceptions are_ th4 VON switch SW41 and relay C.
1.vhicti--operate during the - step: The

openceof operation for the sel4tfir oir:each step
a nit is identical with that of the first vertical ,

ste. reaching the dialed bank level; the shaft
and d are reatiy for'automatic rotation across the
selected w of bank contacts in search of an idle
trunk:

Exercises (408):
1. Identify the operated selector relays during the

first break of the dial pulse springs.

2. What prevents relay F in the Strowger selector '.
circuit from operating?

r
3.. Is the Strowger switch "stepped" by mechanical or

electrical actions; or both?
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409. Using foldout 2's Si leetor schematic diagram
and figure 2 -2 as necessary; give the selector
components or actions that provide rotary stepping.

otary Stepping. After all of the pulses of the first
digit hich ` control vertical stepping have been
receive otifthe dial hasp returned to normal; the dial
pulse springs come_ to rest in -the normal cloSed
position.' Relay A, therefore, reoperates and remains
operated: The selector is now ready for automatic
rotary stepping.

First rotary step. (Operated: Relays A, B, C. and
and the VON twitch SW- I:) The sequence of rotary
operation of the selector is as follows-

(l) Since relay A.remains operated over the calling
line loop; it holds relay B operated.

(2) Relay C restores. Look again at text figure_2--.2.
Relay A opens the-Operating circuit of relay C. Relay
C remains operated during its slow releaSe period and

. then restores, Once pulsing has ceased, relay C4estores
despite the delay caused by its heelpiece slug. With
relay E Still locked in the opeiated position;_the release
of relay C completes the operating circuit of the rotary
magnet. Release of relay C opelts.the initial operating
circuit of relay Eby opening its contact 1 and;3.*hen
relay C restores, it also removes the first shunt from
the winding of Way_ F. Although the first shunt is
disconnected frtim 'its winding; relay 7F is still
prevented from opeiating*'the second shunt on its
winding.

(3) Rcurtry -Magnet operates: When its opting
circuit ii. completed. by the release of relay C, the
rotary magnet operates. The operation of the rotary
magnet rotates the shaft and its wipers one step from
their osition outside the dialed bank levatd the firSt
Set of bank contacts. The rotary magnet; when
operated; opens the. holding circuit of,relay _E by
opening the normally cloSed rotary interruplj springs
(SW=2) through..which the locking circuit o relay E
was completed;

(4) RELAYs.E restores.' When the rotary _magnet
operates and opens the holding circuit of relay E, relay
E restores; The initial' operating circuit of relay E was
opened after the last dialpulse when relay C restored.
Following release, relay E_opens itscontacts _3 and 4,
opening the operating circuit of the rotary magnet. In
the remainder of our discussion, the action of relay E
depends upott'whether the C wiper makes contact with
a busy. (grounded) Or idle trunk.

(5) Rotary magnet_ restores. After restoring, the
rotary magnet causes the rotag interrupter springs to
return to their normally closed position.

Trunk hunting. (Operated: Relays A, B, and E; and
the VON switcff .SW-1,) "Trunk hunting" ?is the
automatic action of a rotary magnet in stepping .the
wipers over each set orcontacts on the dialed tank
level. Hunting continues until the wipers cope in
contact with an idle trunk or until they are stepped off

,;--
e__ _

the bank at the eleventh rotary step. when all the
trunks are busy. ''Thi 'votary stepping action is
ainiirriatic and depends n each control bank c..oritact
engaged by the C wiper: -eep in mind' that the &introl
bank contacts of each gro p of selectors are connected
in .multiple in the same ay that:the line banks are
multiplied: that is control bank contact 11 on each of
the,other selector control b nks. For example, when a
seleddr seizes think I I , it makes the trunk busy by
connecting ground to contr I bank contact I I . Since

'''' the control banks are conne Cann multiple, trunk 11
. will be marked busy by all t selectors in the grilup.
As the wipers are rotated ac ess any row of control
bank contacts, they .test ea trunk in that row,
Stepping:by each grounded 0 busy trunk until they
come to rest on an idle trunk or step off the bank.
When the first trunk is busy, eound on theC wiper'
puts a third shunt on the 'windi\ng of relay F before
relay E, in restoring; removes t -second shunt._,The
tliird shtint is removed from rela F only 'when the C
wiper stepped off the,busy tru -k: Relay F is-thus
prevented from operating as long the C wiper finds
ground on the control bank. Grou d on the C wiper
also,enabkes- the rotary- magnetAhicb restores after.the
first rotary stdp; to complete the kecond operating
circuit of relay E.

19
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The sequence . for the fihOhlatiC t nk hunting is

shown in figure 2:2 an outlined. in the following
paragraphs:

SI ) Relay E reoperates. Relay E r peraies upon
ciiimpletion of As second operating cir it, which is
completed from=grdund on the C wipe When the
relay operates, it recloses its own holding ircuit. The
operation of relay E also closes its conta 3 and 4.
Which again completes the operating_ diraiitpf the
rotary magnet. .Contacts I and 2 of kelay E again close
the Sedond shu on relay F. This second hunt on
relay ceThpleted .when relay E first -hperateti
duripg vertical steppini It is completed this point in
the Wry stepping sequence to prevent relay from
operating When its third shunt is removed during the
time that the C wiper thas broken contact with the
grounded bank contact of a busy trunk and is
adyancing to die next contact.

(2) Rotary magnet itoperates. Since the opiptatittg
circuit is again completed through contacts 3 and 4'ef

,TelaysE, which controls its circuit, the rotary magnet
reoperates and again steps the Shaft and its wipers to
the next set of bank contacts; that is; to the sar*
.contacts of the second trunk on the diaied
Reopei-ntion9f the rotary magnet, in opens ",
contacts I and 2 of SW-2, opening bqin the second
operating aid the locking circuits of rela E.

(3) Rela-7 E_ restores. When its o rating and
locking .circuits are opened by s ddr-ing
reoperation of the rotary Magnet, relay E once again
restores and opens the circuit over which the rotary
magnets operate., E
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(4) Rotary magnet restores: When its operating
circuit is interrupted at contacts 3 and 4 of relay E, the
rotary magnet restores.

(5) Second trunk busy. If the second trunk is husy.
the C wiper will find ground at the second contrOl
bank contact and again complete the second operating
circuit of relay E, which 'connects the third shuntoto
prevent relay F from operating. Thus; relay E and the
rotary magnet continue to interrupt 'each _other's
circuits to operate these relays; advancing the. wipers
step by step over the contacts of each busy trunion the
dialed level. This action between relay -E and the
rotary magnbt and the stepping of the wi rs over the
bank contacts of -each busy trunk bot ntinu"?,until
the C wipers reach the control bank c' .ct of arPidle
trunk; or until the wi are stepped o he bank after
finding all 10 trunks n_ -the level busy. Relay F;
moreover, remains shuntedAnd cannot operate as long
as the C wiper finds ground on die control bank
contact of an idle trunk or until the wipers reach the
eleventh rotary step.

Exercises (409):

1. Name the component which through magnetic
attraction moves a shaft and wipers horizontally/
over a bank of contacts.

'2: What connecting action (arrangement) provides
that all associated selector contacts have the same

\teelectrical condi t n for the moving wipers?

3. Identify the Too selector components which
operate alterniFfely to move the switch wipers
horizontally over the bank contacts.

410. Using foldout 2's selector schematic diagram,
name the selector devices or actions that seize an
idle trunk..

Idle Trunk Seizure. (OpeAated: Relays A and B,
and the VON switch SW -I.) When the + and line
wipers are stepped to the line bank contacts of the first
idle trunk on the dialed level, th wiper will be
stepped to the late control bank con/act of the same
trunk. The absence of ground on the control bank
contact found by the C wiper prevents thecompletion
of a second starting circuit for the reoperation of relay
E, which restored when the-._ rotary magnet last
operated. This ungrounded condition of the C lead of
an idle trunk prevents further rotary stepping. In
addition, when relay E _restores; it will remove the
second shunt from relay F's winding. Since there is no
ground on the C wiper then, the third shunt of relay F

is men. When the C wiper seizes a\ditile trunk; the last
of the shunts of relay F is removed, illowing relay F to
operate.'1The cut-through operatiOn takes place in the
following sequence:

Relay F operates. Since the function of relay F is to
swatch the loOp of the calling telephone from the first

, selector through to the next switch in the train; it is
called _the cut-through relay. During. vertical and
rotary item:ling, relay Fr remains shunted: first, from
ground at relay B back to the same ground at relay B
.(when relay C operated during the first vertical step);
second, from ground at relay B to ground at contacts
4T and 5T of relay F (when the VON switch operated
during the first vertical_ step); and third; from ground
at relay B to ground at the C wiper each time the wiper
found a busy trunk: Each of 'the three shunts
overlapped; so that when one was_removed, another
remained on the winding of relay F to prevent
completion of its operating circuit. Thus; when the
first shunt of relay _F was opened while C relay was
releasing at the end of vertical stepping, the second
shunt took its place. When the second shunt was

'opened each time relay E was restored; the third shunt
stopped relay F from operating. With the release of
relay E and the connecting to an idle trunk by the C
wiper, the operating circuit for relay F is now
completed. A circuit for relay E is also completed,
since the two relays are connected in series: Because of
the way they are made; relay F will operate; but relarE
will not operate when they are connected in series.
Relay F has a high resistance winding (1300-ohm) and
is designed to operate on a small amount of current.
Relay E has a low resistance winding (210-ohm) and
requires a large amount of current to operate: When
the relays are connected in series, the total resistance
of the two windings will not allow enough current to
flow to operate relay E; but enough current will flow
to operate relay F. Relay F opened its grounded break
contacts 4T-and -ST and its three sets of break-before-
make contacts; disconnecting the -I- and leads of
the incoming trunk from the two windings of relay A
and ccionecting ; and C leads to the -I-, , and C
tvipers. This opens the operatingcircuit of relay A and
the grounded contacts of relay F. The -I- and leads
are extended to the leads of the outgoing trunk leading
to the next switch in the switch train (second selector
or connector). Relay F connects the C lead of the
selector to the C lead of the outgoing trunk from the
selector banks to the next switch in the train; so that
the next switch may.return a multiple ground to hold
relay F and the entire switch train operated after relay
B restores. When relay F operates; its ST and 4T
contacts open and disconnect ground from part of the
incomplete operates circuit for the release magnet,
thus preventing the release of the selector after relay B
restorp. The calling telephone loop is thus extended
through the first selector to the next switch in the train;
completing the operating circuit of relay A of the next
switch.
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Relay A of the fiat selector restores. After relay F

operates and opens the operating circuit of relay A at
contacts I B, 2B, 4B, and 5B, relay A restores, opening
the operating circuit of relay B.

Relay B restores. Although its \ operating circuit is
opened at -two paints, first, by the opening of contacts
4T and 5T of relay F; and a fraction of a second later,.
by the opening of &contacts 2 and 3 of relay A. relay B
does not restore light_ away, because it is slow to
releaseRelay B remains operated and keeps ground
on the C lead long enough to allow relay B of the next
switch in the train to operate and place a multiple
ground on the C lead: This multiple ground on the C
lead prevents the switches which have already been
seized from being released when relay B of the first
selector restores.

. Relay A of'the next switch operates._After relay F
operates, it switches the f, , and C leads of the
incoming trunk through to the matching +, , and C
leads of the idle trunk to the net switch in the train:
Relay A of the next switch now. perates over the loop
Of the calling telephone:

Relay B of the next switch operates. Relay B of the
switch which follows the 'first selector operates upon
completion of its operating circuit by relay A of that
switch. When relay B of the _next switch operates; it
Connects ground to the C lead. The ground is applied
to_ the Cilead before slow-releasing relay Et 1 the first
selector has had time to restore and to remo its own

7 ground from the C load. The two groundsipro ide a
safety margin which prevents. the accidental of
the switches during connection between the rst

-selector and the next switch in the train. This_m thod
of having a safety/round and extending holdi g and

' guarding circuits from one switch to the nextt is the
basic principle of step-by-step automatic switclqng.

Relay B of the first selector restores. After a delay
because of its slow releasing action, relay B of the first
selector restores and disconnects ground -from the C
leadby opening its contacts 4 and 5., At this time in the
sequence, the C lead remains grounded through the
contacts of relay B of the next switch. When relay_B
restores; _it kartially completes a circuit operation
of the release magnet through contacts 2 and 1 of the
VON switch SW-1, through contacts-1 and 2 of relay
Band through contacts 1 end 2 of relay A to contact
4T of relay F. This circuit is completed to ground
through contact 5T whdn relay F restores. The release,.
of relay B_ further' opens the incomplete operating
circuit of the vertical magnet (by 'opening contacts* 2
and 3); the incomplete circuit to the rotary magnet (by
opening contacts 4 and 5), and the first operating
circuit of relay F (by opening contacts 4 and 5).

Relay F remains operated. Before relay B restores-
and removes/round from the first operating circuit of
relay F; ground is connected to_the C lead by_relay B of
the next switch in the train. When relay F operates
after the- first idle trunk is seized, it extends its sown
holding circuit to relay B of the next switch in the Train

. ;
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by switching the C lead through to the C wiper resting
on the first ungrounded control bank contact of the
dialed level. Relay F is now held operated by ground
at relay. B of the next switch when the ground of its first
operating circuit is removed by relay B of ,the firSt
selector.

N-OTE: Relay F is now the only operated relay in
the first selector.

The I of the calling telephone is now connected
to the next switch in the train, and the calling
telephone obtains current from relay A of that switch:
Relay F remains operated for the lengh of the call to
prevent the switch from releasing. Thenext switch in
the train is, therefore. free to operate and to extend the
loop to a following connector if the next switch is a
second selector, or to the called telephone if the next
switch is a connector:

Exercises (410):
1. Identify the line bank contacts.

2. Name the wiper that touches the idle control bank
contact to seize a trunk.

3. Name the selector relay that connects the loop of
the calling telephone to the subsequent switch.

4. What 'circuit factor limits the current in the4components?

5: Name the Strowger selector relay that remains
operated for the dpration of the telephone
conversation.

411. Using foldout 2's selector schematic diagram
and figure 2-3 as reguired, specify the components or
the circuit actions that_*elease the_ telephone
equipment following completion of a call.

_ Circuit Release .Following_ a Completed Call.
(Operated: Rely F and the,VON switch.) When the
handset is replaced; the loop of the calling telephone is
operated at th cradle switch, thus opening- the
operating circuit f the connector relay A.

Relay A of the ',nectar restores. When relay A of
the connector (the last switch in the train) restores, it
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Figure 2-3. Selector normal release sequence.

opens the operating circuit of relay B of that same
switch.

*Relay B of the connector restores. Relay B of the
connector, after a fraction of a second's delay,
[restores, and in so doing, removes ground from the C
lead. Removal of ground froni the C lea4 °peg, the
operating circuit to relay F of the selector.

Relay F of the selector restores (see fig.- 2-3).*When
ground is removed from the C lead, relay F restores
and performs the following functions:

(IA Disconnects the , and C leads o the
incoAng trunks from the ,and C leads o _the-
outgoing trek to the connector. Removal ground
from the C lead also rele ses the preceding efinder.

(2) Closes the operating circuit of th release
magnet.

Release magnet operates, When is operat
is completed to ground at relay F by the el

\relay F, the release magnet operates. As the re eas
magnet attracts Is armature, the armaturestrikei the
double detent, moving both the vertical and rotari
deients away from the vertical and rotary ratchets. Thlet
permits the helical spring to rotate the shaft away frog4,

ribank level to its rosary position one step off diC
k level thus moving the wipers away from the bank

contacts and the vertical ratchet of the saft hub from
the stationary detent. Since the shaft is no longer
supported by the stationary detent, it drops to ''-jts
normal position; As the shaft- returns to its vertical
position, it restores the VON switch SW-1. Release of
relay F also completes the operating circuit of the -\
release alarm, which is in series with the release ,
magnet. This action provides an alarm if the selector
fails to relew.

VON switch restores. The VON switch; SW-1, which
was_ operated mechanically as the shaft was raised to
the. first vertical step remains in the operated position
until the.shaft returns to nOrmakAs the shaft drops, its
weight is again placed on, the ,off=normal level, which
normally holds the movable tptitlgs of the VON switch
separated frOm its fixed springs. The operating circuits
of the relbaie magnet and the release alartn relay are
opened at contacts 1 and 2 of the VON switch. These

circuit
of

contacts are held open when the shaft is in its normal
(unoperated) pOsitiOn.

Release'magnet restores. After its operating circuit is
opened at the VON switch, the release magnet
restores. The selector is now released from all trunks
and is ready to be seized for another call.

Exercises (411):
1. Name the first relay.to operate in the Strowger

connector circuit.

2. Ideitify the trunk lead and potential that holds
selector relay F operated.

3. State the operational sequence for Strowger
selector, connector, and linefinder when a call is
developing.

4. Name the mechanical device(s) of trowger
switch which holds the shaft in pdsi while a
conversation is in progress.

412. Using foldout 2's selector schematic diagram,
isolate all components or circuit actions that
indicate that all trunks are busd

<44

MI Trunks Bony (ATB).' (Operat : Relays A and
and the VON switch.) If the cctor wipers, in

Juntins for an idle trunk on the dia level; find all
1;0 trunks busy; they are stepped autotiiatically off ihe

k to the eleventh rotary position. If there are fewer
in 10 outgoing trunks from the selector bank level;

the vacant contacts are grounded at the control bank to
permit the wipers to step past_ them. As the switch' shaft

.rotates its wipers off the tenth set of contacts on the
.- selected bank level to the off-bank position, a cam

Claim* on the lower part of .the shaft mechanically
operates the cant springs (SW-3); which are mounted
on the Selector frame. During operation, contact 2
breaks with contact 1, and contact 3 makes with
contact 5 before contact 5 breaks with contact 4. The
ATB TONE and GND lead, which is connected to
cam spring 3, is extended to the lower 20Q-ohm
winding of relay A. This safety feature insures that
ground for the operation of relay A will not, be
removed from the + line during the operation of the
cam springs. In this way the: cam springs, when
operated, cbmplete the ATB tone circuit to the calling
telephOne. The circuit is completed by disconnecting
dial tone from .selector relay A-and replacing it with
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ATB tone. When either dial tone or ATB tone current
is transmitted. the alternating current for the audible
signal is induced in the secondary winding of the dial
or busy tone transformer . and added to the direct
current in the telephone circuit. The primary winding
of- the busy tone transformer is connected to an ATB
tone interrupter. The ATB tone interrupted produces
the regularly spaced tone pulses that are heard in the
receiver of the calling telephone to signal the calling
party to "hang up" and wait a few momentsxbefore
lifting the handset and dialing again.

Dial tone is ah audible signal showing t4at the
selector is connected to the calling line and dady to
respond to dial pulses; whereas ATB tone indicates
that all trunks- on the selected bank- level are busy
ATB tone reaches the calling telephone over a pailT
similar to ithat taken by dial tone. Its circuit extends
from ground through the second. winding of a busy
tone transformer; through.cam spri contacts 3 and
5, through the lower 200-ohm win ing of relay A,
through contacts 4B and 6B of relay 'to the + side
of the line loop; through the calling to 'hone; to the

side of the loop, through contacts and 1B of
relay F. and through the upper 200oh winding df
relay A to negative battery. The make- . ore-break
springs of the cam spring assembly p vent the
operating circuit of relay A from opening d ring the
time the DIAL TONE' GND lead is being
disconnected and the ATB TONE and GND is
being connected to the lower 200-ohm 'wind .g of
relay A. That is, ground via the DIAL TON and
GND lead is not removed from the + side of the me
loop until the ATB TONE and GND head has a en
connected to it. .

Operation of the cam springs also further opens, t
contactsI and 2; the incomplete operating circuit
relay F to prevent it from operating and releasing rela
A when the C wiper does not encounter_ground at the
eleventh rotary step. With the wipers off the bank on
the eleventh rotary step, there is no groandNon the C
wiper (as in the case,of busy trunks) to shunivelay F.
Since the C_wiper is ungrounded at the eleventh rotary
step, relay F will operate, unless its oVerating circuit is
open or again shunted. Since there is noprovision for
shunting relay F at this point; cam.springs 1 and 2 are
opened as soon as the wipers step to the eleventh rotary
position:

Exercises (412):

1. Qive the maximum number of, trunks the teleCtOr
()rivers move over before re/01161g ;#3 e ATB
position.

.

2. Name switch that operates when all the trunks
toitfelt.o are found to be busy.

r

t,
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3. Compare _the dial and ATB tones:
ti

4. What difference should you notice if you_ test a C
Wiper for an idle trunk and a buSy trunk?

--,..._.

413. Using_ foldout 2's selector sche,matic diagram
and figure 24 its necessary, state the components or
identify those circuit actions that release the
telephone from AlItTrunks Rimy condition.

',rob
All,Trunks

Release When All Trunks Are Busy.
(Operated: Relays A and B. the VON switch, a4d the
cam springs.) If the handset of the calling telephone is
placed on the cradle' when ATB TONEis heard. the
"release of the selector Circuit, seen in figure 2-4, iS
completed in the following sequence:

Relay A reliores. When the handset is replaced on
the cradle; the laap from the calling telephone to the
selector is opened at the cradle switch, which opens the
operating circuit of relay A: When relay A restores, it
opens the operating circuit-,of relay B by disconnecting
its winding from groundi Betiuse of-its slow releasing
action. relay BAcrnains oixrated for a moment after its
circuit is- opened; thus connecting the operating circuit
of relay C d the vertical magnet to ground at relay

Relay C tes: Upon completion 4 its operating
circuit by th release of relay A and thetime delay in
the release of relay B,4 C operates, but it performs
no useful function at this e; except to open further
thesircuit for the rota et at its opened contacts
2 ankl 3.

CALLING PARTY HANGS L/P

1
8 VM

Figure 2-4. Selector release form ATB.



Ve'rtical Magnet operates. Completiouof the vertical
magnet operating circuit makes the switch shaft take
one vertical_ step. This operation serves no useful
function at thiS time. The shaft will fall back when the
magnet restores.

Relay B restores. A fraction of a second after its
Operating circuit is opened by relay A, relay El restores
and closes the operating circuit of the release magnet.
This circuit is establis*ai from groUnd through
contacts 5T and 4T of relay F, through contacts 2 and
I of relay A, through' contacts 2 and I of reliay B.
through contacts I and 2_ of relay SW -I, through the
I 30=ohrii windink\ of the release alarm relay to
negative battery: Release _ of relay B opens the
operating circuit of relay C and the vertical magnet
and removes ground (at contacts 4 and 5) of the C lead
to release all the switches in the train and to ake this
switch idle.

Vertical magnet restores. Opening of the vertical
magnet- circuit at contacts 2 and 3 of relay B releases
the magnet's armature.-thus, dropping the vertical pawl.
back from the tooth of fhe'vertical ratchett

Retay C restores. Who relay B restoresit opens the
operating circuit of relay C at its 2 and 3 contacts,
restoring relay C.(after a moment of time delay).

Releare magnet operates: Comkgion of the release
magnet circuit of the selector returns the switch shaft

,and Wipers ,to normal. As the shaft_ retups to its
normal position, it restores the cam springs (SW-3)
and the VON switch (SW-I).

Cam springs restore. The cam springs were-operated '-
by a cam on. the switch (Shaft when the wipers were
stepped to the eleventh rotary-_ positioor The cam
Springs ariffeattireildiuing_the release cycle, when the
`Shaft spring rotates the wipers off the eleventh rotary
position; back to the normal position. Release_Of the
each springs removes the ATB- TONE and GND lead
from the lower 260=otun_ winding of relay _A and
replaces it with DIAL TONE and _GND,ilead in
preparation for the next call. The operating circuit for
relay A; however; remains open at the cradle switch of
thewifig telephone.

VON switch restores. The selector shaft, in returning
to its_normal positiam mechanically restores the VON
switch (SW =1). As SW-1 is restored, its 1 and 2 springs
open the operating circuit of the release magnet. N

Release magriet restores. Since its operating circuit is
open at the VON switch, the release magnet restores.
The selector is then released and may berseized for
another call.

Exercises (413):
I. To operate relay C. what potential is connected to

it by the released relay A?

2. Which selector switch magnet is the last to operate
while the circuit is returning to normal?

24

3. List compouents of the release magnet operating
circuit.

3. How are the wipers(moved to the eleventh rotary
position _during selector release (mechanically or
electrically)?

2=3. ,Troubleshooting the Selector

You have learned that searching for trouble is one
of your tasks. In ttie previous chapter, we
revieyed a stepping switch trouble symptom whicft was
caused bY-a circuit relay, Of course, the saniefitepping
switch synipidin mai also he seen in the selector
circuit. It could also be a relay defect. But, it could be
caused by other defects,,Moreover, additional trouble

,,symptoms and troubles are to & found in the selector.
,

414. Givep typical selector equipment trouble
symptoms, and using foldout 2's .schematic '
diagrams, determine the probable causes of trouble
in each instance and state tbe necessary corrective
actions.

The of most telephone circuit troubles are
not easily identified, because several troubles m
cause the same or a similar symptom. You shou
recall; too; . that most good repairmen study
telephone circuit and use a basic knowledge
electricity and the system to isolate the Probable
trouble. In the following sample trouble, then, let's'
refer to the typical srp-by-step Selector schematic
diagram while determining probables- which could
cause this symptom. 1

The trouble symptom is that the selector switch has
stepped. vertically .1.1d rotary, then released. What
'device(i) and what actions normally-hold the switch
operated during the call?

We said that relay F remains operated during the
'call_ to prevent the selectOr switch front-releasing:
When studying basic electricity; you learned two
electrical conditions which can prevent a relay from
operating or releasin_g are a shunt of it or an open in its
operating circuit. The most common relay trouble is
probably an open circuit

Looking at relay F in the text schematic; we see fiat
contacts I and 2 or the CAM switch, contacts I and 2
of the rotary magnet, contacts 3 and 4 of the VON
switch, and the E relay winding are in the F relay
holding circuit, Consequently, if any set of these liSted,
contacts were dirty or open when they are supposed to
be, closed, relay F would, not hold the switch in
positin. Also, the defect could be open contacts 2T

(,).-, .5-
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and 3T of relay F, a maladjusted or diny selector _C
wiper, an open or dirty bank terminal C, or open mike
contacts of the B relay in the succeeding switch:

From this study of the electrical circuit for the
selector switch', we cah again see that the probable
trouble is a mechanical malfunction: relay and switch
contact condition. Hence, you may correct the trouble
by inspecting, testing, cleaning, and adjusting theSe
units.

Exercises (414):
Use foldout 2 and the text information for
determining the probable trouble that caused each of

2C1
the following trouble symptoms: State an appropriate
corrective action for each.

1. A selector was seized but released instantly
following seizure.

2. A Selector steps vertically but does not step rotary.

3. A . selector steps vertically, rotary, and remains
operated, It has not released.

4.
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V.
CHAPTER 3

Connector Equipment

THE CONNECTOR is the final switch fOr extending
the calling telopttntie ltiop to the called telephone. The
connector is similar in mechanical action and
construction to the.selector, but it has no vertical or
rotary interrupter Springs, since -both its- vertical: and
rotary movements are under the control of the dialof
the calling telephonei The connector may readily
recognized by the large- number of control= relays
mounted on its switch base: Thus; the connector; like
the _selector; is a two- motion stepping switch: but
unlike the seteetor, which tOSIXsittiS to the dial pulses
Of -the first dialed digit; the connector_operates_ in
response_to_tbe dial pulses of the lait two digits (TENS
and of the called telephone number. (The
connector can be described as, a fully numerical
switch:),

Ai you. might tictiett, there are several kinds of
connectors: We shalt discuss them next. Then we will
review the connector circuit Operation and
trotibleShOOting.

3-1. Types of Connectors
Yoti learned of four types of Strowger connectors

in the resident course. The great majority of
connectors are regular connectors which perform the
functions listed next.

415; Label four types of Stroviller connectors_ and
give a function, similarity, or difference identifying
each.

Regular.Connector. You should recall that this
connector de-et the-following:
__ a. Upon seizure; it holds itself and all other
switches in theswitch train operated And Nay to other
calls until the connection is- released.

b. It raises its wipers vertically and rotates _them
horizontally in response to.dialptilt-et Of the TENS
and UNIT-Sdigits of the called telephone number_

c. It keeps the line wipers_ disconnected during
rotary stepping in Order not to interfere with the lines
over whose bank contacts the wipers pass:

d: It tests the called line to determine whether it is
engaged or idle, prevents the connections Of the calling

/
line with a busy litre and provides busy tone to notify .
the calling telephone that_the called line is busy.

e. If the called line is idle, it extends the calling line
through to the called line and makes both lines busy;
so that the_call will not be interrupted.

It fully operates the called line's combined line
and cutoff relay.

g. It rings the:called line and connects- ringback
tone_ to the calling_ line, showing that the callid
telephone is being rung;

_ h. h removes ringing current from the called line
after the called telephone has answered-.

i. It supplies battery current for talking purposes to
both the calling and called telephones.

J__. It releases when the last hangs up: This -lets
all the other switches in _ ..-,switch train release'
without interfering with o r lines.

k If it fails to release- if either the calling or
called telephone user falls_ replace the handset on
the cradle;_ it provides a release, alarm signal to notify
central office personnel of the abnormal condition:

- In order to do the many listed functions, it has the
following eight relays:

A - Pulsing
B - Holding
C - Transfer (vertical to rotary stepping)
D - Battery reversal
E - Busy test
F - Secondary cut-through (ring cutoff)
G - Busy
H - Primary cut-through (ring start)

The circuit operation tracing and troubleshodting
that we describe in this chapter are for the regular
connector. '

Trunk - Hunting Corrector._ Trunk-hunting
connectors (sometimes Called PBX connectors) are
arranged for use %khere the traffic to a static,
department; or office cannot be handled by a sin
line. For such a use,, it is neces.cary to provide m
than o,ne line; although only one telephone numbe
(that of the firstiline of the group provided) is listed in
the directory., This first number is called the.-pitot
number: Lines of such a group are all located on one

26
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connector level, and theyare connected consecutively
to the connector bank contacts. The connector wipers
are moved by dial pulses to the bank contacts of the
first trunk of the group. If that trunk is busy, the
connector_ wipers automatically rotate to the bank
contacts of the second trunk in the group. If the second
trunk is busy, the connector wipers rotate to the bank
contacts of the third trunk in the group. The automatic
hunting process_ is continued until an idle trunk has
beep found. If all of the trunks in the called group are
busy. the connector wipers stop on the bank contacts
or the last trunk of the group, and the connector
returns a busy tone to the Calling lopp.

Executive Right-or-Way Service Connector.
Regular connectors may, be arranged to provide a
special type of _service referred to as executive right-of-
way service. When'such_ a connector -is dialed-to a busy
line, it returns a busy tone to the calling line in the
usual way. If an urgent call originates at the eiicutive
telephone (one provided-With the necessary
equipment), a special switch on the executive
telephone may 'be causing the connector to
extend the call to the called line, even though that line
is busy. Conversation among the three telephonesthe
executive telephone and the two telephones originally
connectedthen may take place. Or, the calling party
may request that both parties hang up. When this is
done, the connector will ring the called party and the
call will_proceed as a normal call.

Test Connector; Test connectors are supplied as a
part of each regular connector shelf and are mounted
at the left end of the shelf. (Connectors are mounted in
the supporting frame in groups in the same manner as
the selectors, and each group is referred to as a shelf).
The test connectors, used in conjunction with a test
distributor; permit routine testing of the telephone
lines from the test desk. Test connectors are not wired
to-supply ringing-current, and any telephone to which
the connector is dialed is signaled by ringing current
supplied frbm the -test desk.

Exercises (415):

1. Name the connector(s) which providts ringing,
ringback, and busy tone to.the line loop.

2. To which digit(s) of a dialed telephone .number
does the regular connector respond?

3. Identify one difference in connector bank
connections for regular and trunk-hunting
connectors.

.0
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4. Identify two types of connectors installed on shelf

j in connector bay 102.

5. Compare the regular and test connector
installation arrangements.

3=2. Connector Circuit Operation
Foldout 3 in the separate inclosure is a schematic

Vagram of a typical, 100-point regular connector,
which can be used to trace the operating sequence of
the various circuits and relays. Let's begin ipy
reviewing how a co ector is seized.

416. Using foldo t 2 and _foldout 3's connector
schematic diagrams and figure 3=1 as needed,
determine the components or actions that seize the
connector;

Seizure. A connector may be seized by a calling
line using either a line switch or a linefinder if the
system has less than 100 lines, or by a selector if the
system has more than 100 lines. In the ,following
circuit analysis; it will be assumed that the preceding
switch in -the switch train is a selector, since most
central-offices have more than 100 lines:
_ When the wipers of the preceding selector seize the
bank contacts of an idle trunk leading to the
connector; the loop of the calling telephone is
switched through to the connector by the selector. At
the same time, nothing is connected to the loop-except
relay F; shown in foldout 2, which is held opilated
during the cut-through period by a ground at illay B
of the selector. Since selector relay B- is a slow-
releasing relay; it remains operated and holds selector
relay F operated until its grounding function has b-een
assumed by relay B of the connector:Relay F, held
operated; thus prevents .the release of the connection
during the time between the seizure of an idle
connector trunk by the selector wipers and the
following operation of the connector.

Figure 3-_I shows the sequence of relay operations
that are outlined in the following paragraphs. When
selector relay F operates; it connects the +. -; and C
leads of its three-wire incoming trunk to the selector
wipers which are connected to the +, -, and C leads
of the idle connector trunk seized The loop of the
calling telephone is thus connected from the selector
banks to the connector, completing the operating
circuit of connector relay A.

Relay.A operates. Relay A operates over the loop of
the calling telephone, extended by the selector, and
closes contacts 2 and 3. thereby closing the circuit over
which relay B operates. When relay A operates; it also
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opens the incomplete operating circuit of the release
magnet by opening contacts I and 2:

Relay B operates. Relay B operates upon the closing
of its operating' circuit by relay A. Operated relay B
performs the following functions:

(1) It connects ground Jo the C lead of the trunk
(through contacts 6 and 7) to make the -connector
"busy" and to hole the L relay and the preceding
switches in the train operated and guarded against
seizure by other calls. This ground on the C lead
multiples; for a-moment; the ground on the selector C
lead (from selector relay B), which has held relay F of
the selector and the entire switch train operated. A
moment after selector relay F;operates; the release
period of slow-releasing relay B of the selector ends.
This causes It to restore. When selector relay B
restores; it removes its ground from the C lead and
from the operating circuit of selector relay F. Selector
F, however, remains operated from the holding
ground connected to the C lead by connector relay B.
The C lead thus remains grounded, preventing any
other selector, whose wipers may be trunk hunting on
the dialed selector level; from seizing the - busy
itnnector.- Since every connector can be seized and
_Used by/any ope of a number of selectors, the trunk to'
the connector; when seized; is made busy (by ground
from the C lead) at the control banks of all selectors to
which it is available.

(2) It prepares the circuit over which relay C and
the vertical magnet will operate. When operated, relay
B closes contacts 2 and 3, through which the operating
circuit of relay C and the vertical magnet will later be
completed to grourid at contacts 2 and I of relay A
when relay A restores during the first dial pulse-.

(3)1t partially completes the operating circuits of
relay E and the rotary magnet by closing contacts 2
and 3.

(4) It further opens the operating circuit of the
release magnet by opening contacts 2 and I.

(5) It closes contacts 4 and 5; thereby preparing a
ground-return path for the operating circuits of relay
H and r

Eitercises (416): r's

I . Identify the operated connector relay and the
potential it provides which holds the preceding
switches operated.

2. Name the connector A relay contacts and tell what
action they provide when the relay is operated and
released.

3. Detail briefly the procedure which seites a

Figure 3-I. Normal sequence fill- operation. telephone connector.
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Identify;the connecting method used to make a
connector busy to all searching selectors.

417. Using foldout 3's connector schematic
diagram, cite those components or actions which
provide vertical stepping.

Vertical Stepping. When the next to last (TENS)
digit of the called telephone number is dialed, the dial
pulse springs of the calling telephone open and close
once for each unit of the digit dialed. Relay A releases
and reoperates a number of times equal to the number
of dial pulses. Therefore, if the TENS digit dialed is 9,
the dial pulse springs break and make contact nine
times, and the operating circuit of relay A is opened
and closed nine times. ,

First vertical step. (Operated: Relays A and B.)
During the first break (open period or first pulse) in
the loop, the operating circuit of relay A is opened;
restoring_ relay A. Hence, the following sequence of
operation results:

a. Relay A restores, performing die following
functions:

(1 ) It opens the operating circuit of relay B by
opening contacts 2 and 3, Relay B, however, is slow
releasing, having a release time which exceeds the
length of the break period on the loop during which its
operating circuit is opened. Relay B, therefore, does
not restore on the first dialed pulse but remains
operated until its operating circuit is again completed
of the end of the first pulse.

(2) Relay A closes the operating circuit for relay C
d the vertical magnet by closing contacts 2 and 1.

. b. Relay C operates and, because of its slow
releasing feature; remains Operated throughout the
vertical pulsing period. The length of interruption in
the loop caused by the first dial pulse is shorter than
the release period of relay C. Relay C; in operating;
opens Ate operating circuit of relay Eat contacts 2 and
1. As relay C operates, it also partially completes its
own holding circuit through contacts 2 and

c. The vertical magnet's operation raises the switch
shaft and its wipers one vertical step on the connector
banks._

d The VON switch operates during the first
vertical step. in operating, the VON switch performs
the following functions:

(1)_ It opens the initial operating circuit of relay C
and the vertical magnet from ground at relay A by
openingspring_contacts 3 and 5.

(2)_ The VON switch completes a second operating
circuit for the vertical magnet and a holding circuit for
relay C by making contact 4 with contact 5, before
contact 5 breaks with contact 3 to open the first
operating circuit of relay C and the vertical magnet.
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(3) The VON switch closes a portion of the
operating circuit of the release magnet by closing its
contacts 1 and 2. Thispermits the connector to release
at any time after its seizure when relays A. and B_are
restored, the VON switch is operated. and relay D is

.unoperated.
(4) The VON switch prepares a circuit for the

operation of relay E by closing its make springs 4 and
5. This circuit will be completed at the end of the pulse
series when relay C restores and closes contacts and
2.

e. Relay A reoperates after the first' pulse. When
contacts of the dial pulse springs return to their normal
closed position, the loop of the calling telephone is
again closed to relay A, thus operating relay A again.
When relay A reoperates, it performs the following

- operations:
(1) It again closes the oprating circuit of relay B,

which remained operated during the first interruption
of its circuit.

(2) It opens the.operating circuit of relay C and the
vertical magnet by opening contacts 1 and 2.

(3) It also further opens the circuit to the release
magnet by opening contacts 1 and 2.

f Relay B which, because of its slow releasing
action; was held operated during the first pulse;
remains operated during the closed loop period
following the first dialpulse.

g. During thereoperation of relay -A after the first
pulse, Teiay C, which is slow releasing, remains
operated for the time during which its operating circuit
was opened.

h. Vertical magnet restores. When its first
operating circuit is opened by the release of relay A at
the end of the first open period in the loop; the vertical
magnet restores. Relay C, however, has partially -
-completed its own holding circuit through contacts 2
and 3. This holding circuit of relay C; when completed
on the second pulse, provides a second circuit for the
operation of both relay C and the vertical magnet
during each pulse after the first _pulse of the series.

Second vertical step. (Operated: Relays A, B, and C,
and the VON switch.) During each pulse or
interruption of current in the calling telephone loop
after the first dial pulse, the relays in the vertical
pulsing circuit of the connector function in the
following manner:

a. Relay A restores again when the secondpulse is
delivered by the dial; opening the loop for a moment
and, with it, the operating circuit of relay A. Since
relay B is held operated during pulsing, the release of
relay A completes the holding circuit of relay C. _

b. The vertical magnet operates once for each dial
pulse over the circuit route established for it by the
holding circuit of relay C. The first operating circuit of
the vertical magnet, closed oh the first pulse and then
opened by the VON switch during the movement of



the switch shaft up to the first 'step, is not used for
further operations of the vertical magnet. Each time
the vertical. magnet operates in response to a pulse in
the TENS digit series,- it raises the switch- shaft one
vertical step on the connector bank, The_ vertical
magnet thus follows the dial pulses of the TENS digit
pulse train and lifts the shaft, step by step, up as many
levels on the bank as there are pulses; for_exarhple, if
the number _2359 is desired, 5 is the TENS digit.
Therefore,- five pulses would be transmitted to the
vertical'wagnet by the dial pulse springs through the
pulsing contacts of relay A. The vertical magnet would
operate five times, stepping the %haft and wipers up to.,
the fifth level; The wipers rest jtat one step outside the
first set of contacts of the selected horizontal level of
bank contacts.

Sequence after _tht last vertical sty, (Operated:
Relays A, B, and C, and the VON switch.) After the
last pulse of the TENS digit, there is a pausabefore the
last (UNITS) digit of the desired telephone number is
dialed. During this interval the connector operates as
follows:

a: Re/ay A remains operated, and upon completion
of the LENS digit pulsing series, the dial contacts
return to their normal closed position; thus
completing the operating circuit of relay A. Relay A
thus operates over the- loop through the dial pulse
springs of the calling lephone and remains operated
until it is restored d ing rotary stepping. When relay
A operates at the en of vertical stepping, it opens or

loses the following ircuits:
- (1) It closes' the operating circuit of relay B by

c sing contacts 2 d 3.
It opens holding circuit of relay C and the

second . mg circuit of the vertical magnet at
contacts 1 and 2. While in the operated position, it
holds open the circuit over which relay ,C and the
verticaLmagnet operate.

(3) Relay A further opens the operating circuit of
the release magnet by opening contacts I and 2.

b. Relay B remains operated: It remains operated
throughout the period of vertical:pulsing and while
relay A reoperates after theist pulse. It holds open, at
contacts 1 and 2, the circuit over which the release
magnets_ operate.

c. After its holding circuit is opened at contacts 1
and 2 of relay A; relay C; with a delay of a fraction of a
second because of its slow release action; restores. In
restoring, it prepares the circuit over- which relay E
and the rotary magnet will operate when the UNITS
digit is dialtd. When releasing after the last pulse of
the TENS digit, it transfers the pulsing circuit from the
vertical magnet to the rotary_ magnet, which is
'Connected in parallel with relay E.

Exercises (417):
1. How many times is the connector pulsing relay

circuit interrupted when the number dialed is
2642?

2. Name the component which is operated when the
Strowger connector switch steps vertically and
identify its contacts and, the circuits they complete.

3. How many times does the connector vertical
magnet operate when the number dialed is 2135?

4. List the connector relays that operate to provide
vertical stepping.

418. Using foldor_ 3's connector schematic
diagram, determine' II components or actions that
provide rotary stepping;

Rotary Stepping. The pulse train of the UNITS
digit operates the rotary magnet just as theulse train
of the -TENS digit operates the y rtical magnet. The
UNITS digit, therefore, controls otary stepping;

First rotary step: (Operated: Re ys A and BAnd the
VON switch.) As the dial returns to normal after the
UNITS digit is dialed, the dial pulse springs break and
make as many times as the digit dialed, opening and
closing the loop of the calling telephontmOn the first
pulse, the operating circuit of relay A is opened; and
the sequence of operation thereafter is as follows: .

a. Relay A restores during the first pulse. When at
normal; it opens the operating circuit of relay B,
which, however, does not restore because of its slow
releasing action. In restoring it completes the operat-
ing circuit of relay E and the rotary magnet; which are
connected in parallel. The pulses from contacts 1 and
2 of relay 'A now are delivered to the rotary stepping
circuit instead of to the vertical stepping circuit. Sinca
the 335-ohm winding of relay E is connected in
parallel with the 57-ohm winding of the rotary
magnet; the two relays have their operating circuits
completed at the same time.

b. Relay E operates on the first pulse and performs
the following functions: .'

(1) It cloici a }multiple holding circuit for itself and -
the rotary magnet by closing contacts--t)and 6. Th'is
holding circuit will hold relay E and te rotary magnet
operated when their multiple circuit is opened at
contacts I and 2 of relay G. This holding circuit, as
well as the slow releasing action of relay R, holds relay
E operated throughout the rotary pulsing period: The
Jrlialliple holding circuit is established to prevent the
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(3) Relay E further opens the operating circuit of
the 125-ohm winding of two-step relay _H by opening
contacts -1 and 2. The circuit of relay H is completed
later from negative battery on the CN lead of the called
telephone line when the C wiper_ engages it on the
control bank and finds it to be idle. Relay E allOWS
either \elay G or relay H to operate at any one time,
but not bothat the same time. The opening and_closing
of contacts I and 2 of relay;E prevent relay H froth

.operating and switching the calling telephone loop,
throsugh to a busy telephone, but the clo_sing of the 2
and 4 contacts of relay E operates relay (3 and returns
busy tone to the calling telephone to indicate that the
called line is busy.

c. The rotary magnet and relay E operate at the
Same time When relay IA restores during the first pulse
of the UNITS digit. When first Operated., the rotary
magnet moves the shaft one rotary rep, rotating the
wipers on the banks to the position of the first set of
bank contacts.

d. When the loop is again closed at the end of the
first pulse,- the operating circuit of relay A is closed.
When relay A reoperates, it functions as follows:

(I) It closes again the operating circuit of relay B to
ground at contacts 2 and 3.

(2) It opens the multiple operating circuit of relay
E and the rotary magnet at contacts 1 and 2.

(3) It also Opens -the multiple holding circuit of
relay E and the rotary magnet#

e. During- the period of its release from ground at
relay A. when relay A restored; relay B remains
operated. Now, with its operating circuit again
established by the teopetation of relay A, relay B will
continue to be operated. Thus; relay :B remains
operated throughout the pujsi cycle. It restores only
when the loop is opened rmanentlyas, for
example, when the handset of t e calling telephone is
replaced on tba..eradle. .

f At the end of first pulse, when the dial pulse,
co cts close agar and operate relay A, operated
May contacts open the operating and holding circuit
of relay E. Slow-releasing relay E does not restore,
Since its release period is longer than the period of

S

2.97
disconnection from its operating and holding ground
at relay A, relay E operated during the rotary stepping
cycle.

The rotary magnet restores when its multiple
operating and holding circuits are opened. because:
relay A reoperates at the end of the first pulse. The
wipett thus come to rest for the moment on the first set
of contacts in the dialed bank level.

Second rotary step. (Operated: Relays A. B. and E.
and the VON switch.) On the second, and on each
remaining pulse of the UNITSdigit_dialed, relay A
restores during the open period and reoperates during
the closed period of each pulse, but relay B remains
operated. Ea& time relay A restores, it closes the
multiple circuit to relay E and the rotary magnet.
Relay E remains operated during The pulsing period.
since it is a slow -to- release relay. The rotary magnet,
however, operates during each pulse and restores at the
end of each pulse. On each operation of the rotary
magnet; the shaft rotates its wipers one step on the
dialed level of bank contacts. Thus; step by step. the
wipers are moved across the dialed level until they
reach the bank contact of the desired telephone line
and they complete the call if the line is idle. This
sequence -Of operation of a connector_ for each rotary
step (after the first step) may be stated as follows:

a. Relay A restores during the open period of each
pulse.

b. Relay A reoperates during the closed period of
each pulse.

c. RelayB remains operated throughout the rotary
pulsing cycle despite the opening of_jts operating
circuit by relay A. --

d. Relay E rentahie operated throughout the rotary
pulsing cycle. -j

e. The rotary magnet operates once for each dialed
pulse.

f The rotary magnet restores at the end of each
pulse. -

g. The wipers take one rotary step each time the
rotary magnet operates.

h._ The C wiper tests each control bank contact on
WhiCh it comes to rest.

1. At the end -of the last rotary step pulse, the
following sequence of operation occurs:

(1) Relay A comes to rest operated.
(2) Relay B remains Opetaitd.
(3) Relay E. remains' operated fora fraction of a

second.
(4) The rotary magnet restores.
(5) The wipers come to rest on the bank contacts of

the called line, which in turn are wired to the
connector normals (+N, N, and CN leadS) of the
called line (FO 3).

Exercises (418):
I. What dialed digit in the number 569-1382

controls rotarrstepping of a Strowger conn ctor
switch?
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2. ASSiiMing that the subscriber telephone is idle, list
the connector relays that operate before and
during rotary switch stepping.

z

3. Identify the e-M-n ector circuit connections that are
\ made when the ro switch has stepped to an idle

telephone line.
4,

419. Using foldout 3's co hector schematic diagram
and figures 3-12 and 3 i necessary, label those
devices or actions that se e an idle trunk.

Called Line Idle; On the completion of rotary
stepping, the wipers have been` rotated across the
dialed bank level to the bank contacts of the called
line: From now on; the action_ of the connector_ will
depend upon whether the called telephone line is busy
or idle. If the called line is.jdle, it will be seized by the
connector wipers: The _control -bank contact of the idle
called line is connected through its control normal and
through the cutoff winding of the combined line and
cutoff relayi(6OO -ohm winding of line relay L on the
linefinder shelf) to negative battery. At this time, the
wipers have just seized these connector normals of the
called line. Both relays A and B are being held
operated, and relay E hat not yet restored. Since _the

the
are touching the bank contacts of an_ idle line;

the control bank contact of the called line is marked
by__ negative battery instead of by ground. The
following _sequence of operation now occurs: _

_fielayE restores (Operated: Relays A, B, and the
VON- switch.) Shortly after the last pulse of the last
digit dialed; relay E restores: The slow releasing action
of relay E has enabled it to stay operated for a fraction
Of -a during which it connected relay
through contiCts 4 and 2_ to the C wiper.to_e_nablexelay

to make _a busy test of the called line (F0.3). Since
the -called line is idle, relay G will not operate. The
operation of relay G or its failureto operate is what
makes up the busy test of a called line. When relay E
restores, it performs the following functions:

a, It closes the circuit for the first step operation of
relay H. This completed circuit through the 125:ohm
winding of relay H operates its X contacts (IT and 2T,
F0_3).

b. Its open contacts 2 and 4 further open the
operating circuit for relay G from the C wiper. _

c. Its contacts 5: and 6 open the multiple holding
Circuit of relay E and the rotary,magnet.

Relay H operates its X contacts.- (Operated: Relays_A
and 13_, and the VON switch.). Current going to the
I 25=ohM winding o_perates relay H to close its X
contacts. The closing of the X contacts completes an
additional operating and holding circuit through its

I300-ohm winding,.which enables it to operate fully
and kick operated. ,

Retay H operates fully. Operated: Relays A and B.
the X contacts of relay H, and the VON switch.)
Energizing the 1300-ohm winding of relay, H
reinforces the, magnetic attraction force of the 125-
ohm winding and pulls the 'armature, which_ WaS
atfliacted part way on the first step, all the way. thus,
the remaining contact springs of rely H are operated:
Relay H remains operated for-the emaining time that

alt e call is in progress, being he d in tlie_ operated
position by the ground at the 4 and contacts of relay
.B. Relay H will not restore until after th relay B and
relay D restore upon completion of the II. Then the
pops of both calling and called tel hories are

--' opened. When relay H operates fully,,it rfOrms the
folloWing circuit_ functions:

a: It opens contests 3T. This otitsitff. the rotary
magnet operating circuit from relay A as a safety
measure against further rotary stepping of the wipers
beyond the bank contacts of the called line which has _
been seized. Thus, should the dial of the calling
telephone be overatid at this urne, thepulse would not
reach the rotary magnet; stpce its operating and
holding Circuits have been At off (that is, for the
length of the call) froth the pulsing contacts of relay A
by the opening of contacts 3T and 4T of relay_H.

b. It further opens, at contacts 1B and 2B, the
operating circuit of relay 0 as a further safety measure
against its operation (FO 3). 4.

C. It Connects ground to the C wiper and C lead by
ciosing contacts 5B and 6B. A multiple ground is 'thus
applied to the C lead, which is already grounded at the
4 and 5 contacts of relay B. The control bank contact
on which the C wiper is resting is multi with the
bank contact on the control banks all other
connectors of the group. Grounding of e C wiper
and the multipled control bank contacts of the called
line makes the called line bi.i.Sy.

d. It extends the loop of the ccallin dlytelephone
through to the called telephone for ringing and
talking) by clOSing its make contacts (5T and 6T),
thereby_ connecting the normally open + and
wipers of the connector to_the +N and -N normal
wires of the called line. This connects the outgoing
+N and. N from the- connector to 'the ringing
generator circuit so that ringing Current' may be
applied through the connector to the called line.

e. It completes the ringing circuit over the side
of the called line to the :called telephone by closing
contacts 6T and 5T_ When operated fully, ringing
current from the ringing generator is applied to the
called telephone. /The ringing generator has one of its
two ter-initials connected to negative battery, which
provides, direct current to the ringing circuit during
periods of both ringing and silence. This direct current
provides a means of cutting off the ringing whenever
the called party answers. The ringing current circuit
extends from negative battery and the ringing
generator (referred to as ringing current superimposed



on negative battery), over the KINGIVG
GENERATOR and NEGATIVE BATTERY lea _to

. the called telephone. Relay ,F remains in the
upoperated position, where it permits the ringing
current to pass through its contacts until the handset of
the called telephone is lifted in response to the ringing. '
Whereupon; its operating circuit will be closed, and
the relay will cut-off the ringing current.

f It has partially completed the first Operating
circuit of relay F. NAt this time_the ringing circuit is
extended ontt as far as th-e capacitor in the ringer
circuit of the aalled telephone set. The circuit to relay
F will be completed when the handset of the called
telephone is lifted from the cradle, which alsoremoves
the ringingcircuit capacitor from the circuit of relay F. -

g. It also connects ringback tone to the calling
telephone by closing contacts 3B and 4B. Ringback
torte is a ringing signal returned to the calling
telephone to indicate that the called line is being rung.
The pe_riids of ringing and silence for ringback tone is
the same as that for ringing currest. The capacitors in,
the ringb 'ck tone circuit block direct current but

,/ permit the a ernating _ringback tone current to_ flow.
Relay Fope es its X contacts. (Operated: Relays A,

B. and H. and the N switch:) The removal of the
handset from the called- telephone completes a direct,

trent circuit across the + and line wipers and
ugh the200-ohm winding of -relay The closing

o`l the X contacts of relay F completes a circuit from
neistive battery through its 1800-ohm winding to
ground through contacts 4 and 5 of relay B. Thus;
relay F operates fully.

, Relay F operates: fully. {Operated: Relays A, B, and
H; the X contacts of relay F, and the VON switch.)
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When relay F operates fully, it perforins the following
circuit functions:

a. It locks ipthe operated position ancfwill remain
'operated Until relay B restores.
_ b. It disconnects ringing' current from the;Ii side
and generator ground fromthe + side of the .alled
telephone line by opening contacts 6 and 7 and
contacts 4 and 3. Ringing is thus cbt :off from the

Iled telephone when 'the handset of the called
te e_phone is removed from its cradle.

It disconnects ringback tone from the calling
telephone at the same time that ringing current
off from the called telephone.

(1' It extends the .44- 'and normals of the
line to the -} -..and leads of the calling line and to th
lower and upper windings of relay D. to complete the
talking circstit between the calling and called
telephones. This happens_ Ain ringing and ringback
ton are cut off. Relay D is now bridged across the
called line and is connected through to the called
telephone. The operating circuit of relay D is thus
completed.

_ e. Relay F connects ground from contacts 2 and 1
of reD to the SUP NO. 1 lead by closing contacts
11 and 10:vThis circuit opens when relay D operates.

Relay aolierates: (Operated: Relays A, H. and F.
and the VON switch.) When the called telephonetper
answers, relay F operates and switches and'
normal wires from the ringing cutrent supply to 'Ate +
and conductorS-Of the &tiling line loop And io the
two windings of relay D. Relay _D operates.- Relay D is
bridged across the called loop during the talking
period and thus acts as a part of a transmission bridge
in supplying current to the called telephone for talking
purposes. When relay D operates; it performs the
following functions:

a. It changes the direction of current in the winding
o relay A. When_this is done;_ the polarity of the -I-

leadS will be reversed from that shown in
foldout 3. This reversal "of the direction of
transmission current to the calling telephone happens
at the make-b-efore-break contacts of relay P. as
shown in figure 3-2. Before relay D operates,
transmission battery_is connected as-shown in figure
3=2,/1-. When relay p citietateS, it connects-ground to
the -side of the calling loop by closing contacts 7 and
.8 so that the circuit_istraced from negative battery, as
shown in figure 3= ,B. Further operation of relay D
then disconnects negative battery from the side of
the loop by, opening the 8 and 9 contacts of the_same.
combination, as the original circuit snown in figure
3-2;A; is disconnected; as shown in the upper portion
'of figure 3-2,C. The make-before-break springs
(7-8-9) thus permit reversal of the negative battery ,

connections to the calling line loop without opening
the loop in the interval of reversal. At its lower make-
before-break springs (411-12), operated relay D
removes ground from the + side of the calling loop by
opening contacts 11 and 12 (fig. 3-.2,C) after
connectipg negative battery to the + side of the loop

33

3 a,



by closing contacts I0 and 12, as in figure 3-2,13, and
the lower portion of figure 3-2,C., Because the line r
loop is not disturbed during current reversal, loud
clicks are not hear in the receiver of the calling
telephone Reversal transmission current supply in
the loop of the call* g telephone is often required at
the time the called party answers to operate metering
equipment (such as-message registers) at the calling
line or to provide supervision, by an operator, of calls
that originate at a manual switchboard. Thus, when
=MIAl switchboard atcendint dials the number- a

diaL-equipped telephone, this current reversal will
operate the attendant's cord supervisory signal,

b. It closes_ a multiple holding circuit to lock relay
F and i-0145,_ H, operated by closing contacts 2 and 3.
This locking ground to relay D is connected in parallel
withground at relay B. Thus, if the calling party hangs
up first, relay __restores to remove ground from the
operating circuits of relay Eand relay H. These relays
are prevented from restoring _by the multiple locking

from,gntacts 2 and.3 of. relay D.
c. It further opens the operating circuit of the

release magnet by opening contacts 4 and 5. This
prevents the c dnector from being released during the
talking periOd the calling party accidentally hangs
up. Relays A and are held operated over the loop
long as the handset of_the calling telephone is off the
cradle switch: 'With relayk A, B, and D operated,lhe
release mnnet circuit is interrupted at three points:
namely; at contacts 4 and 5 of relay D and at contacts
I and 2 of both relays_Aand B. Since relays A and B
are controlled by ithe calling telephone; they will
r-,, ore and close part of the release circuit toground
when 'the handSet of the calling telephone is restored to
the cradle switch: But relay D, being controlled by the
Called telephone, will still prevent completion of the
circuit to the release magnet by remaining operated
and holding the release circuit open: Thus; the seized
connector cannot be released by the release magnet
Until both parties hang up

the two lines for, the transmission of voice frequency
currents but separates -the two direct=cirrrent lines
(talking battery). You can see that the talking 'circuit
has fair identical impedance coils separated by two
capacitors. The two 200-ohm windings of relay A are
the impedance coilS which supply direct current for
the calipg telephone; thetwo 200-ohm windings of
relay D are the coils which supply direct current for
the called telephone. The lines between the two
telephones are connected by means of two 2-
inicrofarad capacitors (FO 3), which is the capa-citante
of the Capacitance:iMpedance system. One capacitor is
connected in series with the + side of the calling line
loop and the other,jn series with the sleof the
calling line loop. The direct-current circuits (relays A
and D) for the calling and called telephones are thus
separated by the two capacitors. The two impedance
coilS of relay D are bridged acroks..the + and
conductors of the called line loop; and the two ,

..A windings of relay A are bridged across...tie + and
conductors. of the calling line loop. The impedance
coils offer a low resistance. (200 -ohms) to direct
current and a high impedance to voice current
(alternating currents at voice frequencies): The low
resistance of the two windings of relays A and D,
which constitute the separate battery supply circuits of .
the calling and called lines, makes pre that each.of the
transmitters gets enough battery current. The high
impedance of each -pair of windings prevents .
alternating voice currents from passing through the
battery: Thus; the battery-feed impedance coils
prevent 'Ugh- transmission losses and keep battery
noise from reaching the receivers:

The series capacitors allow voice currents but do
not allow direct current to flow from the calling to the
Called telephone, or vice versa: When neither
telephone user is speaking; the direct current in the
two loops flows steadily, and no alternating current
flows through the two capacitors of the transmission
bridge: As the speaker's voice varies the resistance of

d. It opens the supervisory circuit thr gh the the transmitter, the steady dc t rough the transm tter

SUPYiNO. 1.1ead by removing ground from ontact 1.
becomes varying dc: The flow of this varying dc, in

This circuit closep when relay F operates Ily and is _

opened an instant later when r I y D operates.

r. It partially completes the PY NO. 2 circuit by
Cipsing contacts 5 and supervisory circuit,
when completed by the e of relays A and B,
lights a supervisory lamp on the power board to show
that the calling telephone has been restored to its
cradle._

Thais* circuit. (Operated: Relays A, B, D, F. and
H, and the VON _switch;) The talking circuit over
which direct currearIS supplied to the callini and
Called telephones is also refers d to as the transmission
circuit: Figure 3-3 is a sc ematic diagram of the
talking circuit in the 100-poi t regular connector. The
calling and called telephones are connected by a
transmission bridge (or capacitance-impedance
networks in a common battery system) which couples
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turn, produces ac at the two capacitors and through the
other line loop to reproduce sound at,the r 'yen In
figure 3-3 the solid line arrows indicate the pat cl

direction of dc flow. The voice currents pass through'
the series capacitors between the two telephones but
not through the windings of relays A-a' rid D. because
the windings are inductive. It can thus be seen that the
two telephone lines supplied with current by the
transmission bridge are split at the feeding points
(relays A and D) of direct current to each telephone,
but they are coupied at the two capacitors for, the
transmission of Voice currents.

Exercises (419):

1. Name the connector relays in the sequence that
they operate to connect the calling telephone line
to the called

2. Name the operated relay and contacts that connect
ringing current to the called telephone.

3. Identify the relays and contacts that
ringback tone io the calling telephone.

r.

provide

`4. Identify the connector components in the talking
battery circuit for the calling party.

5. Identify the connector components in the talking
battery circuit for the called party.

6. What connector action provides an operator a
supervisory signal?

C
7. What type current 4s provided by the 'connector

for the telephone receiver?

420. /using foldout 3's schematic diagram; and
figures 3-4 and 3-5 as required, list or name all
devices or circuit actions that release the telephone
equipment following completion of a call.

Release. When the conversation betwee'
calling and called party is completed; both handsets
are restored to their cradles. The following paragraphs
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will explain the sequence of relay operaVons and
release covering the two types of situationshat can
occur .auring release first, if the calling telephone
usera_ngs up first: second, if the cMled party harf4s up
first.

Calling party hangs_up first. (Operated: Relays A, B.
D, F, and H. and the VON switch.) If the calling party
hangs upfirst, the operating circuit of connector relay
A is opened at the cradle switch of the calling
telephone. The release sequence is shown-ui figure 3-4
and described as follows:

a. :Relay A restores; opening the circuit to relay B.
b. Relay B remains operated long 'hough to

complete the operating circuit of relay
c. When relay E operates, it locks in thesoperated

position by closing its contacts 5 and_6 and opens the
,circuit over which the multiple groundis applied to the
C lead (at contacts I and 2 of relay E). The C lead,
however; remains - grounded through contacts 5B and
6B of relay_ H. This makes the connector busy to
incoming calls. Thus, the connector cannot be seized
by another call until the called party hangs up:
Operation of relay E also opens the first operating
circuit of relay H at contacts 1 and 2. Relay H.

-however, remains operated, because the holding

CALLING PARTY HANGS UP

CALLED PARTY HANGS UP

Figure 3-4. Connector release sequence when the calling party
hangs up first.
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circuit is cloied through its X contacts and its 1300-
ohm winding to locking ground at relay B.

d. Relay B 'restores and removes its holding ground
from the incoming C lead, thus releasing all the other
switches in the train. Release of relay B also opens the
operating circuit of relay E.

In restoring, relay B performs the following
functions:

i,(I) It opens the first Tultiple holding circuit of
relays F and H. They do not restore at this time; since
they are held operated by anbther multiple locking
ground from contacts 2 and 3 of relay D.

(2) It further extends the operating circuit of the
release, magnet. The release magnet circuit is. now
extended from ground through contacts 2 and I of
relay Ac through contacts 2 and I of relay B,.and uP to
contact 5 of relay D, at which point the - circuit is
interrupted. The release magnet circuit will thus be
completed only Aten relay D restores after the called
party hangs up. In other words, the connector will be
releated only when both calling and called parties
disconnect

(3) It closes the SUPY NO. 2-circuit from ground
through contacts 2 and I of relay F, through
contacts 2 and 1 of relay B, through contacts 5 and 6
of relay D, over the SUPY'NO. 2 lead, and through a
supervisory lamp to negative battery at the power
board. This action lights the supervisory lamp to show
that the calling telephone has been disconnected.

e. Relay E restores and reconnects the C lead to the
C wiper.

Called party hangs up after the/ calling party.
(Operated: Relays D, F, and H, and the VON switch.)
When the calling party hangs up. first, all of the
switches in the train, except the connector, will be
released by the release of relays. A and- B. The
connector, however,..will not be released as laig as the
called telephone handset remains off the cradle switch:
The connector,_ in .addition, is protected front being
seized.by another selector while the called party holds
the connection because of the operation of relay E
during the slow release period of relay B. (If the relay
B were not slow releasing, relay E would not have
operated,'and the other switches in the train would
have remained operated from the multiple ground of
relay H on the C wiper.) The operation of relay E
disconnect the grounded C wiper from the C lead
for a fraction of a second.-This is long enough to leave
the C lead ungrounded, so that the other switches
Might restore.

Relay D, by the multiple locking ground at
contacts 2 and 3, also holds relays F and H operated.
Relays D, F, and H will not restore; therefore_until
the called party hangs up.'"thus, relays A, B, and D are
the keys to the release of alt the switches of a switch
train. Here, then, is the cpndition of the connector
circuit after the handset of the calling. telephorie5has
been restored on the cradle. One ground is removed,

%-

from the lead, but another ground is -kept there by
relay H. Relays D, F, and Ft remain operated; and the
operating circuit of the release magnet ;is' not yet

r. complete. Further -action' does not occur until the
called telephone user disconnects. When the called'
party hangs up, the operating_ circuit of relay D is
opened at the cradle Nitth of the called telephone.
The connector now releasei in the following manner:

a. As relay D restores when the called party hangs
up, the following sequence of functions occur, as may
be noted by referring to foldout 3.

(I) Relay_ D removes its multiple holding ground
from relays Fund H by opening contacts 2 and 3. This
removes the last remaining source of ground from-the
holding_circuit of _relays F and H.

(2) Relay D tens the SUPY 'NO.. 2 circuit by
opening contac 5 and 6. This turns Off the
supervisory lamp on the pbwer board to. show that the
called party has hung up-:

(3) Relay D also' restores the polarity of the sailing
line leads to normal to prepare for the next call.

(4) Finally, D closes the operating circuit of the
release magnet by closing its contacts 4 and 5.

b. Relay H restores as its holding circuit is removed
when relay D restores. When it restores, the following,
functions result:

(I) It disconnects the and sides of the calling
line loop from the + and normals of the called

'line. This disconnects the called line locip from relay
D.

(2) It removes the ground, at contacts 5B and 6B,
from the C wiper and, therefore, from the multiplied
control normals of the called line. The removal of this
ground releases relay L of the called line and makes
this line idle and, therefore, free to be seized by
another call or tp make outgoing calls.

(3) It also further disconnects the ringing circuit
from the wiper, opens the incomplete ringback tone
circuit from the side of the calling liner and closes a
part of the operating circuit of relay G. This prepares
the busy test circuit for the next call.

"c. When relay F restores, the following functions
occur:

(1)
circuit

(2)
NO.

(3)

It closes a part of the ringing and ringback tone
in readiness for the next call.
It opens, at its contacts 10 and II, theSUPY
circuit.
It further opens the called line loop to relay D.

d. Upon the closing of its operating circuit by relay
D, the release magnet operates and allows the shaft and
wipers to return to normal by the action of the helical
shaft spring and gravity. When the release magnet
operates, it also operates a release alarm relay which
gives an alarm if the connector fails to return to
normal.

e: The return of the switch shaft to its normal
position restores the VON switch and thereby opens
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'the o_pe' rating circuit of the release magnet at spri7igs 1
and 2.

-f Release magnet restores. Opening the operating
circuit of the release magnet causesAhe release magnet
to-restore. The connector is now released and free to
be seized by another call. -.

Cdlle_d parry hangs up Arst. (Operated: Relays A, B,
'D, F;'and Fl; and the:VON switch.) When the called
pny hangs up first, the called line loop is opened at
the cradle switch of the called telephone, opening the,
operating circuit of relay D.,The sequertce of release
when the called party hangs up ;first is shown in figure
3-5 and explained in the following paragraphs:

a. Relay D is restored after the called line loop is
opened by the replading of the called telephone
handset on the cradle switch. elay D; in restoring;
performs the following finicti s:

(1) It reverses the groan and negative battery
Connections of the -l-_ an'cl,-- sidm eofthe fling line
loop back to normal polarity. That is, it removes
ground from-and reconnects negative battery to the
line and removes negative battery from and connects
ground to the + line of the calling line loop. ;;,

(2) It opens contacts 2 and 3 to remove a multiple
ground from the holding circuits of relays H and F.
Relays H and F, however, remain operated from a
second ground at contacts 4 and 5 of relay B.

(3) Contacts 1 and 2 make to complete the SUPY
NO. 1 circuit. This. circuit extends from ground
through contacts 2 and 1 of relay D, through contacts
10 and 11 of relay F, and over the SUPY NO. 1 lead to

1
\

CALLED PARTY HANGS UP

CALLING PARTY HANGS UP

Figure 3-5. Connector release sequence
hangs up first:

hen e called party
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a supervisory lamp.zui the poWm board to show that
the called party has hung up (FO 3).

Calling parry hangs ap after the called parry.
(Operated:_ Relays A. B; F. and' H; and the VON
switch.) When the called_telephone handset is the firSt
to be replaced on the cradle, only relay D restores. The
release magnet's operating circuit is still opened at the
contacts of relays A and B. The connector, therehpre;
remains operated until. the calling party hangs up.
Thus; the connector releases only._ after_ the last
tetephone user (either the calling, or the cjIled party
hangs up. When the calling telephdpe user disconnects
shortly after the called party has already disconnected,
the resulting release sequence generally follows that
outlined in (1)-and (2) above, with the following
exc,eptions:_Whst relay B_restores; it removes ground
from the C lead, but the C lead remains grounded from
contacts 6B and 5B of relay H. However, whenrelay B
restores; it opens contacts 4 _and_ 5_ to_ remove the
holding ground from relays H and F; then relaysc
and F restore. When relay H restores; it :removes its
multiple ground from the C lead, alhoWing the other
switches in the switch train to release.

Exercises (420:
. .

1. 1st the relays Ina Strowger connector circuit that
e operated for the duration of the conversation.

2. List the relays (in sequence) in a Strowger
connector circuit that release when the calling
party hangs up first

3. List the relays in their release sequel ce for a
Strowger connector circuit when the called party
hangs up last.

.

4. List the Strowger connector relays iniheir release
sequence when the called party hangs up first:

5. Name the connector relay contacts that complete
the superVisorY disconnect lamp circuit.

421; Using foldout 3''s connector schematic
diagram, and figure 3-6 as necessary, determine
those components or circuit actions which indicate
that the called line is busy.
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Ca11lled LineBusy. During rotary stepping; relay'E
remains operated because of Its slow releasing action.
Relay E completes the operating circuit of relay G.
The winding of relay G, is thus conngld to the C
wiper during rotary stepping, making it eady to --test
the dialedline. As the C wiper is stepped to the dialed

. line; it may pass over _contacts of idle lines.; Even so.
these lines will not be seized, because relay E Is
operated. The operating circuit of relay H remains
open at contacts 1' and 2 of relay E until the wipers are

. stepped bank -cstntacts of the dialed line, at
which time relay E restores and transfers the C wiper
from the winding of relay G to the 125-ohm winding
of relay H. Ike wipers are thus stepped past the bank
contacts of lines other than the; called (which is
determinecrby the last digit) line.

As the wipers step across the dialed level, they may,
pass over connector normals of lines that are busy
(*round on the control bank). The operating circuit of
relay 0 will be completed, each time a busy line is
passed over: Relay G will operate and restore for each '
busy (grounded) contact passed over by the wipers.
Rotary stepping occurs so rapidly that relay G will not
have time to operate tong enough to return busy tone
to,the calling party. Busy tone will be returned to the
calling line by relay G only when the wipers are
stepped to the bank contacts of a dialed li ; otne to
rest at those contacts; and find ground o the control
normal of that line. After the last pulse f the UNITS
digit of the dialed. telephone number h ...been received
by the rotary magnet, the wipers co_ e to rest on the
banks contacts of the dialed line. clay A remains
operated to open the operating and h lding Circuits.-
retay.E and the rotary magnet.

The sequence of relay operation for returning busy
tone to the called line if the called line is busy is shown
in figure 3-6 and the following paragraphs:

Relay A remains operated over the calling line Iobp.
(Operated: Relays A, B, and E; and the VON switch)
Relay A; by remaining_operated,iocks ground through

. its 2 and 3 contacts to hold relay B operated, Relay B,
because of its slow releasing,action; did not restore
during the pulsing of the last digit series..

Relay E remains operated (Operated: Relays A; B,
and E, and the VON switch.) After its operating and
hOlding circuits are opened_ by relay A., relay E holds
itself operated, during which time it connects relay 0
to the Cwiper through contacts 2 and 4, This permits
relay G_ to make a busy test of the called line. When the
called line is busy (C wiper contacts ground on the
control normal of t called line); the operating circuit
of relay G Is compkted.

Relay G operates. (Operated: Relays A, B, and E,
and the VON _switch.) When relay G operates It
performs the following functions:

a. It partially completes its own holding circuit by
locking to ground at relay B and by closing contacts 4
and 5.

h: It completes the circuit over which busy tone is
returned to the calling party.

c. It further 'opens the operating circuit of relay E
and the rotary magnet by dpeniiig contacts 1 and 29

Relay E restores. (Operated: Relays A, B; and G.
aria the VON switch.) Because. of its slow-releasing
feature. there is a delay during Which, relay E
completes the operating.circuit 'Of relay/1G to ground
on the C wiper: After this delay , E-, relay restoies and
performs the following functions:,

'a It ,completes,a holding Circuit for.relay G: If=the
called line beCopiiii_ idle while busy tone is being
returned thjit,..calling 'telephone, busy tone will
continue to-be-heard_because relay G is locked ih:the
operated :position. 'Since relay G remains operated
until the calling party hangs tip and relay B hasn't
restored to remove locking ground from:the winding
of relay;d, relay H .cannot Operate and extend the
calpng: line. to the called lint. The operating circuit
through thel 25-ohm winding of relay H thusfernains
opened..at contacts, 3 and 4 of relay G as long as relay
G is held opel-ated A connector Cannot; therefore; cut

7
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ROTARY STEPPING

LAST MAKE Of IME DIAL.

A

E

\
CALLED LINE BUSY

RETURNS

BUSY TONE

CALLING PARTY HANGS UP

(B

Figure 3-6 Connector operatioit sequence when the culled line is
busy.
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.. -. ,-.k- . _

.in on busy line which becomes idle during the return.

of the bus;/ tone. Once busy torte is heard -in the calling
teleph ne- anging up and redialing -Of the called ,
telephone number are to obtain connections
with:a_ line that was b

.,, b. It further opens., own multiple hOlding circuit
' ;and that of the rotes-.rnagnet hyopening contacts 5

am:1_6.. i

Release friii;ii'..ii called oni, busy connect pn.-_:.

.. (9perateitkRelays A, B. and 0, and the VON'sWitbit);
When the: calling telephone user hangs 'up after

p receiving busy tone, the calling line loop is opened -at
the cradle switch, thereby oiSening the operating

. -

..circuit_ of relay"A. When relay- Xrestores,_it opens the
opethtitig diteititCif:ititiy.11. When., relayA-restores, it;,,,

i`: ..- opens 'the loetingeirCuit of relaPs and disconnects'
ground frOtry theC lead- When the locking ground is .
ditebithectetlat relay. B,'Yelay G restores and,- in turn; ;:-.

--.disohnetts...husY tone from-the calling telephoneAt..- ,,..
, the. 'same iime;.theieleise.rnagnetoperates; Since, its'...:.- ',.,..

.. _.-operaung- circuit was _ conipkted :by -the release.- of
-', 'relays A:-and B.-:- gperation of the .release magnet

returns ...tie shaft - and 'wipers to normal by' the'
combined action ofthe helical -shaft spring and gravity.
As the' shaft returns., to vertical normal; the ,VON

. switch releaies th_e:, reftese magnet. The connector is
ticitil,freeta be seized by ad-other Call.

. ,..

Exerciies (421): .1

y.

_ _ _ _ -
1. When 'the calling number is 2212 aild the called

number 6930 is busy, what Connector,' bank
contacts operate 'the 0 relay?

2. Name the operated connector relays which
. provide busy tone,to the calling telephone.

3. What proci!dure is required to release the Stewger
equipment following return of busy tone?

4. Identify the Strowg* connection circuit relays in
the-release sequence flowing receipt of busy tone
and subscriber hangup.

3=3. TrotthieithoOting the Connector
Since there are many multipled connectors in a

Strowger switching center, a trouble could exist and
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not be noted for a period of times Yet. some
equipment is common to all the connectors therefore.
when its -is failing all the connectors appear to" be
defective: Again, then. you should recognize that it is
important that you analyse and isolate each trouble by
studying the circuit(s)_ and recalling.thtir Operational'
functions and inchyylual differences.

422. Gtveld- selected. connector !qui_pment- trout*
symploms and-using .foldout 3's schematic diagram.
determine the probable causes of.tioubleand state
the corrective action needed for each situation.

Assume that you have a report of no ringback tone.
One question that could be asked is this occur at
only one telephone each time the subscriber. igthates
a. can?" Or, Did the report indicate that thiS ccurred
ritiiy?.nce m -10 calls?" Or "Did the report indicate

-that this condition exists.for all telephones?" _

Analysis7of the latter qUeation .shOurd reveal that,:
thievmptom Would indicate that the ringing source is
defectiVe; since ringback tone is provided by the same
source that provides ringing current.,But the report did
not say that subscribers could' not be signaled.
Accordingly._ the third question considered is not
probable. .

The. first question is likewise not too probable
tiecause a subscriber telephone is- ,served by many
connectors and, therefore, the calls he Makes are
completed by various connectors. It is not likely. that
all connectors_ have the same defect.

Hating 1POked at some of the trouble possibilities,
then, we'll git back to the original report and assume
that the defect is in the connector represented by
foldout 3., What relay 'contacts in this circuit, are
probable causes for the trouble symptom noted? You
shoUld sec that dirty or maladjusted contacts 3B and
4B of relay 'H and 8 and 9 of relay F could prevent
ringback tone, from being heard at the calling
telephone. If you_don't, trace_the path through which
ringback tone is fed to the calling phone.

Exercises (422):
Use foldout 3 and the text information to determine _a
probable trouble for each of the following "'ported
trouble symptoms. Identify an appropriate corrective
action.

1. A connector steps vertically but fails to step
rotary.

2. Called party answered but the calling party could
not hear him.



30E7
CHAPJER 4

Alarm and Supervisory and Power and Ringing Equipment

THE NEEb for power in a telephone system is
obvious; somediinn else that it required that is not so
obvious is a way to monitor the condition of certain
parts of the system.

In this_ chapter we look at the power equipMent
found in Strowger central offices and the alarm and
supervisory circuitry that monitors equipment
operation to warn you of equipment problems by
means of visual and audible alarms;

4-1; Alarm and Supervisory Circuits Dettiription
Automatic central offices are provided with

equipment for giving alarms 'if a nonstandard
condition arises: The alarms, both audiblittid
indicate the type of condition and the general location

'of the fault,
When an abnormal condition develops in the

switching equipment, an audible alarm sounds and a
signal lamp lights on the ceiling panel or on the end of
a bay of switches; In the case of a ceiling panel, the
lamp indicates by its color and designation the type of
alarm. and the bay or group of frameS in which the
trouble is located; Each shelf in the bay or gfoup of
frames hat its own alarm and fuse panel. If the lamp is
located on the end of a bay Of twitches, it does not
necessarily indicate the type of alarm, but the shelf
alarin signals, do indicate the specific cause for the
alarm; The audiblealarrn, in either case, indicates the
general type of conglition: A signal 'scheme is
employed which guidesithe-sepairmaii to the particular
bay and then to the shelf in which the trouble is
located.

423. using flgiirs &I to 4=3 as necessary, glue the
purptnie of Strowger alarm and supervisory circuits
and ideality the _relays in signal group 1, the length
of one, timing circuit cyclehrhatever puts ground
pulses on the TIME 1= and 2 of the supervisory
circuit, the ground_ pukes' time duration., and the

ms,;,anspere ratings of indicator alarm futet in a
StroWger central office;

Alarm and Supervisory Equipment. The relay
groups mounted on panels on the back of the
powerboard in conjunction with the indicator-alarm

fuses and the supervisory relays on the switching
equipment shelvea.connxikall,of the signal and alareiT

. circuits:
Indicator-alarm . Special fuses used inSpecial_

tole lone central office power circuits are designed -to
complete an external alarm omit when lite fuse
operates because of an overload. These indiCator7
alann fuses are usually supplied in 1-, and 5-
ampere'ratings; In circuits which require higher face
ratings, standard fuses are used with an indicator-
alarm ,fuse connected in parallel, so that it operates
when the larger fuse blows. Figure 4-1 illustrates both
a good and a blown fuse.

Signal gimp. A signal group for alarm and
suprvi&orypiirpOuts consists of a bar a row of bays
of switching equipment: For,each signal group; three
relayt are mounted on the powerlpard, see foldout 4.
These relays 'for eight signal groups are designated
release_ pickup_ (RES RU)-C-1 to e-8, release_ alarm
(RES ALM) C=11 to C=I8, and fute C=21 to C-28.

Switching equipment y) fi4..ve and sign-al panels.
Each equipment shelf .`.,1 ally mounts a fuse panel
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Figure 3 -2. Typical their wpervisory imp panel.

and a signal panel, or a com ation of the two, which
serve the airciiits d switc mounted on the shelf:
The inditor-alarm fuses on the fuse panel and relays
and lamps on the signal panel fUnctiOn with their
Mato-dated relays on the powerboard to bring in an
alarm and supervision if an abnormal condition
ocstt
-601-or of abnormal asndition that exists within

_Within that. shelf. The ltinps.indicate by _their

the sKet;;Refer to figures 4-2 and 4-3.
Thereare two types of central 'office alarms: majcif

and minor. The major alarm is an immediate alarm
requiring attention right now. The minor alarm starts
as a normal condition; which after a _certain time
period becomes a trouble. The timing circuit for _the
minor alarms controlled periodic ground pulses
setlt fromithe interrupters oilithe ringing machines.

Timing circuit. The time _control relays are
cofittithely_thetking to see whether or _not there is a
need for art alarm:. The.time leads; designated TIME 1
and TIME 2, originate at the ringing machine
interrupters, The cams on the ringing machine place a
ground on TIME 1 and TIME 2.every 5 seconds. The
timing relays are wired to give an alarm After the
trouble has been in effect for aprriad of _9.5 to 19.5
secondL The timing chart is given on foldout 4.

The pulses have a duration of one-fourth second.

307
TIME 2 pulse comes 4'/4 seconds after TIME 1 pulse
goes. off. TIME 1 pulse follows TIME 2 by one-fourth
tittxthd, and the cycle repeats itself. This pulsing
continues as king as the ringing machine is running.

Exercises (423):
17 What relays make up signal group number 1?

2. What is the length of one cycle of the timing
. circuit?

3. What equipment _places ground pulses on the
TIME 1 and TIME 2 of the supervisory circuit?

4. What is the time duration of the ground pulses?

5. What ampere ratings are the indicator alarm fuses
used in a Strowger central office?

6. Whit purpose does the alarm and superVisory
circuit serve in a Strowger central offic.e

Alarin and &iperilsory Circuit's ()prelims
Now that we have looked at the components of_ the

alarm and supervisory circuit, get foldout 4 out and let
us see how this circuit works.

The first alarms that are discussed are delayed
(minor) alarms and necessitate the use of the timing
circuit, in the lower left-hand corner of the foldout.

424. Using foldout 4's scWelitit diagraii, iiiy
the actions that occur in tae alarm and supervisory
circuits during major and minor alarm_ conditions
and state the purpose of represeistatiVie relay contacts
and of the capacitors connected 'in parallel with -
relay 39.

Minor Alarm, Reitate, Permtwat; or linefinder
Start. These are delayed alarms. Thit type of alarm
starts out as a normal circuit condition, that after a
given period of time becomes abnormal.

TIME Lives on. _Ground of the TIME 1 lead
operates to B-6 relay. When the 13=6 relay operates, the
following occur:

a. Relay B-6 o . I es. Contacts 1 and _2 open the
TIME _2 lead. Con and 4 dole the circuit to the
B-8 relay. Contacts 5 d 7 make and hold the circuit
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(WHITE)
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(GREEN)

A. TYPICAL CONNECTOR SHELF
SUPERVISORY LAMP PANEL

Figure 4-3. Typicliiihe

to the B-6 relay. Contacti 6 and 7 Open the original
operating path for B.6.

b. Relay B-8 operates. Contacts IT and 2T prepare
a_path for the operation of CA and C-7 relays.
(Operate the C -1 -or C-7 if there is a ground on the
release; perm; and linefinder start) Ccintacts 3T and
4T prepare4koirto the C-2 and C=8 relays. Contacts
5T and 6T prepare a path to the C-3 relay. Contacts
I B and 28 prepare a path to the C-4 relay. Contacts
3B and 4B prepare a path to the C=5 relay. Contacts
5B and 6B prepare a path to the C-6 relay. At this
time; the B-7 relay has its winding energized in die
opposite direction, preventing it from operating:

TIME I goes of Ground is removed from the
TIME 1 lead and consequently, &Ott the lower
winding of the B-7 relay. The B-7 will now operate
from ground at the 5 and 7 contacts of the B-6 relay.
Contacts 1 andi open the circuit to the lower winding
of B-7 .relay. Contacts 2 and 3 prepare the shunting
path to the B-6 relay. Contacts 4 and 5_open the circuit
to the B-8 relay and it relaaieS. TIME 2 goes on and
off, but serves no function at this time.

TIME I on. The ground on the TIME 1 lead is
placed on the upper winding of the 13=6,causing it to
release. Contacts I and 2 prepare the path for the B-9

I

LB LAMP
(WHITE)

F A -LAMP
(RED)

AMP
FUSE

B. TYPICAL uNEFINDER FUSE AND
SUPERVISORY LAMP PANEL

HE-0dB

If supervisOiy lamp tithe!.

relay: Contacts 3 and 4 further open the operating path
of the B78_relay. Contacts 5 and 7 open -the holding
paths Of 134 and B-6 relays. Contacts 7 and 6
complete the ground from the TIME 1 :lead to the
lower_winding of 13=6 and the upper winding of B-7.
The B=7 relay will stay operated until the ground is
removed from the TIME 1 lead.

TIME I off Ground removed from the TIME 1
lead allows the differential energizing_path of the B-6
relay to he removed. The operating path of the B-7
relay is opened and it releases.

Relay 134 releases. Contacts 1 and 2 prepare the
path for the B-T when TIME 1 again places a ground
on this circuit. Contacts 2 and 3 open the circuit to the
upgst winding of the B-6 relay. Contacts 4 and 5
*pare the circuit to the B-8 relay when the 13=6
operates again.

TIME 2 Oh. Ground on TIME 2 lead operates the
B-9 relay.

Relay 13=9 Operates. The contacts of the B-9 relay
partially 'complete the operating path for the RLS
ALM relays.

TIME 2 of Relay 879 releases, and its contacts
remove the negative potential that was prepared for the
RLS ALM relays. This completes one complete cycle
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and takes approximately 9.5 seconds. Now, let's say
that we have a ground coming from a release;
permanent, or linefinder start lead. This ground is
extended through the 1400-ohm and the 12.5-ohm
resistance of the RLS PU relay; the 5 and 4:contacts of
RLS PU relay, to the make contact of the B-8 relay.
When TIME I goes on, B-6 will operate, and its
contacts will operate the B-8 relay; which will operate
the RLS PU relay which will lock up.

a. Relay RLS PU operates, Contacts _ I _and 2
prepare the operating path to the RLS ALM relay.
Contacts 4 and 5 open the operating circuit of the RLS
PU relay; however; the_make,before,break
combination will prevent the RLS PU from releasing.
Contacts 3 and 5 close the holding path to the RLS PU
relay. At this point, there is no alarm became_ of -the
resistance of the

the

PU relay. When the RLS ALM
relay operates, the visual and audible alarm will be
activated: The RLS ALM relay will not operate until
TIME 2 places a ground on the B-9 relay and it
operates. (If the trouble is cleared, the RLS PU will
release before an alarm is received.)

b. Relay B-9 operates. All the make contacts either
prepare or make a path to the RLS ALM relay .

c. Relay RLS ALM opEates. Contacts I and 2
.complete the circuit to light the shelf lamp. Contacts 3
and 4 complete the circuit to the C-34 relay. Contacts
5 and 6 short the 1400-ohm winding of the RLS PU
relay and places the 12.5 ohms in seri with the shelf
lamp, and it now lights. Contacts 7 an complete-the
holding path to the RLS ALM relay he RLS ALM
and RLS PU relays will remain operated until the
trouble is cleared.

d. RelayC-34 operates. Contacts 4 and 5 complete
the circuit t the minor alarm buzzer. The audible
alarm is now activated. The B-9 relay should have
releaSed by this time, but B-6, B-7, B-8, and B-9
continue to pulse and test for other troubles.

e. Relay RLS PLY releases. When the trouble is
cleared; the ground is removed from the lead_coming
from the shelf equipment and releases the RLS PU
'relay. Contacts 1 and 2 further open the RLS ALM
relay circuit. Contacts 3 and 5 open the circuit to the
RLS ALM relay, and it releases.

f Relay RLS ALM releases. Contacts 1 and 2 open
the circuit to the bay lamp. Contacts 3 and 4 open that
circuit to the C-34 relay, allowing it to release. The
other contacts of the RLS ALM relay have no function
at this time.

g. Relay C-34 releases. Contacts 4 and 5 open the
circuit to the buzzer. The circuit is restored to its
normal condition.

Heat coil blows.When a heat coil is blown on the
main frame, a circuit is completed from ground
through the MDF pilot lead and operates the C-35
relay.

a. Relay C-35 operates. Contacts 1 and 2 place a
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ground on the C-34 relay, and the C -35 operates to
bring a minor alarm buzzer. Contacts 3 and 4 place a
ground on the MDF lamp and to a buzzer located on
the main _frame. The circuit will remain in this state
until the heat coil is replaced.

b. Relay C-35 releases. When the heat coil- is
replaced, ground is removed from the MDF pilot lead
and the C-35 released: Contacts 1 and 2 open the
circuit-to the C-34, causing it to release. Upon release,
the C-34 turns off the audible alarm. Contacts 3 and 4
extinguish the MDF lamp on the power board and cuts
off the buzzer on the main frame.

Major Alarm Fuse. A fuse panel with indicator
alarm fuses is mounted on the relay rack; attendant's
cabinet, and test desk. The alarm buzzer on these
panels is connected through the alarm circuits (lamp
and/or relays) to the alarm circuits on the powerboard.
If an alarm fuse on this equipment blows, a major
alarm is indicated by a red lamp on the equipment
itself and, also, on the powerboard. The fuse relay on
the powerboard, which operates through the spring on
the indicator fuse, lights the red fuse alarm lamp on the
powerboard and causes the major alarm belli to ring.

a. Relay C-21 operates. When a fuse blow't on the
shelf, it furnishes negative battery to operate one of the
relays numbered C-21: to C-28. When one of these
relays is operated, it closes the circuit to the C-33 relay
through the 3 and 4 contacts. It also closes a circuit to
the shelf lamp through its I and 2 contacts.

b. Relay C-33 operates. When the C-33 relay
operates, 1 and 2 open the circuit of the C-38 relay.

c. Relay C-38 releases. Contacts 4 and 5 dose the
circuit to the major alarm bell and give the repairman
an audible alarm. The alarm will sound until the MAJ.
AL C.O. key is operated or the fuse is replaced.

d. Relay C-21 releases. When the fuse is removed;
the C-21 releases. Contacts_ and 2 open the signal
lamp circuit. Contacts 3 and 4 open the circuit to the
C-33 relay, allowing it to release.

e. Relay C-33 releases. Contacts 1 and 2 reclose the
path and reoperate C-38.

f Relay C-38 operates. Contacts 4 and 5,open the
circuit to the major alarm bells.

The alarm and supervisory equipment on the
switching equipment shelves, relay rack, test desk, and
attendant's cabinet is connected to the associated
alarm relays on the powerboard with supervisory
terminal boards on the back of the powerboard. One
end of the cable terminates at the supervisory terminal
boards on the back of the powerboard; and the other
end terminates at the signal terminal hoards on the
various equipment shelves. A supervisory terminal list
is provided for the terminal boards at the back of the
powerboard and shows the terminal numbers, color
coding terminal designations, and what is connected
to each terminal.

Relay rack, fuse alarm. The following circuit
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°
deiciiptlon is forira blown fuse in the relay rack
equipment:

a. Relay C-37 operates: When a fuse on the relay
Olcws, negative battery is extended on_ the RLY
RACK FUSE CKT lead and operates the C-37 relay.
Contacts Land 2 close a circuit to the C-33 relay,
causing C-33 to operate and release the C -38 relay.
Relay C-38 upon release brings in an audible alarm
(bell). Contacts 3 and 4 light the RLY RACK lamp on
the power panel. When the fuse is removed; the C-37
relay will release.

b. ftelay C-37 releases; The C-37 upon release
extinguishes the RLY RACK lamp and releases the

.C-33 relay. The C=33 relay -upon release recloses the
circuit to the C-38 relay; and it operates. to silence the
bell.

Test desk, fuse alarm.If a fuse blows on the test desk,
megative battery is applied to the TEST DESK FUSE
CKT. lead. This causes the C-36 relay to operate.

a. Relay_C-36 operates. The circuits are the same_as
for the C-37 relay, except that the lamp labeled TEST
DESK will light instead of the RLY RACK lamp.

b. Relay_ r-32 operates. If a fuse blows on the
FUSE GRND, bus bar or the ringing machine, ground
will be fed to the number 1 winding of the C-32 relay.
Relay C-32 will operate_ and; in turn; will operate the
C-33 relay. The C -33 relay will open the circuit to the
C=38 relay; causing it to release and bring in an alarm.
When the fuse is removed -the C-32 relay will release;
releasing the C-33, which in turn will reclose the

"- circuit to the C-38 'relay: Relay C-38 will operate and
open _the bell circuit. If a fuse blows on the MAIN
BATT 1 or 2 bus bar, negative battery will be
furnished through either MB FUSE I or MB FUSE 2
lamp to the lower winding of C-32 and operate the
C-3-2 relay. The alarM will be received as we have
described before:

Direct .generator, fuse alarm. If a DIR GEN fuse
blows, the negative battery that is on the armature of
the_ dynamotor will flow through the winding okihe
C-39 relay to ground, causing C-39 to operate: The
ringing current applied on the same circuit has a path
through the capacitors to ground: Contacts I and 2
close the circuit' for an alarm, such as we have
described previously.

High-Low Voltage Alarm. The relays 13-12, B-13,
and B-22 are associated with the high-low voltage
alarm portion of the circuit. There is also a low-
voltage_ relay. If the sexchange voltage should drop
below 46, this relay will release. Upon release, the C
and A contacts close the circuit to the B-13 relay.

a. Relay B-13 operates. Contacts I and 2 open the
circuit to the C-38 relay, allowing it to release. The
C-38, upon release, gives an audible alarm. Contacts2
and 3 close the circuit to the VOLT ALM lamp on the
power panel. Contacts 4 and 5 prepare the circuit to
the B=12 relay.. When the B-6 relay contacts 1 and 2
have a ground extended from the TIME 2 lead, the
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B=I2 will ,operate to test it the voltage is above 46V.
This check_ will be accomplished every 9.5 seconds
until something is done to relieve the trouble.

b. Relay 13=12 operates. Contacts I and 2 open the
circuit of the B-22 relay: Contacts 2 and 3 close the
circuit to the low-voltage relay. However; IL the
voltage is below 46V, it will release when the 13=12
releases. Contacts 4 and 5 prevent the B-11 relay's
release when the low-voltage relay operates during
testing. When ground is removed from the TIME 2
lead; the B-12 relay will release:

c. Relay B= I 2 releases._ Contacts I and 2-reclose the
path to the B-22 relay. Contacts k2 and 3 open the
circuit-to the low-voltage relay: Assuming the voltage
is below 46V; it will release. Contacts 4 and 5 open
the holding path of the B -13.

d. Low-voltage relay _ releases: The A and C
contacts prevent the 13 relay's release. This cycle
will be repeated until the exchange voltage is above 46
volts. When the voltage rises above 46V and the low-
voltage relay operates and stays_ operated, the holding
ground of the B- 13 relay will be removed and B -13
will release._ _

e. Relay B-13 releases. Contacts 1_ and 2 close and
reoperate the major alarm relay C-38, and the C38
silences the bell. Contacts 2 and I open the VOLT
ALM lamp _lead. Contacts 4 and 5_ open_ the testing
circuit for B-12 relay. The high-voltage alarm works
like the low-voltage _alarm,_ except that when the
voltage reaches 53V, the B-22 relay will operate.

f Relay B-22 operates. Contacts I and 2 place a
bypass around the resistor to hold the B-22_ relay
operated. Contacts 4 and 5overate the B- 13 relay, and
the B-13 operates the same as we have d9iscribed
previously. The B-12 relaywilecontinue to test until
the trouble is corrected.. g

Exercises (424):

I. How many seconds will it take before relay 13=6
operates when a ground is applied to the
linefinder start lead in'the alarm and supervisory
circuit at the I -second point in the 5-second
cycle?

2. What is the purpose of relay C=1 I contacts 5 and
6?

3. What causes relay B-6 to release after relay B-7
has operated?

4. What is the purpose of the capacitors connected in
parallel with relay C-39?

319



5: What powers tie major alarm bell?

6. If main battery I and 2 use alarm lamps burn out,
will relay C-32 operate when a fuse blows? Why?

of

7: When does relay B-8 release?

8. Does the release alarm lamp go out when rela
B-8 releases? Why?

I

44. Troubleshooting the Alarm and...5mpervisory
Circuits

What happens when trouble occurs in the alarm and
supervisory circuits? You do not havealarms or as
many alarms as there -really are. The lack of alarms
may sound good, but it just makes your job harder. If
you don't believe it; try finding a trouble without the
help of lamps, buzz.er, and bell.

Obviously, this circuit working properly is a help to
you, but what if trouble crops up in the alarm and
supervisory circuitry?

425. Given selected alarm and supervisory circuit
trouble symptoms and foldout 4's schematic
diagrams; determine the probable causes of trouble
and state the corrective action needed for each

Lpt us look at an example_ of an alarm and
supervisory circuit trouble. You find a selector switch
that has failed to release; but no alarm sounded. You
check other selectors in other shelves of the same bay
and find that no alarm is forthcoming. You then check
other shefves in different equipment bays and alarms
come in. This tel you that the timing relays and other
signal group relays are working properly.

Let us assume the bay we are concerned with is
hand Ued by signal group 2. Looking atfoldout 4, you
can see the relays 2 and 12 are the relays we must
check-

Well, where do you start? Ilehimen your ears. There
was -no alarm; visual or audible: We-se from looking
at the schematic that the audible alarm is connected to
a different set of contacts than the visual-:
Chances are; then; that relay* C-12 isn't operating:
Check it by having someone raise the shaft of a switch
in that: bay,_ and- see if the rel4 (C-12) operates. If it
does; then contacts I and 2; 3 kind 4, and 5 and 6 are
dirty or open. Let _us assume that relay C-12 does not
operate. -What is the path for the operation of C12?
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3H
Through the contacts of relay C-2 to battery on the
contacts of relay B-9. Does the C-2 relay qperate, even
for an instant; and then release? If it operates and then
releases after an instant, the hold path through its 3

And 5 contacts is open. If it does not operate at all,
then its 4 and 5 contacts are open; and/or 3T and 4T

-of relay B -$ are dirty or not making.
You can look at the relay and see it is opefating.

Assume that it is not operating. A simple contiffuity
test then narrows it down; in this case, to dirty contacts--

T and 4T of relay B-8.
/_
Exercises (425):
Identify the cause and state the corrective action for
each of the following troubles, using foldout 4 as
necessary.

1. When heat coils blow on the MDF, no audible
alarm is heard. I

2. No -delay -type alarms are com in when trouble
exists. Relays B-6, B-7, and B-9 are operating,
and no signal group relays are operating.

4=4. Power and Ringing Equipment Dacription
There are three major pieces of equipment used in

the production aqpi distribution of central office
power. They are die battery charger, battery, and
powerboard. ,_

A

The powerboard of a typical dial central office
consists of two vertical sections. The left section is
designated No: 1; and the right section; No: 2: The
powerboard_ provides space to fujiand distribute all
negative and positive potentials, and panels for tones
and supervisory equipment:

The 'fiers (Fiotrols) are used to supply all of the
power r the central office. The rectifiers are
controll by .the toggle switches on the units-. The
Flotrol is manufactured by the Lorain 'Products
Corporation, Lorain, Ohio. Sometimes Other chargers
are used in the fief& y

The dynamotor (ringing machine) is an ac
generator driven by a dc motor which operates on
46-52 volts dc exchange battery:

The Holtzer-Cabot tone interrupter unit is driven
by 46-52 volts central office battery.

326.- State die purpose of theapower and ringing
equipment, consulting tigurei 444 and 4=5 as
applicable.

Battery Requirements. Lead-acid battery cells are
used in a typical central office main battery, The
battery is used as a standby source of power. The load
is taken off directly from the charger with
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the battery bridged across the load: Thus; the battery is
kept charged constantly and is used only when the ac
Source is interrupted or when a sudden surge in the
load demands more current than the charger can
supply.

_ Ty Pe of cell. Cells are usually of the supported-
element type in which the assembly of plates,
separators; and retainers rest upon supporting ribs in
the. bottom of a molded steel glass :jar. The main
battery consists of 23 cells, with one, two, or three
additional cells called end cells for voltage boosting:

Baur, capacity. The capacity of the central office
battery is based on the normal operating load of each
indiVidual installation and may vary from 576 to
1,056 ampere-hours at an 8-hour discharge rate,
according to the size of the cells. A battery with a 576

pere -hour capacity would last for 8 hours at "a
spir discharge rate of 72 amperes per how.

Powerboard The powerboard of a typical dial
central office shOwn in fi gure 4-4; isonsists of, two
vertical sections. /The equipment is mounted on a
number of panels designated on the left section as 1A,
18, etc., and on the right section as 2A, 28; etc. _

Contents of powerboard Pane& These panels con)ain
the following:

1B: Tone and miscellaneous relays. The function of
these relays is covered later in thiS section.

/C: Altirth relays. Tpis panel mounts the alarm and
signal group relays.

IR Generator control and transfer relays. These
relays control ringing current from the ringing
machines.

I E 2B, and 2C. These panels mount controls for the
dc motor generators

IF Ringing machine controls and supervisory
limps are mounted here.

,1G. Fuses and alarm lamps for ringing, tone, and
Supervisory signal distribution circuits arp. located
here.

111. This fuse panel distributes power to the
switchboard, relay rackeiringing machines, and test
detk.

A. End -cel control switch and its control circuits
are_ not being used now.

2D. This is the discharge panel mountinglhe main
fuse and indicator_ alarm_fuse_ voltmeter with a three-
pcSitiOn switch (23 CELL, EXCHANGE, 26 CELL),
and an ammeter with two-position switch
(COMBINATION, DI _ GE).

2E. ThiS is the power di tion fuse panel for the
equipment shelves:

Meters: The discharge panel contains a voltmeter
with a scale of 35 to 65 volts, and a zero-centered
ammeter with a scale based on estimated peak busy
hour current drain.

VOltnieter. The green rectangle on the voltmeter, the
center of which is 49.5 volts; designates the normal
floating charge. With the switching key in the EXCH
position, the meter indicates the voltage across the 23
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cells of the storage battery. This readirig may be the
actual voltage across the 23 cells of the battery on
discharge or the voltage of the charging machine
floating across the 23 cells and the exchange load.

The charging unit must be disconnected from the
powerboard bus bar in order to read the voltage of the
battery.

Aiiiineter. The ammeter can show either of two
distinct current readings: combination (COMB) or
discharge (DISCHG). The ammeter has an external
Shunt in the positive charge lead and in discharge lead:
A switching key normally associates the meter with the
COMB current. The key, when operated, connects the
Meter with the DISCHG current.

The combination reading indicates the difference
between the charge and discharge current. Under
no I operation, the meter should indicate zero_

no currentleaving the battery and none going
it). The charger floating across the battery and load

generates current equal to the current being consumed;
The discharge reading indicates the amount of current
being consumed by the load (current used by the
exchange).

Battery Charger. The three -phase automatic
constant voltage battery charger; shown in figure
is a completely self- contained unit. With the etception
of the starting, it does not contain any moving parts:
All components are in one cabinet.

Specifically, the three phase Flotrol operates on
208 to 230 volts; 60-cycle supply and delPvers dc
voltage regulated within the limits of ±1 percent to
Mat Charlie the battery. The conversion of ac into dc is
accomplished by_ means of long life selenium rectifiers.
Regulation of the dc output' voltage is controlled
entirely by saturable magnetic reactors (iron cores with .

windings).
Each unit is equipped with a Weston voltmeter anlitd

ammeter. A simple switch changes the normal output
voltage from _ 2.1_5 volts per cell to an equalizing
voltage of 2.33 volts per cell. This is a table to 2.27
per cell where required. .-:

Ringing Equipment. The out ut', of the ac
generator (dirtctgerieratOr) is 19 Hertz, 80 volts; used
for ringingl`current The ilioltzer-Cabot single-
frequency dynamotor, type P. is lubricated at tht*type

and, after hiStalla , needs oiling once a
year: When reoiling, use S 30 machine oil, adding
to each bearing until of starts to dii. from -the
overflow__

Oily commutators or collector rings should be
cleaned with a hard, nonlinting cloth moistened with
petroleum spirits, followed by a dry cloth; After
cleaning; the commutator should be polished. A
convenient and effective goliSliet_ may be made by
using a hardwood stick of the following approximate
dimensions: Length-15" , width-1", thickness-3/16".
One end should he covered with six or eight layers of
hard woven canvas or duck cloth secured with rivets.
The polisher should be applied ' "end on" to the
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Figure 4-5. Flotrol fur telephone system.

commutator or slip rings with heavy pressure to
remove surface deposits and to produce a polish on the
surface of the metal. When the outer layer of canvas
becomes badly worn or too dirty for further use, it can
be- ut away and the next layer exposed.

Two channel* of tones are provided by an Alnico
permanent magnet-type generator without the use of
brushes or commutators. Therefore,_ it does not
require maintenance in the field. The inductive
windings of the- alternator produce a- tone of 600
cycle& per secotl modulated at 120 CPS, which is
Used for dial UM.

The interrupter is driven by the tone alternator
from precision cut cams. On an "A" mounted over the
motor are five slow-speed ringing interrupters, one
busy tone and_ one_ all-trunks-busy interrupter; and
TIME 1 and TIME 2 interrupters (used with alarm
circuits). All the interrupters, when operated,have a
ground potential.

Exercises (426):
1. State the purpose of the power equipment.
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2. State the purpose of the ringing equipment.

4-5: Power and Ringing Equipment Circuit
Operation

While there is not much to the way that the power
circuits operate, you should have a basic idea about
how the power that runs your exchange is produced
and controlled.

The ringing machine control circuit is not only
necessary in a central office; it's interesting.

427. Using foldout 5's schematic ctiagrs, and
figures 4-5 and 4-6, determine the actions that occur
in the ringing equipment during its operation and
state the purposes and ffinctions of the power
equipment.

Principle of Battery Charger ration; A single-
phase rectifier is used as a source of reference voltage,
and it together with uturable reactors, regulates the
outpikt voltage; holding it constant, with variation in
input Voltage and variation in load.

A block diagram; figure 4-6, illustrates the
operating principle of the three-phase charger,
showing: a power rectifier energited from a power
transformer, through saturable control reactors. The
output of the power rectifier is filtered and supplied to
the battery.

Reference voltage source. The output of the
reference voltage source is connected in parallel with
the output of the charger through windings on the
control reactors: When the output voltage of the
Flotrol drops below the reference voltage; current
flows through the control reactor windings and
restores the output voltage to normal. If the output
voltage rises above normal, the current decreases and
causes the reactors to insert more voltage diti:p
between The poweatransformer and the rectifiers;
thereby dropping the output tage of the charger
back to normal. This- action automatically
compensates for changes in input voltage; changes in
load current, and changest in rectifies resistance.

OiiTiciatl protection. The three-phase Flotrolt are j s
zprovide-d with a current limiting feature, an overload
protection rectifier; seen in figure 4-6, which protects
the charger against overloads. In case the charger is
connected to a dead battery, the battery is rechanged at
the maximum safe rate without danger of damage to
the Flotrol.

The power transformer is fed through current
transformers, which are loaded with capacitors. The
voltage drop inserted between the powerline and the
power transformer by these current transformers is
very small. The secondary voltage of the current
transformer is directly proportional to the load
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current. A rectifier connected to the secondary of the
current transformer develops voltage directly
proportional to the load current and serves as the
overload protection rectifier. The ojatput of this
rectifier is 41,co connected in parallel yiTh the output of
the charger; through control windings.

As long as the current delivered by the charger is
less than 120 percent of rated output; the voltage
developed by the overload protection rectifier is less
than the output voltage of the charger, and n3 current
flows through the overload rectifier circuit. This
circuit includes windings on the reference voltage
source and the overload windings on the saturable
control reactors; as figure 4-6 shows: As soon as 20
percent overload current is reached, the voltite
developed by the overload protection rectifier begins
to exceed the output voltage of the charger, and then
current flows through the control windings, which are
in the circuit of the overload protection ratifier.

The action of this current on the reference voltage
source is to drop its voltage and _thereby drop the
output voltage. *The same current flows through th
overload windings on the saturable control reactors to
unsaturate the reactors. The current flow through the
overload windings of the saturable- Coreactors
produces a flux within the core which is opposite to
that developed by the normal windings. This results in
desaturation- of the cores, causing the reactance of the
normal windings to increase; thereby limiting the ac
voltage applied to the power rectifiers to a Safe value.

Voltage output adjustment for battery cells. Both the
power transformer and the reference voltage source
are provided with taps, so thai the output voltage of
the Flotrol can be adjusted according to the number
of cells in the battery. The B-model Flotrols are
adjustable for operation of end cells. On all.
conn ons, the operaOon of an equalizing switch
read' changes the output voltage to a higher level for

lizing the batter. The equalizing switch, figure
, simply changes the output voltage of the reference
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source. It thereby causes the charger to regulate at a
higher level:

Aging. Because the output voltage is determined by
the reference voltage wurm, aging of the power
rectifier or changing of temperature of the saturable
control reactors do not affect the output voltage of the
Flotrol. Either of these conditions; occurring singly or
in combination with changes Of load or of input
vol.01ages, is automatically compensated for by changes
i e output current of the reference voltage source:

It is possible for changes in the characteristics of the
reference rectifiers to change the output voltage
slightly, but these rectifiers are oversized and operate
at much less thart.rated current. However, an aging
adjustment is provided to take care of this possibility,
as figure 4-7 reveals:

Contactor. The chargers are provided with dc
contactors, so that -whenever the power is off, the
circuit to the battery is opened: They also have
magnetic contactors on the ac input side so that the
charger can be operated by remote control.

Hering. All three-phase FlotrolS are provided
wi = a heavy duty filter, choke, which eliminates the
not from the battery and talking circuit. They are
also provided with electrolytic condensers, which are

netted to the rectifiers and further reduce the noise
o a very low level: These condensers are actually the

only components which shOuld be considered as
expendable. However, their action is only one of
filtering, and they can, even be removed from the
circuit completely without affecting the regulation of

arger.
Furthermore, in most installations where automatic

switches are operated from the battery, the noise
produced by the charger without the condensers is of a
lower level than the switching noise across the battery,
and even 'in case of a complete failure of the
condensers; the operation of the exchange will be
undisturbed. The ,condensers are provided with
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Figure 4-7. Typical Flotrol control panel.

protective fuses; so that in case of trouble; the fuses
will blow and remove the condensers from the circuit.

Outpw voltage actiustment. Tarn of die Ftotrol white
making adjustments: Each charger is provided with a
voltage adjustment panel consisting of coarse and fine
voltage taps by which the charger voltage may be
accurately adjusted to the desired level, as figure 4-7
shoWs.

These taps adjust the reference voltage standard

HE-163

which controls the . The adjusting links are
moved up' to increase die voltage; downward 6 reduce
voltage. 4';°:../

ReadjusOent of the rheostat (R-4) may be required
if the coarse voltage tap li changed or after aging of
rectifier= No. 2 (reference voltage source) is
expeitienced.- Aging of the power rectifier stack is
automatically compensated- and requires no manual



aging adjustment. Do not overcorrect. or the Flotrol
output will not properly follow the load.

Equalizing voltage adjustment. The equalizing
voltage can be adjusted independently) of the floating
voltage; as figure '4 -7 illustrates. The equalizing
voltage is adjusted by an equalizing voltage adjustment
potentiometer located near the aging potentiometer on
the voltage adjustment panel. Turning the
potentiometer to the right increases the equalizing
voltage. The range of equalizing voltages is from 0 to
,18 volts per cell above float voltage._

Flotrol Operation. A three phase otrol without
any special auxiliary equipment can be operated in
parallel with.a dc generator across a battery. Within its
capacity, the Flotrol- will maintain the battery voltage
constant as determined by the Flotrol characteristic,

Floating voltage. The floating voltage for the lead-
acid type storage battery is generally considered to be
between 2:15 and -2;l7 volts per cell. Variation in
floating voltage may exist between batteries. In order
to determine-the correct floating voltage for a given
battery; you should check the specific gravity and
water consumption Of the batteries over a period of a
month. If the gravity readings are gradually falling; the
floating voltage should be increased until the gravity
ceases falling for a penod of one month.. If `the
batteries require the addition of water more than once
in every 3 months; the floating voltage is to high and
should be reduced.

Equalizing. In order to maintain equal voltages on
all cells and to fully charge the weakest cells,_ it is
customary to periodically supply a-higher voltage to
the battery for a short time in accordance with the
battery instructions. When the equalizing switch on the
Flotrol is operated, the Flotrol delivers its maximum
charging current until the battery reaches the
equalizing voltage. The Flotrol then autqlnatically
holds the battery at the equalizing voltage until the
switch is manually returned to its normal position, The
battery should-, not be charged any longer than
necessary at the equalizing voltage, because continued
charging at this voltage may decrease the life: The
Charger does not have to be turned off to operate the
equalizing switch.

End-cell charging. Three-phase Flotrols have an end
cell voltage adjustment; which consists of a toggle
switch "end cell charge" by which the output voltage
can be increased by approximately 6:5 volts in order to
permit charging of end cells.

Parallel operation. Some Flotrols equipped
with paralleling rectifiers operated from the current
transformers; By balancing the voltage of the
paralleling rectifier in one Flotrol 'against that in
another through a portion- of their control circuits,
proportional division of load current between the two
Flotrols is maintained even though the Flotrols may
riot be of the same size. Two or more Flotrols of this
type are synchronized simply by installing a light gauge
equalizing wire btltween them. If the Flotrols are not
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both equipped with paralleling rectifiers, satisfactory
division of load current can be maintained by the use
of separate charging leads for each Flotrol.

DC Disconnect. The output circuit of the Flotrol is4
equipped with a dc disconnect contactor. This
contactor is pot a reverse current relay, neither does it
have any other marginal features. It is simply a heavy
duty dc_sontactor operated from the ac power supply
with sufficient tithe delay to insure thatlhe circuit will
not be opened while current is passing through the
contacts. It will be recognized that even if the dc
circuit were not open by the contactor, the reverse
current through the Floti-o-l-would be blocked by the
back resistance of the rectifiers. Nevertheless; in order
to coalpletely eliminate the possibility of leakage
currencand, at the same time, to provide interlocking
overload protection between the ac and dc _circuits of
the charger, the dc contactor is provided. When the ac
power fails or is disconnected, the delay of the dc
-contactor is sufficient to permkthe direct current
through the output circuit of the Flalrol to fall to zero
before the circuit is opened. With this arrangement,
there is no sparking whatsoever at the contacts of the
dc contactor, and no maintenance is required to keep
the voltage drop through these contacts to a negligible
quantity.

Common Questions About Flotrols. Certain
pertinent questions about Flotrols seem to be asked
with great regularity. For this reason; these questions
and their answers are repeated_here:

(1) What happens when a flotrol is single phased?
The application of single-phase voltage to a three-
phase Flotrol as a result of partial failure of the
incoming power cannot damage the rectifiers or
transformers. Depending upon which phase fails; the
result is either a complete or a partial loss of output
from the Flotrol. In some cases,' the fuses which
protect the filter condensers may blow; protecting
these condensers against excessive ripple current
resulting from unb4anced input voltages.

(2) What happens on low input voltage? The
output voltage of the Flotrol is completely
compensated for input voltage variations of plus or
-Minus 8 percent of the normal value: However, the
input voltage can usually drop as far as 20 percent
below the normal voltage without causing a complete
failure of charging Current, The output voltage will
still be regulated to a fair degree of accuracy, but with
such an abnormally lovV input voltage that the
maximum current available from the Flotrol will be
considerably less than the rated current. Still further
reductions in the input voltage may result in chattering
or other unsatisfactory operation of the magnetic
contactors in the Flotrol.

(3) What happens when the ac power- fails? When
the ac power input to the Flotrol fails; the charger is
automatically discsinnected from the battery, and there
is no possibility of leakage current through the charger
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draining the_power from the' ttery: When the power
returns; the Flotrol automatically resumes its charging
functions: Even if the battery has been completely
discharged, the output current of the Flotrol will not
become excessive but is limited by the overload
protection feature.

(4) What is the expected lifeof the_Flotrol? All of
the component_ parts of the Flotrol are carefully
designed to prdvide trouble-free operation and long':
life: The only item in the Flotrol which can be
considered_as expendable is the electrolyte condenser
bank, which has an anticipated life of approximately 7
years: The selenium rectifiers are of highist quality
and ultra-conservative design; the probability of early
failure has been reduced to a negligible factor. A
rectifier life can be anticipated as in excess of 15 years.

(5) What is the effect of frequency variation?
Noticeable line frequency,variations are rarely
encountered in the U.S., but when they do occur, their
effect is to -Change Flotrol voltage about 1.8 percent
for each I percent change in frequency. Where
frequency Variation is a problem, a frequency
compensation unit can be added (mounted externally)
to correct for frequency variations uP to ± 2 cycles.

Ringing GeneratOr Centrol Circuit. The control .
circuit components, _seen in foldout' 5, are loCated on
the power panel and consist of the following:

Keys. Ringing machine test key (R.M. TEST) i
used to test the operation on one ringing machin
without interfering with the operation of the oche
machine. Ringing machine start key (R.M. START)
must be in the operated position to start the ringing
machine to be used. Ringing machine alarm cutoff key,
(R.M. ALARM CUTOFF) cuts off the alarm while a
trouble is being cleared. The reset key (R.M. ALARM
RESET) resets the control relays after a trouble has
been cleared.

LaMps. Generator off lamp (GEN OFF) shows
when ringing machines have stopped: Ringing ,

Machine transfer lamp (R.M. TRANSF) shows when
there has beep. ktransfer from one machine to another.

Relays-. 021 is normally operated _from direct
generator. D22 tights R.M. TRANSF LiMp and
operates the dc contactors for automatic operation.
D23 operates when the START KEY AND RESET
KEY are operated for machine 2. D24 completes the
path for the transfer belays. D25 transfers the
generator control leads from machine I to machine 2:
D26 transfers the busy tones from machine 1 to
machine 2. D27 transfers thedial tone from machine 1
to machine 2. D28 transfers the direct generator
,(ringing current) from machine.,1 to machine 2. DC
contactors 'complete a path to start the dynamoysirs..

Manual Operation_ for Ringing Machine 1. The
R.M. START KEY, also seen in foldout 5, is in the 1
position. Ground from R.M. START KEY operates
the dc contactor for R.M. I. DC contactor extends
ground through winding of.the field and motor of the

dynamotor to battery. Dynamotor 1 starts. When relay
D-21 operates, the collector rings of the dynamotor
extend direct generator (t9 Hz ac) and battery to the
ring control relay contacts and the ac relay D-21. This
opens the operating path for D-22. D-21 is the only
relay operated while ringing machine I is running.
The cams on the tone alternator interrupt /round for
the busy tones at contacts IT and 2T and 7T and 8T of
relay D-26. Ground is interrupted by the _cams for the
ring control 'relays through the contacts of relay D -25..

Automatic Transfer from Machine 1 to Machine
2. If ringing machine 1 stops generating_ ringing
current, ringing machine 2 starts automatically. Tkn
these things happen:

a._ Relay D-2I releases. Relay D-21 releases when
the direct generator is removed. Numbers I and Tare
not contacts, but terminals for the windings of relay
D-21, Number 3 and 4 contacts complete an operating
path for D-22. Number 5 and 6 contacts complete a
path for the GEN OFF light.

Relay D-22 operates, Number 2 and 3 contacts
complete an operating path for D-24. Number 4 and 5
contacts complete a .path for the R. M. TRANSF .

lamp._ Number 6_ and 7 contacts complete a holding
path for D.-22. Number 8 and 9 contacts complete a -
path to .'sic contactor 2, making it an automatic
transfer.

c. DC contactor 2 operates. Ringing machine 2
starts.

d. Relay D-24 operates. _Number 1 and 2 contacts
complete a path for D-25. Number 3 and 4 contacts
complete a path for D-Zer Number 5 and 6 contacts
complete a path for D-27. Number 7 and 8 contacts
complete a path for D-28.

e Relay D -25 operates: Number 8B and 9B, 5B
and 6B, 2B and 3B, 8T and 9T, 5T and 6T contacts
provide a pith for interruptedsround from R. M. 2 on
GEN CONT leads I through 5 to the ring control
relays D-4 through D-8 or D- l4 or D -18.

f Relay- D-26 operates. Number 3T and 2T '
contacts provide a path for interrupted ground from
the -tone. alternator "2 to the tone circuit.

.Relay D-27 operates. Number 3T and 2T
contacts provide a path for dial tone from tone
alternator 2 to the tone circuit.

It Relay- D-28 operates. Number 6B and 5B, 9B
and 8B contacts provide a path for DLR GEN from
R.M. 2 to relay D-21 and ring control relays. When
machine 2 starts, the direct generator reoperates relay
D-21._ _

i. Relay D-21 operates. Number 3 and 4 contacts
open the operating path for D-22. Number 5 and 6
contacts- remove the ground'from GEN OFF light:

NOTE: When the alarm rings, you should switch
the R.M. START KEY from I to 2 and operate the
RESET _KEY. D -22 will _release, an_d_ D-23 will
operate from ground at the RESET KEY.

j. Relay D-22 releases. Number I and 2 contacts
provide a holding ground for D-24. Number 4 and 5
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contacts ien-ibve the ground from R. M. TRANSF
lamp and central office alarm. Number 6 and 7
contacts open the holding path for 13122. Number 8
and 9 contacts remove-the/round from dc contactor
2:

k. Relay D-23 operates.. Nutriber-2 and 3 contacts
provide a. holding path for D-24. Number 5 and 6
contacts prepare a path fbi-D. C.: contactor 1._Number

-7 and 8 contacts provide a holding path for D-23.
All irelays, except D-22, are operated when machine

2 is running.
renerator C.Ontrol and Transfer Relays. The

RING RCVS TRANSFER key determines which
ringing :circuit is in operation. In position 1, the 1

circultris used. Relays D-1; D-2. D-3, D-9; and 13 10
have an operating path from the key contacts. These
things occur:

a. Relay D- I operates. Number I T and 2T contacts
prepare a path for D-4. Number 31 and 4T contacts
prepare a path for D-5. Number ST and 6T contacts
Prepare a path,for D76. Number I B and 2B contacts
prepare a path for D-7. Number 3B and 4B contacts
prepare a path for 0-8.

b. Relay D-2 operates..Number I and 2B contacts
open the operating path for D- , D-12, and D-I9 in

-circuit 2. Number 3B and 4B contacts provide a
holding path for 13-1; 0-2;.and D-9 in circuit I. The
other make contacts prepare a path for direct
generator or negative battery.

c. Relay D-3 operates: Number 1B and 2B contacts
open the operating path for D-13 and 13720. Number
3B and 4B contacts provide a holding_path for D-3
and D-10. The other make contacts prepare a path for
direct generator or negative battery.

d: Relays D-4; D-5, D-6, D-7, and D-8 operate.
These relays operate in numerical sequence (D-4
through D-8) to provide I second ringing and 4
seconds silent period: DC battery is required for the
cut through relay in the connector. The dc battery is
furnished through the direct generator path during
ringing; and through contacts I and 2, 4 and 5 during
the silent period. Number 2 and 3; 5 and 6 contacts
complete the direct generator path.

e. _Relay D9 operates: Number I T and 2T, 3T and
4T, ST and 6T, I Sand 2ji, and 3B and 4B contacts
prepare a path for the direct; generator.

f Relays -10 operates: plumber 47 and 2T, 3T
and 4T, ST and 6T, IB and 2B, al id 3B and 4B
contacts prepare a path for the direct generator.

Dial To-ne. This tone is generated by :the tone
alternator with either ringing mat hine dPerating. This
tone goes from the tone alternator through the contacts
of relay D-27 to the tone circuit. In the tone circuit,
the tone (ac) goes to the primary of the dial tone
transformer on the selector shelf. The SUPY relay on
the selector shelf operates in series with the B relay of
the selector, closing the contacts of the SUPY relay.
The tone is induced into the secondary .' of the
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transformer and is extended through the selector to the
calling subscriber:

Busy Tone. Regular busy tone is dial tone
interrupted 60 impulses per minute. The dial tone
flows through resistor R-4; capacitor C-1i' and coil.
BT- L This tone is induced into the secondary winding
of BT- I . When the btity tone cam on the interrupter
closes -the contacts; tone flows to the connector bays:

All-Trunks-Busy Tone IATB). This tone is dial
tone interrupted 120 impulses per minute. The dial
tone flows through resistor R-5; capacitor C-4; and
pel primary winding of BT-2. This tone is induced
into the secondary winding of BT-2. When the cam on
the interrupter closes the contacts, a ground shunt is
present. Tone is sent to the selector bays only when
contacts are open.

Exercises (427):
I. How is the reference voltage source of a battery

charger connected in the charger circuit?

2. What is the purpose of the control reactors?

3. What is the overload current of a, Flotrol
considered to be?

4. What does the equalizing switch on a Flotrol do?

5. What is the purpose of the do contactors in the
battery charger?

6. What does the filter choke in a charger do?

7. How do the outPut voltage adjustment taps work?

8. What indicates to you that the float level is set too
high?

9. What relay in the ringing generator is normally
operated from direct generator?
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10. What do all of the interrupter's cam contacts have
in common?

1 I,. What would happen first in the control circuit (FO
5) if ringing machine 1 stops for some reason?

12. What is common about relays D-4 and D- 14 in
the generator control circuit (FO 5)?

13. What is the difference between busy tone and all-
trunks=busy tone?

4-6. Troubleshooting Power and Ringing
Equipment

A central office withoui power or ringing
equipment that works is in worse trouble than a man
who smokes and hat no cigarettes and matches.

428._ Given selected power and ringing equipment
Ito-table symptoms aWd appropriate iittiltions, m well
m foldout 4 and S's schematic diagrams; and figures
4-1 to 4-7 as required, determine the probable causes
of trouble tad state the corrective action needed for
each Situation.
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Assume that _ringing machine 1 fails and that.no
automatic transfer to machine 2 takes place. Barring
an open winding somewhere; the possibilities number
four.

First. relay D-2I releases, clOsing its 3 and 4
contacts. This completes the path from battery through
the winding of relay D,22,.to ground on the contacts of
the reset levet' switch. Your first move then is to look at
relay D-22. If it is not oporatedttacts 3 and 4 of
released relay_ D-21 or contacts_ o e RESET switch
are at fault. If it operates then its 8 and 9 contacts or
the 4 and 5 contacts of D-23 are at fault

Exercises (428):
I. What is the trouble and the necessary corrective

action when you must add water to most battery
cells every month?

2. One connector shelf does not Ili v e ringing
1 current Relays D- I, D-2. D-9, and D-25 are

operating properly and their contacts are clean
and making properly. What is the trouble and
what is the corrective action?

3. The connector shelf served by group A of ring
control relay's circuit I does not trip ringing
between ringing cycles. What is the cause of the
troubles?



Attondant'S Cabinet and Miscellaneous

Trunk and Switching Equipment

ALTHOUGH MOST' of the calls we make each day
are from one plfone to another on base, we do-have a
need to call the operator; fire department; another
base; etc. on occasion. Since this equipment is located
in your exchange and it is important, when needed,
this chapter discusses briefly some of these circuits:

We also spend some time looking at the attendant's
cabinet, because it is also an important function within
our exchanges:

54. Mliftellaneou Tr ilk and Snitching
Equipment Description

In this section, we difcuss the purpose and
'Functions of the pulse repeater, fire trunk, and the
reverting call switch: These are some of the circuits
that make up;the miscellaneous trunk and switching
equipment in your exchange.

429. Give the purpose or function of each of several
specified pieces of trunk and initchingequirnent,
ranging from the fire trunk and retorting call switch
thititigh access to the pulse_ repeater and the fire
repeater and 'reverting call switch to the pulse
repeater's function. -

Fire Repeater. The fire repeater and its associated
belt provide_a meant of connecting _a calling telephone,
to the base fire department. All calls to the fire alarm
reporting number signal the switchboard attendant,
who may or may not assist with the call or record It
The procedure folloWed will depend upon your base
requirements:

In some installations, fire alarm calls go directly to
the tire deparument and also, to the fire trunk panel
on the attendant's cabinet in other installations, all
fire alarm calls are answered and verified by an
attendant at the swiphoard. A special :fire alarm
number; ,madly- l7y or 117; is /assigned to the fire
departm VtaephOne. If calls come in to the fire trunk
betaim of dialing errors, the attendant can release
such calls. ;If the fire call is genuine; the_ intendant
extends the call to the fire department. The switch
train can be trki operated by the attendant, so that the
call can be traced in case of incomplete information or
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false alarm. Now let us look at another type of
rept ater,,the pulse repeater.

Pulse Repeater; The pulse repeater is needed to
enahle a telephone subscriber to call another
subWrihet in a distant telephone central office.

The pulse repeater, also referred to as a trunk
repeater; is an all-relay switch for repeating the dial
pulses frOm one circuit to another. Pulse repeaters are
Used in areas that have more than one 'central office to
complete calls from one office to another A pulse
repeater consists essentially of a group of relays
mounted' on a switch base. A pulse repeater is
associated with each outgoing trunk from the central
office.

The pulse repeater that you will study (H,61678)
is used when the trunk resistance is 2000 ohms or less.
If the distant central office -is so far away that the trunk
resistance is over 2000 ohms, another type of pulse
repeater must be used:

The pulse repeater is accessed from the banks of a
selector switeh or from a switehhoard jack appearance.
Most commonly, the digit 9 is dialed into the selector
to seize the pulse repeater; After it has been seized; it
returps dial tone from the distant exchange to the
calling subscriber. The subscriber then dials the first
digitof the desired number. The pulse repeater repeats
die dial pullet by reducing the trunk resistance to the
distant exchange. The digit is routed through a pulse
repeater in the distant exchange into an incoming
selector switch, witich steps to the pubes of the dial.
That selector cuts through tp mother selector or
connector, which accepts the rein of digits to the :called
number.

Not all of the miscellancous trunk and switching
equipment in an exchange is for the subscriber. There
are some items to assist the maintenance types, one of
which is the reverting call switch;

Reverting Call Switch. The reverting call switch is
an all-relay switch which enables installation and
maintenance personnel to ring the telephone on which
they are working by dialing a special number which
provides access to a reverting call switch. The reverting
Call switch consists of a _group of relays, resistors, busy
switch, and a test jack mounted on a switch base. The
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switch is jack mounted to allow easy removal for
adjustment and repair.

There are usually two reverting call switches in the
typical military installation. The switches are
connected to the first two bank contacts of level 9 of
the special second selectors. If the first reverting call
switch is in use, the next special second selector

FIRE TRUNK
CONTROL PANEL-

CORD SHELF

KEY SHELF

LOCKRAIL

stepped to level 9 will step across to the bank contacts
to which the second reverting call switch is connected.

After dialing the digit 9 into the special second
selector the installer then replaces the handset on the
cradle. The telephone limp until the installer picks up
the handset to stop the ringing. He then hangs back up
to release the equipment.
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Figure 5.1. Step-by-step attendant's cabinet; front view.
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Exercises (429):
1. What is.the purpose of the fire repeater?

2. What is the main functioh of the reverting call
switch?

3. How is the pulse repeater accessed?

4: What are the main functions of a pulse re

c

5. How are the fire repeater and reverting call switch
accessed?

5-2. Attendant's Cabinet Description
The attendant's switchboard (cabinet) of a step-by-

step dial central office provides services that
supplement those prOvided by the automatic switching
equipment. These services are given by one or more
attendants. They include service as a telephone
information center, the completion of calls between
dial telephones and the nondial telephones (common
battery and magneto) associated with the exchange, the
completion of calls to and from some other central
offices; and some types of. special services. They also
assist the fire department in validating and tracing fire
calls when the point of origin is not given.

COMO'S

CM.
COOS
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430. State the functions and operation of the
attendant's cabinet and its associated circuits.

Attendant's _Cabinet. The attendant's cabinet:
shown in figure 5-1, is a switchboard consisting of one,
or more positions. A position is that part of the
switchboard one operator mans. The position is
divided into one to three panels. The number of
positions depends upon the maximum expected calling
rate and is determined by the engineers. The
attendant's cabinet that serves an automatic exchange
may also serve manual subscribers.

All manual ° subscribers (CB and LB)
have an incoming line jack appearance; while
subscribers served by an automatic exchange do not
When a dial subscriber desires to reach the operator,
he may do so over the information trunk which is
seized by dialing 13 or 113, or over the operator's
trunk by dialing zero. '

The operator may reach any telephone served by the
office through the use of the out-dial-to-line
equipment or out-dial-to-connector trunks. The
manual subscribers may be reached by the operator
through their line jack appearances. The operator may
reach another attendant's cabinet through trunks that
are terminated on the switcfiboard. The subscribers do
not have access to these trunks. The operator may also
access the common trunking equipment from The out-
dial-to-line equipment.

Relay gate. The circuit 'apparatus for the cord
circuits, the operator's position circuit, and the
attendant's telephone circuit are mounted on a hinged
steel gate at the back of each switchboard position.

Key shelf and cord shelf. The horizontal portion of
each basic switchboard position contains the cords, the
supervisory lamps, the lever switches for the 17 cord
circuits and those associated with the operator's
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position circuit; and a dial; as revealed in figure 5-2.
This equipment, together with ale relays mounted on
the relay gate, make up the 17 Universal cord circuits.
Each cord circuit contains a talk-monitor lever switch
(TALK when the switch is oPirated toward the rear of
the switchboard, and MON when the switch is
operked toward the attendant) and the ringing lever
switch (RING on the answer cord, when the switch is
operated toward the rear of the switchboard, and on
the call cord; when the switch is operated toward the
attendant). Lever switches (keys) for the cord and the
operator's position circuits are mounted on a key shelf
shown in figure 5-2.

NOTE: T term "lever switch" (sometimes
shortened to s itch) is the official terminology for the
component ofte described by telephone personnel as
a "key:" Throughout this course; the terms "lever
switch"; "switch ", and "key" are used interchange-
ably.

Relay racks. The circuit apparatus associated with
the magneto lines, the common battery lines; and the
incoming trunks from selector levels are mounted on

'relay racks; these racks are installed in the
switchroom. The relays and the the other circuit
apparatus used with central office (city) trunk and with
auto-to-auto trunks are part of the pulse repeaters
associated with these trunks;_ these repeaters are also
installed in the switchroom. The relay racks are placed
near the TIDF (trunk intermediate distributing frame)
in order to minimize the length of interconnecting
cables. Fuse panels at the top of each rack hold the
fuses that protect the equipment mounted on that rack.
The line and trunk equipment circuits terminate at
terminal boards on the back of each bay.
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Figure 5.3. Fire trunk control panel.
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Fire trunks. Control equiement for fire trunks, seen
in figure 5-3, is locatcd at the top of the left-hand
panel of position 1 of a typical attendant's
switchboard. Such equipment includes a push-switch
assembly, a lampholder strip, and an assembly of lever
switches.

Face equipment. The face equioment of an
attendant's switchboard contains designation strips;
strips that hold line and busy lamps; and blank spacers.
Special switch panels, such as the fire control
equipment; are sometimes included: There is no
standard layout for the face equipment. Each
switchbOard will contain the equipment needed to
fulfill its specific requirements: The manufacturer's
drawing will show jack panel equipment and auxiliary
pilot and control apparatus, which is located below the
jack panels:

A night alarm circuit ilprovided as part of a typical
attendant's switchhoard. This circuit is usually located
in position '1 of multiposition switchboards: The night
alarm circuit contains buzzer, so that incoming calls
will give audible (as ell as visual) signals when the
circuit is in operati n: such signals are used during
periods of light tra lc. A night-alarm switch; located
beneath the jacks' on the right-hand panel of the
position; permits te attendant to disconnect the night-
alarm circuit during periods of normal and heavy
traffic.

Multipling. All of the lines and trunks (except the
fire trunks) connected to the switchboard are
multiplied to each switchboard position, so that each
attendant has access to all lines and trunks, Short
lengths of cable are used to connect the jack strips and
lampholders strips of switchboard position I with
corresponding strips of switchboard position 2; etc.

Services Within the Exchange. The attendant's
switchboard serves primarily as an information center
and to render assistance in emergencies, such as fire
calls. The attendant's switchhoard also handles calls
between dial and nondial telephones; and calls to and
from city or other central offices when trunk circuits
for this purpose are provided. Following are some
typical services that are provided by the attendant's
switchboard for telephones served by the dial central
Write.

Typical attendant's switchboards are equipped with
trunk circuits from the selector 0 level. These are used
to answer calls from dial telephones when 0 is dialed
for assistance or toll service. Call, recall; and
disconnect supervision are supplied by lamp signals.

The attendant can extend calls that reach the
switchboard on the information and operator's trunks
to nondial telephones, or to city or manual central'
offices, by means of the cord circuits and the out-dial
or other trunk circuits.

The attendant answer calls from magneto lines
(used for special services in some offices) and extends
calls to dial telephones or to outgoing trunks, as
requirereall, recall, and disconnect supervision are
effecte from the magneto telephone by ringing on the
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line. Calls from regular dial telephones also are
extended to magneto lines_ with _normal lamp
supervision on the calling line._ Manual ringing on the
Magneto lines is required; a RING switch is provided
in the cord circuit.

The attentlant'S SWitchbOard also handles calls from
and to common battery nondial (manual) telephones:
nondial telephones are sometimes used as part of a dial
system, for certain cases in which dial service is not
used. Normal lamp §upetgrision is received from a
common battery line through operation of the
telephone hookswitch. CABS froth thete lines are
extended to other telephone lines or to city or manual
central offices:

The_attendant handling fire-alarm calls may verify
the calk and extend -them- to the fire department
through tit fire-control panel mounted on the first
position,: s own in figure 5=3. Fire calls are dialed
from statiod lines by dialing A special number, usually
117: This e tends the call through the special second
selector an operates the fire repeater, sounding_ an
alarth in th switchroom and sounding a buzzer and
lighting a p on the attendant's switchboard fire-
control pa el. The attendant then Verifies the call,
sends the !arm to the fire department; and transfers
the calling telephone to the fired artment line; The_
attendant 'has supervision over release of the
ecluipnient and can hold the switch train ;of the calling
line operated to permit tracing the call to its source, if
need be.

services to Ckher Central Offices. When the dial
central office has trunk circuits to other central
offices; _either automatic or manual, calls to these
offices from telephoheS not authorized to dial them
directly are handled through the attendant's
switchboard. Telephones that wish to reach such
central offices dial the switchbbard on the information
trunk circuit. For calls to manual offices; the attendant
relays the call to the operator at the manual office. For
calk to dial offices, the attendant may dial the desired
number directly. Disconnect supervision is received
from the calling line. Toll c»iis can be timed and
_recorded by the attendant. Delayed calls can be
handled; the attendant notifies the calling telepbone
wheil the desired (called) line is available.

Incoming calls from other.. central offices may be
extended by the attendant to any telephone served by
the dial central office. Calls to dial telephones are
completed by dialing the telephone through the out-
dial-to,connector trunk circuits or the out-dial-to-t,
iine=equipment trunk circuits, or through the
operator's selectors; if disconnect supervision is
supplied by the called line. Ringing current is
automatically supplied by the connector. A call to a
magneto or a common battery manual line is
completed by plugging directly into the proper line
jack and ringing manually from the switchboard.
Disconnect supervision is received by lamp signals
from the common battery lineS and by ringing from the

32.5-
magneto lines. No disconnect supervision is received
from the outside central office, except by reringing on
the trunk.

Exercises (430):
1. Which subscribers have line jack appearances on

the switchboard associated with an automatic
central office?

2. How many universal cord circuits are mounted on
the automatic electric switchboard position?

3. By means of which two types of- circuits can a
switchboard operator reach any telephone served
by a Strowger central office?
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Figure 5-4. Fire trunk circuit schematic.
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4. Where on the switchboard is the fire trunk control
panel located?

5. What is the primary fUnction of a switchboard in a
Strowger exchange?

6. What does the switchboard operator do' with
respect to incoming fire calls?

7. Name four circuits that are associated with the
switchboard but are not part of the switchboard
circuitry proper.

5-3. Operation of Circuits
As we have mentioned earlier, the fire repeaters are

mounted on the miscellaneous switching equipment
shelf in the switchroom. Figure 5-3 illustrates a fire
trunk control panel used on a typical attendant's
switchboard-. Figure 5-4 is a circuit schematic of the
fire trunk control equipment, showing one trunk
circuit. There is one trunk circuit for each fire repeater,
and one relay and alarm buzzer which is common to
all trunks. The line AL or trunk lamps LM2 are
multipled through relay A so that the buzzer will
sound for a fire call on any trunk. A functional
diagram of the fire repeater and fire trunk control
apparatusis shown in foldout 6 (in separate
enclosure).

431. Using foldout 6's schematic diagram, specify
the actions that-occur in the fire repeater during
operation involving certain specified portions of the
equipment as typically employed.

Dialing a FireCall. SubiCribers at dial telephone
stations place fire calls by dialing the number 17 or
some combination of digits ending in 17. This extends
the call through the first selector and the _special
second selector to an idle fire repeater: Relay A in the
fire repeater operates, grounding the release trunk
through the AUTO RLS switch and completing a
circuit to the vOing oerelay K (FO 6): The selectors
and linefinder used by the calling line are_held
operated by ground on the release trunk (RLS TRK).
Relay K operates._ lighting the trunk line lamp (over
lead AL) on the fire control panel at the attendant's
switchboard. Current for the lamp flows through the
winding of relay A, seen in figure 5-4, of the

attendant's switchboard, operating it and closing the
circuit to the buzzer and alSO giving an audible alarm
signal to the attendant:

Extending Call to Fire Department. To answer the
call, the TALK switch (on the fire control panel) is
operated: This connects battery through resistor R I to
lead B in the operator's position circuit of figure 5-4
and connects the attendant's headset across the fire
trunk: To extend the call to the fire department; the
FIRE switch is operated momentarily; grounding
leads Cl and DC. Ground on lead CI operates relay G
in the fire repeater (FO 6), which locks to ground on
lead DR from the DEPT_ RLS switch and connects the
+TRK I and TRK I leadt of the trunk to the fire
department; to ground; and to the 200-ohm winding
of relay F. Ground on-lead DC operates relays B and
D in the fire riterater. Relay B locks to ground on lead
RK I from th AUTO RLS switch to hold relay D
operated.__connea_interrupted ringing__ current
(INTRPTED GNRTR) through capacitors C3 and CI
to the lineas ringback tone for the calling party
and connect noninterrupted ringing current (DI CT
GNRTR) through the 200-ohm winding of ping
cutoff relay F tb the TRK I trunk Icgl: Operation of
relay D reverses battery to the calling telephone;
connects direct generator to ALARM NO. I lead, and
closes an additional path from ground at the AUTO
RLS switch over lead RK1 and through contact 6 and
7 of relay B and contacts 4 and 5 of repeater_ relay D to
the release trunk lead to hold the preceding switch
train operated independently of relay A in the _fire
repeater. The ringing current connected by relay B to
the fire department rings the firedepartment telephone
continuously until the fireetlapiRment answers. The
ringing current connected by relay D to ALARM NO.
I lead rings the AC ringer in the switchroom to alert
the switchroom, personnel. Operating the fire alarm
ringer switch stops the ringing he call may be traced
through the special second selector; the firs.; selector;
and the linefinder to get the directory nunkr of the
calling line. The line-record card for this number is
then checked to find the location of the telephone.

Fire Department Answers. When the fire
department answers, a loop circuit is closed to the
200-ohin winding of relay F in the fire repeater. Relay
F operates, locks to ground on lead DR from the
DEPT RLS switch, extinguishes trunk line lamp LM2
and lights supervisory lamp LM 1 , cuts off ground and
DIRE qr GNRTR from the +TRK I and TRK I
leads; ad connects the fire department throughlo the
windings of relay C and E in the fire repeater. Relay C
operates; but with the usual wiring of the fire repeater;
the break contacts of relay C are permanently short-
circuited and have no effect. In some installations,
operation of relay C would extinguish the supervisory
lamp. Relay E is differentially wound; so it does not
operate.

A talking circuit between the calling telephone and
the fire department is completed through capacitors



Cl and C2. The attendant monitors across the R ()
and T (-1-) wires.

If the fire department disconnects arid it its

necessary to recall the department, the DEPT RLS
switch is operated momentarily to restore Telay F. This
also releases relay G, however, and the FIRE switch
must be operated again.

Release; When the calling telephone disconnects,
relay A in the repeater restores and opens one
connection between the RKTRIPand the RLS TRIP leads
(F0 7), leaving the calling switch train held by ground
on lead RK I through the 6 -7 contacts of relay B and
the 54 contacts Of relay D. When the fire department
disconnects, relay C restores; but lamp LM I remains
lighted. The attendant monitors the call and requires
no supervisory signal to disconnect.

The attendant restores the TALK s tch and then
momentarily operates the DEPT ttLS s Itch, releasing
relays F and G. _The AUTO witch is then
momentarily operated; releasing relays B; D, and K,
removing ground -from the release trunk, and
permitting the wit& train to release. When relay D
restores, it disconn'ects- ringing current from ALARM
NO. I lead and connects it to ALARM NO. 2 lead. If
the switchman had operated the fire alarm ringer
switch to stop the AC ringer; the ringer would have
again operated coAnuously until the switchman
restored the switch to normal. Negative battery on the
release trunk, through the winding of relay K, marks
the repeateridle to the special second selector for the
next fire call. i. \

Exercises (431):
I. How many fire ala

step-by-step teleph
there are 10 fire tru

rs are provided in a
switching center when

2. How- is it possible to determine the station from
which a fire call is received if the calling party
terminates the call before giving all of the essential
information to the attendant?

3. What step-by-step equipment unit _must be
Supplied with a negative battery potential from the
fire repeater circuit in order that the telephone
switching center -attendant be aware that there is a
fire call?

4. What does the switchboard operator do to extend
afire call and how does it affect the trunk circuit
(FO 6)?
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5. What happens in the fire trunk circuit (FO 6),

when the fire department answers a call?

432. Ugh* foldout 7 as needed; give the pulse
repeater's purpose and state the actions that occur
and their affect on associated equipment during
typical operation.

The pulse repeater is an all-relay switch used to
strengthen and repeat dial pulses from one central
office to another. It consists of a group of relays
Mounted On a switch bas-e. Its operation is entirely
electrical, since it does not have the stepping
mechanism of linefinders, selectors, or connectors.
There is a pulse repeater for each outgoing trunk
(interoffice trunk) at tkpoint where the trunk leaves
the central office. The_term_ "interoffice trunk," AS
used in thiS ditcussion, is the general classification for
all trunks between central offices, dial or manual. It
includes both auto-to- uto and auto-to-manual
trunks.

There are two types pulse repeaters: one-way
pulse repeaters and two- y pulse repeaters. One-way

die repeaters repeat ial pulses from a local
(oliginatingrcentral office over interoffice trunks_ to
a fterthinating) central office. This.
arrangement is called a one-way. pulse repeater
because it permits the operation of interoffice trunks
in one direction (outgoing) only. Two-way pulse
repeaters, on the- other hand, permit operation of
interoffice trunks both from a local office to_a distant
office and from a distant office to the local office, over
the same interoffice trunks. A one-way pulse repeater
is located kinly at the _outgoing end of an interoffice
trunk in the central office in which the calls Originate.
A two=waypulfe repeater is located at each end of an
interoffice trunk; permitting the use of the interoffice
trunk for both outgoing and incoming calls between
the two offices:

Foldout 7 is a simplified schematic diagram Of a-
typical pulse repeater. Referring to this circuit
diagram, you will sec that a three-wire trunk enters the
pulse repeater at the left. This trunk ,,consists of a
positive lead and a negative lead for talking and
dialing and a C lead for control purposes: It extends
from the banks of preceding selector in the Ideal
central office. A two-wire interoffice trunk, consisting
of a positive and a negative lead;_leayes the repeater at
the right (terminals 5 and 6 of PL I ) and is connected
to an incomini selector in the distant centiti office.
The incoming selector is similar to the regular
selector, with the exception that the incoming selector
is wired to the repeater instead of to a linefinder:

Outgoing Calls Outgoing calls reach the pulse
repeater from a regular first selector or a special
second selector located in the local central office. In a



this text, this office will be referred to as the local
office, and the ice to which the repeater extends the
call will be r redTo as the distant office:

Seizure. When the wipers of the sctor in the local
office seize the trunk leading_ to the repeater, a circuit
is completed from negative battery through the lower
200-ohM winding of relay A of the repeater (FO 7),
through contacts 2 and 3 of rtlay D, out the negative
side of the calling line loop; through the closed dial
pulse springs of the calling telephone; back over the
positive side of the calling line loo_p, through contacts
5 and 6 of relay D of the pulse repeater; and through
the upper winding of relay A to ground.

When relay A operates, it clbses its contact 4 with
contact 5 and its contact 6 with contact 7: It thus
extends the dial pulse transmitting circuitto contacts 3
and 6 of rely F, as foldout 7 shows. Relay A also
closes contacts: 2_and 3 to complete the operating
circuit of relay B. The operating circuit of relay B runs
from negative battery through the irinding of relay B
and through contacts 3 an of relay A to ground:

When relay B ope , it connects ground through
its contacts 1 and o C lead of the outgoing
selector in_ the local office to hold the switch train
operated. Relay B also closes its contacts 3 and 4,
completing a circuit through the 1400-ohm winding of
relay D and completing the operatiniccuit of relay
F. Relay D does not operate at this time, because the
magnetic field developed by its 1400-ohm winding is
notstrong enough to move the armature;

Relay F operates and extends the trunk loop to the
distant office to seize the incoming selector in that
office and opens_the circuit to thi incoming selector in
thelocal office. The circuit to the incoming selector in
the local office was partly completed through contacts
I and 2 and 5 and 4 of relay F before relay F operated.
When relay F operates, these contacts open.

The trunk loop circuit is completed from negative
battery through one winding of relay A in the
incoming selector at the distant office, through
contacts 4 and 5 of relay F of the pulse repeater in the
distant office, over the negative side of the loop,
through contacts S. and 6 of relay F of the local pulse
repeater (unless otherwise noted; relays referred to are
in the local pulse repeater); through contacts 3 and 2
of relay C, through contacts 7 and 8 of relay B,
through the 375-ohm winding of relay D, through
contacts 5 and 6 of relay C, through contacts 6 and 7
of relay A, through contacts,3 and 2 of relay F, over
the positive side of the loop, through contacts 2 and I
of relay F of the pulse repeater in the distant office,
and; finally, through the other winding of relay A of

1 the incoming or in the distant office to ground.
The com_pletion is circuit causes relay A of the
incoming selector perate and prepare the selector
to receive dial poi

When relay F o. rates,contact 8 breaks with
contact 7 to open the C lewd of the. .

incoming selector e local office and makes with
contact 9 to complet the operating circuit of relay E.
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This circuit extends from negative battery through the
winding of relay E. through contacts I and 2 of SW-1
(busying switch), and through contacts 8 and 9 of relay
F to ground.

Relay E operates and connects a multiple ground to
the C lead and the swtich train through contacts 2 and
3.

With the loop of the calling telephone extended
through the pulse repeater to an idle incoming selector
in the distant office; the incoming selector is prepared
to operate in response to dial pulses from the calling
telephone.

Dialing; When the dial of the calling telephone is
operated, the pulse train of each digit dialed is
repeated by the pulse repeater over the interoffice
trunk to the switches in the distant office. The first
break of the dial pulse springs opens the loop of the
calling telephone through the windings of relay A of
the_ local pulse repeater.

Relay A restores and opens the loop circuit to the
incoming selector in the distant office by breaking
contact 4 from contact 5 and contact 6 from contact 7,
and completes the operating circuit Of relay C by
closing its contacts 1 and 2. (The holding circuit of
relay B is momentarily broken when relay A restores;
but relay B does not restore, because it is a slow-
releasing relay)

When relay C operates; it opens the loop circuit to
the distant office. This circuit passes through the 375=
ohm winding of relay D. Relay C also connects
negative battery to one side of the loop (now
incomplete because relay A has restored) to the distant
office and connects ground to the other side of the
incomplete loop to the distant office. These two
connections to negative battery and ground
(completed through contacts 4-6 and 7,9 of relay C)
supply the voltage required to transmit dial pulses over
the loop to the distant office, as figure 5-5 reveals.
Operated relay C also removes the 375-ohm winding
of relay D from the loop to the distant office by
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opening contact 6 from contact 5 and contact 2 from
contact 3.

When the dial pulse springs close during the first
pulse, relay A operates again. Relay C remains
operated temporarily (it is a slow- releasing relay)
while relay A is re_operated. The battery voltage for
pulsing is removed from the trunk loop by the contacts
of relay A. As the dial pulse springs open and close,
relay A restores and operates. connecting the battery
pulsing circuit across the loop to the distant office with
each operation.

After the last pulse of the last digit dialed has been
transmitted, the dial pulse springs remain closed, and
relay A remains in the operated position and holds the
operating circuit of relay C open. Relay C restores and
disconnects the battery pulsing voltage from the loop
to the distant office: Relay C also connects the 375 -
ohm winding of relay D across the loop to the distant
office.

Talking circuit. When the called party answers; the
current_ through the trunk from the distant office
(through the 375-ohm windink of relay D) develops a
magnetic field that aids the magnetic field of the 1400-
ahm winding. Therefore, relay D operates. When relay
D operates, it reverses current in the line loop of the
local office through its make-before-break contacts:
The relays of the pulse repeater remain in the positions
held, as indicated above, during the period that
conversation takes place between the calling and
called parties.

Release. Theocircuit which holds relay A operated is
completed through the cradle switch of the telephone
of the calling party. The calling party replaces the
handset to open the circuit to relay A. Relay A restores
and opens contacts 6_ and 7; which open the loop
circuit to the distant office and the 375-ohm winding
of relay D. Contact 2 breaks with contact 3 (opening
the_holding circuit of relay B) and makes with contact
1. This, however, does not complete the operating
circuit of relay C, because relay D has operated and
opened its contacts 7 and 8, through which relay C
operates.

When relay B restores; it removes ground from the
C lead to the outgoing selector in the local office by
opening contacts 1 and 2, opens the circuit through the
1400-ohm winding of relay D by opening contacts 3
and 4, opens contacts 7 and 8 through which the
circuit to the 375-ohm vAhiding of relay D was
completed; and also opens its contacts -5 and 6, which
completes a holding circuit for relay C.

When relay D restores, it reverses the flow of
current Through the loop to the selector in The local
office and closes its contacts 7 and 8 to partly
complete the circuit to relay C in readiness for the next
calL

. Relay F restores at the same time as relay D, since
its circuit was completed to ground through contacts 3
and 4 of relay B. When relay F restores, it disconnects
the pulse repeater from the trunk to the distant office
and makes the trunk ready to handle incoming calls by
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connecting the trunk to the incoming selector in the
local office. Relay F also opens the holding circuit of
relay E at contacts 8-9:

When relay E restores, it removes ground from, and
places negative batter, on, the C lead to the outgoing
selector in the local office: The pulse repeater is now at
normal and ready to handle calls in either direetion._

Incoming Calls. Incoming calls reach the lcidal
pulse repeater from a similar pulse repeater in the
distant office. The pulse repeater in the distant office
may or may not be identical with the one in the local
offica:

Seizure: The pulse repeater in the distant office
seizes the incoming selector in the local office over a
trunk loop which passes through contacts 1-2 and 4-5
of relay F in the pulse repeater in the local office.
When relay B of the incoming selector operates upon
seizure of the switch, ground is connected to the C
lead: The C lead -is in series with the winding of relay E
of the local pulse repeater. Ground on the C lead
completes the o_perating circuit of relay E. When.relay
E operates; it grounds the C lead to mark this pulse
repeater busy.

Talking circuit. Relay E of. the pulse repeater in the
local office is the only relay operated during an
incoming _call. _It remains_ operated until the switch-
train is releated by the calling _party.

Release: When the calling party replaces the handset
on the cradle; the switch train is released. When the
incominj selector in the local office releases, ground is
removed from the C lead, thus opening the operating
circuit of relay E. When relay E has restored,_the pulse
repeater is at normal and again ready to handle calls in
either direction.

Exercises (432):
1. What is the purpose of the pulse repeater used in

telephone switching centers?

2. In what type of calls are pulse repeaters used?

3. What type of selector is used to receive an
incoming call from a distant telephone switching
center?

1
4. Why is the C'tead from a step-by-step pulse

repeater connected to the bank of a selector?

5. What detice serves as the "dialing relay" in a step-
by-step pulse repeater circuit?



6. How is a step-b step pulse repeater identified as
being idle?

7. What effect does an operated busy switch have on
a step-by-step pulse repeater?-(F0 7)

8. What relay operates in the pulse repeater (FO 7),
and what causes it to operate on an incoming call?

9. What does-the_ operation of relay E in the pulse
repeater circuit (FO 7) do? Why?

433. Using foldout 8's schematic diagram as
necessary, indicate those actions that occur in the
reverting call switch during typical operation of that
switch.

Seizure; When the special second selector cuts
thrbugh to the reverting call switch, foldout 8, relay A
is seized from the line loop.

A relay operates Contacts I and 2 further open a
circuit to relay D. Contacts 3 and 4 complete a cir9iit-
to- relay B.

B relay operates. Contacts I and 2 open the circuit
that was marking the switch idle with 500-ohm
resistance negative battery out on the C I to the
special selector. Contacts 2 and 3 complet a circuit
Tor round out on the C lead. This ground Ids up the
preceding equipment and also marks this rting call
switch busy. Contacts 4 and 5 _parti y prepare a
circuit to relay D. Contacts 6 and 7 co plete a holding
circuit for relay B. Contacts 8 and 9 provide a ground
to start the ringing machine if it does not run
continuously. The switch has bep seized._

Installer Hangs Up Phone; The installer now
handiet on the cradle. This opens the line

loop and causes relay A to release. These thingfollow:
A relay releases. Contacts I and 2 complete a circuit

to relay-D. Contacts 3 and 4 open the operating circuit
to relay B, but it does not release for it has a holding
circuit.

D relay operates. Contacts I and 2 and 4 and 5 open
the circuit further to relay A. Contacts 2 and 3 -and 5
and 6 complete a circuit for ringing current to flow
through the J relay and out thepositive side of the line
and to return on the negative fide of the line. This is
referred to as ringing on the positive side of the line.
Contacts 7 and 8 complete a circuit to operate relay E.
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E relay operates. The'E relay is a timing relay. When
it operates; it mechanically sets into vibration its
weighted/spring. Because relay F is slow-to-operate.
the intermittent closing of the circuit to relay F does
not at first cause relay F to operate; As the vibrations
decrease in amplitude, the circuit to relay F is closed
for a longer period of time, and shortly before the
weighted spring comes to rest; relay F operates:

F relay operates. Contacts I and 2 and 4 and 5
remove the ringing current from the positive side of
the lint. Contacts 2 and 3 and 5 and 6 complete a
circuit for ringing current to be sent out the negative
side of the line. Contacts 7 and 9 complete a circuit for
relay C before the short circuit to relay C is removed
by contacts 8 and 9.

C rey operates.- The C relay is a timing relay. When
it operates; At mechanically sets into vibration its
weighted spring. The intermittent short circuiting of
the winding of the relay E does not at first cause relay
E to restore. As the vibrations decrease in amplitude,
the winding of relay E is short circuited for a longer
period of time; and shortly before the weighted spring
comes to rest, relay E releases.

E retay releases. Contacts I and 2 open the circuit to
relay F.

F relay releases. Contacts 2 and 3 and _5 and 6 open
the ringing circuit from the %native side Of the line.
Contacts I and'2 and 4 and°5 complete a circuit for
ringing current- out the poiitive side of the line.
Contacts 8 add 9 place a short circuit_ on relay C, and
contacts 7 and 9 open the operating circuit for relay C.

C relay releases. Contacts I and 2 remove the short
circuit to relay E.

E relay operates. _This sequence will continue until
the handset is lifted from the cradle.

Installer Lifts the Handset From the Cradle. This
completes a circuit for the_DC on the ringing circuit to
flow through the 1' relay. These things follow: .

J relay operates:. Contacts I and 2 complete an
operating circuit for the H relay.

H relay operates. "X" contacts I and 2 complete a
holding circuit for the H relay: Contacts 3 and 4 open
the circuit to relay D. Contacts 5 and 6 open the
!{folding circuit to relay B, putting it on slow-to-
release. Contacts 7 and 8 open the ringing machine
circuit.

D retay releases. Contacts 2 and 3 and 5 and 6 open
the circuit for the ringing current and the. J relay:
Contacts- I and 2 and 4 and 5 complete a circuit to
relay A. Contacts 7 and 8 open the circuit to relay E.

J relay releases. Contacts I and 2 open the ocFrating
circuit to the H relay. The H relay does not relase due
to a holding circuit;

A relay operates. Ccintacts I and 2 further open the
circuit to the D relay. Contacts 3 and 4 complete a
circuit, to the_B relay to keep it from releasing.

Installer Replaces the Handset. The handset is
replaced on the cradle. This opens the circuit to the A
relay. These actions follow:

"flay releases. Contacts I and 2 further open the
5 ;



. --circuitio the D relay. Contacts 3 and 4 open the circuit
to the B relay, putting the B relay on slow-to-release.

B relay releases: Contacts 2 and 3 remove ground
from the C lead. This will cause switch train to
release; this also removes the H rel holding circuit.
Contacts I and 2 mark the switch e with 500-ohm
resistance negative battery, Contacts 4 and 5 further
open the circuit to relay D. Contacts 7 and 6 further
open the holding circuit to relay B. Contacts 8 and 9
further open the ringing machine start circuit.

H relay releases. Contacts I and 2 open its own
holding circuit. Contacts 3 and 4 partially close the
circuit to the D relay. Contacts 5. and 6 partially,
complete the holdiiig circuit to relay. Contacts 7 and 8
partially complete the ringing machine start circuit.

Exercises (433):
I. What happens when.seizure of the reverting call

switch occurs?

2. When the installer hangs up the firSt time relay D
operates, what do the D relay contacts do?

3. What does the H relay do when the installer lifts
the handset Of the ringing telephone, and what is
the result of the H relay's action?

.4. What relays release when he installer hangs up the
phone the second time?

434. Using foldout 9 as14seeded; specify the actions
that occur in the switchboard and associated circuits
during operation and what affect these operations
have on specified equipment as typically employed.

Seswice failures can be reduced by careful handling
of the equipment and by frequent tests and inspections.
A thorough knowledge of the functions of_the circuit
apparatus and an understanding of the circuit
operation arc necessary to perform :efficient,
troubleshooting and repairs. This section describeS the
functions_ of the circuit apparatus used with a typical
attendant's swjtchboard: Circuit schematics and
functional diagrams are included (FO 9, figs. I

through 5) to assist you in understanding the purpose
and function of the circuit apparatus and as an aid in
troubleshooting.

Universal Cord Circuit. The universal cord circuit
used on the attendant's switchboard will interconnect
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all types of line and trunk circuits, automatically
adapting itself to the circuit requirements without any
change or adjustment by the attendant. The functions
of the circuit apparatus differ with the types of circuits
connected at the ends of the cord circuit.

Battery supply to called or calling lines. The universal
cord circuit determines, by the sleeve circuit connects,
whether the calling telephone and the called telephone
are to receive battery supply from the cord circuit. If
the cord circuit is connected to a line that requires
battery supply, relays in the cord circuit operate, and
the call or front supervisory lamp lights. The attendant
rings the 'called telephone, and the calling or front
supervisory lamp is extinguished when the called
telephone is answered. _

Calli to dial lines. On calls which the attendant
completes by dialing, the universal cord circuit closes
the loop ahead to seize and hold the dial switch train:
it lights the calling or front supervisory lamp,
permitting the attendant to dial out through the calling
(or answering) plug. The calling or front supervisory
lamp is extinguished when the called telephone is
answered.

Calls on trunks to other offices. On calls which the
attendant extends to a distant dial or manual central
office, thkimiversal cord circuit closes the loop to the
distant office and complete& a transmission circuit
between the calling telephone and the called
telephone. ..

Splitting: The universal cord circuit is wired to
permit the attendant to split the connectionthat is to
talk with either the calling or called telephone without
being heard at the other telephone, This is done by
controls in the operitior's positioncittuit. s

Monitoring. The attendant may monitor any.call set
up with the universal cord circuit. i

Adapting the Cord Circuit to the Line_ l,Circuit.
There are three types of jack sleeve circuits used in the
attendant's switchboard equipment. When, 'a plug is
inserted into_ a jack, the jack sleeve controls the
operating features of the cord circuit as follows:

Jack sleeye connected to _ground. This type of jack
sleeve is shown in foldout 9. It is typical of common
battery line circuits and trunk tircuits from selector
levels. When an answer plug is inserted in a common
battery line jack, relays B and C of the cord circuit
operate...:When a call plug:is inserted in a common
battery line jack, relays E and F operate. In each case,
the cord circuit supplies battery to the telephone line.
The supervisory lamps are operated by opening or
closing the tip and ring of the cord circuit over the
loop. When the cord circuit is connected to a calling
line; the answer-supervisory lamp does not light if the
handset at the calling telephone is off the hookswitch,
it does light when t4e handset is replaced on the
hookswitch: The cord circuit call supervisory lamp
lights when the cord circuit is connected to the called
line, is extinguished when t e handset is lifted from the
called telephone, and li hts when the handset is
replaced on the hooks tit
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kick sleeve connected to ground through a .3.5(10-olith

resistance. This sleeve type circuit is sheen in foldout 9;
figure 3. This type of sleeve is typical of magneto lines,
of ring-down trunks such a..some long distance
trunksand of manual office troatks. Relays B and C
in the answer end and E and F_ in' the call end of the
cord circuit do not operate, and the cord Circuit does
not supply battery on-the line or trunk.

a. Magneto lines. When a plug is inserted into a
magneto -line jack; no direct current flows in the
circuit. Dry cells at the_ magneto telephone supply
battery for its trartirriittad, and a hand generator or
magneto supplies the signaling current: The attendant
receives.. no supervision,_ and the cord circuit
s-wp-ervisTiLiry lamp does not light unless the telephone
user operates the magneto; this cauus the cord circuit
supervisory lamp to light. The supervisory' lamp
remains lighted until the TALK switch is operated or
WWI the attendant disconnects the plug.

b: Ring-clonal trunks, The cord circuit closes
direct current circuit over the trunk to serve as
holding bridge to operate and hold the trunk
equipment Supervision on this type of trunk is the
same as that on magneto lines.

Jack sleeve open. Foldout 9 also shows this type of
jack sleeve circuit; This circuit is used for typical out-
dial or one-way-dial trunks. When a calLplug is
inserted into the out-dialtrunk jack, relay D of the
cord circuit operates; Thecord circuit closes a direct-
current circuit over the trunk_ loop and serves as a
holding bridge to operate and hold the dial switch or
the trunk equipment: Lifting the handset at the called
telephone reverses the connection to the battery supply
on the trunk and gives supervisory,_ signals to the
operator:\ , _ -

Operation on Common Battery i Line Circuit
(Direct Groiand Sleeve)` This -is a detailed circuit
description of an attendant answering an incoming
universal cord circuit, operator's position' circuit, as
shown in foldout 9; figure 2; and the operator's
telephone circuit; as shown in foldout 9; figure I. A
common' battery line subscriber demands service by
removing the handset and closing a circuit to the B
relay in the line circuit. .

B relay operates (line circuit). Contacts 4 and 5 close
a circuit to the tine tamp: The operator inserts the
answer plug into the jack. The jack contacts close a
circuit to the sleeves of the jack and_plug, extending a
ground to theAvindings of relay B and C in series in the
cord circuit. The jack contacts also close a circuit to.
the A relay in the Ince circuit.

A relay operates (line circuit). Contacts 3 and 6 close
a circuit to the busy lamp. Contacts 1, 2, 3, and 4 open
the circuit to the B relay.

B relay releases (line circuit). Contacts 4 and 5 open
the circuit to the line lamp.

B r lay operates (cord circuit). Contacts 1 and 2 clos74
a circ it to the cord supervisory lamp, as foldout 9,
figure shows.

C relay operates (cord circuit). Contacts I and 2 open
the rectifiers. Contacts 4 and- 5 close an alternate
circuit to the supervisory lamp: Contacts 7; 8; 9; and
10 close the circuit to the A relay.

A relay operates(cord circuit). Contacts 1. and 2 open
the circuit to the cord supervisory lamp. Contacts ,2-
and43 prepare a circuit for disconnect supervision:

B relay releases (cord circuit). The attendant answers
the _call by operating the TALK MON key to the
TALK position. The hottom set of contacts short the
winding of the- B relay, which releases but has no
function at this time. The third set of key contacts
close a circuit to the lower winding of the G relay. The
remaining contacts have no functions at this time.

G ielay.operates (cord circuit). Contacts 3B,_413, 3T,
and :4T extend the voice path from the call side of the
repeat coil of the cord circuit to the induction coil
(L2) of the operator's telephone circuit. The operator
may now talk with the subscriber; Contacts 1 B and 2B
partially close a circuit to _the H relay, Contacts 5B,
7B, 5T, and 7T connect the tip and ring of the call

ug to the position circuit: Contacts IT and 2T
mplete a locking circuit and an operating circuit for

relay A in the operator's position circuit.
A relay operates (opr pos circuit). Contacts I and 2

open the original operating path for the G relay in the
cord circuit. However; it is_locked up. Contacts 3 and
4 further open the circuit to the A relay in the
operator's telephone circuit, When the attendant
receives the required information frontthe subscriber;
the call can be extended to the called subteriber.
Assume that the called subscriber terminated in the
central = office on a magneto trunk circuit; which is
shown in foldout 9. Then the attendant inserts the call
plug into the idle magneto trunk jack: The jack
contacts close a circuit to the A relay.

Magneto Trunk Circuit (High Resistance Sleeve).
This circuit appears in Bout 9, figure 3. Associated
wiytt it are these actions:

A relayoperates (mag circuit): Contacts 6 and 7 close
a circuit to the busy lamp. Contacts 1 and 2 are used
for carrier termination when needed. Contacts-4 and 3
open_ the, circuit to the line or trunk lamp: Contacts 8

W
and 9 prepare a locking circuit. Relays E :

resistors
F in the-

co circuit will not operate because of
d R2 in series with the ground on the jack sleeve.

The effect of these two relays on the circuits is no cord
lamp supervision and no transmission battery supplied
to the subscriber. The attendant operates the ring key.
The contacts of the key accomplish the following: (1)
place a ground on the motor start lead to start the
ringing generator if it is not running; and (2) open the
transmission path through the cord circuit to prevent
the calling party from__ being rung in the ear; The
capacitors C5 and C6 bleed oft some of the
ringing current for ringback tone to the calling
subscriber and the attendant: The contacts also (3)
connect the generator, positive and negative, to the
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Called line through the call plug: The ringing going
through the magneto trunk operates the C relay.

C relay operates (rnag circuit): Contacts I B and 2B
short_out_R Land close a circuit to the E relay in series
With F. The F relay will not operate dile -insufficient
current. The E relay will not operate; becau the I 00-
ohm winding is shorted by the talk key. The attendant
releaSeS the nOnlocking ring key; and it returns to
noomal, removing the ringing current, ringback tone;
and opening the motor _start leads- Ving the
ringing current causes the C relay in the magneto trunk
Circuit to releUe It also partially closes transmission
path through the cord circuit.

C relay releases (mag circuit): Contacts I B and 2B
remove the short on resistor R and place it in series
With the E and F relays in the cord circuit. The
attendant restores the talk tey, which opens the circuit
to the G relay in the cord tit and A relay in the
position Circuit. It alio opens the Short circuit on the
winding of the E relay; however, E will not operate
because of the high resistance on the sleeve, The call
superViigitY lamp &et not light, but the attendant can
monitor to determine whether or . not the called
telephone has been answered; to do _this; the TALK
MON key is operated to the MON _pOsition._Thii
connects the operator's receiver across the tip and ring
of the cord circuit. When the called subscriber
answeri, there will be no visual supervision; but the
operator will hear the called subscriber talking; The
monitor key is,then restored to normal. The talk key

.opens the contacts that kept relays B and E shorted in
the cord circuit: In this case; relay B will operate in the
answer cord circuit, because the cord is connected to a
common battery;',Ime circuit. When the magneto
subscriber disconnects; he must "ring off' by turning
the generator -crank on the subSet. The ringing current
operates the C relay in the magneto trunk Circuit.

C relay operates (mag circuit). Contacts I B and 2B
short the 2500-ohM resistor, causing relay E in the
cord circ4 to operate. Contacts 3T and 4T partially
close a circuit to the 8 relay.

E relay operates,(cOrd circuit). Concadi I and 2 eldie
a circuit to the ccall supervisory lamp: When the ringing
current is removed; relay C releases; placing the -2500-
ohm resistor in- series with ttlay_E_ Relay E will hold
operated until the talk key is operated or the call plug
is removed. This will keep the supervisory lamp on
until the attendant determines whether or not the lamp
is a "diiconnect" or "recall:" The attendant operates
the talk key and challenges the line. The contacts of
the key shorts Out the winding of the E relay, and it
releases.

E relay releases (cord circuit). Contacts 1 and 2 open
the circuit to the supervisory lamp. If the magneto
subscriber is not on the line; the attendant removes the
call plug. The contacts of the jack open the circuit to
the A relOy.

A relay releases (mug circuit) Contacts 6 and 7 open
the circuit to the busy lamp. Contacts I and 2 cloSe the
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idle termination. The remaining contacts are of no
consequence at this time. The magneto trunk circuit is
now normal. When the attendant operates the talk key
to normal; the call portion of the cord circuit is
returned td normal. ASSUrriing that the calling
subscriber hangs_ up at this time, the line loop is
opened at the subset; and relay A in the cord circuit
releases. You will recall that relayS B, and C were
operated when this call was completed.

A relay releases (cord circuit). Contacts I and 2 close
a circuit to the answer supervision lamp. The attendant
removes the answer plug from the jack. The contacts of
the jack open the circuit to relays C and B, which
releise; and the cord circuit is back:to normal:

We have completed a call from a common battery
trunk to a Focal battery trunk usingthe universal cold
circuit. The cord circuit furnished transmission battery
to-the common battery subscriber, *riot to the focal
battery subscriber. You will also recall that the mag-
neto trunk placed a high - resistance - ground on,.:4he
sleeve and disabled relaYS E and. F. When some of the
resistance was removed, the E relay 'did operati: The
common battery trunk had visual but the
local batterY trunk had none._ The common battery
trunks may be connected, and they will function just as-
described here, except for the supervision. Local bat7
tery trunki may be interconnected; however, there will
be no visual supervision until a local battery subscriber If
rings off.

Select-or Level Trunk (Direct Ground Sleeve).
This is seen in foldout 9; figure 4. The-selector level 0
trunkshown in foldout 9, figure 4is a ground
sleeVe circuit. It is a one-way trunk from- the- dial
telephones to the attendant's cabinet: To access this
trunk; any dial subscriber simply dials a "0" into the
selector. The selector will select the first available
trunk on the tenth level:. When the selector cuts
through; the subscriber line loop is connected td. the
tip and ring of the selector level "0" trunk. The calling
line loop completes a circuit to relay A.

A relay operates (sel level 0). Contacts I and _2 light
the line lamp of the face equipment. Contacts 3.and 4
place ground on the motor start lewd; Contacts 5 and 6
complete a circuit to the B relay.

B relay operates (Set level 0). Contacts 4 and 5 close a
circuit for ringback tone: Contacts 2 and 3 put a
ground on the RT (C) lead. When the attendant inserts
the plug into the jack, the jack contacts close a circuit
to the C relay and the B and C relays in the cord
circuit.

C relay operates (sel level 0). Contacts 5 and 6 open
the ringback circuit. Contacts 7 and 9 put a ground
baCk on the RT lead to busy this trunk in the selector
bank: Contacts 1 and 2 and 3 and 4 disconnect the
windings of relay A.

A relay releases (sel level 0). Contacts 3 and 4 open
the motor start lead. CdritaCtS I and 2 open the lamp
lead. Contacts 5 and 6 open the circuit to B relay.
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B relay releases (set level 0). Contacts _4 and 5 further

open the_ path to rmgback tone. The remaining
contacts have no function at this time: The jack
contacts place a ground on the_sleeve of the cord
through relays B and C in series. The cord circuit will
function just as it did on answering a call from a
common battery trunk circuit.

We have disetrited a grounded sleeve Condition and
a resistance ground sleeve. There is one more
condition _to be _discussed: an open sleeve or no
potential. Some of the circuits that have an b_pen sleeve
are: (1) out-dial trunks to line circuits, (2) out-dial
trunks to connectors; and (3) two-way pulse repeaters
used as a one-way repeater from -the switchbbard to a
distance dial office. Incoming calls are routed-int an
incoming selector in this case. Notice that all of these
circuits are associated with the dial. All of thi trunks
just mentioned will progress through the switchboard
in the same way; that is; the attendant will normally
use the call cord to extend a call to the desired jack:
then; using the proper keys and dial, dial the digits
needed to reack the called ;telephone. Assume that a
common battery subStriber wishes to be connected to a
dial subscriber: The attendant usually has two choices
of trunks in this case. The first and simplest way is to
access the out-dial to connector and dial the last two
digits for 100 - point' equipment or dial the last three
digits for 200-point equipment. The second choice is
to access an out-dial-to-line circuit, which is the same
as a standard line circuit; and dial the whole telephone
number. In this text, we will use the out-dial-to-con-
nector trunk to accomplish the stated problem.

Out,Diall to Connector (Open Sleeve). Foldout 9,
figure 5, shows this circuit. When the common battery
subscriber goes off hook, the attendant answers and
receives the needed information. The attendant inserts
the call cord-into an idle out-dial-to-connector jack
which is connected to the correct group of connectors.
The jack sleeve is open; therefore, relays E and F in
the cord circuit will not operate; however, a DC loop
is closed to relay D in the cord circuit and relay A in
the connector.

A relay operates (conn circuit). Relay A operates'
relay B.

B relay operates (oonn circuit). Relay B lights the
bitty lamp on the switchboard. Rectifier A, shown in
foldout 9. figure 2. in parallel with the windings of
relay D, offers a high resistance to the current flowing
from the connector in the normal direction and will
cause relay D to operate.

D relay operates (cord circuit): Contacts 2 and 3 light
the call cord supervisory .amp_ However, if the
polarity of the current is reversed the rectifier offers
very little resistance and will conduct most of the
current around the windings of relay D._ With the talk
key operated. relay G operates an switches the tip and
ring through the position circuit. G also clo
circuit for relay A in tht, asition circuit. At this t
the circuits are in the following condition, as shown in
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foldou0. figure 2: relays A; B, C, D, and G-in the
cord circuit are operated along with the talk key; and
relay A in the position circuit is operated. The
attendant turns the dial off normal; the shunt springs

!close a circuit to the B relay.
B relay operates (opr pos circuit). Contacts I, 2, 3,

and 4 open the circuit to the _operator's receiver.
Contacts 5 and 6 connect C2 and C3 across the tip and
ring (TI and go. The capacitors are used when
calling out on the answer cord. Contacts 7 and 8 close
the circuit to the C relay.

C relay operates (opr pos circuit): The C relay is a
slow operate relay and is adjusted so that the X
contacts make first followed by the 2 contacts, which
break_before the Y contacts make. Contacts IT; 2T;
and I B, 2B close the dial pulsing circuit. Also, I B and
2B place the RI resistor 1000-ohms in parallel with
C2 and C3 and the D relay in the_ cord circuit;
preventing the capacitors and relay D from being
shorted out by the dial pulse springs. Break contacts
3T. 41'; and 3B, 48 open the RI_ and TI leads to the
call plug. Resistor RI is now holding the circuit to the
trunk closed. Relay D in the cord circuit restores.
Contact 5T and 6T now close and short RI; leaving
the dial connected to the call plug and holdingthe out-
dial trunk. .

D relay releases (cord circuit), Contacts 2 and 3 open
the circuit to the cord supervisory lamp, and it goes
Out. The attendant-releases the dial; and the pulse
springs open, causing the A relay in the connector to
release. This steps the connector vertical. The pulte
springs reoperate; causing the A relay in the connector
to operate, which releases the vertical magnet. This
pulsing process continues until the dial returns to
normal. This causes theoff normal springs to open the
circuits to relay C and B. Relay B is slow to release. C
will restore first.

C relay releases (opr pos circuit). Contacts 5-1- and 61'
open the short on the RI resistor. Contacts 3T, 4T,
and 38; 4B connect the out-dial trunk to capacitors
C2, C3 and relay Din the cord circuit. Contacts 1 T.
2T, and 1B, 2B open the circuit from the dial and
resistor RI to the o t-dial trunk.

D relay operates ( rd circuit). This lights the cord
circuit supervisory lamp.

B relay releases (apr pos circuit). Contacts 5 and 6
open the C2 and C3 capacitors. Contacts I, 2, 3, Arid 4
connect the operator's telephone circuit across the
cord circuit. This operation is repeated for each digit
dialed into the connector. When the last digit has been
dialed, the connector completes the circuit to the
called line and rings the telephone The attendant
restores the talk key to normal. The contacts of the key
open the circuit to the G and A relays.

G relay releases (cord circuit). The G relay
disconnects the operator's telephone and 'position
circuit and connects the call cord to the calling cord.
The call cord supervisory lamp is lighted; and when

313



(-+

the subscriber Ittswers, the D relay in the connector
'events the wire ntro the D relay in the cord circuit.
The A rectifier offers low resistance to the reverse
current and shorts the D relay out:

D relay releases (corcLcircuit). This extinguishes the
call supervisory lamp. The two subscribers may now
converse.

Dialing Over tbe Answer Cord. Another use of the
cord circuit is to dial out on the answer cord. The
situation could be such that a manual subscriber on a
common battery trunk is connected to the call cord
and wishes to make another call. The subscriber
operates the hookswitch, flashing the supervisory
lamp; which the operator answers by operating the talk
switch. The operator may extend the.call by using the
answer cord. The attendant plugs the answer cord into
an out-dial-to-connector jack and must then dial over
the answer cord to signal the originating subscriber.
When the attendant inserts the answer plug; a circuit is
closed to the A relay. Relays B and C do not operate
because of the open jack sleeve.

A relay operates (cord circuit): A relay turns on the
answer cord supervisory lamp. Rectifier A is reverted
biat and will tint conduct. The dial ANS key in the
operator's position is operated and closes a path for D
relay.

D rekly Operatesx(otir pas circuit). Contacts 3B and
4B place a ground on the H lead and prepare a path for
the F relay. Contacts 11 and 2T open the ground for
the A relay in the operador's position circuit and the G
relay in the cord circuit. 0 slow- to- operate-relay;
thus, it will be a little slow to release. Contacts 5B, 6B,
6T, and 4T connect the operator's telephone circuit
and the position circuit to T3 and R3. Contacts 2T
and 3T complete a path to the H relay.

operates (cord circuit). IT and 2T close a
ho to itself: Contacts 3T, 4T and 5T and I B,
2B B transfer the out-dial trunk circuit from the
A relay to the retard coil LI in the position circuit.

A relay releases (cord circuit) Contacts 2 and 3
extinguish the answer supervisory cord lamp.

G relay retinues (card circuit): This connects the call
cord to the repeating coil and disconnects the
operlitiori position circuit from the cord circuit. The
attendant dulls the original calling subscriber; the dial
is connected to the answer cord. When the last digit is
dialed, the connector sends out ringing current. The
attendant restores the dial answer key to normal, and
the contacts open the circuit to relay D in the position
circuit.

D relay releases (opr pos circuit). Contacts 6T and 5T
connect R5 across the T3 and R3 lea& to hold the
lOop operated until_H relay releases. Contacts 4T, 6T,
1B and 2B open the dial pulse leads. Contacts 4B and
3B open the holdingcircuit to H. Contacts IT and 2T
close die circuit to the G relay in the cord circuit:

H relay releases !cord circuit). Contacts 2B, SB, 5T,
and 4T . connect the repeat coil and relay A to the
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trunk; while contact& 3T, 5T, 1B, and 3B open the
circuit to R5, which is fib longer needed.

A relay operates (cordcircuit). The contacts light the
answer supervision lamp.

G relay operates (cord circuit). Relay G locks in
series with relay A in the position circuit Relay_ G
extends the call side of the repeating coil to leadt T1
arid R1, alSo T and R of the operator's circuit.

A rely operates (opr pas circuit): Contacts I and 2
open the original operating path to relay G. Contacts 3
and 4 open the monitor circuit. The operator may
either remain on the connection until both subscribers
are on The line or withdraw to take care of -other cant.
ReStoring the talk key will release the G relay in the
cord circuit and relay A in'the position circuit.

relay releases (cord circuit). This transfers the
talkihg circuit from the operator's circuit to the call
cord. When the calling subscriber answers, _the
connection reverses the direction of current' flow
through the think. Rectifier B is forward' biased and
will amduct; short-circuiting the winding of A relay;
which releases.

A rekiy releases (cord circuit). Relay A opens the
circuit to the answer supervisory lamp. When the
subscribers disconnect, the connector reverses the
direction of current flow through the rectifiers: This
causes the A or D to operate; completing circuits to the
cord supervisory lamps. The attendant then removes
the plugs from the jacks, and the circuits are back to
normal:

Exercises (434):
1. What determines whether the calling telephone is

to receive transmission battery from the cord
circuit?

2.. What do the contacts of the B relay in the common
battery circuit (FO 9, fig. 1) .do when relay B
operates?

3. When does the A relay in the common battery line
circuit (FO 9, fig. 1) operate?

4. How does the switchboard operator kndw whether
a given connector is idle?

5. What do the contacts of an operated A relay in the
trunk circuit from selector level 0 (FO 9, fig. 4)
do?
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6. Will the switchboard cord circuit provide
transmission battery to subscriber's calling in on
the 0-level trunk? Why?

7. What is the path from the tip of the answer cord;
throUgh the impulse springs of the dial, and then
to the rin5of the answer cord when the DIAL ANS
key and the TALK keys are_ operated and the dial
is off normal (FO 9, fig. 2)?

8. In what order must the TALK key- for a cord
circuit and the DIAL ANS key be_operated; in
order to dial over the answer cord? Why? (FO 9,
fig; 2)

TroubleshMAing the Anetidaiit'S Cabinet and
Miscellaneous Tnmk and Switching Equipment

At this point in your study of the Strowger
switching system, you are aware of the principles
involved in circuit operations; both relay and
switching. .,.

You are alto aware that 'a knowledge of circuit
functions; the ability to read and interpret schematic
diagrams, and the ability w use a systematic
troubleshooting approach are the prerequisites to
finding and fixing troubles in your central office;

435. Using foldouts 6, 8, and 9, as needed,
determine the probable causes of and state
the necessary actions in each situatio

In this chapter; we have discussed the functions and
circuit actions of the attendant's cabinet, some of its
associated circuits, and several miscellaneous trunk
and switching equipment circuits. You have been
working with a proven troubloTshOoting approach for
the last five chapters; so without further discussion,
let's take up some trouble symptoms. Should you
encounter any difficulties, refer again to the previous
sections of this chapter that deal with circuit
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operation: This should not need 'Saying, but
nevertheless, we will say it againget the schematics
(FOs 6-9) out and use them.

Exercises (435)i
Use the foldouts indicated to determine the cause of
trouble and, when indicated; the corrective action for
the following trouble symptoms:

1. When using the answer cord 14, there is noise on
the line. Dirty relay contacts are suspected as
pausing the noise. What contacts would most
probably be causing this noise? (FO 9)

2. The operator cannot dial on any of the answer
cords on 'switchlioard position 1. What relay has
failed to operate; why didn't it operate; and what
is the corrective action? (FO 9)

3. If A relay contacts 1 and 2 in common battery line
circuit (FO 9, fig. 1), are dirty; what type of call is
affected?

4. When the selector attempts to switch through to
the first selector level 0 trunk (FO 9, fig. 4) in its
banks, the A and W relays of the trunk circuit
operate; then the selector releases; what is the
trouble?

5. After seizing the reverting call switch, the installer
hangs up. When the phone fails to ring, the
installer again picks up the handset and hears the
dial tone. What is the most probable reason and
cause? (FO 8)

6. The operator pushes the FIRE button to extend a
call to the fire department; but nothing happens.
What is the most probable cause? (FO 6)
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Central Office Maintenance

OREVIOUS volume and the five chapters of
MI" vcrtithe, You have studied about relays, stepping
erNch" trOlabieS11001111& 'circuitry; cabling;
Ot"4_ NO1/ Wit are probably wondering, "What-can be
lour?" Wt11, not much; but what is left is very
Pet!trni*Nit -couple of pieces of test equipment for
Phis and troubleshooting, call tracing, switch tags,

And DTA.
.,k11 of this does not sound very impressive,' but

11°2! dank about it's mighty important in your
ttelY104y activities in the central office.

fr" 1, pfille sod Test IZejalpinent for
enhancing

V- tune 2 we discussed the woes of -1"141s, the
Phils; and the use of the workcard type
Now it is time for us to look at some PMIS

dot_ ar0 °tined itt Strowger exchanges and the testtips sited.

t 101 figures 6-1 through_ 6-4 and
lehaftilittive descriptions of mallrunctiuluin
/sr pi e% oPersit1014 state the type of PMJ and test
ellrlipieilt to be used to localize each problem and

ibt stn r° adopted should be Med.

thistRis utiit-as a varying machine. You carry
Ata4PIwiNO-Stcb Test Set; Some repairmen

101441
tes /%1_14W ofA handle at the top of the case.

t3. The unit consists of an electric motor;
it-rkturIcht Sear bo3t, an interrupter_ assembly, a relay,
etrk...wPutkt retina* and rotary switches. Aistociated

_th iff_teu hoz and often considered to be a part of it
the 670CkiiSion switch box; test plug; extension cord,

0141, bade cord. With this test set, airman makes
f7e;Tkit14 legs of the vertical stepping of selectors;

cam! arki rotary stepping of connebtors; and tests of
fille __op of incoming selectors and =liking^etilt. Figure 6-1 illustrates the battery cord;
eXstilsies tord and test cord connections at a switch

atfd At a stepping-switch test set. Note, also, that
tilltwatCD cord is connected to the fuse panel with
ff,'"44 cithi. The extension switch box has three
ocoltbuOott switches for operating the devices in the
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CHAPTER 6

test box. Depression of the loop switch connects 1000
ohms into the pulsing circuit of the test set. Depression
of the RLS switch disconnects the test set from the
equipment under test. Depression of the Shunt switch
connects additionwiresistance to the test circuit of the
test set.

Functions. This test set permits a test of telephone
system equipment by providing impulses to the pulsing
relay. From this test set, machine impulits rather than
dial_pulses are provided to the operating winding of
the pulsing relay. Figure 6-1 shows the connections
between the test set and the test jacks on the equipment
shelf. By inserting the batten, cord plug into the BAT
jack of the test set, you operate the test iwt motor.
Depression of the loop switch connects 1000 blunt
and the motor impulses to the test jack of the
equipment Figure 6-2 illustrates the loop circuit to a
pulting relay. In turn, nine pulies affect the pulsing
relay. You should observe the equipment and
determine_ whether or not the 'unit is operating
satisfactorily under these conditions. Remember: Too
much resistance in the circuit causes the pulsing relay
to operate slowly and release too soon as a result, the
operating sequence of the devices that follow its
operation will be changed or broken: Consequently, a
connection will not be possible.

Operation of the shunt switch niiikes a similar test
of the pulsing relay; except that the switch contacts
connect the relay winding to _I5,000 ohms of
resistance. Your operation of the release switch
permits the eouitisnesit under test- to restore;

Performance Routine of Selectors. Since several
test devices exist for routining selectoti,we realize that
there are variations in the testing methods. For the
Most part, though, the procedure principles used with
each are essentially the sake.

Rowining with a test telephone handset; After having
inserted the plug into the selector test jack, you
normally liken for a dial tone. The reception of dial
tone assures you that the seizure relay has operated:
Following the tone reception, dial the digit for the
selector level which you desire to test. Dial tone
should cease. Alio, you should be able to see relays
operate and, in some equipment, lamps operate. (The
lamps may be on test equipment or on the switching

3.W
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BAT
+BA-T
( GND) TEST

PLUG

BATTERY CORD

RELEASE

TEST CORD

BAT Cjil

SHUNT
LOOP

awl- EXTENSION SWITCH BOX

Figure 6.1. Stepping-switch test set, cording diagram.

equipment) If access to the following equipment is not
possible; a _busy tone will be heard in the test
telephone. By operating_ the releasing switch, you
restore the relays; Continue operating and releasing
the handset switches as you dial and, at the same time,
observe equipment to see whether or not all trunks and
equipment for that selector have been tested.

Repeat the selector testing bypluggiag the test set
into the test jack of other selectors; dialing the proper
numbers, and obierving for equipment operation.
Second selectors are tested in a like manner, except
that you dial the test numbers of the connector groups.

Rouining with a stepping - switch tea at: The testing
procedure for selectors while using_ this device differs
frOm the test telephone handset in that nine pulses are
applied to the equipment when the loop switch is
depressed. Since this testing device is primarily used at
a step-by-step switching center, the procedure that we

LOOP
SWITCH

PULSZ
CAM

1E9,
PtILJUNG
KZ LAY

150 PLUG _a,,, __,
3 4 4 itivw 00 rill .C.-

..
-PULSE-- 250 I) -.

CONTACTS JACK

Figure 6-2. Loop circuit from test set to pulsing relay.

.r'

I

are describing is applicable to Strowger selectori. The
selector steps to the ninth level, where rotary motion
occurs. If all trunks are busy or if the ninth level is
vncant, the selector will step to the eleventh position;
Consequently, the equipment returns a busy tone An
idle trunk in the ninth level will cause the switch to
stop stepping. You should then momentarily operate
the vertical offznotinal switch lever, IcCated at the top
of the switch frame; and notice whether or not the
selector advances to the next trunk. Failure to advance
indicatea, an open trunk.

Test each trunk in this manner. If no trunks are
busy,, to the busy switches and observe the
sel gain. Each selettor should step beyond a
busy trunk:

Type 26A Switch Tester. This test set is designed
to test the functions of the local, hill t011, and revertin_g
call connectors, toll selectors; reverting call switch;
and pity station repeaters. Brief descriptions of the
controls, cords, lamps, jacks, and the various tests
follow:

a. The remote control set enables the unman to
perform a connector inspection within 16 feet of the
test set. It has a dial and keys corresponding to those
on the_test set.

b. The remote control cord is plugged into the
remote control jack, figure 6-3, which is a 15-

3creluctor receptacle.
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Figure 6=3. Type 26A switch tester jack and receptacle panel.

The.testman uses the headset to monitor the tones
returned from the switch.

c. The calling cord- connects the individual
connector switch test jack ( ; , and C-lead) to the
CALL-jacks I and 2 of the switch tester.

d. The answer and 48V cord connects the shelf test
jacks (battery and ground and ; and C- leads) to
ANS jack 3 and 48V jack 4 of the switch tester. Set
figure 6-4 for the rest of the indicators and controls:

e. The buz switch (ON/OFF) causes the buzzer to
operate in parallel with C-BAT RING lamp (white)
when a connector sends ringing current to the test line.

BUZ

READJUST

(11)

RCVOA ©

STAIrf

FALSE
TRIP RING

ANS TALK
SXCT

e

HE-167.

f The START 'turn key completes- a loop in the
tester to seize the switch.

g. The FALSE TRIP key checks the adjustment of
the ring trip relay (L) of the connector. The ANS key
checks the nng trip (L) relay and the back relay (3).

k The RLS key opens the loop releasing the switch
under test. The BUSY key places ground on C-lead
bank contact of the test terminal to mark the test line
busy.

i. The LK key places a.15,00D ohm shunt (parallel)
resistance across the pulsing loop to simulate a leak on
the line.

C AT

O
REV

ALS +RING CALL PS CC LK 300

0

-(.91

L

©HANDSET

TRK HTG
CONN

BUSY RING TOLL TOLL CR VA. CT
CCT CONN TRANS_ NACT

LPRVCT

LOOPLCT REV CALL
CONN

HE-167A

Figure 64. Type 26A switch tester control and indicator panel.
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j. The 300; 600, and 1000 keys; respectively;

simulate a line condition by 'placing a baWced
resistance in series with the pulsing loop. Keys are
used singularly or in combination:

k. The READJUST TURN key provides for
adjusting ring-trip relay under operating conditions.

1. The BUSY (red) lamp indicates the condition of
the switch before seizure. When the test set is first
connected to the switch jacks, the lamp lights if the
switch is busy. --

in. The L(X)P (white) lamp indicates that a loop in
the tester is completb to the switch under test.

n. The Clgreen) lamp provides C- lead supervision:
O. The C BAT RING (white) lamp indicates

supervision while ringing current is applied to the test
line.

P. The SUPY (white) lamp furnishes loop
supervision:

q. The TRANS AND REF_ jacks provide for
connection of the operator's headset.

r Jacks 1 and 2 provide a connection for the test
set to _the switch test jack;

s. Jacks'3 and 4 provide a connection for the test
line; 48V battery, and round.

t. The HANDSET jack provides for connection of
the hand test telephone which may be used in place of
an operator's he:lid:wt.

u. The REMOTE jack is a receptacle for
interconnection between the tester and remote control
set.

Testing With t ype 26A Switch Tester; The
Loop and Leak lsins Tests, False Trip and Trip
Tests, and Read ting False Trip Relay are explained
next.

The Loop Pulsi Test performal with the tester is
to test the dial p Icing and r different amounts of
resistance-300; 6 1000 o ms. The resistance keys
may be operated se or =in combination to
provide the proper series loop resistance. Dial the test
number 199 (299) and check operation of switch. This
test may be accomplished after switch seizure when
perfprming the connector inspection.

the Leak Pulsing Test is to test the pulsing of the
switch under a leak condition. The operation of key
LK/VM to the LK position puts a 15,000 ohm shunt
across the _pulsing loop which removes all loop
resistance. Dial the test number. 199 (299). f the
switch does not step properly, it is considered ulty.
This test may be accomplished when the ring t is
performed in the connector inspection.

The False Trip and Tri Tests are performed durin
the sil nt period of_the nging cycle.

Falk Trip Test is performed when the RING
lamps goes dark and buzzer stops on the silent
period. rate' for _one-half_second the FALSE
TRIP/ANS key to the FALSE TRIP position. The key
must be restored before the next cycle of ring.

Operation of thee ALSE TRIP key operates a relay
which places 2300 hms across the and leads.

The ring trip relay (L) should not operate on the dc
flowing at that time. If the ring trip'relay operates; it
requires readjustment. At the beginning of the next
ringing cycle; the RING lamp lights and the buzzer
sounds.

The Trip Test is Performed during the next silent
period of the ringing cyCle. The FAL3E'rRIP/ANS
key is operated for one-half second to the ANS
position. This places 1600 ohms across the and -17.
leads: The trip relay (L) should operate on the dc.
flowing through the resistance.

If it does not operate', the adjustment of the
relay is too stiff and needs readjusting. The RIN
lamp lighteand the buzzer sounds on the next ringing
cycle.

If the L relay did not pass either the False Trip or
Trip Test; repeat the atiplicable test with the READJ
key operated. The READJ key lowers the resistance to
2100 ohms and raises the trip resistance to 1800 ohms.

The preliminary armature springs (X) of the ring
trip relay should have tension increased or decreased
as necessary to meet the false trip and trip tests.

Test Handset. The test handset; while not a
sophisticated piece of test equipment and limited in its
electrical configuration so far as circuit conditions go,
is probably the most versatile piece of test equipment
in your exchange.

With the test handset; you can perform operational
tests in almost all of the equipment in the office. It is
quicker and easier to use th most other test
equipment that you perform PM IS with; and; for all
practical purposes, almost as good.

We are not advocating that you throw out your
automatic equipment routiner and varying machine:
We just want ylou to use the best piece of test
equipment for the trouble you've got to work on.

Exercise (436):
1. Which piece of test equipment, a test handset or a

varying machine, should be used initially to test a
selector switch reported to be stepping erratically
in the vertical direction? Why?

2. What is the advantage of the varying machine over
the test handset?

. When is the false trip test performed using the type
26A switch tester?

4. What does operating the FALSE TRIP key on the
type 26A switch tester do in the circuit of the
connector under test?
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64. Uses of Gil Tracing
Call, tracing bac pler the years; been glamorized in

movies and on TV. You have seen where tracing a call
has saved somarme's life; helped catch the bad guy; etc.
The truth of the matter is, call tracing is done more
ofttri for maintenance and troubleshooting than for
any other reason.

To trace a call requires certain items to guide you
through the exchangesort of like a road map. These
guides are switch tags; bay cards; and the DTA
drawing. We will next look at each in nim, at how they
work together, and at the protedure for tracing calls.
One other necessity is knowing how- the switching
equipment is connected within the exChange.

437. Using figures 6-5 and 6-6 and selected
necessary information about switch tags, insert that
information into the _correct section and interpret
the relevant bay card and DTA drawing information
briefly and accurately. Consult foldout 10 as
required.

341 I

Let us quickly review the connections between
various pieces of central office equipment. A
linefinder is connected back -to -back with a specific
first selector. All of the other pieces of switching and
trunking equipment are connected from the banks of
selectors (first, second, giecial second) to the back
the succeeding equipment.

Trunks that terminate to the back of (directly to the
circuit) second selectors, special second selectors
operator's trunks, city trunks, and AUTOVON trunks
are also terminatec4 through the DTA, to the banks of
the first selectors.

Trunks terminated at the banks of special second
wlettors, again through a DTA, are information, fire;
reverting call; test desk, and dial speed.

From the banks of the second selectors extend
trunks to third selectors (depending on sue of the
exchange) or connectors.

Switch Tags. Each_switch in the central office has a
tag which provides information for use in tracing calls
to or from a switeh.The tag is ruled into three equal

Linefinder lag

/ 0 2

Selector

L B

is 0

Connector

102 fit

Selector bay in which selector is located.

Number of this switch.

Number of selectortied back-tp-back with this switch.

Linefinder bay and shell in which lingfinder is located.

Number of this switch.

Number of linefinder tied back-to-back with this switch.

Selector bay and shelf of switches having access
to the trunk leading to this switch.

Number of this switch.

Selector§ in shelf E, bay 102, must be stepped up 5
and in 1 to seize this switch (trunk leading to this
switch terminates-at contacts 51 in the selector bank
multiple Shelf Ei bay 102).

Figure 6-5. Typical switch tags.
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BAY 102

ROTARY POSITIONS

- - - -._ 10
---- ----

9 ...... ...
a
t
is

s-.71

4

113 .....m.
IN ME MI

1 A Ma 4 II iii i s OM og onnripirinnnii. rmrinnunrannn
31111:121REREME
i

MMini
Li MI II

_ _,
EQUIPMINT REACHED
PROM THIS LEVEL AND
WHERE LOCATED

SWITCH NUMBERS

BANK LEVELS

Figure 6-6. -Typical bey cad.

sections by two horizontal lines, as shown in figure
6-5. A number which corresponds to the position of
the switch-in the shelf or hay is printed in the center of
the tag. Thar ia the switch number. The other two
sections of the tag contain information which indicates
what is connected to the jacks of that switch.

$1(71'E: The _pulsing and/or talking_ circuits of a
switch train go through the jacks, a set of line bank
contacts, and the wipers. 4

StueV figure 6.5 _ until .you ..)=1 accurately give
whatever exact informatiodaboM the lineftnderi _the
selector, and the connector tap you may be asked.

After your study of figtire 6-5, you should know
that the linefinder switch tag tells you what switch is

'where
in line. The firstaelector switch tag tells you

'where you "came from" and is a good way to_ trod-
Check your progress _ when call tracimp But, she
connector's switch tag is somewhat different. It is, like
the selector switch- tag; used for tracing back to the
preceding equipment It also contains the_selector shelf
and bey lime of them) and wiper positionof the
selectors in that shelfto which it is corm
Switch tap for __second, third, _ and special seco
selectors are similar to that for die connector.

You probably wonder what happened _toithe' DTA
in the above discussion: not been forgotten and
will betaken_ up_later in Chtlider. First, though,
let's look at the bay card

Bay Card. Each pair of adjoining selector shelves
requires one selector bank designation card. The card
is divided into two sectionsone section for each of
the shelves in that row of selector across the bay, as
shown in figure 6-6.

141..1611

. The- purpose of the card is to indicate what each
selector in that particular shelf has access to on each of
its 10 batik levels. fo the_lett of each row (10*1); a
space is provided to record and indicate what type of
equipment is cross-connected to that bank level on the
selector. This space also indicates where the
equipment is located.

Esich row is further divided into 10 bletlui,_ which
represent the bank contacts. The number in each block
indicates the number of the switch which is readhid
feorn that set of bank contacts.

The_ levels are numbered from 1_ through_10_in the
space tietwedi the two sections of the card. Rotary
positions are numbered from 1 through 10 at the top of
each section of the card.

Space isprovided at the top of the card to indicate
the shelf letters and the bay number.

Let's_ say that a selector cht Shelf :F, bay 102, is
°, stepped up 4 and rotary 5. We want to know where this

particular card-connection is extended._ Look at the
first section of figure 6-6. Count up 4 and rotary 5; the
number in the little square is the number of the next
twitch. To locate this _switchlook to_the extreme left of
this level, and you will see c=1-B. This telit us that the
call is extended to switch 5 in connector bay 1; shelf B.

Distributing Terminal Assembly (DTA).
Represented on the DTA drawing, foldout 10, are
these three major °Opponent areas:

Bay 101 and bay 102 and their shelf _assemblies.
The distributing terminal assembly (group of

points), found in the center of foldout 10. ;
On the far left and right_sides of the drawing,

. : vertically drawn forms for reading data on tie cables,
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double jumpers and jumpers between tie cables, and
outgoing trunk (OGT.) terminal blocks are shown.

To the left and right of the drawing (FO 10), under
bay designation, the symbols A, B, C, etc., designate
the shelves. G, H, 1, K, and L are the only ones
occupied in bay 101. The type of circuit, such as
"Lcical 1st Selector," is Shown above the top of each
group of circuits. Under the shelf symbol, the mounted
switches are shows. Look at bay 101, shelf G, switches
61 through 70. Do you remember how selectors are
numbered? The run number of the incoming cable is
shown encircled above the shelf symbol.

The selector-bank-level distributing terminal strip
portion of the drawing represents the bank terminal
punchings for each selector shelf loVel by 10 vertical
columns of points (dots). Each level is numbered
across the top of the drawing. Each roiArpresents 10
sets of contacts from 1 level of 10 selector banks in
one shelf of selector. Each single point represents
Or= terminals; tip (-1-); ring (---) and control (C). An
unequipped extra row is furnished at the top of the
drawing for showing tie cable terminations. A tie cable
is a cable between two distributing frames or
distributing points.

On foldout 10, bay-,101, shelf A, look at the third
dashed line below hell designation. With your
pencil follow the lin the row of points Which
represents the bank 1 1 throu 10. Do the same
for shelf B; it lines up th the third row of points.
Now go to bay 102 and do the same thingwith shelves
A and B. Level 1 for these shelves will be across the
drawing to the left, Notice howevery_uvo shelves in
bay 101 and bay 102 alternate. The DTA serves as a
termination point, for the selector banks. The banks
are now spread out, so jumpers may be connected to
the next component.

Outgoing trunk (OGT) terminal blo s, are
represented by two sets of vertical lines to the and
right_ of the selector-shelf bank assemblies. The lines
are divided as required to show the mountip for 24
terminal blocks. Each row of blocks is shown in two
lines, each hne representing one-half of the full strip.
One line represents "Top to Center," The other;
"Center to Bottom." The ends marked "Center" on
each line join_ on the actual strip. Look at foldout 10;,
the terminal blocks in use are marked -with a- heavy
dark line. The designation numbers of cable runs,
frames; levels are shown along the 'vertical line
representing the terminal block,

Multiple_ Arrangements. Selector Shelve's have a
capacity of 10 switches. The banks of each 10 switches
are multiplied together. Each set of 10'binki is wired
to a distrib-uting assembly, where it is possible to
further multiple together, level by level, as many sets of
banks as may be desired in order to provide the
selector loath for the o ing trunk groups from the
selector levels. The levels are_ .multiplied
together by the straps on the t of the DTA.
are two general types f multipl straight and ed.

Straight multiple. Since ea level of a selector bank
contains 10 contacts, each of 10 selector banks may
be provided with a maximum of 10 trunks per level.
Two or more shelves may be multiplied to share 10
trunks. This is known as "straight multiple," and
results in a group of 20;_30; 40, etc.; selectors hunting
over a common group of 10 trunkS-==levels 1, 9, and 0.

Look at level 2 on foldout 10. Shelves F, E, and G
in bay 102 and shelves G_and H in bay 1_01 are sharing
trunks 11, 12, and' 13. = These trunks are called
common ulunks. The/vertical line represents the straps
on the front of the TA, connecting they shelves (50
switches) to the 3 outgoing trunks. This is also a
straight multiple.

The points 4 through l'Oilise_lierovetl have a
horizontal strap which is cone d. Thit
shows that these points have no trunks connected to
them. The ground potential makes it possible for the
selector switch to step rotary and return ill trunks busy
tone when the wipers hit the fourth rotary step,rythe
second level.

Check levels 6, 7, and 8 on the DTA drawing and
note that they have the same straight multiple as that
used on level 2.

Graded multiple. When the theoretical number of
trunks required to carry the traffic from a level exceeds
10; she graded multiple, is employed. Refer to level 5

'on foldout 10.
Grading is a method of associating a number of

selector banks together in the distribUting terminal
assembly, so that in the trunks from the levels, each
group has wee= to individual outgoing trunks in the
early chokes litt; on later chbices; shares access to
trunks with other groups. essential es
of a graded multiple are that the trunks_"hunted over
first serve a minimum number of sort Its
"hunted" over kW are multipled over all of
the switches.

Look at shelf E, bay 102, level 4; trun 221; 226,
and 230 are tired by die' 10 swi _ this shelf.
Trunk 233 is thelves E d F (20 switches).
Check shelf 0, onl one trunk 225 for
its exclusive tine . 1,, 991inti 232,are common to
two shelVea-; i k 0, it is common to 5 shelves
(50 swi

'

Common , -

selector banks' n
to provide altenia
use of the trunks.

In common
trunk- grow the een the first
and the 6e4t4o-the 235 through
239 are common to pencil and
trace the p4 for All 'Of, the points
between-the pvo trun on the
actual DTA': Retnem hal
indicate' that in 'is rank
240 the lait, gon dqwn A to

of lastt -bus9 mesas ch., may
be connected the last 'trunk in the group.

'''-nected to all
y be reveraed

to distributthe
led midway
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Assignment of Outgoing Trunk_N_Vimbers. Careful
assignment of outgoing trunk MT) _numbering is
necessary to --produce an even distribution of traffic
over succeeding -shelves _of _ switches. _ The trunk
numbers Shown on the DTA terminal punchings
should cone:gond to those shown on- the _vertical
terminal blocks at either end of _the frame to which
they are connected. The clioice of a trunk numbering
pattern is governed by the number of trunks connected
to each _level and the type of succeeding equipment to
which these trunks are connected.'

A straight *it'd*, Where 10 or -less trunks are
connected to any feleca3r level; the trunks are
conneeted- in order, to the top row of punching:, with
the 10** number it the left. The multiple strapping
for circuits 1 to.9 is reversed between the two selector
shelves nearest the middle of the equipped itielVes. The
tenth circuit, which may be used for -connection to
intercept trunks or all-trunks-busy registers, is carried
straight_throtigh all selector Shelves without a reverse.
Levels 1, 9, and 0 on foldout 10 are examples of the
trunk assignments on a straight multiple.

Err a graded multiple; Where more than 10_ trunks
are connected_ to any 1 level, a graded multiple is Used,,
so that the traffic over each trunk group to su
equipment may be evenly distributed; The pa
for trunks from selector levels to connector bays is
straight numerical sequence. Look_ at levet 4 on
foldout 10. Start with_the lowest numbered trunk and
-follow the numbert in sequence. The numbers are
asaigned to the strapping pattern from die top down

fromrom left to right; in order.
Since there are 20 trunks (221-240)- on level 4,

Check their termination on the terminal block; look to
the 4ft at the symbol for the GT terminal blocks. Find
the Milk count 221 _through 240. The bracket slows
that these trunks are in cable run 26A. It also tells you'
that the trunks are going to connector bay I ,_shelf B,
and to the numbers 4100-42CO. Check all Of the trunk
numners on the rest of the levels and determine where -
they are going:

It is important to remember that the trunk_assigned
to the next piece of equipment (switch/liutip)- is
numerically assigned The first trunk is assigned to the;
fustsucceeding switch on theshelf, etc.; until all of *el.
trunks hive terminated at their reSpettn4".,_,
switches. In foldout 10, trunks 361-370 arir4.,
terminated at the special selector's, shelf swi
71=80. Trunk 361 is terminated at swi
switc41.22, etc. Look at the thinks on the f
You hive 20 _thin* 221-240, going
connectors on shelf kin the connector b_ ay (
block on foldout 10 Trunk 221 is
connector I on -shelf Win connector bay 1.
levels 2, 6, and 7. All of the trunks on these I
going to shelf L (A-A Rep). Notice that trunb
and 13 go to repeaters.111, 112, and 113. T-
and 15 go to repeaters 114, 115. Check

trunks and determine the switch numbers at which they
are terminated.

Vacant levels. Look at bay 102, shelf H, and levels
1, 2, 4, 5, 6, 7, and 0. These levels are not used
(vacant) by the special second selectors; so the levels
are horizontally strapped to ground. If any special
second selector is stepped to these levels, it will then
step to the eleventh rotary step and return all-trunks-
busy tone. The vacant levels may have trunks assigned
to them at a future date.

Exercises (437):
1. Linefinder swi h 10 is connected to selector

switch 13 in bay 101, shelf B. What information is
contained in e three sections of the linefinder
switch tag?

a. Top

b. Middle =

c. Bottom -

I

2. Connector switch 15 is most probably normally
accessed from selector bay 103 A; bank position
vertical 21( rotary 5. What information is
contained in the three sections of the connector
switch tag?

a. Top -

b. Middle -

c. Bottom -

. r_.

Sel itch 47 is
er 15 in lin

info on is con
the sector switch

a.. Top -

connected lxvcicto-back with' An
Oinder bay 3i'shelf A. What

tOned in the three sections of
cog?

.1'
r

.

Mtddle 41`4; . e 1

'
.,,

A O

*Sr

or
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iC What is co_nnected_to the.banks.of the selector in linefinder grouping and the bank multiple
shelf F of bay 102 (fig. 6=4) that is stepped arrangement for preferential hunting:
vertically 5 and rotary 4? Tracing_a call is the procedure for determining

which linefinder, selector, and connector were used to
complete 'a call and for determining the telephone
number of the _calling subscriber or the called
substriber, Ot bOth.5. What is connected to the selector banks in shelf 6

of selector bay 101 (FO 10) vertical level 1, rotary
position 2?

,6. What equipment (FO 10) is connected to OGT
terminal block terminals 221 through 240?

6-3. can Tracing Procedures
The purpose nf call tracing is tb determine either

the calling MUMber or the called number. There is a
need for 'freeing a call for security purposes;
emergencies, fire, or troublesome calls; but it is
frababl50 used most often in troubleshooting.

Three switches (depending upon the size of the
exchange) are required to complete a routine c.filla
linefinder, a telectot, and a connector. A linefinder
automatically finds the calling line and connects it to a t, steps the wipers have taken Co touch the first line
selector that is tied to that ptutcular-linefinder. appearance , r

The selector returns dial tone to the calling party; The next-to-fait (tens) digit. The next-to-last_di sitnf-'
indicating that the selector is seized and ready to a talled_party's telephone number can be determi
receive the first digit of the cillkd party lephone by counting the number of vertical steps
number. The selector provi means fort e calling connectors wipers have taken. .

party to choose the connector group in which The line Theterisdlgit of the milling patty's number is foim
to be called appears. The tint digit in the talledparty's in a similar manner at the linelinc er bank. lio:veVe,
telephqpe number corroptinds to the group that he is preferential hunting must be taken into_ conskilinitIon_,(
in, and the wipers of a selector Ire stepped to a level If the linefinder in use is-in th ot,group; unt up td
Which cotrespolicli to the numb& of that group. find the tens digit. If it is a B unjinetind = count

After the selector has been stepped vertically to the crown from the top of the 1 i1t retertnine e tens
desired level, it steps rotary automatically, searches for dill4 ,

and seizes a trunk leading to an idle connector. Switch bank (hundreds *1). You must be e to
fit an 800-line hang , equipped with 200-point tell Which batik, upper or lower, the call is in in er ,

point nnectors, the subscribet's to determine the hundreds digit_
_pints of four digits._A selector To determine the bank in the connector (called
or group selection; The200point numbei), you must remo covet of that connector

connector takes the remaining three digits. The second', and observe the relays. If the relay is operated, the
digit of the telephone number is '1 or 2 and is used for call isithrough the upper the 2M'group, and

vertically; and the fourth d t steps the wipers rotary (or wiper) selection relay, and it -vAll operate if die-
t:mink selection. The steps the wipers the hundreds digit Will be a 2. The K tclay is the bank

onto the celled line. calling party dials a_2 for bank selection. .

The last two digits of a subscriber's telephone NOTE Do not Ouch the armature of the K relay,
number always corresponds to the level and rotary Only look sec if it is °petite& Check the first set or
petition Of his line appearance in the bank Sn ltiple of last set of contacts. Both sets are Made when K is
the connectors which serve his group. For e ple, if operated.
a connector has to step, up 7 and in 2, the last two digits If the Key 'relay is not operated, the call will be
inAhe telephone number are 72. through the lower bank, and the hundreds digit of the

The position of a subscriber's line appearance in the called party's number will be 1 (100 group-)_.
linefinder banks may not correspond with the last two To determine upper or lower bank in the linefinder
digits of his telephone number. This is due to (calling number), short-test jacks 3 and 4. Cheek the

438. Given several- representative call treeing
situations, and using foldout 10 as ittpdred, specify
the necessary actions and sources of information to
determine the called or calling number.

Determining Telephone Numbers. A calling
subscriber's telephone number can be detotittiried 'at
the linefinder which seized his line when he originated
the call, if you can find that particular linefinder: In a
like manner; a called subscriber's telephone number
can be determined at the connector which completes
the inkerconnection between the iwo parties; if you can
find Xtiat connector.

It will probably be easier to fire out the ;el hone
number by first determining the units and tens igits,
then determining the hundredi digits, and fin y, the
thousands digits. This is the procedure:

77te kW (unit) digit. The last digit of a. telephone
number is found by counting the number of rotary

linefinders and _2
telephone numbet
takes the first digit

or 79
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LB (lower bank) lamp on the end of the linefinder
shelf. If it lights:the call is in the lower bank; if not, it
is in the upper bank.

NOTE: The test jacks and wiper cord terminal
strip are mounted on the switch lower cover plate near
the top and to the, right of the bank assembly.

The terms shelf and group (4100-4200) or
(5100-5200) have the same meaning, in a sense, since
each individual shelf of linefinders and each shelf of
connectors serve one particular group of subscribers;

The procedure outlined in the prec:::i.ng
paragraphs is one wey to determine the
number of a subscriber who has originy.:(4, call (the
calling party), and the telephone number of a subscrib-
er who luu been called (the- allied rare.)). It tan b:
done differently--perhaps by determining the thou-
sands digit first (the group), then the hundreds,-or sec-
ondAgit (bank) next, then each sucive

The fact still remains that the called number
determined at a connector and the calling number
be determined at a linefihderwhen you find thi
linefinder or the connector drat was used to make the
interconnection.

To expedite tracing calls to determine telephone
numbers; and for troubleshooting; it is important that
you know the relationthip and arrangement of all of

\tlieSWitChiniLeq_uipment in the central office; You will
need to interpret switch cap and bay cards, which

coVerai earlier
Procedure; A ,callgoon betraced either forward or

ackward: For example, you could start, by
termining the calling Parry's number W the

I' efinder. You would then proceed to the specific
ir se tc r by reacting the tag on the linefinder, Then

e which bank contact set the selector's wipers
Next you would find the connector by
to the space on the bay card

corresponds to the selector bank %maces whic ,cre
used; Always be sere to use the pttoper section of the
bay aid.

The first digit in the. called party's number will be
the same as the bank level used in the selector. The
other three digits of the called party's number will then
be determined.

When tracing backwards from callidyarty to
calling party:

First, determine the called party's telephone
&lumber at the connector.

Next, read the switch tag on the carmectbr. The
switch tag will indicate from which levtl and rotary
position a selector has seized the connector. The
connector switch _tag will also indicate in which
particular shelf and bay the selector is located. See the
connector tag, figure 6-5. For example, if connector

80

number (fig. 6-5) has been used to complete _a call,
one the selectors in bay 102, shelf E, will be stepped
up 5 and in .1. Your next step then would be to find a
selector in shelf E of bay 102 that has been stepped up
5 and_ _

NOTE:_ If you cannot find a selector in shelf E that
has been stepped to that position up 5, in 1, you must
refer to the bay_ card_ and/or DTA drawing to
determine what other _selector shelve; have access to
that particular connector.

:deer you have found the selector_ that was used in
the switch train -(the one that seized the oonnwtor);
re:id the switch tag. The switch tag on the gdaftor will
indicate which linefinder is connected blielt%to-biek
with that selector. The tag will also indicate which
lindinder bay and shelf the linefinderis in.

You can determine the calling party's nuniber
you locate the linefinder. e.,

Not all of the calls that you trace are front
linefinder through to a connector. Some calls are fttoo
or to fire repraters; city trunks; information trunks,
etc. The procedure; however; is the same. The
miscellaneous trunk and switchini equipment are all
identified with switch tap; the information they
contain is similar to that found on connector switch
tags.

Exercises (43g): .

'3-
l The Calling party, nuniber 4217, got hung up its ;

the exchange when he was_dialing, What actions,
do you take, at le linefinder shelf, when tracing
the call?

2. When tracing a call back from a connector, you
do not find a selector in the shelf and bay
indicated by the connector switch tag stepped to
the proper vertical level and rotary position. What
do you do then?

3; Now do you determine the hundreds group for
linefinder and connector switches when you are
tracing calls?

4. Assume that the bay card for Selector bay 101,
Shelf G, is destroyed. Use foldout 10 to determine
what equipment a selector in that bay and shelf is
connected to it is stepped vertical 4 and
rotary 4.

4f.
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CHAPTER I

References:

Answers br Exercises

400 - 1. The lindinder is a nonnurnerical (fully automatic)
switeb.

403 - 2. The liOdintiCT is COnneaCd direly (hide-to-ftdc) to
4 the succeedinusWiteh.

400 - 3. A subscriber soin_off hook operating his line relay
causes the linefinder to opera

400 - 4. The combined line and anoff duce windinks,
one of which MI& it OptraAml full

400 - 5.. The purpose of the distritfutors is twofold: (1) to
. preselect the next idle linefinder in the group and (2) to

vide connections between a linefinder and group
relays during linefinder operation:

400 6 The aisVibuhm ate upon completion of linefindirig

400 - 7.
icuort bibereautZtr it is stepped

butor per linefintier group, and tide
are twojpoupa linefinder shelf.

400 - 8. The banks of one,&efinder group in the shelf are
wired from 1 to 0 ically: while the banIcs of the
othxr group are wired 0-1 vatimlly; for preferential
Minting.

401 - 1. Disarir
401 - 2. USW A, Gialtd; Left1-15,_ Finder Ste- Level C;

Vertical StepPim, Level D, Test 1 for Vertical L.evelt
Level E, Lower Bank Cut-Through: and LeVel F,
Upper Bank Cut-Tluough.

'401 3. The_ distributor is a 25-point rotary switch with six
MI-m *Was t e rotary line switch has only three

1 IevelL
401 - 4. A line relay and linefinder connect she Wiling

telephone to the first central office emdpment unit.
401 - 5'. The linefinder and group distributor equipment

connect the calling telephone to an idle selector trunk.
401 - Dintibdtbr.

402 - 1. The B3 and H3 relays.
402 = 2. To mare and brWt the of the vertical

during venial stepping, and, also, to petvent
overceppmtof the switch.

402 - 3. The N3 relay. To Abdicate to the equipment Mat a
linefinder _is availabIt for use: a.

402 = 4. Ccitit 8T_Cncl 9T of tIM P3- relay close the operating
rah of die D3 relay, Voliidt operates to ground when
the vertical wiper steps to the vertical bank Marked
with ground.

402 - 5. Contacts 1 and 2 of relay C3 close a path for a delayed
Mem (LF Stmt), and contacts I and 4 of relay -C3
dole the operating path of rday P3._

402 - 6. When line relay 41 operates, the lint:finder stepi to the
fourth vertical. level. The reason it does not step on the

81
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firm vertical level is that the ground on the vertical
benk contact is of too high a renstance.

402 . 7. The selector ispressized to provide faster dial tone and
service to the subscriber, It is premixed when contacts
12 13 of relay B dole a loop across the tip ( +)

ringring () leads to the first selector. The 500
winding of re-lay D ls the loop p tf;W across the leds
to the selector.

402 8. Because it is completed throuidt a delay circuit.
402 - 9. If the N3 relays are not operated, the linefinder

equipment does not because all of the linefindere are
busy or out of service; or the shelf does not have power.

ground in connr, thus opening the path to the
The line

uof

the called party is operated fully from403.

C3 relay in the group Mays. .

403 . 2. Either -the A Ar D relay (de ending_upon which
dreds group is calling) remains operated in the

li Minder during conversation.
403 - 3. interrupted operation of relay A3 in the group

ys controls the roMty epp.ng, well is the
vertical stepping, of the linefInder and nothing in the
170W kill!.

403 - 4. If the next linefinder in line Ion the banks of the
distributor) bi not idle; ground in the busy linefinder is
extended through the A-level contacts of the
distributor to the motor magneto. This operatCa and

causes
the motor magnet interrupter contacts:v:11Mb

causes the motor magneto to retain and-step the
distributor wipers in the bank.

404 I. When the calling party hangs up, the boldieg ground
from the succssiing_equipment is_ /wt. causing either
the H or D relay in the lindinder to relearn When the
A Or D May reraties. it &UM the MO to the Mew
garnets: the rekiee magnets remain Operated until the
VON spring contacts are opened by the return to
normal of the switch.

404 - 2. The am switch of the linefuidar opera- ma during the
eleventh roftry on any venial level; closing a
path to the rdiSiee magnets.

404 - 3. The operatinc,ciradt of the N3 relay is conned& in
parallel through the VON wrings of each linefinder in
a group; go that when no linefinden are available, no
attempt is made by the group Mays to process the calls.

404 -- 4 NOthing prevents disuributor trout upping off a
lacy linefinder, regardless of a wearer. The path to the
;motor magnets is not controlled by the operation of
relay E3.

405 - -41-hevertical or rotary interrupter is shorted, causing
Al to operate and lock up. The leads for: the
interrupters for all 20 switamin a li order shelf are
multipled (in parallel) to both group relayiL

3 6
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Since relay A3 is Waal up, no vertical stepping can
take place in that shelf.

405 - 2. The most probable electrical cause is an open" tip or
ring wiper cord due to a cold solder joint or a physical
break in the wiper cord. Correction would amount to
moldering the connecnon or- replacing the wiper cord.
TM most probable ineclWiltal cause would tie an
upper bank line wiper that is out of adjustment.
ReadLustment of the wiper would correct it. With the
line wiper_ out otadjustment, the galling party's_ loop
meat hold the A relay in the selector operated and
the

405 - I The electrical problem is that relay H3 is
pranatureiy, because relay 83 is out of the AA t.
Readjusting relay 83 will correct the problem.

405 - 4. Contacts 8 and 9 of relay H3 in the A group relays are .

shorted. Correction is not necessarily cut and dried.
Chances are that the contact terminals are touching, but
they could also be shorted by the back cover. If they are
physically touching, bending the contact terminal will
cure it. If it's the beck cover; then the cover must be
insulated.

CHAPTER 2

406 .= I. The first fele:tole
406;r2. Telephone select° mak be identified as first, second,

third. incoming; or al selectors.
406 = 3. Each selector responds one dialed disk;
406 - 4: A selector circuit can be co to re:Stria service to

irceruun lines.
406 - 5. &elector banks are connected to wipers of the next

switch in the train.
406 6. A selector bay supports 100 switches.
406 - 7. Shelf H in bay 101 supports switch 75:

407 - 1: Relay A:
407 2: Relay B.
407 = 3. Relay A. ;.;..z

408 = I. At the first clialaille spring break, relays B, C, E, and
the vertical' rilajpiet are operated.

408 - 2. An electrical shunt prevents the relay F from operating.
408 - 3. The Strove steps because of electrical and

mechanical-;*iona Electrical current operates relays
end switehip*fries.,The magnets raise the shift which
trier-hail-calk Matra the wipers and the VON switch.
Further, the. shift's movement is controlled by
mechanical) devices. '

. . ,
Z11-,tRotary magnet.

, i
7 , :.

Connecting the bank contacts f8 each group of
selectors inauiltiple.
Relay E and the rotary magnet.

409 - 1.
409 - 2.

409 - 3.

410 - I. The fin . ;k'contacts are identified as or .
4191 - 2. Cwi
410 - 3. Relay
4T0 4. Cirent

fs.10 - 5. Relay

it4 I £: Relay_
4 t I . 9t The
011 - 3. The ;'s 7P."

and
I .4. The .

conve

X3'

ed to Fold equipment operated. ;
to first, followed by the alectorfil

. - 416- - 1.

anti ileum supports the switch shal\.whIlle a. . . ,... of
it in

,
progress.

... ''..:,,- `',GS.,4'" olieratett;, _

A ! V 1 ', 2. The writ`
.., . opersitio

cornpl

412 - 3.

412 - 4.

Dial tone is a steady uninterrupted tone; whereas the
ATB tone is a regularly interrupted tone.
The C wiper for an idle trunk has ground poteritial;
whereas a busy trunk provides no ground for the wiper:

413 - I. Ground.
413 - 2: The release ni et
413 - 3: Jacatt terminal 10, release magnet wipding and shunting

resistor, contacts 1 and 2 of switch I, contacts I and 2
of relay B, contacts I and 2 of relay A. and contacts 4T
and ST of relay F.

413 - 4. The wipers are moved mechanically by the switch shaft
spring.

414 - I. Rsys A and 13 operate to seize the selector. The
operated B relay connects ground to _the _C wiper to
hold the _linefinder operated; and the linefinder, in
run; holds the selector A relay operated: Hence; If the
linefinder loses Its connection to ground at contacts 4
and 3= of rellY 8, it opens the operating circuit of
selector relay A. The released relay A, in turn, releases
rilay B. Thus, when a selector operates and releases
tkinmediately; die" the condition of contacts 4 and 5

relay B.
414 = 2. TM rotary magnet operates following the operation of

relays 8 and E. Accordingly, contacts 4 and 5 of relay
B and _3 and 4 of relay -E must make_good connection if
the rotary magnet is to operate. Also; if relay E failed
to operate because of defecOve-_contacts at the VON

..swittli or in contacts of the C relay, there would
likewise be no rotary stepping. This trouble symptom,
the, requires that you inspect these listed contacts.

414 - 3. Release of the selector is the result of restoration of all
the circuit_co_mponents We have noted that the F relay
and the VON switch remain operated during the
convasation; therefore. they must release to return the
equipment to normal F relay is reit:mad When the
connector areuit B relay disconnectsiyound from the
C lead. Following_ the- f relay release_ the release
magnet openstelrhealuse of made contacts at the
operated-VON switch and releases coniacmat relays A;
B, and-F. Thus, if any one of these sets of contacts is
dirty or maladjusted, the release magnet cannot
ate. Again, we encourage you to look first at the
mechanical devices in the circuit to correct what
appears to be an electrical problem in this telephone
equipment.

CHAPTER 3

415 - I. The regular, trunk-hunting, and execinive right-of-way
service connectorsprovide ringing, ringback, and busy
tone to the line loop.

415 - 2: The regular connector responds to the last two digits

4 I 5 = 3. The regular connector is so connected diet it provides
service to one line. In contrast, the trunk-hunting
connector serves more than one line.

415 - 4. Regular oorinecton and a test connector are installed
on shellj,in connector bay 102._

415 ..5. The reviler connector are instilled to the right of the
connected to a ringing source.

.1s- at the left of the shelf and is not
con atld t0 T ng source.

t-T

o trualts.tf-
_ SE3.

ground potential to the
the preceding switches

ntacts 2 and 3 complete the
IliYIVContacts I and 2 partially

sting circuit for the release magnet.
.
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416 - 3: A suracriber lifts tWe_ltstst to 'seize the linefinder,

then dialt numbers, The first digit he digit seizes a
selector, and the selector in turd stLardies the associated
connector trunks and connects the calling line to the
idle connector A relay. This, \this rella operates to
complete the operating circuit of the B relay.

416 - 4. Selector control hank et ntIds are connetad in
multiple, and a groundedebonector wiper is thereby
busy to all searching selectors.

417 - 1. Since the connector is controlled by the last two dialed
diipu; the operating_ circuit of relay A is interrupted
four times for the TENS digit and twice for the UNITS
digit.

417 - 2. The VON switch contacts I and _2 complete the release
magnet:operating circuit, contacts 3 and 5 complete
the operating circuit for relar_C and the vertical
magnet, and contacts- 4'r and 5 ala complete an
operating circuit for relay C and the vertical magnet.

417 - 3. The connector vertical magnet operates three times
when the number dialed is 2135.

417 - 4. Relays A; B, and C.

418 - I. The dialed UNITS digit 2 controls the rotary stepping
of the connector.

418 - 2. Relays A, B, and E.
418 3. Wiper C connects with lead CN, wiper - touches lead

-N; acrd wiper + mates with +N following connector
rotary switch operation onto an idle line.

419 - I.
419 - 2.
419 - 3.
419 - 4.

419 - 5.

419.- 6.

4 4,0.
420 - I.
420 - 2.
420 - 3.
420 - 4.
420 - 5.

421 - I.

421 - 2.
421 -3.

421 - 4.

422 - I.

A, B, C, E, H, F, and D.
Contacts ST and 6T of relay H.
Contacts 3B and 4B of relay H and 8 and 9 of relay F.
Relay A and contacts 7,11, 10 and 12 of relay D are in
the calling telephone talking battery circuit.
Relay D, contacts 4 and 5 and 7 and 9 of relay F,
contacts 5T and 6T and 7T and 8T of relay H, and the
- and + wipers are in the called telephone talking
battery circuit.
Line reversal by the connector provides a supervisory
signal to an operator.
AC.

Relays A, B, D, F, add H.
Relays A, B, and E,
Relays A, B, 114Ntuid F.
Relays D, A, B, H, E and F.
Contacts I and 2 and 5 and 6 of relay 13, I and 2 of
relay A, I and 2 of relay B, and 10 and I I of relay F.

Grounded connector bank contacts for line 10 operate
the G rdly.
Relays A, B, and G.
The calling subscriber must replace the handset on the
cradle to release the Strowger equipment following
reception of busy tone.
Relays A, B, and G.

Tracing the rotary magnet circuit, shoWn in foldout 3,
reveals that the following made contacts complete. its
operating path: contacts 3T and 4T of relay H, I and 2
of relay G; I and 2 of relay-C,4 and 5 of-the VON; 2
and 3 of relay B, and I and 2 of_relay A. Thus, any one
of those sets could be detective. Of course, if the Vrelay
or the VON switch were to release early, they could
fkewise_prevent the renal/ mwnet from operating. We
are considering that relay contacts are the problem,
thus need to be corrected.

422 - 2. Giving naught to the symptom report d also
result in additional conclusions. Since the call ny
answered the calling party's question or commenOlie
can conclude that the calling. pony has transmission
battery, the two ,,2MF capacitors in the connector's

urensrnition circuit are good, the connector wipers are
making with the hank contacts satisfactorily, and the
called subscriber line and t. "hone receiver circuit
components are good. Further, we can conclude that
the trouble is either in the called party's telephone
transmitter or is in the connector talking battery
circuit. Look at foldout 3 and consider that the trouble
is in the latter. Accordingly, components that could be
probable faults are contacts 5T and 6T and 7T and 8T
of relay H, and 4 and 5 and 7 and _9 of relay F. An
inspection of them and a cleansing of the set(s) which
show buildup may _correct the problem. If they are not
fatty, then the called parties' subset must be checked
and repaired.

CHAPTER 4

423 - I. Red -axes: C1 , C11, and C -21 mike up signal group
number one.

423 - 2. The length of one cycle, of the timing circuit is five
seconds.

423 - 3. The ringing machine; by means of rotating cams, puts
ground pulses on the TIME I and TIME 2 leads of the
supervisory circuit.

423 - 4. The grotirtd *Ike are one-foUrth-second duration.
423 - 5. The indicator alarm fuses for Strowger offices are

applied in I -, 3-_, and 5- ampere ratings.
423 - 6. The purpose of the alarm and supervisory circuit in a

Strowger exchange is_ to monitor certain equipment
condition by means of indicator alarm fuses and -Shelf
supervisory circuits, and when an abnormal condition
exists, cause an alarm-both audible and visual-to
alert maintenance personnel and to guide them to the

° bay shelf that is in trouble.

424 - I. It will take about 4 to 4 '4 seconds before the B-6 'relay
will operate.

424 - 2. The purpose of contacts 5 and 6 of relay C-I 1 is to
shunt the high-resistance winding of relay C-1 to cause
the alarm lamp to light.

424 - 3. After relay B-7 operates, a ground pulse comintin on
the TIME I lead energizes the upper winding of relay
B-6; with_an oppcsite polarity to that of the lower
winding. The magnetic fielth oppose each othiS, and
the B-6 relay releases.

424 - 4. The purpose of the capacitors in series with relay C-39
is to provide a low-resistance path to ground for the
AC.

4R4 - 5. The major _alum bell is powered by dry cell batteries.
24 - 6. Yes, relay C-32 will operate. Tice lamps are in parallel

with resistors to insure an operate path for relay C-32
when a fuse blows.

4 - 7. Relay B-8 releases relay B-7 operates.
4 4 - 8. elease alarm does not extinguish when relay

B-8 stays lit because relay C-1 has a hold
path through its 3 and 5 contacts.

, 425 - 1.

83

Contacts (all) of relay C-35 are dirty. Burnishing the
contacts will clear the trouble.

425 - 2. Relay B-8 is not operating._ The causes could be din*
contacts -4 and 5 of relay B-7 or contacts 3 and of
relay B-6, an which case, burniaing will dear it. If it is
an open coil of relay R-8 instead, then the coil must be
replaced.

426 - I. The twofold purpose of central office power equipment
is (I) to convert 220 volt, 3 phase ac into dc and (2) to
control the dc output for operating equipment and
charging the central office battery.
The purpose of the ringing equipment is,to provide
interrupted ringing current for signalling subscribers

426 - 2.



3C
and ring back tone. It also provides grounds on the
TIME I and 2 leads for the alarm and supervisory
circuits; Bay tone and all trunks busy tone is also
supplied from the interrupters of the ringing
equipment.

427 - I. In_parallel with the output of the charger through the
winding of the control reactors.

427 12. To monitor the output voltage of the daring,
comparing it with die reference voltage, and
compensating so that the output voltage remains gable,
regardless of a constantly charging load.

427 - 3. 120 percent of its rated capacity. If a Flotrol is rated at
200 ampa; its overload current would be 240 amps or
&Per-

427 '- 4. The equalizing switch of a Flotrol changes the output
voltage of the reference 3011/CC, thereby causing the
charger toregalate at a higher-level.

427 5. The purpose of the dc contactors is this: whenever the
220 volt source for the danger is off, the contactors
operi_conts. and the circuit to the battery 13 open.

327 6. The filter ctioke eliminates the noise from the central
office battery and transmission paths.

427 - 7. The output adjustment taps chang_e the reference source
voltage; either up or down; depending upon the
-placement of the link. Changing the voltage of the
reference.source causes a change in the regulated output
voltage.
The rewired addition of water to the battery more
than once every 3 months.
Thep- 21 _relay in the ringing generator control circuit
is normally pperatW from direct generator:
AU of the cam contacts of the interrupter pliTceligrourld,_
potential on the associated lead when closed.') ,01;44,Relay D-2I will release, but will reoperate
ringing machine transfer.

off t c.

Relays D-4 and D- I4 serve the same ringing gouri ell -
Busy tone is dial tone, interrupted at a rate of 60 TM, j
and all-trunke=bary tone is dial tone interrupted aiidra.
rate of 120 IPM.

427 - 8.

427 - 9

427 - 10.

427 - I I.

- 427 -12.
427 - 13.

430 - 1 . Common battery and local battery subscribers have
line jack appearances on the switchboard in an
automate central office.

430 - 2. The anent:teas cabinet in a Strowger central office is
equipped with 17 cord circuits per position.

430 - 3. Through the use of out-dial-to-line equipment or out-
dial-to connector trunks.

430 - 4. At the top left panel of switchboard position I or at the
top of the cable turning section; when it is beside
position 1.

430 - 5. Tbe primary fiinction of a switchboard in an automatic
central office is *Olin information center and the
rendering of agagance in emergencies.

430 - 6. The operator; with respect to fire calls; may verify the
agl, to be sure that it is not a wrong number, and then
extend it to the fire department through the fire control
panel. The operator has supervision over the line and
releases the line when the call is complete.

430 - 7. The circuits that are associated with the switchboard
but that are not a part of ire circuitry paper are (1)
common battery lines, (2) local battery lines, (3) out-
dial-to-line equipment, (4) out-dial-to-connector
trunks, (5) fire trunk control panel, (6) auto-to-auto
repeaters, and (7) city trunks.

431 - I. In a step -by -step telephone stitching center, one fire
alarm biiiier is provided, regardless of the number of
fire trunks.

431 - 3. In order for the attendant to be aware that a fire alarm
call has come =into the telephone switching caner, the

" step-by-step special second _selector to an idle fire
Repeater will process the call, providW that the -fire

repeater has a negative battery potential at the RLS
TRK (release trunk) lead.
Relays B, D, and G in a step b ire rveatyg
circuit are not released until thalgandantapanges a
release switch. Because of Oils; step-by-step telephone
switching center personnel can trace operated
equipmeat which Isitrosxased at* through a' special
second selector, first sdector, anifthe linefinder. Thus,
they an determine the direcos6 number of the calling
station. The tine:la:gra Caitt_for this line number will
indicate the lo4don of des station. _

431 - 4. To extend the _Me calj, the switchboard- operator
operates the FIRE swat clk momentarily. This action
grounds leads Cl . and CC. Ground on the Cl lead
operates the G retay which holds operated through its
1 and 2 contacts to-ground on_the DR lead. Ground on
the DC lead operates relays B and D,.which_operate
and hold operated through their own contacts. Relay G
closes the transmission path to the fire department
when it operates. When relay B operates, interrupted
ringback tone is sent to the calling party. Relay D,
when it operates; closes a path to the bell in the central
office. _ _

431 - 5. When the fire department answers the call, a loop is
closed across tip and ring line to the fire department,
which operates relay F in the trunk circuit. Relay _F
operates and holds o_perated to ground on the DR lead
through its X (1 and 2) contacts. Contacts 6 and 7 of
relay F__ break and stop_ringback tone to the calling
party. The line lamp LM2 goes out, and the supervisory
lamp LM I lights. Relay C operates throrigh the loop of
the fire department's instrument.

428 - I. The charging rate is too high. Tbe float level of the
battery charger needs to be decreased.

428 - 2. There are two possible troubles: (1) relay D-8 may not
be operating because of dirty interrupter cam contacts,
or (2) ntacts 2 and 3 of relay D-8 may be dirty.
.Burnishing the contacts will clear the trouble.

428 - 3. The battery that is supposed to be supplied by contacts
I and 2 of relay D-7 to operate the ring-trip relay in
the connector is not present, because the contacts are
dirty.

CHAPTER 5

429 - I. The pa-Arose of the fire repeater is to provide
subscribers a mans of contacting the fire department
to report fires.

429 - ; The main fUnction of the reverting call switch is to
send ringing current to the calling instrument to check
that the bells of the instrument or instruments work.

429 - 3. The pulse repeater is accessed through the banks of first ,

selector switches.
429 4. The main functions of a pulse = repeater are (I ) to

provide a low resistance path between two central
offices and (2) to repeat the pulses dialed into it from
the local subscriber to the distant office to step that
office's equipment.

429 - 5 The fire repeater and the reverting call swit are
accessed through different levels in the ban of the
special ccund selectors:

432 - I. A pulse repeater is used in a_telephone switching cr
to repeat the dial pulses of the calling telephone over a
trunk between two switching centers.

432 2. Telephone pulse repeaters are used only when it is
necessary to transfer calls from one switching center to
Another telephone switching center._

432 - 3. A call from a distant telephone switching center is
connected to an incoming selector.

sr
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43y littand_potenual must be connected to the C lead of
Fiskis.b.L-tiep selector, linefinder,and line circuit if the
01914honeett is to remain operated. This ground is
er.°virted by succeeding circuits as the call is processed.

ore., seizure of a step-by-step pulte repeater Must
4 OAN.s Pound potential to be connected to a C lead,

47a":6 terrainstes at the preo_xling selector bank.
="' tt;e1A4 A of a step -by -step pulse repeater is under the

elrect centred of the dial: Therefore; relay A lia-KS as
_Oialisig relay for the Step.by-step puse repeater

OFCtlit.. Relay C hits alto been referred to as a dialing
(414, but for the incoming selector of a distant
ell[Ching center. Relay C becomes the second dialing
(clay for _the_ dattant switching center; since relay_ A is

6
fo !tonna] dialing relay for a step,by-step kje,ctor.

43 rqlitille bitter), potential at the C- idefititift
OrPv=sisillie repeater as being idle. This potential

ctitnected at the wending- of relay G in the pulse
(cfmtkter for the C lead term-inated at the local selector
r_LrIA end_ is cTonnecteal to the winding of relay E in the
fokt rePftter for tIwC Imscl-thau is terminated in the

refer bank. 4"
43) , t2ning the busy switch of a step-bY-step Pulse

im.completes the operating circuit for relay E.
relay E connects ground to the selector bank,

0_7!_qi malts this repeater butiVio any future ails AS
ell 0 afe belay &Wadi rs operated. This permits the
(ePekter.to be daTcked or repaired.
e-elt, E. On an incoming call, relay E in the pulse
ftKiitet operates from grOund returned from the

hilts of relay a in the incoming selector.
43) , relay E in the pulse repeater operates, it lights the

19F-3' halation the switchboard and marks the rejector
t' ti with d, to prevent seizure while it is in use.

433, I' 041-11,6 She al second selector switches through, the
004'oriber's ine loop is placed across tip and ring of
0! Nosertingicsillswitch. This doses the_path for relay
f'-Otstiazu 3 and 4 of relay close the operate path for
r!1'15S- ContO:b I and 2-Of A open, preventing the
rre4rore operation relay D. Contacu 6 and 7 of relay

433, 21
clthe hold path for relay B.

V.111441., felaY D operates, its contacts 2 and 3 and 5 and
ugziw s path for ringing current to the subscriber's

line Ow relay eigracu 7 and 8 close a path for the E
rewiwilio, y anang

433 , 3. fJte installer lifts tae handset from the cradle, the
j,L4ay operates, closigg a path to operate the H relay.

selity's contacts and 2 close a holding path for
"11. its 3 grad 4 cootsins o_pen the path for relay D, its
3 4/4 o enfituts open the hold path of rejay_g; which

OA Obi...to-release: and contacts 7_and 8 remove
d from the rinsing mathine start lead.
(81e installer hangs up the phone the seo5gd time

rG'Iq't A, Is, and H release, thereby releasing the
rrerlIPS call Witch.

433,

434 2

434

434

434

434,-

434

lt_L-Nedition of the sleeve of the linejack determines
of'uer et not the cord circuit will supply transmission
-botte'--y to aline circuit.

sold 5 contacts close a path for LM I , tht lineIii
T',....^telltY in the common battery line circuit operates

(lac costscU of the line jack make, due to a plug
bell pia in it.

cotnifttor is busy; the busy lamp, above i a line
-1-kiruktance_ on the smtChboard, is lit.

CCs- -4esiI and 7 of thc operatW, selector level 0 trunk,
telsy close mirth from ground to light the incoming

n the switchboard. Contacts 5 and 6 Of the
a Path to operate the circuitaa relaY.

perotor plugs a cord into the line jack of a

85

35
0-level trunk, the cord circuit will provide
transmission battery to the calling party. The sleeve of
the line jack has a nonresistance ground on it, with a
plug inserted in the line_ jack.

434 - 7. The path from tip of the answer cord; through the
impulse springs of the dial to the ring of the answer
cord is: (I) tip of the answer throtigh contacts of the
RING ANS key, (2)throwdi contacts 3T and 5T of an
operated H relay (cord circuit); (3) through contacts ie

and 6T of an operated D relay (position circuit);
(4) dirotigh contacts of an urioperated_TRK OFF -key,
(5) through contacts IT and 2T of the C raay (petition
circuit), (6) through the contacts of die dial's pulse
sprin_gs, 0) through contacts of the SPLIT CALL key,
(8) through contacts 6T and 5T and I B and 2B of the
Operated C_relay (position_circuit), (9) through other
contacts of the SPLIT CALL key; (10) through
contacts 5B and 6B of the operated D relay (position
circuit), through I B and 3B of the operated H relay
(_cord circuit),-and through other contacts of the RING
ANSaey to the ring of the answer cord.

434 - The TA1A_key must be operated prior to operating the
DIAL ANS key When dialing over the answer cord.
This onier of operating the keys is a must for the
following reasons:
a. Relay H in the cord circuit must be operated.
b. The operate path for relay H is through contacts of

an operated G relay (eord circuit) and contacts of
an operated D relay (position circuit); it then has a
hold_path through its own concocts to contacts of an
operated relay.

c. The opeM path for relay G (cord circuit) is
through contacts of an wioperated D relay (position
circuit).

d. The G relay in the cord circuit must operate at least
long enough for the H relay (cord circuit) to
operate and then hold, operated.

435 - I. Contacts 9 and 10 of the C relay in the cord circuit are
dirty:

435 - 2. This trouble tia4 to be in the position circuit, since it '
affects all or the cord circuits. When the DIAL ANS
key is operated, relsr D of the position circuit should
operate. But it doesn't. Dirty contacts in the DIAL
ANS _key_ could_ be the problem; but_ dirty contacts 1

and 2- of the F relay could also be the problem.
Burriisliing the contacts theuld dear the trouble.

435 - 3. If contacts I and 2 of the A relay in t mmon
battery line circuit are dirty, the line Iar ll not
light, and the B relay will not operate on *morning
calls.

435 - 4 The seleaor releases, betause contacts 5 and 6 of the B
relay in the selector level D trunk are dirty and a
holding ground is notgetting back to the selector.

435 - 3 The most probable reason that the reverting call switch
released is that the B relay did not have a hold path.
The most probable cause for relay _B_ not holding is
dirty or unmade contacts 5 and 6 of the H relay.

435,- 6. The most probable cause for nothing happening when
the FIRE button is operated is dirty contacts of the
FIRE button, making it impossible for,relays B and G
to operate.

CH r 1ER 6

436 - I. The tat handset should be hied initially to ted
*elector for erratic vertical stepping. IleCause it can'test
the operation of the A relay for a high-resistance loop
condition almost as well as the varying machine can.
The varying machine must warm up for 30 minutes
prior to testing with it.



- 2. The varying machine can teat a selector under high 438 - I .

resistance as well as for leakage line conditions. and
the pulses are put out at a more precise time rate than
the test liMidiet.

436 - 3. The false trip 6* is tWfritinW during the silent period.
with the type 26A switch tester, between ringing cycles.

436 - 4. Operating the FALSE TRIP key places a 23013-ohm
resistance short across tip and ring of the test line. This
resistance short should not cause [herring trip relay in
the connector under test to operate.

437 - I.

437-2.

437 - 3.

437 - 4.

a.
b.
c.
a-
b.

b.

101.
10
13.
103A.
15.
3-5.
LF-3-A.
47.

c. 15.
A selector stepped vertically 5 and rotary 4 in shelf F
of bity 102 is connected to connector switch 4 in-
connector bay I.; shelf C.

trunk 362 is connected to the selector banks
f 0, bay 101, vertical leVel I, rotary position I

ors I through 20 in connector bay 1, shelf B
inated on OGT terminal block terminali 221
240.

4

AU GAIS . AL( 753437 Hoot
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438 - 2.

438 - 3.

438 - 4.

4

After you find the linefinder shelf that serves the 4200
group, you look for a switch that is stepped_ vertical I,
rotary 7: and if you do not find one stepped that way,
look in the other _group of 10 switches stepped 0
vertical and rotary 7. Whichever group you find it in.
you must then test for the proper hundreds group by
shorting test jacks 3 and 4 of the linefinder. Since 4217
is an upper line bank number, if the lower bank lamp
does not light; you have found the linefinder the

ling_perty is using: You then go to the first selector;
using the information from the linefinder swath tag.
You should go to the DTA drawing. This will tell you
what qtkier selector shelves have access to that
particular' connector switch. It will also show any
reverses that may be in the multiple and the bank
position in different selector shelves.
Deteithining the hundreds group of a telephone
number in the linefinder equipment is a matter of
shorting the 3 and 4 test jacks of the linefinder. If the
lower bank lamp_ on the supervisory fuse panel light-%
the number is in the lower bank of the number group. If
the lamp does not light, the number is in.the upper
bank of the number group. In the connector
equipment, determining upper or lower bank is done
by looking at the-K relay. If the K is not_Operated,_ the
number -is -in *lower bank; and if the K relay is
operated, tht_number is in_ the upper bank. _ _

A aeortoe in hay 101, shelf 0; that it Stepped vertical 4
and rotary 4 is, in turn, connected to connector switch
14 in connector bay I, shelf B.
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1; MATCH ANS_WER
SHEET TO THIS 3'
EXERCISE NUM-
SER.'

EX

STROWGER STEP: ONE #010,4
Carefully read the following: . i /114,;f*.*'

DO'S:
.,-- ko,

.

1. Check the "course, volume,. a id numbers from the answer sheet
address tab against the "VRE a r, sheet identifidation number" in -the
righthand column drihe shipping t4 If numbers do not match; take action to
return the answer sheet and. the shippm-Clitt to ECI immediately with a note of
explanation: ,6

2. Note that item numbers on answer sheet are seqUential in each column.

3. Use a medium sharp #2 black lead pencil for marking answer sheet.

2. USE NUMBER 2
PENCIL ONLY1

4: Write the correct answer in the margin at the left of the item: (When you review
for the course examination, you can cover your answers with a strip of paper and
qten check your review answers against your original choices.) After you are sure
of your answers, transfer them to the answer sheet: If you have tanhange an
answer on the answer sheet, be sure that the erasure is complete. Use a clean
eraser. But try to avoid any erasure on the answer sheet if a all possible.

5. Take action to return entire answer sheet to E0.

6. Keep Volu Review Exercise booklet for review and reference.

If mandates enrolled student, process questions or comments through your
unit trainer or OJT supervisor.

t If voluntarily enrolled student, send questions or comments to ECI on ECI Form
17: .

Doivrs: S ,
1. Don't use answer sheets other than one furnished specifically for each review

exercise.

2. Don't mark on the answer sheet exmt to fill in marking blocks. Double marks
or excessive markings which overfl marking blocks will register as erro

3. Don't fold, spindle, staple, tape, or mutilate the answer sheet.

. Don% use ink or any marking other than a #2 black lead pencil.

Q. NUMBERED LEARNING OBJECTIVE REFERENCES ARE USED ON
THE VOLUME - REVIEW EXERCISE. In parenttiesis r each item
number on the VRE is the Learning.Objective Number wh e answer to
that item can be located: When answering theitems_on ; refer to the
Learning Objectives indicated by se Numbers. The VRE results will be
sent to you on a postcard which AI list the actual VRE items you missed.
Go to the VRE booklet and locate the Learning Objective Numbers for the
items missed. Go to the text and carefully review the areas covered by these
references. Review- the entire VRE again before you take the closed -bow -=-/
Course Examination.

1 3 9



3 6
MUltiple ChOice

1. (400) A control device for a step-by-step linefinder is the

a; CB relay. c. connector.
b. Os/actor. distributor.

2. (400) The operated stePLby-steNlystem device which starts the linefinder..
searching for a marked lino,Js the ;

a. M!' relay. c. G3 relay;
B. $W rsziy; 4 d. line relay.

3. (400) Which Ond of the following functions is providerd144-the Strowger
telephone system distributor?

a. t control of all linefinders in the system.
b. Direct control of one group of linefinders in a system.
c. Connects 150 linefinders to its 2% horizontal banks with double-ended wipers.
d. Stores dial pulses then sequentially releases them at timed interval to the-

succeeding"equipment.

(400)\Which of the following relays are included in the Strowger group relays?

a. YD, 110,.and AS.
b. A, B, E, F, and G.

c. A3, 83, C3, H3, and P3.
d. SW, XD, HAA RTand AB.

S. (400) Which one of the following group relays is a pulsing relay?

a. A3.
b. B3.

. H3.

d. P3;

S
6. (400) Preferentiel hunting by linefinders limits the

. equipment and

e; reduces hunting timer --
-b. eopands-searching actions.
c. elimlnatesiwiper searching on all bank levels;
d. increases-in use time of linefinders by improved wi r condition due to

continuous wiping action; -;).

7. (401) The distributor level at the Air right on fnIdouta is the

c;A:verticihtepping level;
d.; :low bank cut-through level.

provides timing contrbl for the 'step-
,

over use of certain

a. guard gel.
b. finder start-level.

8. (402), Which one of the.
by-step linefinders?,

3a. E3, releasing- relay N3.
b. A3, through its sew Ictions.
c. B3, through, its seque mOtions
d. P3, by sto ping th verficaltepipt

9. (402) The-step-by-step relay conta s th cooplete theoperating circuit for
the linefinder vertical magnet arel%see F 1)

- -,-;

a; 4 and 'S of relay 03. 6% 1 and 3 of relay A3.
b. 10 and 11 of_relay B. d. 2 and 3 relay K3. ._

P'

_ 4 ,
4

_-f
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10. (403) The step-by-step linefinder steps vertically when

a: relay A3 and the vertical magnet operate in opposition.
b. relay A3 and the vertical magnet operate in conjunction.
c. relays L and A3 and the vertical magnet pulse alternately.
d. relays L and A3 and the vertical magnet pulse simultaneously.

A

11. (403) WhiCh of the following Strowger system devices keeps the distributor

searching the linefinders?

a. Motor magnet.
b: Rotary magnet;

. vertical magnet.

. All of the above.

12; (403) Which of the following sets_of Strowger equipment relays are held
operated for the duration ot a call?

a. Relays D And L.
b. Relays E3 and H3.

c. Relays A.
d. Relays A3.

L.

3,1.'"and F3.

13. (404) Whichtone of,the following e4bditions holdt the S equipment

operated ciuring a telephoiNe call?

A. Ground on the C lead, c. Negative battery on the C lead,

b. Ground on the + lea d. Negative )oAttery on the - lead.

14. (404) What indicatir id or you that a Strowger linefinder has not

released?

a . Red release lamp.
_b. GreeUr.releage lamp.

15 (404) WhAlStr6wger relay must have operated and res tored 5.4the second group

of linefiffaers,is _searching abOVe the fifth bank level of contacts?

c. Green aisle pilot lamp.
d. Red flag above blown fuse.

a. Relay A.
b. 'Relay D.

c. Relay L.
d. Relay P3.

16; (404) Which Strowger lead has the potential which makes the calling

telephone busy to another incoming call?

:c. CN.
d. Guard

17; (4051_ Having seen the Strowger-lineider RLS lamp glowing and checked the

linefinder, but found it released which one of the Vollowing contact sets

would be defective (see FO 1)?

a. 1 and 2 of C3 are dirty.
b. .1 and 2 of G3are dirty.
c. 1 and 2 of G3 are maladjusted (bent to make),
d.i 1 and 2 of C3 are maladjusted (separated too much).

IS. (405) Which set of contacts; if defectiVe, would prevent a traffic count

(see FO 1)?

3 and 4 of ,SW -6: 3 and 4 of relay C3.

3 and 4 of SW='7,.. d. 3 and 4 -of relay G3.

19. (405) Having operated the busying switch SW-6 and found ground on the ATB GRND

'mad; which set of contacts could be at-fault?

3 and 4 of.E3.:
b. 3 and 4 of SW-77

3

(
c. 1 and 2 f SW-1.
d. 1 and 2 f SW-6.

4

3
4
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20. (406) Which of the following wiring patterns applies to the steprby-step system?

a. Line circuit terminals ars jumperid-to:selector switch wipers.
b. Linefinder terminals are wired to selector shelf jack contacts;''.,
t; Shelf jack of linefinders ar selector shelf jacks.
d. Line circuit terminals are mu j',Y"T; linefinder switch wipera.;

21. (406) The purpose of relay A in

a. pulse with the dial.
b. hold line circuit.L relay operate.
a. cut linefinder through to connector.
d; select between upper and lower contact banks.

ctor is to

22. (406) Cross-connecting selector terminals is done at thee

a. DTA. _ c. selector 1,6
b. main frame. d. rotary switch linektder.

23. (407) Which set of listed contacts is in theid tone circuit for the Strowger
selector circuit (see FO 2)?

a. 3 and 4 of SW-1.
b. 4B and 5B of relay F.

*24; t(407) Step-by-step line circuit relay L

a. negative 48 volts.
b. ground on the C lead.-
c. ground on the selector C_wiper.
d. ground from contact 5T of relay F.

25'; (408) Which on the following results
2witch operates 'Tree FO 2)?

a. Relay E operates.
b. Relay F operates;
c. Relay B releases.
d; Re1.y B holding circuit is closed.

ei and 2T ,of relay F.
'.2B and *of relay F.

is Kept operate by (see FO

first when

-,'

)the Str wger-

26. (408). In a Strowger system, the dialed digit 0 operates

a. selector relay konce._
b. selector relay B ten times.
c. and releases selector relay A
d. and releases selectOr relay B

1,)

-11

ten times_
ten times.-

27. (409) Which one of the following actions
rotas magnet (see FO 2)?

a. elay C releases.
1c;. eIdy E releases;

(410) dsing FO 2,
restored, operated

when the
relay F

ctor VON

ofarates the step-by-step selector

c VON switch releases.
Relay A irwonnecp0t* is seized.

44-4
4ilgtor has cutig2ian d relays A and B ha

is the next relay to restore.
permits the release:magnerto_ Operate.
is connected iiirseries with the rotary magnet.
transfers4impu1ws from the vertical magnet to the rotary magnet.

Joi (-)

.11.

4

-3

OIL

;

A



ts.

29: (411) Which Strowger relays restore following replacement of tne calling
telephone handset (see FOs 2 3)?

a. Relays Ai Bi and F in selector;
b, Relays A, B, E, and F in selector.
c. Relays A and B in_connector and F in selector.
d; Relays A, B, and F in selector and A -and B in the connector.

30. (412) The ATBItone circuit for the Strowger system'calling telephone includes
contacts (see F0.2)

;3.1.

a. 4 and 5 of SW-3, 1B and 2B and 4E and 5B of relay F;
b. 3 and 5 of SW-3, 1B and 21r-end 4B and 5B of relay F.
C. 3 and 5 of SW-3i 2B and 3B and 5B anct 6B of riipy' F;
d. 4 and 5 of SW-3, 2B and 3B and 5B and 6B of relay F.

Ak
(413) What action is responsible, during the release of the selector (FO 2):
frOm ATE, for the operation of; the vertical magnet?

a. The release of relay A.
b. The releaseZof relay E.

The operation of relay B;
The Operation of relay C.

32. (414) _What is the trouble when a step-hi-step selector (FO 2) fails to Step
rotary?

a; The E relay does not release.
Contacts 2 and 3 of relay C are qty:

-c-i Contacts 3 ana 4 of relay E-- are worn.
d. The rotary interrupter springs fail to open.

1_

33. (414) Why doesi..tpe F relay in ''he selector cm, operate aho theh reJ.ease efter
cui-through?--

a. Relay E fails to- 'release..
b. Relay B fails to release. -41%

c. Contacts 2Tand 3T of the F relay are d
d. Contacts,and 5B of the F relay are di

(413) When a step -by -step system serves over 200 lines. three important
functions of its regular connector are ta4Ing the Called telephOne, furnish:

wiec

a. ringback tone; and cut off dial tone. -' :

Ni41.

b;,; to g battery, and 1i-old -the switch train;.operated.
c; AT_ nej and provide talking battery to the tailed line:

. di4L'ine, and provide.talking battery to the calling line.
,

.c,

413 cis of the following isa correct statement Aiirt step -by -step test
Abbnnector.equipment?

Switches the ringing current generator "ON:
Mounted_at the center of the connector shelf.
Automatically supplies dial tone and_busy tone.

ed with the test distributor for line teiting.
2

*3: A :When_relay A_itsquellwated in, the step-by-step connector, circuit, the
\iperating circuit,_of reIa9

c.

'le _
...a: .0 is:closed and relay F is-released,

h., D is closed; but relay G is released
c., B is opened, but tneC lead is grounded.
d. P. is.closed and the circuit of the release caplet is open;

5 10.

3 e 3

a
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'37. (416) A step -by -step connector is seized and holding ground is connected to

the C lead (F0 3) by relay

s. A.

b. B. e%

38. (417)
relay A

a.

b.

c. C.

d. E.
y.

Step-by-step vertical magnet of.aconnector switch operates when

is r a

,

d and relay B is released.
d and relay .B is operated..

and relay B are restored.
. and relay B are operated.

39. When: elay C is unoperated.in a step-by-step connector circuit, the
pul ng circuit is transferred-from the

.

a. rotary magnet -to the release magnet in series with relay D;
b. release magneto the rotary magnet in series with relay -E.
c. vertical magnet to the rotary magnetin.paraIiel_with relay -
d. vertical magnet to the release magnet in parallel" with relay E.

40: (418)' The rotarOnagnetif a step-by-step connector operates-each time relay

a: A restores.
b. E restores.

I41. 418) The step-by-ste connec ipers (FO 3) rotate because

c. A operates.
d. C operates.

.-,,,," a. relay A operate prings are open.
e

(
fitting the rotary magnet to operate.otob. relay B operate en reSr gn

c. relay -A restores i ,the dial pulse springs are open and then reoperates
when the pulse spring$ close.

.

d. the rotary magnet restores while the dial pulse springsare open and
operates at the end.of each'd4a1 pulse. '..

4 (419) In a step-by-step systepi ringing current to the called .111e (FO
is cut off by

a. the release of the group relay S.
S. the operation of selector relay F. .a.:

c; the operation of connector relay F.
'd. lifting the receiver to start,the ringing

,Ga

,

urrent int

43. (419)- In-a step-bystep system, talking battery_is
tine through

supplied

a. relay B An the connector circuit;
b. contacts-of relay-B in the connector Circuit.
-9, the nD-ohm winding of,ptlay A in the connector circuit;
d, the'200-ohm winding ofirOay: D:in the. c6nnectot. cirApit.

44: *(4,9.-) WhiCh relay in a step-b5i,-step connector (FO .3) releases first-wheri 7t.1%
calledparty hangs up first?

4.

B;

45: (420) Whicl; relay ih a step-bye step
only one of the parties hangs,pup?

ter.

to the calling,

tj

1

. c.

d. F..

connect operated afier
A

4



46. (421) In a step -by -step connector circuit, the contacts of which operated relay

connect busy tone to the calling line?

a. H. c. F.

b. G. d. E.

47: (422) If contacts 4 and 5 of operated relay F in a step-by-step connector
circuit fail to make contact, the

a. talking circuit would be incomplete:
b. called telephone would continue to ring.
c. calling SUbSdriber would not hear a ringback tone.

d: called subscriber would hear a bUzzing in his receiver.

48. (423) _What are the ampere ratings of indicator alarm fuses used in Strowger

central offices? -

A. 1, 2, and 3. c. 2, 3, and 4.

b. 1, 3, and 5.

49, (423) Signal group relay Cl is designated.as

a. GRD.
b. FUSE.

d. 3, 4; and 5.

c, RLS PU.
d. RLS ALM:

50. (424)_ The_hold path for B6 during time'l is thrOUgh alarm and supervisory

circuit (FO 4) contacts

a. 5 and 7 of 86.,
b. 2 and 3 of B7.

1 and 2 of B7.
7 and 6 of B6.

51 (424) B6 relay receives its first operating path through alarm and

supervisory circuit (FO 4) contacts.

; 3 and 2 of B7. c. 6-and 7 of 86.

. 5 and 7 Of B6. d. 1 and 2 Rf B7.

52. (425) The major alarm bell does not ring under any condition, the most

probable trouble is

a. rel4yC38 does not operate.
b. relay,C33 does not,operate, '

c. open 4 and 5contacts-of relay C38.
, d. upper contacts of major 'AL CO key open.

.
.

53. (426) Tofloat charge the central office battery, the output of the charges
is regulated within the limits of .

a.' ,5 percent.
b.. 1 percent;

c. 1.5 percent.
d: 2 percent.'

54. (426) What is the output of the central office dynamotor (ringing machine)?

a., 19 volts, 80 hertz: c 25 volts; 90 cycles:,

b. 90 VOlta,'2t cycles; d 80 volts, 19,Fut.".

_ _ 1;

(427) Wheh relay D24 operates, it closes an Operate path to relay (see FO65.

D26.
D27.

c.
u.

D2EL
All of the above.

31 1



56. (427) Relay D5 operates from (see FO 5)

a; ground from generator control 1 lead.
b. ground from generator control. 2 lead.
c. battery from generator control 1 lead.
d. battery from generator control 2 lead.

57. (428) If there is no busy tone to the connector bays from either machine, the

most probable cause would be (see FO 5)

a. open BT1 coil.
b: windings of D26 shorted.

c: contacts on cam 6 shorted.
d. contacts 1T/2T of D26 dirty.

58: (428) What is the trouble when water has to be added to the central Office

battery monthly?

a. The battery needs to be replaced,
b. The EQUALIZE switch needs to be- operated,

c. The float level adjustment needs to be increased.
d. The float level adjustment needs to be decreased.

59 (429) The fire reporting number fOr military bases usually has

a. 1711 as its-terminating digits.
7 as its units digit and 1 as its tens digit.

c. 1 as its units digit and 7 as its tens digit. _

d: 17 as its preliminary digits and 22 as the terminating digits.

60; (429) The pulse repeater repeats the dial pulses by

. a. amplifying the pulse signal,

b. reducing the trunk impedance.
c. reducing the trunk resistance.
d. reducing the electrical distance that the pulse travels.

4
61. (429) The reverting call switch is accessed from the banks of the

a. test selector.
b. first selector.

c. second selector.
d. special second selector.

(430) The operator, in a Strowger exchange may reach any telephone served by

the office through the use of

_c

a. auto -to -auto trunks and auto-to-manual trunks.

b. but-dial-to-Iine equipment'and auto-to-auto trunks.

c. auto-to-auto trunks and out-dial-to-connector trunkir

d. out dial -to -line equipment and out-dial-to-connector trunks.

53. .(430) HoW many cord circuits-are there on one position cf an Autcmatic

Electric switchboard?

a. 18. c. 16:

5. 17: d. 15.

64, (431) . When the fire department answers a step-by-Step system-fire repeater call,
the loop circuit is completed thrbugh the windings of fire repeater relay

-

a. E lighting lamp LM1. C extinguishing laMp LM1.

b. E and lights lamp LM2. d. F which extinguishes lamp LM2.

3
3



65. (431) When the calling subscriber disconnects after a fire call; the

a. A relay is first to restore;
b. relay is first to restore.
c; E relay releases and opens the circuit
d. F relay releases and opens the circuit

66:. (402) When a step-by-step system pulse repeater (F0 7)
outgoing selector, the sequence of relay operation 'is

to relay A.
to relay E.

a. 'A-B-E-F.
b. A-B-4%4).

is seized by the

c. A-B-F-E.
d: A-B-C-F.

67. (433) After the reverting call switch (FO 8) has been seized and
hangs upi.. the A relay releases and operates the

a. B relay.
b; D relay:

68. (433) What type of relay

a; Timing.
b. Tuning.

c.

d;

E relay.
F,relay;

is the E relay in the reverting,call

c.

d.

3-2 3

the installer

switch (FO 8)?

Slow-acting.
Slow-to-release.

68. (434) The operate path for relay B in the selector
tnrough contacts

a. 1 and 2 of relay A.
b; 3 and 4:cif relay A.

level 0 trunk (FO 9) passes

c. 5 and 6
d. 8 and 9

70. .(434) What relay and contacts complete the pulsing path
position circuit (FO 9)?

a. 1 and 2 of relay A.
b; 4 and 6 of relay D.
c. 6 and 6 and 7 and 8 Of relay A.
-d. 1T and 2T and 18 an 2B of relay C.

71. (435) If_contacts 10/
do not take, there is

a.

b.

c.

d.

72. (43

tip

a.

b.

no ringing of-the
no operating path
no operating path
continuous ringing

2 of the F relay in the fire

ire alarm.
or the C relay.
or the F relay.
of the, fire- alarm.

_The_revertingcall_switch (FO 8) will'only
side of the.Iine: Whit would be the probable

7 and 6 of the D relay dirty.
7,and 9 of the F relay dirty.,1

73. (435) In the pulse repeater circuit
subscriber to drop 'back to dial tone,

a. Contacts 2 and 3 of A open.
-b. COntact6 6 and 7 of E,Open.

c.

d.

of relay A.
of relay C;

through the operator's

repeater circuit (FO 6)

send ring current out on the
trouble?

8.and 9 of the B relay dirty.
1 and 2 of the J relay dirty.

(FO 7), what would-cause the calling
everytime he accessed the trunk?

. Contacts 1 and 3 of C open.

. Contacts 1 and 2 of B shorted.

74; (436) Depression of the stepping switch,test set loop switch causes which of
the following circuit changes?

a._ The current decreases.
b;' The resistance decreases.
c. A decrease in voltage and current;
d. An increas in voltage and current.'
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75. (436) Aftei, testing a faulty ring trip problem connector_sWitch With a test

handset, and not finding any trouble, what should you do next?

a. Wait for another trouble report.
b. rest the connector using the varying machine._

Test the connector using the.type 23A switch- tester..

d RoMove the switch from the shelf and current flOW the ring trip relay:
2

76: (437) The 'reverting, call switch is accessed from the banks of a

a; test selector. c. second selector:

b. firstselector. d. special second selectOr.

77. (437) What type of multiple is shown in foldout 10 for outgoi trunks 1

through 10?

a. Graded. c. Parallel.

b. Seriet. d. "traight.

_

78. *(438) If a call is to be traced either forward of backward, you could start

a. checking the -bay -cord.

b, reading the DTA drawing.

c. determining the wiper position.
4. determining the CaIIing party's number at the linefinder.

79,..t438) What Single reIay;:operated, in the connector indicates that the number

it IS stepped to is in the upper bank?

a. F J. ;;,-

b. H.
--d. K.

. ,

,
.

SO. (438) When determining the hundreds digit at the linefinder, you short test

jacks 3 and 4 of the linefinder causing the

a. upper bank to light, indicating that the number is in the upper bank.

b. upper bank lamp to- light, inditatihvthat the number is in the lower bank.

c, lower bank lamp to light, indicating that the number is in the upper bank.

d. lower bank lamp to light; indicating that the number IA in the loi-4er bank.

3 d.,5*

10
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Preface

IN THIS VOLUME you are introduced to the XY telephone system in almost the
identical way you were introduced to the Strowger system in Volume 3 of this course.

The schematic diagrams used for displaying the relationships of the various circuits
of a switching system are the combinations of simple direct-current circuits which are
opened and closed in proper sequence by the operation of relays and switches. The
symbols used insthe sketches and the schematics will vary somewhat with the different
types of equipment. Although some of the symbols have not been-standardized, all will '
be easily recognized on the different schematics used There are 14 schematic foldouts
included with this volume. They are prinutd and bound as a separate inclosure.

If you have questions on the accuracy or currency of the subject matter of this text,
or recommendations for its improvement, send them to sAAstrroxu, Sheppard
AFB TX 76311. NOTE:o not use the suggestion program to submit corrections for
typographical or °the!' errors.

If you have questions on course enrollment or administration, or on anylif,ECI's
instructibnal aids, (Your Key to Career Development, Behavioral Objective Exercises,
Volume Review Exercise, and Course Ekajnination), consult your education officer,'
training officer; qr NCO, as appropriate. If he can't answer your questions, send them
to ECI, Gunter AFS AL 36118, preferably on ECI Form 17, Student Request for
Assistance.' \

This volume is valued at 24 hours (8 points).
Material in this volume is technically accurate, adequate, and current as of Dec-

ember 1978;

, 390
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CHAPTER 1

NOTE: In this volume, the subject matter is developed by a series of Learning Objective& Each of
these carries a 3-digit number and is in boldface type. Each sets a learning goal for you The text
that follows the objeCtive gives you the information you need to reach that goal. The exercises
following the informition give you a check on your achievement. When you complete them, see if
your miswen match those in the back of this volume. If yetur response to an exercise is incorrect,

review the objective and its tent.

pnefinder Equipment

LIFTING a telephene hanclw, operates rela3rs to
complete circuits within a telephone switching center.
Since we alredy know_thotthe LINE relay is the first
unit to operate in any switching center when a call is
initiated; we need to begin this chapter with a
diStiiitiOn of this relay in relation to XY linefinder
circuits: You must understand the operation and
interrelationship of theie and linefinder circuits,
as Well!at the Circuits in the XY switching equipment;
as a basis for your future maintenance activities. We 7
will include in this diScuSSion a linefinder allotter
circtiitS WhiCh control the connecting of aline with a'
linefinder.

You will remember from your study of Volume 2 of
thiS _course ;that XY, Universal switch steps in _ a
horizontal plane; _first to the right and then, into the
wire banks. The S (sleeve) wiper in the XY system is
the same wiper as the C wiper in the Strowger. The HS
(helping sleeve) wiper is_ the same wiper as the EC
wiper, and the X and XX wipers serve the same basic
ftinctiOnS as the vertical wiper and normal post springs
in the Strowger

1=1. Litiefindet Description
The switching equipment in an XY central office is

available to all of the individual stations, served by the
exchange. Consequently, each unit of the switching
equiptrient is shale di at any mom_ent, by several .
stations. The line-prOvtare's means of connecting and
releasing the stations from , the shared equipment:
When connected to a calling station, the line circuit
extends the transmission_ lines from the telephone
station to the shared equipment: When connected to a
called station; the line circuit disconnects the line relay
from the shared equipment.

e
600. Using figure:1,1as necessary, name the tbree
leads between the XYIine:Circuit and the\connector
banks and determine the number of linefinders and
SY line circuits netAed to support an organization;

Line Equipment and Circuits; In a 100,line group
there are 14 linefinders, 2 allottett. and 100 line
circuits'..The 100 line circuits are mounted on the firs1

10 linefinder plates: Tk.s. the line circuits are
mounted with 10 line dIreuits and one linefinder
circuit per Plate, except for the bottom four circuit
platet. They have only linefinders, The linefinder
circuit plates are mounted_ One below the
other; on the linefinder Shelf; each linefinder circuit
plateis therefore on a horizontal plane with its XY
switch.

In all XY _systems the line circuit consists of dual
relay (C-type): the line relay LR and the cutoff relay
CO. A schematic diagram of the line circuit we will be

studying is shown in figure I -1: You can see in this
figure that the line circuit has two terminalS connected
to the line (terminal I of shelf plug Cis connected. to
tip, and terminal 6 of the plug is connected to ring).
Also the circuit has three connections to the
connector banks acid four connections to the
linefinder banks: Of course; two of the connections for
each are in multiple.

The linefinder circuit is used to find the lines in the
linefinder switch bank to which the line circuit is

connected and to extend the line thi'0010) to the
succeeding switching equipment , (selector or
connector).

Exercises (600):
1. Approximately-how many linefinders should be

installed in a 2000-line XY switching center?

2. Clow many XY Mine circuits will you be
responsible for if the organization to which you
are assigned serves 3000 lines?

3. Name the three leadS between the XY line circuit
and the connector banks:
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601. Concerning operating features of the NY
linefinder-allotter circuit, identify the XY allots
circuits, the rows of-bilpk terminals for the XY
linefinder banks, and the consequences when two
faulty linefinders are discovered successively by
allotter A, and name the magnets for the XY switch.
Consult ft Idout 1 as required.

LinefInder-Allotter. Foldout 1, found in a
separate inclosure accompanying this volume, shows
the two;_ allotters for the system; Notice that each
allotter has ten relays. One `allotter serves the even-
numbered levels of the switchbank, while the other
serves the odd- numbered-levels. Each allotter
determines which linefinder XY switch will search for
the marked lines of the line switch in the switchbank.
It also preselects a :particular linefinder circuit for
linefinding operation and selects each linefinder
circuit in suc.h a way that the workload is distributed
evenly among all of the linefinders _in-a particular
Shelf. Another function Of the allotter is to control the
stepping of the linefinder switch as it searches for the
marked line. The allotte)- is equipped to provide
emergency operations in the case the allotter orb a
linefinder fails. If the allotter encounters a defective
linefinder circuit, it automatically detaches from the

T '',
ON
Z 3.0 - Z_s_

>---- II

1"..

kb

=
NOTE 4

AST TO LINEFINOER
20 ALLOTTER CIRCUIT

)

4 CONNEtT HS LEAD TO GROUND FOR RESTRICTED
SERVICE LEVEL

S CIRCUIT NO I SHOWN WIRED
'6 AST LEAD IS COMMON TO 10 LINE CIRCUTS

stem line circuit.

.jaulqt linefinder circuit and steps to a sucofedi g idle
inefinde'm If an ailotter encounters two aulty
linetindgecircuits" in succession. it automa Ily
traoilers"'Ill of its switching operations to the othet

other allotter then serves all calls: If
eith fails because of electrical or mechanical

, operations are transferred' from the
der fi' loner to the other allotter:

Fold t I also shows you the linefinder equipment.
Foi: ex pie, the XY and rotary switches and the
linefinder banks are shown: The linefinder circuit and

-the allotter circuit function as a single circuit, during
thejidefinding operation. After- the lir:elm-ding
o,r-Atirin is completed, the ailotter circuit releases
rrom pie busy linefinder Circuit and automatically
connects to the next idle linefinder circuit.

Exercises (601):

I: List five relays in the XY allotter circuits.

2. What results when. in searching the linefinders,
allotter A finds. two faulty linefiriders in
succession?

3U3
2
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3. Na Me the magnets for the XY switch.

4. Identify four rows of bank terminals for the XY
linefinder banks.

1-2; Line finder Circuit Operation
Since each linefinder switch bank connects to 100

stations, a method was provided for the linefinder to
locate the station desiring service. This was done by
having the line circuit mark the level in which the

calling station appitirs.

602. Using foldout l's XV linefinder diagram and
selected textual information; identify the specific
equipment or connections that indicate, in typical
situations, thitta telephone line is marked.

Marking a Line. The line circuit marks the level by
connecting ground to the X-XX bank. The operated
line circuit also places a starting ground on the allotter
start (AST) lead; which starts the linefinder searching
for the calling station. _

Level marking_Each_group of 10 lines is connected
to a common AST lead, as shown in foldout I. Lines
I I to 10, for example; are connected to one common
AST lead: lines 21 to 20 are connected to another
AST lead, etc. Each of the, 10 AST leads is then
connected to the X-XX bank in the-following manner
The AST, leads which serve the five odd-numbered
levels of line circuits are connected to the odd-
nambered levels of the linefinder X bank; the ST-A
lead, and through contacts and 28 of transfer relay
TF in allotter B to relay SA in allotter A; as shown in
foldout 1: Likewise, the five AST leads which serve
the even-numbered levels of line circuits are connected'
to the even-numbered levels of the XX line linefinder
bank, the ST-B lead. and through contacts 27 and 28
of relay TF in allotter A to relay SA in allotter B. As a
result of this method of connection. allotter B scan
serve the odd-numbered levels of line circuits if
allotter A should fail: and vice versa, allotter A can,
serve the even-numbered461evelsodf---line circuits if,
allotter B should fail. Thus. should either allotter fail.'

b' the other anew will handle all circAts. The
following examples illustrate the principles used ik
marking the desired level in the X or XX bank: refer

,..fo foldout 1, tracing the circuits as we proceed. When
/ both alldtters aft working properly, and assuming that

line circuit 31 originates a call, ground is connected to
the third wire of bank X. This is so.-since this
circuit is served by the AST lqtd that is common to
lines 31-30. Assuming that line 66 originates"_a call.
ground is connected to the sixth wire bank of the XX
bank over the common AStlead serving lines 61-60.

4

When allotter B is not working and allotter A is
working. the even-numbered level line circuits are
transferred to the X bank by the contacts of the
transfer relay of allotter A.

Marking position in level. At the same time that the
line circuit grounds an X or XX bank wire; it also
marks the proper position of the calling station in the
selected level by connectinj negative battery to the S
bank wire in the switch bank: Since the linefinder
switch hunts for battery on the S bank, thiS battery
serves to stop the Y direction hunting action of the
linefinder"

Exercises1602):
I. The handset at station 324 has been lifted. In%,

whichallotter, A or B. will the start relay operate'?

2. Contacts 27 and 28 of relay F in allotter B are
placed in the normal Ipos ion. What is this
positionopen or cicised?

.
3. A calling' party lifts the handset from khe

hookswitch, When this happens. what .ddes- a
linefinder do? ,

,
4. The handset is lifted at elephone station 673:

Identify the marked X- linefinder bank
terminal and its potential whe his occurs.

603. Identify the line circuit Position sad, XY
equipment devices operated when a specifivl
subscriber lifts the telephone handset to originate's,
call and the potential maintaining line circuit relay,
operation during a call, as well as this potential's
source, and name. the XY line circuit relay

'remaining operated during a conversation. Use
figure 1-1 as needed.

Originating a Call. To originate a call: the
telephone user lifts_the handset from the cradle of the
teleplione. This action closes the hookswitch contacts
to cbmpliste the T and R'loop to relay LR in the line
circuit.

Relay LR operates. The circuit path for relay LR is
shown in figure 1-1: When relay LR operates: its
contacts perform the following _functions:_

a. Contacts 5-6 disconnect the dc yvindiny of relay
CO from the SN (sleeve normal) Lead of the connector
bank, This action prevents relay CO from operating at
this time.



h. Contacts 6-7 place ground on the SN lead to
mark this line busy at the connector banks..

c. Contacts 3-4 connect resistance battery through
the winding of relay CO to the S Ic id of the linefi er
to mark the calling line position on flitt S bank.

Ciiritacti I place ground on the common AST
lead to mark the X position of the calling line and start
the linetinding action.

R-ehiv CO operates. When the. linetinder finds the
callingline. it. places ground_ on the S lead to operate
relay CO. When relay CO operates. its contacts
perform as follows:
± u. Contacts 21-22 complete a holding circuit to the
S lead.

h. Contacts 23-24 and 25-26 open the circuit to
-relay LR. thus releasing it.

Relay LR releases. When relay LR releases. its
contacts function -as tollows: _

/1. -Contacts 1-2 remove- ground -from the AST lead.
h. Contacts 6-7 remove groundsfrom the SN lead.

However; ground is still necessary on the SN lead to
Mark thiS line circuit busy.

e: Contacts 5-6 complete the circuit from the
grounded S lead to the SN lead.

Line circuit operate0'._ The line _circuit_ remains
operated tor the lengthtit the call. When the call is
completed;- all- of- the XY switches involved in the
switch train are restored to normal and ground is
removed, allowing the line circuit to restore to its
normal condition. Removal of ground from the SN
lead allows the line circuit to receive incoming calls.

Exercises (603):

I. Give the line circuit position and the XY
equipment devices that operate when the.
subscriber at station, 48 lifts the -telephone
handset.

2. Narne the XY line circuit relay that remains
operated during the conversation:

3. Identify the potential which keeps the line count
relay operated during the call and where this
potential comes from:

604. Concer,ning XY 'relay connections and
operations that terminate a call and provide
restricted service, state the method for releasing the
XY line circuit relay when a called sulkscriber

replaces the handset ort the telephone ind_ the
required action to restricts telephone StiitiOn'S
access to a specific level in the system.

Call Termination Sequence and Restricted
Service._ You have already seen tat. when the line
circuit is connected_ to the linetinder, the line relay is

. disconnected trom the transmission leads. This is done
_when _the linetinder corrects ground to the S lead at
the linetinder ban,k. which operates the CO relay of the
ailing line circuit. The Operated CO relay contacts

23-24 and 25-26 open_ the circuit of relay R. This
action disconnects everything from the T and R leads.

Line circuit openiterl and -released. Relay CO in the
terminating line 'circuit .remains operated for the
length of the call. When the call _is completed. the
connector restores .to normal and removes _ground

`from the .SN lead: This action;opens the _operating
circuit of relayGO:so it restores..yhuS, the line circuit
is returned to its normal (idle) condition.

Line circuit. restricted service: Restricted service
lever markings are sometimes prOYided to prevent
certain stations trom having-access to certain levels in
thesystem. When a restrictfd station dials a restricted
level. a bUsy gone' is returned. The restricted service
line circuit is the same as that shown in figure I

except that groua is connected to the HS lead.
Ground orf the HS-lead acts along with the succeeding
equipment to7_provide the sequence of switching
operations necessary for restricted service. This will be
covered in more detail in Chapter 2.

Exercises (604):
I . Name the method\by which the XY line circuit

relay is released when the called subscriber
replaces the handset on the telephone.

2. What must you do when you are asked to rcstript
telephone station from access to a specific level in
the system?

605; Using figure 1-2 and foldout l's_XV_Iinefin'der
diagram, name the equipment and list the actions
that ,allotate linefinders when conditions ,are
normal;

Allotting Linefinder:Circuits. For this
explanation;_assume_ that_ line 75 is the originating
station. Use figure 1 :2 While also referring to foldout 1
and reading this manuscript;

Line 75 appears at the fifth contacts of the seventh
level fn the linetinder bank. Since this is an odd level,
it is normally served; by allotter A.

Relay FB operth ed. Relay FB (finder busy) is shown



in the operated position, because n is-- normally
operated: The only time that relay FB restores is when
all of the_ line,flnder circuits common to aflutter A or
allotter B are busy or when a fuse blows in either
allotter: ..

The ATB, lead is multiplied to each linefinder
drain AS long as one or more linefinder circuits arc
idle. ground is present on the ATB lead. When In
grounds are removed from the ATB lead. relay' FB
releases, closing a circuit to the ATB meter and
registering the ATB condition. _

Seizure. When the _handset of telephone numberi75
is lif frodi the cradle, the line circuit operates as we
have explained, previously. Accordingly; negative
battety is placed on the S lead in position 5 of level 7

. in the linefinder banks and ground applied to the
seventh position. of the X bank. This ground also
operates relay ; (start allotter) to start the allotter.

Retc.i SA o rates. Relay SA operates and starts the
linefinder-al tter circuit. The contacts of relay SA
perform the following functions: ,

a. Contacts 1-2 extend grountf through terminals .1

26 of allotter A cirsunplate jack A and shelf plug A to
the start (ST) lead the common supervisory circuit.
This operates the tinting and alarm equipment of the
common supervisory circuit. . ;

h. Contacts 3-4 extend ground from contacts 7-6of
the TST switch, through the emergency start fail lamp
(EM STFAIL) and also through terminal 27 of allotter
A Circuit plate jack A and shelf plug A. to the common
supervisory circuit: This starts a timing circuit which;
-when_ completed after a. time interval, lights a red

. trouble lamp. , ,

c: Contacts 5-6 prepare a circuit for relay PU
{Pickup)._ This circuit is prepared at this time to permit
relay PU to operate if- the linefinder being used is
faulty: This situation is covered fully in a later section.

., d. Contacts 9-10 prepare a locking circuit_ to relay
. SA.. This circuit is. necessary only if the last idle

linefirLder is being used.: _:_ .

e. ContaCt. 11-12 prepare.a circuit to the X magnet
in the linefinder switch:

f Contacts 7.8 complete the operating circuit of-
relay GD. )

Relay GD operates. ar lay GD_ operates in series with
the rotary switch magnet._ But the rotary magnet does.
not operate at this time because there is not enough
corrent flowing through it. The operation of relay G1?'
partially prepares and Then completes the circuits given:
below:' \

_ a. ;Contacts 23 -24 extend ground.froniterminaf 14 ..
Of all-Otter A slielf plug A to :terminal 20 of rotary
switch B. This ground steps rotary switch B to another
idle linefinder when both allotters are connected to4he.....
same linefinder at the same time: ±

' h.' Contacts 25-26 c-orriplete ocking circuit for '
relay GD. This circuit Is com rte.(' at this time to .

aliow_relay:GD't& remain operas fter relay XS (X
stopping) operates. (Relay XS opeakes later.)

3

SEIZURE - calling party removes handset

LR
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X- XX
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Figure I -2. 'Relay sequerre of operation. linefinder-allotter.
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c. ContaCtS 10=1 I extend ground through terminals
1 of allotter A circuit plate jack Cand shelf plug C to
the wiper in level A of rotary switch A. This grounds
the contact that the wiper is _resting on to prevent
rotary switch B from seizing the 'same .linetinder to
which rotary switch A is connected.

d. Contacts 7=8 further prepare the circuit for the X
magnet in the linefinder:

e. Contacts 5-6 extend ground through_ the _bd
winding of relay XS to contact 22 of relay XS. This
prepares a locking circuit for relay XS. This ground is
also supplied through resistor R7 and the winding of
relay YS to negative battery. Current flows through
relay YS (Y stopping); but not enough current flows to
allow it to operate. It is partially energized at this time
to insure -that it tii:ferate\quickly to stop Y-direction
stepping of the linefinderi_

f Contacts 3 -4' prepare the operating circuit for
relay XS. Relay XS will perate when the X wiper
connects with ground on he marked level in the X
bank (level 7 in thiS example).

g. Contacts 29-30 complete the locking circuit_to
refay SA; from negative battery through the ca winding
of relay SA, contacts 30-29 Of relay GD, contacts 10-9
of relay SA, to the first operating ground from the

.1 AST lead:
h. ConiactS 31:32 extend the ac winding of relay

YS to the S wiper of the lin finder and ground from
the CO relay in the line circu t. Relays_YS and CO will
operate when the_ S wiper eets resistance negative
battery in the marked positi of the IMefinder bank
(position 5 of Level 7, in thislexample).

i. Contacts 27-28 prepare'anioperating circuit for
relay PA (pulse mist): This Circuit is nor completed
until relay ST (start relay) in the linefinder operates.

J. Contacts 1-2 complete the operating circuit of
relay YD (Y delay) and contacts 21-22 complete the
operating circuit to relay ST in the linetinder.

V

Relay YD operates. Relay YD performs the
following functions:
__ a. _C_ontacts_6-7 prepare a circuit to operate -relay
PU if the linefinder fails to step in the X direction.

b. Contacts 3-4 open the pared operating circuit
of relay YS. These contactpen to keep YS relay
from operating at this time.

c: Contacts 1-2 prepare a locking circuit for relay
YD.

d. Contacts 26-27 prepare a circuit from ground at
contact 11 of relay SA to the X magnet in the

linefinder circuit.

Relay ST operates. Relay ST performs the following
functionS:

a. Contacts 1-2 bridge a 510-ohm resistor (RI )
across the T and R leads to the succeeding equipment.
ThiS bridging_ circuit_ operates relay CB in the first
numerical switch (selector or connector) to seize that
switch in preparation fdr dialing.

b. Contacts 3-4 further open the circuit to relay RA
(shelf supervisory equipment). Relay RA operateS
eachtime the release magnet of the linefinder -switch
operates. If the release magnet should operate and not
release the switch, relay RA would stay operated and
light the release lamp, which is located on the shelf
supervisory circuit plate.

c. Contacts1_2-13 complete a circuit to relay ,PA.,
d. Contacts 6-7 and 9-10 partially complete the

.circuit path to the X magnet of the linefinder.

Retay PA operates. Relay PA operates and performs
the following functions:

a. .Contacts 4-5 prevent the rotary switch from
stepping to_ the next linefinder, while the X or Y
magnet is energized.

b. Contacts 2-3 complete the operating circuit of
the X magnet. This starts the switch wipers stepping in
the X direction.

Exercises (605):

1, Name the terminal that _connects to ground, so
that the FB rclays,in the allotters may be operated
while the linefinder is not seeking a marked line.

2. List the XY allotter_ relays that operate during
seizure of the linefinder switch.

3. Specify the devices that comprise a holding circuit
for relay SA.

4. Identify the operated relays that provide the
operating circuit for XY allotter relay YS.

5. Name The relays that provide the operating circuit
for allotter relay YD and tell what its condition is.

6. Name the XY allotter relay that operates i

conjunction with the stepping switch magnets.

606. Using foldout I's XY diagrams and figure 1-3,
identify the linefinder components that step the XY
switch in the X direction;

Stepping in X Direction. The X magnet armature
Intipel the X driving pawl, engaged in the teeth of the7 ,

41'



X ratchet; and turns the X gear sprocket to slide the
cog roller (the T, R, S, and HS wipers also slide) one
step in the X direction._The X gear sprocket also
moss the X=XX wipers_ te_ step in the Y direction.

The X off=normal (X- N) springs operate as the
switch wipers take the first step in the X direction. (To
be used:later.)

The X interrupter springs (X-IS) are opened before
the X magnet: completely operates: These contacts
open the circus to relay PA,_thus releasing it. Relay
PA opens -the circuit to the X magnet when.its 2-3
contacts open.

The X magnet releases and its armature starts to
return to its normal (unoperated) position. However,
before it reaches this position; the X-IS close and
again complete the circuit-to relay PA. Relay PA
reorates and again completes the circuit to the X
magnet.

The X--magnet reoperates, moving the 'wipers
another step in the X direction; and again opens the
circuit to relay PA. Relay PA- releases and again opens
the circuit to-the X maimet. the armature of the
X magnet again starts to return'to normal. -

This sequence of operation continues until the X
wiper comes into contact with the ground on the
marked position of the X-XX bank: If - ground had
been present on the first contact of the _X-XX bank,
the switch wipers would have moved only one step in
the X direction. _However, in this example, ground is.
on position 7 of the X bank. Therefore, the switch
wipers move seven steps in the X directionto where
the X wiper comes into contact with the__ground.
Ground on this contact operates relay XS in the
allotter,
__Relay XS operates, As:relay XS operates. contacts
25=24 further open the circuit to relay- PA, so that it
will not-reoperate when the X magnet releases. Relay
PA releases, and its 2-3 contacts open the circuit to the
X- matnet. The remaining contacts of relay XS
function as follows;

-a. Contacts 22-23 complete a locking circuit for
relay XS. This circuit puts the two windings of relay;
XS in series:

b. Contacts 6-5 complete a circuit to the peg count
meter- (PC), -This meter -operates- and registers the
number of times one allotter has operated. -

e. Contacts 3-4 open _the operating circuit of relay
GD. Relay GD does not release at this time because it
is locked up over its own contacts 25-26.

d. Contacts 26-27 prepare the path to the Y magnet
for Y direction stepping:

e. Contacts 7-8 gtepare a circuit for operating relay
SW.

f Contacts 1-2 break and openthe circuit to relay
YD.

Relay YD releases. Relay YD, being slow to release,
remains operated for a short time and then releases.
The contacts of the relay function as follows:

a. Contacts 1-2 open the alternate lockup circuit of
relay YD.

b. Contacts 7-6 break and 6-5 make to transfer the
circuit of relay PU from its ac to its bd winding:

c. Contacts 26-27 _break and 25-26 make,
transferring the circuit from the X magnet to the Y
magnet:

d. Contacts 3-4 partially complete a circuit to relay
YS.

e. Contacts 24 -2.3 complete the operating circuit of
relay PA.

Exercises (606):
1. List the operated devices in the operating circuit

of the XY switch X magnet.

1

2. From what source does terminal 7 of the X-XX
bank terminals get the /potential that operates the
allotter XS relay?

3. Identify the operated relays for completing the
operating circuit of the Y magnet.

607. Using' foldout l's XV diagrams, name the
linefinder components that step the XV switch in the
V direction.

Stepping in Y Direction. The Y magnet armature
moves the Y drivin_g pawl to turn the cog roller. and T,

and HS wipers move one step in the Y direction.
(The X-XX wipers do not move during Y direction
stepping.) The Y off -normal (Y-ON) springs operate
as the wipers take the first step and remain operated.
The Y Interrupter springs (Y-15) are opened before the
Y magnet completely operates. The circuit to relay PA
is opened by these contacts; thus releasing relay PA.
Relay PA opens the circuit to the Y magnet when its
contacts 2-3 open.

With die .circuit to the Y magnet opened; the
armature of the Y magnet starts to returh to its normal
(unoperated) position. However, before it reaches -its
normal position, the iY4S close and again complete
the circuit to relay PA. Relay PA'operates and again
completes the circuit to the Y magnet.
; The Y magnet operates, moving _the_ wipers one

more step in the Y :direction, and the Y-IS again open
the circuit to relay PA. Relay PA releases and again-
opens the circuit to the Y magnet, and the Y magnet
releases again.

This sequence of operation continues until the S
wiper comes into contact with the resistance negative
battery on the marked position of the S bank. If
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Figure 1-3. Telephone line extended to Irst selector.

resistance battery had been present on the first contact
of the S bank, the wipers would take one step in the Y
direction only. -However, in this example; resistance
batterys is on position 5 of level 7. The wipers,
therefore, take five steps in the Y and thS
wiper comes into contact with the resistance battery:
This resistance negative battery relay YS is in series
with relay go in the line circuit,

Reirry YS operates The first function of relay YS is
to,break contacts 3-4 to open the circuit to relay PA.
Relay PA releases at this time, and its contacts 2-3
open the circuit to the Y magnet The remaining--
contacts of relay YS function as follows:

a. Contacts 7=6 make and,6-5 break to transfer the
operating circuit of relay AS from its ca winding to its
bd Winding.

'b. Contacts 8-9 open the circuit to relay GD: Relay
GD, because of its'slow -to- release feature, does not
release at this time. It remains operated for a fraction
of a second to allow other switching functions to take
place before it releases.

c. Contacts 9-10 complete a_circuit to the magnet
of rotary switch A: Although its armature operates, the
RX switch does not step until relay YS releaki and
opens the operating circuit to the winding of RX
switch A. The driving pawl of RX then steps the
wipers attached to the rotary inechaniiiii to another
contact.

d: Contacts 1-2 of relay YS complete the operating
circuit of relay SW (switchthrough).,

S
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Relay SW operates. Relay:SW operates and locks up
through its own contacts 22-21 to ground received
from the S lead of the succeeding equipment. This
Lockup_ path is independent of the _allotter circuit;
Rtlay SW remains operated as long as the next switch
furnishes ground__on_ the S The remaining
contacts of relay SW function as follows:

'a. Contacts 31-32 further open the circuit of the
release magnet (Z=F0 1) to prevent the release magnet
from operating when relay ST releases: Contacts
34-35 complete a circuit from ground at contacts 8-7
of the btitySWitCh to the bank_ contacts of both rotary
switches; This ground marks this linefinder busy; on
the banks of both rotary switches, to prevent the
allotter from seizing it _as other telephone users
originate calls: Other busy linefinders :mark their
position on the bankS Of the rotary switches in a
tiinilar manner. Thitground is removed when relay
SW releases at the completion of the call.

b. Contacts 27=28, 29=30, 23=24, and 25-26
extend the 1-; R, S, and HS leads; respectively from
the line circuit through the linefinder to the associated
selector or connector -circuit. You can see these
connections illustrated in text figure 1.3, Although
this figure does not illustrate it, you Stirnild retail that
the _succeeding etinipinent connects ground to the S
lead to hold the SW relay in the linefinder and the CO
relay in the line circuit operated. In addition, the

8
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succeeding_ equipment returns dial tone to the
'telephone station over the_T and_R leads. Remember.
too, the open contacts 25 and 26 at relay CO have
releaSed relay LR. As a result, ground is disconnected
from the AST lead. With ground removed from.this
lead. ' relay SA releaSeS. Relay SA performs no
important functions during its release.

RelOV GD releases. Because relay GD is a slow-to-
release.;'''relay the functions just de$cribed are
performed before relay GD releaSeS, and its contacts
function as follows:

a: Contacts 21-22 remove ground from relay ST.
which releases.

b. Contacts 5 -6 remove ground from relay XS.
which .releases. These contacts also open the biasing
circuit to the bd winding of relay YS.

c. Contacts 32-31 open the circuit to relay YS
which also releases.

d. The remaining contacts of relay GD are of no
importance at this time.

Relav ST releases. Relay ST releases and its contacts
function as follows:

a. Contacts 9-10 further open the circuit to the X
Magnet.

b. Contacts 1-2 disconnect the original bridge used
to seize the succeeding equipment.

c. Contacts 12-13 further open the circuit to relay
PA.

d. Comacts.6-7 open the originial operating circuit
of relay SW: however, relay SW remains operated by
its lockup circuit_ through its own 22-21 contacts (fig.
1-3).

e. Contacts 3=4_ prepare_ a _path for the release
magnet. This circuit will be completed when relay SW
releases (at the completion of the call). .

Relay XS releases. Contacts 5-6 of relay XS open
the circuit to the PC meter. The remaining contacts of
relay XS perform no important functions at this time;
(FO 1):

Relay YS releases and rotary switch steps. Relay YS
is the last relay in the allotter circuit to release. All of
the relays of the allotter circuit are now in their normal
positions and can be sed again with another
linefinder. The contact of relay YS function as
follows:

a. Ckmtacts 9-10 open the circuit to the magnet of
rotary switch A. The rotary switch releases: it moves its
wipers one step to the terminals connected tathe next
linefinder circuit. If the next linefinder is not busy
(ground absent from the G leadguard lead), the
rotary switch wipers remain connected to terminals of
this linefinder.

h. IL however), the next linefinder is busy, ground
on the G leadCOmpleteS the operating circuit of rotary
switch A. Rotary switch A operate_ its interrupter
contacts to open its operating circuit. This releases the
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rotary switch and allows the driving pawl to move the
wipers one step to the terminals of the next linefinder:
However, when there is a ground on the G lead, !the
otary switch continues stepping automatically until it

ounters a linefinder circuit that is idle (absence of
ground on the G lead): If all linefinders are busy. relay
FB releases. The remaining contacts of relay YS are of
no importance at thiS time.

Exercises (607):
1. Identify,the devices which interact with the XY

switch magnets to alternately-operate relay PA in
the allotter.

2. Name the allotter relays that are temporarily held
operated after the operating circuit is opened so
that additional connections may be made before
the relay can be permitted to release.

3. List the devices in the operating circuit for rotary'
switch A.

608. Using foldout_ S XY diagram, determine the
actions of linefinder components and the circuits for
specified _circumstances and likt the devices in the
RN' linefinder release magnet's operating circuit:

Additional Circuit Actions.. We have noted that
figure 1=3 indicated that relays CO and SW are
operated: It also shows_that there is no__ equipment
connected to_the T and R labp of the calling station
when relay CO is operated. This circuit will remain in
this condition until the call is completed. Also. until
ground is removed from_ the S lead.

Linefinder release. When a call is completed the
telephone user replaces the handset of_the telephone
on the cradle. This opens the T and R loop to thi:
succeeding equipment (selector or connector): The
succeeding equipment_ releases and removes _ground
froth the. S lead. This latter action releases relays SW
and CO.

Relay _SW releases...Relay SW releases and its
contacts function as follows:

a. Contacts 27-28: 29-30: 23-24: and 25-26 open
the T, R. S. and HS leads between the line circuit and
the succeeding equipment.-

h: Contacts 31-32 complete_a circuit to the release
magnet (Z 1. The_release relay (RA) in the supervisory
equipment and the release magnet operate in series.
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Relay RA operates. Relay_ RA (shelf supervisory
equipment) operates and its 1-2 contacts complete a
path to the release (RLS) lamp. The RLS lamp lights
after a timed delay.

. Release magnet operates. The release magnet
operates the release springs._ It also provides
mechanical movernEnts necessary_ to restore the XY
switch to normal. Contacts 4-5 of the release springs
close and complete a circuit from ground through
terminals 15 of the circuit plate plug and the switch
jack, contacts 5-4-of the release springs, terminal 5 of
-the switch jack and shelf plug to the bank contact (level
A) of _the rotary switch. This ground is necessary to
keep this linefinder marked busy in order to prevent
the allotter from seizing the linefinder while it is

releasing.
When the release magnet operates, the Y retaining

pawl is disengaged from the cog roller by the release
armature extension arms, and the cog_roller returns to
`ehOtettAl. This process also returns the T. R. S. and
HS, wipers to normal and allows the Y off-normal
contacts to restore. The X retaining pawlis lifted-clear
Of the X gear sprocket as it rotates to its normal
position: During its return to normal, it slides the X
rack to its normaj position. It alsoslides the cog roller
to Xnormal. The cog roller. returning to normal,
allows the X off-normal (X-ON) springs to return to
their unoperated position.

When contacts 3-4 of the X-ON springs break, the
circuit _ to the release magnet (Z) and,. relay RA is
opened, thereby releasing -both. Relay RA releases to
Open the circuit to lamp RLS: Rela3 RA also opens
the_circuit to the common supervisory circuit.

Release magnet restores. When the release magnet
restores; contacts 4-5 of the release-springs break to
disconnect ground from the G lead of the rotary switch
barikS. The linefinder is thus no longer marked busy
so it can be used again for another call.

Exercises (608):
1. List the devices in the operating circuit of the XY

linefinder release magnet.

2. How do you know that an XY linefinder switch
has failed to release?

3. What type actions occur during an XY linefinder
release sequence?

609: Given typical situations involving XY circuit
activities following an all linefinders busy
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condition, determine the events occurring and the
connection of or signal used in each such situation.

Terminating a Call When MI Linefinders Are
Busy; Ground through contacts 11-12 of_ relay ST in
the linefinder circuit is multipled to the ATB lead of
all linefinder circuits served by both allotter A and
allotter B. Thus. when a linefinder is seized and relay
ST in the linefinder operates, One ground connection
is removed from the ATB leacL So when all the
linefinders are busy. all grounds are removed from the
ATB lead. NoW since ground bh the ATB is necessary.- -
to complete the operating circuits of relay FB in both :
allotters. removal of ground will open the operating
circuits of the FB relay' and allow them to restore.
Also, when relay FB restores in both allotters, contacts
6-5 will complete a circuit to the ,ST lea& of the
common supervisory circuit. Ground on the ST leads
operates relays in this circuit to start the interrupter.
circuit. The latter circuit in turn provides for audible
and visible alarms of the bug), condition. The common-
supervisory relays operate about 2 minutes after the
FB relays release. These things follov":

a. Contacts 21722 of the FB relays in both allotters
connect ground from contact _22 to the _JO
interruptions per minute start_ (IPM_ ST) leads. The
interrupter circuit will suppl- 10 IPM pulses over&the
10 IPM lead to allotter B. T e L9 IPM_p_ulses are then
supplied to- the ATB met r. The ,ATB Meter will
register each time it receives a pulse to indicate the
length of time that the linefinder-busy condition
exists._

h. Contacts 23-24 complete the FBT circuit: but
this circuit is not used in military exchanges. The
remaining contacts of relay FB are Of no importance at
thiS time.

,

ExerekeS (609):
I. All linefmderi are, busy in an XY_ ,telephone

switching center group. At this time, what chain of
evetits is Started'?

2. An ATB condition exists in an krzentral office.
What connection and signal is used to indicate this
condition?

610. Determine XY linetinder-allotter components
and responses when a linefinder i5 Lund to he in
trouble.

Transferring Allotter (Trouble in Linefinder); A
linefinder is considered to he inoperative or faulty if it
does not complete its linetinding operation within a

as,
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specified Pericid . made
distonne t the -from a ,fault
linefinde y steppin es. otalit', itch ij-,Ledriritct the,

ariallotter id' a Stibiitelk idle . .4illefltidtk. in the=

f011pwi- g example 1.11i Olottez is AirOrylisted from a
faulty inefinder ; ptpcie:i:onneeted mit ai,ucceedilig
linifia er. in diri, ,..,--iJ,,'*;- e assume that the circuit of
allots A has t.! (LI -JO function; and thiatlillotter
rel SA, GD.; Y4./alici PA, and linefinder :relaY ST
have operated ,-Tee iniefinder th-Ptild now*:gtqlping
inthe X direetion; 'relay PA and the X :Magnet provide
the stepping circuit. Further assume that il* switch is
out of adAstinerit and will not step itt-ttiex direction;
thiS cOndiOon will result in the interrupter springs not
opening: .

Relay YD opeenes. Relay YD prepares a path for
t_ operating relay PU over the PU lead that goes to the

interrupter circuit: The interrupter circuit applies a
ground pulse to the _PU lead about every 6 secOndt.
Each ptilSt laStS for _1 /5 second arid when this ground
pulse appears on the PU lead; relay PU operates.

Relay PU operates. -After this operation. the relay
locks up through its own contacts 7-9. The contacts of
relay-PU function in the fcillcitking manner: Contacts
27-28 prepare ali operating path for rotary switch A.
Contacts 5-6 open the circuit _to relay PA. Contacts
3 -4 prepare a locking circuit for relay YD.
25 -26 e;lost to prepare an operating circuit for relay
AS. ),

Relay AS operates. The interrupter circuit supplies a
I /5second ground pUlse to the ECP lead about every
seconds: This ground pulse appears_ on the E P lead

d. The-ECP ground operates relay AS-;,w ich locks
Bout 5 V2 seconds after the ground pulse'[-- the -PU

u through its contacts, 9 -7. The other contacts of relay
A 1.function as follows: Contacts 6-5 cirri the circuit
to elay PA. 12elnPA releases and opens the circuit to ,.

the X magnet, _which releases. Cotacts 21 -22
complete the locking circuit of relay YD. Should relay
YD release at this time. it would open the circuit to
relay PU tocrsoOn. Contacts 1-2 complete the circuit
to rotary switch. A. (The rotary switch does not move,.
its wipers until it releases: Interrupter springs I ,,7,e-Df
the rotary switch_ open the _circuit to relay "GD.
Contacts 1-2 of released relay GD open the operating
circuit to relay YD. which--dcles not release as -its
locking circuit is still completed). COntattS , 3=4
prepare a circuit for operating relay TF in allotter/sa
ContactS 23-24 extend ground through the _transfer
lamp -and R4_ to the group through dietranger lamp
and R4 to the group supervisory circuitIConnicts
26-25 and 28-27 break o prevent the ground from the
next PU pulse from re-Operating relay PU.4'

:Relay PU releases. At 'this time the ECP- ground
pulse is removed and relay PU releases: Relay PU
opens the circuit tilthe rotary switch and relay YD.
Rotary _s<vitch_ A moves its wipers to the next idle
linefinder. and the linefinder-allotter .again starts to
function: Relay SA remain,erated because the AST
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3a5
lead is still' grounded. Contacts 21-22 of relay PU

:restore and prepare a_circuit to relay TF in allotter B.
Relay_ TF in allotter B will not operate until the next
ECP pulse to allotter El is applied by 'the interrupter
ircuit; about 5 second after -relay PU releases.

SecOnd linefinder faulty. If the second linefinder
served_ by allotter A is faulty, the ECP pulse operates
relay TF in allotter B. The contacts of relay TF will
transfer_ the AST leads of allotter A to allotter B.
which then serves all of the lines in the linefinder
group.,"

Second linefinder nor faulty. If the second hilefindei-
severedby allotter? A is not faulty, the circuit functions
in a normal manner: When Y stepping is completed,
relay_YS opirates, transferring the lockup path_of relay
AS from its ca winding to its bd winding: The
magnetic field crearedby the_bd winding opposes _the
magnetic field of the ca winding, releasing the relay.
Contacts 9-7 of relay AS open the circuit to the bd
winding; preventing relay AS from reoperating.:Relay
AS restores and allows the emergency stepping circuit

'to restore to normal. Ground is removed from the DA
leacf".Relay_TF in allotter_B is disconnected from the
ECP lead of allotter B, andthe PU lead of allotter A is
reconnected to the relay PU.

Emergency allotter transfer takes place when, for
example, allotter A encounters faulty-linefinders

, in succession. When this condition exists._relay TF in
allotter B operates_from ground on the ECP lead and
clbSeS its own holding _circuit: The operated relay TF
holding circuit is the same as that just,:described
through terminal 17. But the sround is now
transferred to the 11-13 contacts of relay TF. The
ECP pulse which operates relay TF is describedlater.

The contacts of relay TF fupcciop as f011OWS:
Contacts 28 -29 transfer the ST-A lead from relay SA
of allotter A to relay SA of allotter B. This action
opens the circuit to relay SA in allotter A, releasing it.
Relay SA opens the circuit to relay GD, and the relays
of allotter A restore to normaL Contacts 3-4, 5-6. 7-8,
23-24, and 21-22 of relay TF transfer the AST lea&
of the odd levels from the X bank to the XX bank: The
transferred allotter has its transfer lamp lit through the
contacts of relay AS, and the supervisory circuit gives
an ;#artn. At this time allotter B serves all stations
csanected to the linefinder banks with which it is
Connected. Allotter A would function in the same
manner if allotter B should fail and if relay TF in
allotter A had operated.

If. after allotter transfer. the working allotter meets
two linefinders in succession that are not working; the
working allotter will not attempt _t_o transfer back to
the allotter out of service. It will instead continue
stepping until a goocL idle linefinder is found. An
allotter that has transferred may be_ put had< int6
service by manually operating its BSY and RST
switch. This .operation removes ground from the
holding circuit of relay AS. which restores and opens
the operating circuit of relay TF in the working
allotter: Both allotters are returned to their normal



conditions and are available to serve calls coming
from the levels they normally serve.

Exercises (610):
I. Identify the XY allotter trouble transfer relays:

0

2: What XY linefinder elements are transferred
following a switch having Stepped to two faulty
linefinders in succession?

611. Name XY litiefirtderEallotter components and
actions that follow an allotter failure;

Transfetrirqg Allotter (Trouble in Allotter). If
trouble should exist in an allotter and a call is
originated by operation of a line circuit, the linefinder-
allotter will function as follows. Assuming that AN
odd-numbered line circuit ioriginatei the_ call;
supplying ground over the AST lead, relay SA in
allotter A will operate. Normally, relay SA completes
a circuit to relay GD. In this example; assume that
relay GD does not operate because of dirty contacts Of
relay SA. Since relay GD does not operate; the
remaining functions of the linefinder-allotter circuit
cannot be completed, and the allbtter circuit will
function as described below: a

Relay PU operates. The first ground pulse supplied
by the interrupter circuit completes a circuit to relay
PU, operating it: The contacts of relay PU perform the
following functions: Contacts 9-7 make before 8-7

ibreak to complete a holding circuit to relay PU.
Contacts 27-2 ijsrepare a circuit to rotary switch_ A.
COTIMIXU 25-_ ,connect to ca winding Of relay AS to
the ECP lead..

. -
Relay AS operates; Abopt 5' /x seconds after the PU

ground pulse, the interrupter supplies a ground pulse
over the ECP lead, to operate relay AS: The contacts
of relay AS perform the following functions: Contacts
7-9 make before 8-9 break to complete a holding
circuit to relay AS. Contacts 1-2 complete a circuit to
rotary switch A. However, rotary switch A does not
move its wipers until it releases. Contacts 29-27 Make
before 27=28 break to transfer the holding circuit to
relay P_U to the ground supplied by the ECP pulse.
Relay PU will release 'upon- completion of the ECP
pulse. Contacts 25-26 break to prevent the next PU
pulse from _completing another operating circuit to
relay_ PU. Contacts 23=24 prepare a circuit to the
transfer lamp: Colitacts 3-4 prepare a circuit =to relay
TFin allotter B.

Relay PU releases. At the completion of the ECP
pulse; relay AS remains operated_ and relay PU
releases. The contacts of relay PU perform the
following functions: Contacts 27-28 open the circuit
to the rotary switch. allowing it to step to the next idle
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linefinder. Contacts 21-22 further prepare the circuit
to relay TF in allotter B.

Relay TF in _allotter' B operates. About 6 seconds
after the first ECP ground pulse, another ECP ground
pulse is provided by the interrupter circuit: This
second pulse operates relay TF. Relay TF functions as
explained earlier. \

Relay &crel-eases: Relay SA releases after relay TF
operates; an its 4-3 contacts open the circuit to the
emergency start fail lamp. Relay AS remains lbeked up
to contacts of the busy and reset switch: Its operated
contacts 24-23 keep a circuit completed to the transfer
lamp, which remains lit as an indication of the allotter
transfer condition: Allotter B will handle all calls until
the trouble_condition is cleared or until the busy and
reset switch is operated and restored to norms
transferring calls back to allotterTA:

Exercises (611):
I'. When trouble develops in allotter A, what relay

transfers the AST leads to the second allotter?

2. What indication do you have that one allotter is
serving all linefinders?

3. Name the component(s) that provide this
indication:

1-3. Troubleshooting the Linefinder
The troubleshooting principles presented in the or

preceding volumes are also useful when locating XY
system problems. Hence; you know that a trouble

"You
because symptoms denote the faulcondition.

"You Isolate the trouble area by inspecting and
operating the equipment and thinking about possible
causes of the results. You .eliminate from suspicion
those components that-are working. Thin; you test the
suspected circuit(s) and devices and again eliminate .
those that are good.

We will now look again at a sample trouble
symptom and identify probable defective components.

612. Given XY_ telephone equipment trouble
symptoms, Use foldout schematic diagrams as
necessary to identify probable trouble(s) and state
the proper corrective procedures.

Assume that the trouble is identified as noisy
transmission reported by several subscribers in one
group. You should think "What part of the equipment
could cause this condition?" and "Is it an individual
unit failure or a common equipment failure?'"

4 iJi 1



You should realize that the most 'probable cause for
this sympturn is the drop wire at the subscriber's
telephone. However, this trouble would affect only
that one telephone. In the above example. more than
one mibscriber in one group reported the difficulty.
Since we know that his condition is caused by a poor
connection, we can look at text figure 1-3 and see that
the line circuit can not be mechanically at fault,
because it has no such connections. In the linefinder,
however, you can see that-the T & R wipers and the
27 and 28 and 29 and 30 contacts of relay SW are
probable devises, which if dirty, would cause a poor
connection. Of course, similar dirty connections in the
selector and connector could give the same trouble
syrn' _mom.

Since we are 'studying finders in this chapter; you
would correct the trouble by, first; isolating the
linefinder in .the. coup that has dirty contacts. An
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inspection is probably the best method for doing this.
Then, you would burnish the contacts for that
particular linefinder.

(k.
Exercises (612):

Use foldout 1-and the\text information to detetmine a
probable trouble for:each of the following reported
trouble symptoms. Identify an appropriate corrective
action for each:

1. The subscriber reports no dial tone. No other,
similar report has been received.

2: Linefinder haS failed to switch through to
succeeding equipment.
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CHAPTER 2

Selector Equipment

AFTER THE linefinder has connected the subscriber
line tii iszlector. it is time for him to dial a number.
The_selectorin an XY switching center compares with
the Step-_by-Step selector in that it is 4 semiautomatic
switch. It is seized without a number having been
dialed, Now its relays_are ready to receive the ptilses
provided by e first dialed digit.

_aWe wiH ft t review types of selectors._ selector
circuit princ. le, and then will desCribi XY selector
circuit operations. Lastly; this chapter will provide an
example trouble symptom and probable troubles that
could cause that symptom.,

2-1; Types of Selectors
You have learned that when more thab 100

telephone lines are installed, selectors are installed so
that each selector can serve g certain group of 100
telephones. Figure 2- I illustrates the basic XY Selector
system: Acceirdingly, a find-M.(1er connects with a
selector and each selector's wipers moves over ten
levels. Each of those levelS connects with a group of

,s
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Figure 2-1, Batic selector system.
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connectors. Of course, selectors have general and
special requirements to perform the specific tasks.

613. U g figures 2-1, 2-2, and 2-3 as required,
give two eheisil requirements of XY selectors and
the reason subscribers should not dial two
consecutive niimbers too rapidly, and identity th(ee
selector types.

,

General Requiremiiiti for lector Equipment.
.

Selectors are Shared equipment Figure 2-2 is a
diagram that shows selector sharing. You can see in
this figure that the ten Selector bank levels can be
reached by both of the selectors; Thus; both selector
can connect with the' 200 and 700 groups
connectors. Remember, we are ShOwing only the 200
and 700 connector groups; although there are also
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100, 300, 400, etc groups of connectors. To gee the
20(,) connector group, the subscriber dials a 2:

An XY selector may require several hundred
milliseconds to search over the ten levels, engage -the
idle connector; and connect the pulsing leads to it;
Most of this time is taken up OP-moving the wipers
across.the bank wires. The hunting speed of The switch
is about 40 steps per second: Look now at text figure
2-3 as we consider the XY selector's operation in
greater detail. Also. assume that the dialed digit is 2.
The selector X-carriage moved the T, R. 5, and HS
wipers to the second level of the bank following this
action. As soon as the dial pulses cease for the X
direction stepping; the selector searches the 10
possible paths (by moving in the Y direction) in an
attempt to locate an idle connector in the 200 group.
As the Y carriage steps along the second level, its
wipers search for an idle line. It repeats.this proCedure
until an idle line is found or until it stepspast the tenth
set of contacts; When; akin this last situation; no idle
line- is available, busy tone is sent to the calling
telephOne as the switch -steps into the eleventh'
position: Note: The eleventh position is not shown in
the text figure. Should an' idle line be located on the
level searched, -the selector will stop and connect the
pulsing leads to the connector for completion of the
ca selector then remains in position (in use) for
the duration of the-call, Since any of the connectors
associated with a particular hundreds group can locate
any line in that hundredS group, it makes no difference
on which level a selector finds an idle connector.

Selector Provisibos. As additional groups of lies
are added above 10001ines, additional selection of
groups- of 1000 lines Must made. This second
process of group selection is don by second selectors.
A system with 100.000 lines _r ires third selectors.

In addition to connecting the groups of succeeding
switches within the, exchange; certain selector levels
enable subscri&ers to dial directly to another exchange
and obtain an operator when the .distant exchange- is
manually_ operated or is a toll board. Individual
trunks,' when distributed to the selector banks in the
same manner as are the connectors shown in figure
2-3, do not permit the use of the same selector level for
tkith outgoing trunkt and connectors. Incoming trunks
in an XY office give access to individual incoming
selectors, or they are terminated on line circuits in the
same-manner as are subicriber lines. TiVo-way trunks
appear in selector banks for outgoing service and at
incoming selectors for incoming service. Selector
banks are also used to _provide access for intercept
service; reverting call, or other special services. Digit
canceling selectors provide another example of how
XY system service is furnished. In this case, a dialed
digit may be absorbed; and the second dialed digit
progresses the call to the succeeding equipment.

Exercises (613):
1. What requirement or connecting method provides
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Page 394 has been omitted but all materials are present.
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that all selectors can access more than one
connector?

When a selector has indicated to the subscriber
that he is connected with it, what must he do t*v
further operate the equipment?

3. Why shouldn't a subscriber dial two consecutive
numbers at a very rapid pace?

4. Identify three types of selectors.
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Figure 2.4 Atmence.ot-gmund .i6rchins.

2-2. Selector Circuit Operation
The-purpose of the selector is to single out a group

ot circuits under the control of the dial and then to
hunt automatically for an idle path to that group.

Cqncerning a_ circuit operltional principle
-related to absence of ground searching and a process
wWretty XY selector equipment accomplishes it;
and wing figure 2-4 as necessary; identify the
potential at a__bank sleeve preventing XY selector
stepping, the factor making an XY selector switch
step in the X direction; and whatever keeps relay SW
from operating Until Y direction stepping ends, and
determine the selector lead potential and its
source;

A circuit Principle. Absence of ground searching
is used when hunting for idle equipment in a given
group.-Text figure 2-4 may be used to consider this
principle:in this illustration, the first four sleeves are
shown to be busy (grounded). The condition of the
circuit shown is that existing after the X digit has been
dialed and the selector has been prepared for searching
the selected level for either an idle trunk or an idle
connector. Successful operation of the circuit depends
upon the absence of ground on the sleeve bank. The
alisence of ground on a sleeve bank contact indicates
an idle .path or equipment, and the selector will he
stopped from further search, remaining on that contact .
until the completion of the

The operation of the circuit shown in figure 2-4 is
as follows: Release of relay XD; after completion of
the dialed (X direction) digit stepping, operates the
hunt assist relay HA through the Y off-normal (Y-0.14)
contacts. Relay HA operates the Y magnet; which
advances the Y carriage and wipers one step, thus
opening the Y-ON contacts. The HA relay is operated
by a circuit through the Y interrupter contacts of the
XY switch. Relay HA, therefore, does not remain
operated after the Y interrupter contacts open. As the
sleeve wiper advances, it prepares to test the first set ot
contacts in the sleeve bank to determine whether or
not the circuit is busy. The ground which operates
relay ILA prevents the operation of relay SW. When
the Y magnet operates, its interrupter contacts open
the circuit of relay HA, releasing HA; It also removes
the ground connection which operated the Y magnet.
The Y magnet, therefore, returns to normal position.
The sleeve wiper is now in position to test the circuit.
If :this _circuit is grounded,_as _a result_ of being busy,
relay HA is reoperated while the switch-through relay
SW is prevented from operating: One of these grounds
(shunt connections) originates at the contacts of relay
RD, while the other ground is at the sleeve bank. The
operation of relay HA operates the Y magnet. A
ground on the S-lead from the linefinder prevents the
pperation of relay SW during the time the stepping of
the ,XY switch in tho Y direction along the bank level
take; place. The operation of the Y magnet opens the

16
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Y inteitupter contacts, allowing relay,4fA to release,
which in turn releases the Y. magnet. Release of relay
HA removes the ground fidm the S wiper and the
wiper steps again. Thus relay HA reoperates, and the
wipers advance whenever the circuit is busy, because
of he ground on the S wiper. wgen the S Wiper
encounters j'a _sleeve bank contact which is not
grounded, relay SW operates in series with relay HA,
because relay_ SW Is no Voriger Shiinted bylround on
the S wiper. The operation of relay SW completes the
path to the succeedingswitch for the tip (TAT ring (R):
sleeve (S), and helping SleeVe (HS) leach. When the
Stier-tit-ding circuitipperates, it busies the bank contacts
seized by this selector. The sleeve ground returned by
the 'succeeding circuit boldS relay SW operated in
Series With relay HA, which does not °pet,. because

"of its low resistance.

EXer4keS (614):

1. What potential at a bank sleeve prevents. an X Y
selector from stepping?

2. What causes an XY selector switch to step in the, X
direction?

magnet are nod used in the. Selector, because the X
.direction motion is controlled by the dial pUlses: The
Y magnet interrupter spring contacts 1-2 are.shown
wired to contacts 17 and 11 of the switch jack in
foldout 2. These contacts of the XY switch are
necessary in the selector circuit, because the switch
must search in the Y dite-ction for an idle path to the
group selected tty the dial controlled :X direction
stepping of the same switch, Thecontacts 1.7 and 1 1 of
the circuit plate pliig are, therefore, wired to provide
power connection for automatic stepping of hunting
action: These step-by-step dial_ con trolled 'or auttimatic
stepping actions are deStribed in this section. :1

The nondigitcanceling selector circuit seizes the
selector when relay CB, shown in foldout 2, operates.
The ..Circuit_ to relay CB (Calling bridge) is from the
user's telephone over the T and R loop through the
preceding equipment _to the windings of_relay ca.

Belay CE operates. The 4-5 contacts of relay CB are
pulsing contacts, . following the dial pulseS of the
calling telephone. When contacts_ _12 ,clibse, they
complete a circuit to the:_monitor (MON) lamp, vifiieri
glows brightly'_ The lighted lamp' indicates to
maintenance personnel that the circuit is seized_aNt is
ready to be used. ThiS monitor supervisory '(MSR)
lead is fist cernected _to the shelf supervisor).
equipment; and- en in multiple with other MSR_ leads
to the row of supervisory equipment.- Contacts 4-5 of
Operated relay CB complete the operating circuit for
relays_ Rerrelease delay)and_XD (X direction):

3. bsing text figures2=-4,de tern-nu- e both the potential _ _

Relay RD operates. Relay RD operates five sets of
On the selectOr S lead and where it comes from. contacts to close or open circuits as described in the\ following paragraphs:

a.. Contacts 5-6 complete a circuit from ground

4. What _prevents relay SW from _operating
--- through the busy switch to the S lead. This circuit, a

direction stepping is completed?
part of which is shown in foldout 2, keepS the )

615. Using foldout 2's XY selectoi 'diagram,
identify of list equipment that is seized following a
call origiriletion and compare X and V direction
stepping requirements for an XV system selector.

Seizure of Noridigit. Canceling Selector Switch.
Use the schematic diagram given in foldout 2 to trace
this circuit operation. Some of alie parts of the XY
switch; such as contact 7 of the X_ off-noimal springs,
and the lead to terminal contact =31 in the switch jack,
are not used 19 selector operation. However, since this
wiring appeat's.in the__ XY switch at all times, it is
shown in foldout 2 (found_ in a separate inCloStite)
even when the contact 31 of the circuit plate plug is left
blank in the schematic for this selector. Note alsO that
the X magnet interrupter spilt* contacts I -2 are Wired
to contacts 12 and 13 of the switch' jack; ut
connection is shown at the terminals of th circA
plate plug. The interrupter spring contacts _,)1 the X
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preceding_ equipment- operated. The 5-6 contacts
perform other functions which will be described later:

h. Contacts 21-22 complete a_circuit_between the S
wiper and the winding terminal of relay HA -.Punt
assist) to prepare for stepping the XY switch wipers
automatically in the Y direction to -locate an idle
trunk.

c. Contacts 3-4 supply ground, over the ST1 (start
1) lead, to the common supervisory equipment, which
supplies tone and ringing current.,

d. Contacts _1-2 prepare an alternate circuit for
operating relay XD after the first step in the X
direction, and on each succeeding step. until stepping
the X direction has been completes.;

e. Contacts 24.23 break to operr;.the circuit of the
release (7..) magnet and prevent its operationi after the
X off normal contacts 34 connect the Z nri net
circuit as they operate during the first X directions7teil

RiTai ,k*/)(ifierafe... The contacts of,t-elal:, XI) Make
or break five circuit connections: its described in the
tclowiog paragraphs

ti Contacts 2-23 make before contact'. 24- 2;
Wreak to maintain the operating circuit for relay

I L.



'When this seleetor -m ust supply 'tone, the circuit of
relayCB will be extended to ground through the_dial
tone coil in the shelf supervisoiy equipment. an
telephone user will hear dial tone If dial tone is n
required;-_ground for relay CB is supplied throu
terminal 30 of the shelf plug. (For all of this..see FO.
2-.) .

b. . Contacts 22-21 break to prevent relay ,HA from
operating prematurely immediately after the X off-
normal spring contacts operate on the first X direction
step. _

C. Contacts 3=4- break to prevent- relay EA from__
operating during continued ,X direction stepping wheri
F wiring connection is in use, as is shown in foldout 2.

d. Contacts I -'2 close to'-_prepare the circuit ih the X'
ttiapet:-The final cloSing of the circuit to_the X:
magnet is completed by the release of relay CB.

Eier-ases (615): -

I. Compare the requirements for Xand Y. direction
stepping of an XY system selector.

3. Identify the relay contacts that connect- dial tone
to the calling telephone line.

2. Specify the XY selector components that operate
during seizure of the circuit.
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CIRCUIT OR
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RANKS

EflokILD,AL
Tom(
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PART Of
PART Of ciRCUIT

SHELF PLATE
PLUG- -,ACA

t;.'
616; Using figure 2-Vs XY selectoedisigr- ams, name
components oi circuit conditions that provide X
direction stepping and iden ty' two selector circuit .

Cua'
devices which -- operate al rnatelY to step the XY
switch in the X direc

X Direction Stepping of XY Switch. At this point
the switch has ben.seizle-cl by the oPerauOn of relays
CB. RD, and XD:. the circuit of :the-X In4liet.is
prepared: and the telephone user receives dial tone.
The switch is this peepared for stepping in the X
direction under the aintrol of the dial at the calling
telephone._ Text; figure 2-5-is a sifirplified' scl&tor
diagram_ that shows -the operating circuits for these
three rtlays. In addition you can trace the X,magnet.
operating _circuit and .dvermine that its. circuit is
complete. following release of relay CB. Further. you
can trace from the tone transformer connection ko the
tip lead of the linefinder..

.4

X direction. stepping occurs when the pulse springA
of the dial break to open the T and R loop to release
relay CB: . .
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; Retay.CB re eases. The released CB relay ..cfcies . the
loHowing: e . ,... :

-Contacts 1- to extinguish the MON lamp.
Contacts 4-5 open the_circuit t days RD _and XD.
Si w-to-release_reliy RD rema s operated during the

isig-procedure, and relay, D has an .additional
;circ e through windir)k,cayconlpleted by contacts 4-3
of itlayCB. ' _......

-,-;y_; magnet operateS. Operation of .t4ae X magnet
move the f witchw;ipeirone step in the X,directiOn.
The X off-normal springs operate during this first step_

' wad contacts'1-2 open the circuit to the bd winding of
relay XD: At about the same time that the X. .magnet
cdmpleted this Bast step, the dial pulse springs close
again -krossthe-Tand,R loop, COMpleting the circuit
for ltiay CB:.' :-' - ._ '-.. = '

._, R;operatioo of relay CB A fter-,'the first step in the X.
.direction, relay CB cbrapleteS-the tircuit to the MON.
lanip at:contacts.1 22-, reenergizes_r elay .1w by closing

- . coritacti._ 4-5'. (relay. RD_: retrains_; operated during
pulsing.. betause it is a_ slow-to-releaser relay). opens
the. circuit to the4( rnagneiteleasek.and piepares ;to
step'the iwitChWipers Wither. ° ,

Retay -CB reteaies for the second time: As the _dial
pulse springs open for a second pulse: relay CB,

. releaseS to reopen fhe'circuitfor relay RD and to again .,
.. complete the circu4f_the X magnet at contacts 4-3:'
'Tile. wipers are noW -moved- another step .in the X
'direction. But 'again the Clial,Puise springs close, and
relay CB is reenergized. :. .

.

Continued X direction stepping. This interaction of:,
the..dial pulse springs, the X magnet, and relay CB
continues until the X direCtion stepping is completed:.
The switch wipers are stepped one step for each dial
pulse until_ the last pulse of the digit is completed. At
this time, there is a dial pause. during which relay CB
remains operated for a longer_ period of time than
during the time for one pulse. During the dial pause,
relay XD releases, preParing the switch for stepping
the Wipers in,the Y direction.

Exercises (616):
1 Identify the Iwo. devices in the selector circuit

Which alternately operate to step the XY switch in'
the X directiori. -

2 Name an X Y system c(,)mponspt that can he
obSerVed to determine whether (iFflot a selector is
stepping

3. What potential is at the X magnet winding at all ,

time~ and tell where it comes trorn .

617.', Using figure 2-6's XY selector diagrams, name-
tillsoMponeuts.or identify all circuit conditions that
p-rovideY -direction stepping.

Y- Direction Stepping of XI' Switch; Y direction
stepping starts with the control relays in the foll9wing
conditions:
..Rela'y' CB is: operated by the T and R loop:

Relay RD is operatec6ytheelosed contacts 3 -4 of the
release spring's. Relay .XD is. held operated only
I:icause it: is a slow -to-,release relay: -

AS relay XD releases a short time after the last
direction° step_ is 'taken, its 1-2 contacts shOwn. in
foldout 2, further. open the:X magnet circuit: Contacts
24-2Lmake before contacts. 23-25 break to transfer
the hOlding circuit of relay .CB to ground at tertnitials
29 bf-the switch jack and eir6iit plate Plug: Contacts
2 L and 22' 0( the released relay XD complete the
'013eioiejecirctlit relay HA.. you ran trace this
circtip easily ih text figure 2-6: Accordingly; 'battery
fOr.the HA js _connected to terminal 7 at .the circuit
plate plug, and i ground is connected to contact 5 of
reIaY RD.

Relay _HA operates. Operated. -relay HA makes.
contacts 1 and 2 and 3 and 4 and breaks contacts 5 and
6. Contacts 5 and 6 open -the operating et tuft for this-
relay. COriticts a and ,complete a shaft circuit for

:relay _W (Note: This:circuit is not showisin fig; 2,6: )
tontacts -5 and 6_ of relay RD_ also shunflelay SW,

`Whenthe VJ.,113r. is positioned between bank contacts
Outing stepping in the Y direction, to prevent
operation_ of relay SW until Y stepping has been
completed. Operated contacts -1 and 2 complete the
Operating circuit for the Y magnet:

Y magnet operates. As the Y magnet operates and
moves the' T, R. .S;and HS Wipers one-step into the
bank, the Y off-normal springs operate and extend
ground through the 6-5 contacts to the winding of .
relay SW from the 5-6 contacts of relay RD. When the
Y magnet is operated;_ its interrupter springs (1-2)
open the circuit_ to relay HA,

Relay HA releases.- As relay HA releases, its 6-5
contacts reconnect a circuit to its ca winding._ Its _4-3_
co_ntactssernove the shunt from the operating circuit of
relay ,SW, so that -relay SW may operate if the wire
bank contact is not grounded. Contacts 1-2 open to
release the Y magnet.

Y magnet releases. As the Y magnet releases in
preparation for another step if n_ecessary. its
ifiterruptei springs complete a circuit from negative
battery through the winding of relay HA to the S
wiper.

After this first step in the Y direction has been
completed, relay CB is operated over the T and R
loop_. Relay XD is released, and relay HA has its ac
winding connected in series with the S wiper and is
prepared to operate if ground is encountered by the S
wiper. The ac winding of relay SW is connected to
ground at contacts 6-5 of relay RD and to the S wiper
and one end of the ac winding of relay HA: ,Should the
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S wiper encounter ground on the S bank lead, relay
SW will be shunted to prevent it from operating, and
relay HA will again operate as we have described
previously, causing the switch to step another step -in
the Y direCtion. This alternate operation of relay HA
and the Y magnet 'ill continue to step the switch
wipers in the Y directiOn until the eleventh position is
reached, unless the $ wiper encounters an abience of
ground. If 'the S wiper encounters an absence of
ground on the S lead, relay SW will not be shunted,
and relay HA will not operate. Relay SW will operate
under this condition, in series with the ac winding of
relay HA; and a switch-through will take place, as we
will describe later on in this section.

Exercises (617):
1. What XY selector circuit condition causes the XY

selector switch to step in the Y direction?

2. What equipment condition is indicated when the
selector S wiper encounters an absence-of-ground

,on an S bank contact and what action does the
selegor take?

3. Name the XY selector components that
alternately operate to step the XY switch in the Y
direction.

618. Identify XV selector responses to an all trunks
busy condition by labeling the actions or listing the
relays and relay contacts and magnetic springs
involved at such a time.

Terminating a Call When All Trunks Are Busy. If
all of the trunks in the dialed level are busy, all bank
wires in that level are grounded,,,,Ax a result; relay HA
and the Y magnet will continue move the wipers one
step at a time to position Y- oterating the XY
overflow springs: The calling station will then receive.
a busy tone, indicating that no idle trunks' are
available.

As the overflow springs operate, contacts 4-5 open
the circuit to relay SW and prevent its operation.
Contacts 7-8 extend the ca winding of relay CB to busy
tone ground: Relay CB will release during the ground
transfer period, but this will not affect the required
circuit functions.

Calling station disconnect Having received a busy
tone, the calling su¢scriber repl!ces t telephone on
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the cradle. This act opens the T _and R loop. Now
relay CB in the selector circuit_ releaSeS.
- _ Relay CB releases: Con tact 4. and 5 of the released

CB open the operating circuit ofxelay RD. Contacts 3
and 4 close bin_perform no useful function at thiS time

Relay RD releases: Released' relay RD disconnects
ground from the common supervisory` . circuits by
opening contacts 3-4. Contacts 21=22 disconnect the S
wiper from the SW and HA relays to prevent operation
of theie relays during the time the XY switch wipers
are returning to normal. Contacts 6=5 remove the
ground from the lead and allow the preceding
eqUipinetit to release. Contacts 24-23 complete the
circuit to the Z magnet.

Z magnet operates; The release springs operate and
remain operated until the switch has returned to the X
nztrrttal: position:, Release aping contacts 1=2 Aka: to
prevent relay HA from operating during the release of
the switch. Conacts 4-5 extend ground to the,
preceding equipment -over the S lead _kJ _pieVeat_the
selector from being :Seized while the release is in
progreSS. As the switch', returns to Y normal; the Y off-

springs restore and the X off normal springs
also ittum )to normal to open the circuit to the Z
magnet,_ allowing it to restore to the normal position.
The switch is now ready to be used for another call.

Eicei-ciSet-MS18):

1. Name the actions that occur gin the XY system

Selector when the circuit finds that all the trunks
are blisy.

2. Specify the relays and relay contacts and magnet
springs that are in the busy tone circuit of the XY
selector.

619. Uaiiit figure 2 -6 and firldout 2 as necessary,
indicate XY selector component responses whets a
trunk is available by naming the actions; relay and
magnet contacts, and relaysontbets involved at such
a finite;

N_,- .

f Switch Through When a Trunt-r*Availablc The
selector automatically hunts in the Y direction until its
S wiper m Kts an absence of ground condition. At that
time the selFetdr will switch - through and seize the
succeeding equipment. During Y direction Stepping,
relay SW is shunted if the wipers rest on a busy trunk
(or by gro nd throuiti contacts 3-4 of relay HA) and,
therefore, not operate. When an idle cohdition
exists; howeve the shunt is removed from relay SW,
and it operates._

Relay SW operates. Text figure 2=7 illustrates the
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901
SW relay operating circuit; You should remember that
the operating circuit for many of the components that
we have traced so far terminated at the same terminal
shown in this illustration. Using foldout 2, you shout
also note that when relay SW operates, its 22 an' I

contacts open the circuit to the release magnet.
Contacts 1-2 connect resistor R3 in series with the
MON lamp. When CB releases, later, this connection
will allow the MON lamp to glow dimly instead of
brightly. Contacts_ 5-4 close to prepare a holding
circuit for relay SW through the S wiper from the
succeeding equipment. This circuit is -not used ulna a
ground is later applied to the S lead. Contacts 5-4 also
connect ground to the succeeding switch to mark it
busy at the selector banks until relay-RD operates.
Contacts 3-4 also break at this time to prevent relay
HA from operatipg during the switchthrough period.
Contacti.,24-23 and 27 -26 -open the circuit to _relay
CB, allowing it to release. Contacts 24-25 and 27-28
extend the T and R leads to stit.Ceedin_g equipment; :-
thus, seizing it. Contac -9_extend the FIS lead to the.8

succeeding _equipmen
,--

Relay CB releases. !mum I and 2 of the released
CB relay open-the circuit to the MON lamp and its 5-4
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24-
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2111

5

contacts open the circuit, to relay RD. The_MpN lamp
will remain lighted, however; from "The circuit
established through resistor R3 to give a visual
indication of busy condition. Relay RD, which is slow
to release, remains operated fdr a short period of time
and keeps the ground on the S lead to hold the
preceding equipment operas ntit the switchthrough
is completed.

Relay RD releases. The r RD ielay completes
the switchthrough procedure. Its 5 and contacts open
the original operating circuit of relay 9 and remove
the Selector ground from the precedi g equipment.
Relay SW and the preceding equipme t now remain
operated because of the ground su lied bY the
succeeding equipment. Contacts 3-4 re ove ground
from the ST1 lead of the common supervisory
equipment. Contacts 24-23 close to preplittNa circuit
for the Z magnet, which will be operated after relay
SW releases at the com_pletion otthe'call.

,..,..r The switchthrough proksdure is completed by the
selector when the suceeeding equipment is seized, and
relay RD in the selector has released. The T and R
leads from the calling telephone are now extended to
the succeeding switching equipment, and the
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Figure 2-8. Simplified XY selector call during call.
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telephone user can now ;dial additional digits_ to step
this equipMent until the desired telephone station-is
connected and given a ring. Relay SW remains
Operated for the duration of the call.

'Exercises (619):
I. Give three actions in the XY selector that follow

when the wipers find an idle trunk to a connector:

2. Specify the relay and magnet contacts in the SW
relay operating circuit.

3. Name the relay cOntactt in the linefinder and
selector which extend the subscribers line to the
connector.

620. Using figure 2-8 as necessary; identify XY
selector connections and operations that restore the
equipment 10110.44g tall- termination and list the
XY selector devices releasing at this time.

Selector Release 14fter_CompletiOn of C. The
selector does not .release until the su eeding
equipment releases relay SW and permits the switch to
return to normal, -ready for another Release_ of
relay SW takes place when the ground is removed from
the S lend. Thit opens the circuit to2the relay winding.
Figure 2-8 permits you tctrace the SW relay circuit to
the S wiper. You find that during this tracing, contacts
5 and 6 of the X and Y Off,nOrmal springs and
contacts 21 and 22 of relay XDAtid4 & 5 of relay SW
are in this_S wiper circuit. rse, the same ground
potential from the connector is to be noted at the S
lead for the linefinder, because of the closed 25 and 26
contacts at the busy switch.

When relay SW releases, its 24 -23 and 27,26
contacts prepare the operating circuit of relay Cs.
Contacts 4-3 and 8-7 close to restore the S and HS
-leads to their normal Circuit condition. Contacts 1 -2
open the circuit to the MON lamp. Contactt 21=22
complete the _circuit to the Z magnet:

When the Z operates, its 4-5 release spring
contacts extend ground to the S lend of the preceding
equipment to prevent the selector from being seized
While it-is in the process -of relonsing. As the switch
returns to Y normal, the Y off - normal springs_return
to normal; and at X normal; the X off-normal springs
return to their normal positions. This opens the circuit
to the Z magnet. When the Z magnet releases, the
release springs restore to normal, and the switch is
ready for another call.
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Exertiies (620):
1. Identify the potential that the XY connector

removes from its preceding equipment to restore
the equipment to normal.

2. State the XY selector devices that release
following completion of the call.

621. Specify thikee XY selector features, iiithiding
an installation method controlling subscriber access
to XY system equipment; the selector devices test
men use to cheep XY system equipment, and the
electrical devices reducing high voltage arcing at
telephone circuit contacts.

Additional Selector Features. Because of cost and
lime limitations, and since you study level restrictions
for the XY system in the resident course, this feature is
only reviewed in this manuscript. In addition to the
level restriction review, we will mention the
monitoring and spark suppression featiiret.

F wiring. You have learned that several wiring
methods are available; for example, F, Q, V_, and Z
wiring may be used. Foldout 2 shows the F wiring
termination. To prevent access to certain telephone
services, the F wiring is connected between terminal 7
of the circuit plate plug and jack and the restricted
level terminal at the XX bank: Tracing from terminal
7, you go thicitigh contacts of relay SW, through
contacts of the XY overflow springs, and arrive at
terminal 16 of the circuit plate plug and jack. The HS
lead from the linefinder alSO attached at this
terminal. Now, assuming that a calling station dials the
digit 9, the seizure of the nondigit-canceling_selector
will be as usual. But titiOn completion of the first step
in the Y direction, relay SW will be shunted at contacts
5-6 of relay RD and ground at the XX__wiper. The
ground on the XX wiper is supplied froM the
preceding equipment over the HS lead, through the.
circuit from the HS_ lead to the FE wiring and to
position 9 on the XX bank. With thiS shunt across
relay SW, the selector cannot switch through to the
succeeding equipment during Y direction stepping.
Relay -HA and the Y magnet step the switch to pokition
Y-11 to connect busy tone to the station orginating the
Call. When the station disconnects, the switch will be
returned to normal.

Monitor devices. Operation of the busy switch
prevents preceding equipment from seizing a selector.
The monitor jack- not -only permits monitoring_ a call
but also enables test-stepping the XY switch to any
desired position. The connection of test equipment
will be discussed in a later volume of this course. The
monitor lamp indicates that the circuit is switched
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through: The tamp is not tighted when the selector is
idle and is lighted brightly when the connector has
been but has not switched through.

Spark suppression devices. ResistOr R I and capacitor
CI are connected in series from ground through .
contacts '3 -4 of relay CB; as shown in foldout 2, to
provide spark protection for these contacts. Resistor
R2 and capacitor C2 are connected in series_ from
ground through contacts 2-1 and 3-4 of relay HA to
provide spark protection for theSe contacts.

Exercises (621):
1. What installation method controls subscriber

access to XY telephone system equipment?

2. Specify selector devices that aid a test man
checking XY system telephone equipment.

3. Name electrical devices which reduce high-voltage
arcing at telephone circuit contacts.

2=3. Troubleshooting the Selector
You have seen that trotiblet can be isolated by

analyzing the equipment operations and tracing from a
point in the circuit where a, signal is available to a
point where no Signal is noted. -Of course;
troubleshooting in the XY telephone equipment
usually includes the operation of testing units and
devices provided for this purpose. To illustrate; we
have mentioned the busy switch and monitoring
devices for the selectors. You Shbilldrecall that the
busy switch permits tett=stepping of the XY switch
while your are observing the monitoring lainP. In
foldout 2 you should also have seen the test B jack:
This jack enablet testing of the XY selector while
using the circuit plate maintenance test set.

You may sometime be required to open the circuit
at a convenient point'and test fcirward and backward.

This test may thus isolate the trouble position. YOU

may then open the defective portion in an effort to
isolate the circuit further. Then; point to point testing
reduces the detective section to smaller isolated areas.

From what we have just said, recall again that many
methods may be used to locate troubles: With all
methods, think logically and use care that you don't
put troubles in while trying to correct what is already
there.

We will again consider a sample trouble symptom
and identify troubles which could provide such a
symptom.

622. Given a typical XY telephone equipment
trouble Sytiptoni, use foldout 2's schematic diagrams
as necessary to determine the probable trouble(s)
and the proper corrective procedures to be

implemented. \--

Assume that duting a routine test. you find that the
selector can't be seized from the monitor A jack. We
can consider two probable troubles fOr this sypptorn.
See foldout 2. First, the test jack could be defective.
Second, the pulsing (CB) relay could be failing to
make contacts I and 2 and 4 and 5._ Again, a visual
inspection of each of the units may reveal whether or
not the mechanical devices are failing to function.
Dirty or maladjusted compdheritt are corrected as we
have pfeviously indicated. If relay CB appears to be

nonfunctioning, you will have to check it electiriCally
with the circuit plate maintenance test set, with a relay
test set, or with an ohmmeter.

ExertiSet (622):
Use foldout 2 and text inforniatidn to determine a
probable trouble for each of the following reported
trouble symptoms. In each instance, identifY an
appropriate corrective action.

I. Selector MON lamp is glowing during telephone
systeM quiet period (no calls are being processed).

2. Test man receives a dial tone, but the selector does

not switch through.



Connector Equiprntnt

before the linefinder finds the calling station line. It
nds dial tonitothe calling station, steps in the X and
en in the Y direttion irirresponse to dial pulses, tests

for busy conditicfn 'of the called station, and extends
busy tone to the calling station if the called Station is
busy:.If the called station IS idle, it extends ringing
tone(to that station and nngback tone to the called
station. Transmission battery is supplied to both
stations after the called telephone is answered. When
the call is termins(ted, the connector releases itself and
the equipment preceding it (Note that the X and Y
interrupter springs are_not used in the connector.
because the switch is stepped by the dial pulse spring.)

IN ALL PLAYS and movies a series of events lead
toward a clirnatic point. At that point, events occur
Which complete the story. The connector can be
considered as the climatic point in our telephone
project. The events that precedet1 its Seizure included
operating relays in the'line equipment, linefinder and
first selector The operated connector coMpletes the
connections which enable the two subscribers to
converse.

As we noted in Volume 3, there are several typet of
connectors. We will again recall some types in this
chapter. Then we will review the XY connector circuit
operation and troubleshooting of this equipment.

3-1. Types of Connectors
The connector switch is connected back-to-back to

the selector and extends the T_and R, lea& of the
linefinder to the called station. The connector circuit
follows the _pulses of the dial, prevents the preceding
equipment from releasing, tests the condition of the
line, returns a busy or ringback tone, ring the called
station, furnishes transmission battery to both
subscribers; and releases at termination of the call.
One connector that does this is referred to as a
"regular connector."

623. Identify two types of XY connectors and give a
function of each

The "trunk-hunting connector's" functions are .

similar to those listed for the regular connector. When
stepped to a busy line, this Gorinector will continue to
step in the Y direction until it finds an idle line. If all
trunks are in use, a busy tone will be sent to the calling
party. This trunk hunting feature is provided by
strapping the S and HS lead-of each line (except the
Iasi)-into a trunk-hunting 6oup._ You may recogriiie
the trunk,hunting connector's function best if you
think of the telVhOne service required, during fund-
raising campaigns: These connectors provide that all
of the associated telephones (usually 10) can ;be
*ached by dialing the same directory number

The-"private exchange (PX) connector" eke
provides the furfctions listed for the regular connector.
To illustrate. it is'preseized by an associated linefinder
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CHAPTER 3

Exercises (623):
1. Identify two types of XY system connectors.

2. What in the switch train provides transmission
battery for the subscribers?

XX Connector Cir "' (Ion

Foldout 3, wound in aide inclosures,
ScheMatic diagram for the XY system PX conn
Use it when tracing and analyzing this equipme

the
or.

co
\

624. Whig foldoist 3's_XV o ector
necessary,

s as
well as figures 3-1 and 3.2 s necessaryi identify
equipment seized folleWilig 3--, call origination and
the" potential connected to the HS wiper for the
connector bank and state the devices providing such
pritential and the name of the XY connector pulsing
relay.

;., . sa
Seizure. The connector is seized when relay ST-in

the linefinder circuit operates during the linefinding
process: The operation of relay ST places resistor R I
across the T and R leadS of the CB relay in the
Connector Switch operating relay CB:

Relay CB operates. Figure 3-1 can _be used to trace
the operating circuits of relays CB, RD and RT in this
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connector. Accordingly, you can see that contacts 4
and 5 of operated relay CB complete the operation
circuit for relay RD (release delay). The Se two
contacts also complete an operating circuit fOr relay
RT (ring trip). _ ..;

Relay RD operates. Operated contacts 3 and a of
this relay connect ground to the S lead of the pilceding
equipment. This action keeps relay SW in the
linefinaer and relay CO in the line circuit/ operated
until the linefinder locates the calling line, shown in
foldout 3. Contacts_ 1-2 perform no important
function at this time. These contacts will later provide
a ground for the operation of relay SW in the
connector circuit after the switch has stepped in the Y
direction. They also serve to kick the BT (busy tone)
relay in the operated position if the called line is busy.
Contacts 23-24 partially prepare the operating path
for the X and Y magnets. Contacts 21-22 supply
ground to the start (ST) lead. This circuit is shown in
foldout 3. Contacts 25-26 open to prevent the Z
magnet from operating when stepping in the
direction begins (FO 3). Contacts 7-6 complete th
operating- circuit for relay XD and lockup paths for
relays RT and RD. These circuits are shown in
simplified form in figure 3-2.

Relay RT operates. Relay RT operates slightly later
than relay RD and slightly before relay XD. The
contacts of relay RT perform the following functions:
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contacts 1-2 and 23-22 complete lockup circuits for
relays RD and RT. Contacts 27-28 open one path of a
parallel circuit to the common supervisory equipment.
(The make 26-25 contacts of relay SW keep the other
parallel circuit closedFO 3). Contacts 25-26
prepare an operating circuit for the X magnet. while
contacts 25-24 further open the circuit to the Y
magnet. Contacts 9711 make; before contacts 9-10
break_to transfer the operating circuit of relay CB to
the GDT lead, seen in foldout 3, which is connected to
ground through the dial tone transformer. Contacts
5-4 and 8-7 partially complete a circuit to the T and R
wipers. This path is not used until later.

Relay "cooperates. Relay XD operates slightly later
than relay RT. Its contacts perform the following
functions. Contacts 23-24 further open the circuit to
the busy tone source. Contacts 25-26 prepare lockup
paths for relays RD and RT. Contacts 1-2 prepare an
operating circuit for the X and Y magnets and an
operating circuit for relayXD when the switch starts
step in the X direction. This additional operating_ cir-
cuit is required. because the X off-normal (X-ON)
springs open the original operating circuit-to relay XD

\ on the first step in the X direction. Contacts 3-5
\ prepare the circuit for relay BT. This circuit is used

during Y direction stepping to connect the S wiper, so _

that relay BT may operate if the called number is busy.
Open contacts 21-22 prevent relay SW from operating
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Figure 3-1. Simplified diagram for operating circuits of fVays CB: RD. and RT.

26

4 1 7

RMAL
INGS



prematurely: SW should not o te until Y stepping
is completed and the called stair is tested for busy
condition. The 'circuitry just described is completed in
about the same time the linefinder requires for
searching out the calling party's line. As soon as the
callinj station receives dial tone; the 'desired station
may be dialed. The operating_ circuit of islay CB is
completed by the closed T and R loop to the calling
station. Originally, the operating circuit of relay CB
was closed by placing resistor RI fin the linefinder
circuit) across the T and R leads to the connector
circuit. After the linefinder operation is completed;
relay SW in the lithe Circuit operates to extend the loop
from the connector circuit to the calling station and
relay ST disconnexts resistor R I from-across the T and
R leads. Relay CBis now connected over the T and R
loop to II* dial pulse spring contacts of the calling
partyelephone, giving the dial direct control of
rela. Each time the dial is used; relay CB releases
and reoperates in response o the dial pulses. When the
TENS digit is dialed; relay B supplies a pulse to the
X magnet each time it r rates.

Exercises (624):
1. Identify the relays that operate to seize an XY

/ connector for a calling subscriber.

2. What potential is connected to the HS wiper for
the connector bank? Name the devices which
provide it.

4'

C 6

3. Name the XY connector pulsing relay.

625. Using foldout 3's XY connector diagrams, and
figures 3-1 and 3-2 as required, stair all components
or circuit conditions that step the universal switch in
the X dirpction.

X Direction Stepping of XV Switch. When the
dial opens the T and R loop for the first time; relay CB
releases.

Retay CB reteases. The contacts of relay CB
function as follows: Contacts 5-4 open the operating
circuit of relay RDs as seen in figure 3-1. However,
relay RD is still held operated ground through its
own 6-7 contacts, as shown in figure 3-2. Contacts 3-4
complete a circuit to keep relay XD operated after the
circuit to its lid winding is opened by the X off normal
(X-ON) contacts when the,XY switch makes its first
step in the X direction. At about,the same time that the
X magnet moves the wipers one step in the X
direction, the (ulse contacts of the dial close to
reoperate relay B.

Retay CB reoperates. Reoperation of relay CB
performs the following functions:_ Contacts 4-5
complete the ground circuit of relay RD through the
3-4 contacts of the Z tri,agnet, keeping relay RD
operated. Contacts 3-4 open the circuit to relay XD.
which does not release because it is a slow-to-release
relay and will be reenergized by the next release of
relay CB. Contacts 3-4 also open the circuit to the X
magnet, which releases, leaving the wipers one step in
the X direction. During this time, relay RT is held
operated by ground at the 6-7 contacts of relay RD.
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Now that the X magnet is released, it is ready to
receive another pulse to move the X-Y:YWitch in the X
direction.

Relay CB releases for the second time: Relay CB
releases for a second time (when the dial pulse springs
open for the second pulse), opening its 4-5 contacts
and closing its 3 -4 contacts. Contacts 4-5 open the
circuit to relay RD; which cannot release for:a short
period of time because it is a slow-to-release relay.
Contacts 3-4 complete a circuit for relay XD;
reenergizing it before it has had time to release after
the first dial pulse. These contacts also complete a path
for the X magnet; which reoperates to move the wipers
a second step in the X direction.

Relay CB reoperates for the second time. At the end
' of the second pulse the dial pulse spring contacts close

and complete the T and R loop to relay CB, which
reoperates and functions as it did after the first pulse,
remaining operated until the dial pulse contacts open,
for the third time. When the dial pulse spring contacts
open, relay CB releases and functions as it did for the
first pulse. Thus by operating and releasing in response
to dial pubes, it controls the stepping of the connector
XY stepping switch while it steps in the X direction.
This interaction of the dial; relay 03, and the X
magnet continues until the switch has been stepped the
required number of steps; depending upon what digit
was dialed.

Relay XD releases. If the digit 2 is dialed, the switch
wipers move two steps in the X direction in response
to dial pulses. When X direction stepping is
completed, relay XD must release to change the circuit
connections; so that Y direction stepping can take
place. This is done during what is known as a dial
pause. Dial _pause is a length of time longer than the
slow-to,release period of any affected relay, such as
relay XD. When the last X direction pulse is received,
relay CB operates and remains operates Further
pulses, for the second digit; will step the XY_connector
switch in the Y direction. Since relay CB remains
operated longer between digits than between the dial
pulses of a digit, relay XD will release during the dial-
pause period.

Relay RT releases When relay XD releases, its
25-26 contacts open the circuit of relay RT, as shown
in figure 3-2, releasing it. Release of relay RT
transfers the operating circuit of relay CB from the
9-11 contacts of RT to its 9-10 contacts,
disconnecting dial tone from the connector circuit.
Contacts 1-2 of relay RT open the circuit of its own
b-d winding, preventing it from operating until after
stepping in the Y direction is completed. Contacts
25-26 open to prevent the X magnet from reoperating
during Y direction stepping. Contacts 24-25 prepare a
circuit for operation of the Y magnet. This path for the
Y magnet is completed after relay XD reoperates and
relay CB releases. Contacts 22-21 of relay RT
complete the operating circuit of relay XD.

Relay XD reoperates.After relay RT releases, relay
XD reoperates. Contacts 1-2 further prepare a path to
the Y magnet for Y direction stepping.

Exercises (625):

1. What procedure steps the XY system connector in
the X directitin?

2. Name the XY system connector relay that releases
so that the connector may step in the X direction
and which was not included on the selector cirupt
plate.

3. Give the function of the relay of question 2.

626. Using foldout 3's connector diagrams as
necessary, identify the components or circuit
conditions that step the XY switch in the Y
direction.

Y Direction Stepping of XY Switeh. Before the
XY connector switch -can step in the Y directioh;
relayi CB, RD, and XD will be operated. Relay CB is
held operated by the dial pulse contacts, relay RD is
operated through the 5-4 contacts- f relay CB and
relay XD is operated through the 6-7 contacts of relay
RD (fig. 3-2). Thus the switch moves in the Y.

direction under the control of the dial of the calling
telephone. As the UNITS digit is dialed, relay CB in
turn pulses the Y magnet. At the completion of
dialing, relay CB is kept operated by the calling_ partys
telephone. Let's again note the results when relay CB
releases.

Relay CB releases. The 4 and 5 contacts of relay CB
open the circuit of relay RD, but it does not release
until the dial pause period, because it is a slow-to-
release relay. Contacts 3-4 close a circuit for relay XD
and the Y magnet. The circuit for XD is not important
at the beginning of Y direction stepping, because it is
held operated by negative battery _at its db winding
through contacts 6-7 of relay RD, as is shown in
foldout 3. The circuit to the Y magnet operates the Y
magnet to move the wipers one step in the Y direction
for each dial pulse.

Y magnet operates. Thf Y-ON contacts open the
circuit to the,db winding of relay XD. Relay XD
remains operated, however, over its c-a winding to
ground, through release contacts 3-4 of the Z magnet.
Relay XD does not release during pulsing, because it is
a slow-to-release relay.

Relay CB reoperates. The T and R lamp is closed by
the dial pulse contacts after the first pulse is
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completed. and relay CB reoperates: Its 3-4 contacts
open the circuit to_ the Y magnet and relay XD,_ as may
be traced in foldout 6. Contacts 4-5 of relay CB
reenergize relay RD. Relay CB remains operated until
the dial pulse contacts at the calling station open: then
relay CB releases.

Relay CB relay es for the second time. When relay
CB releases for the second time. its 5-4 contacts open
the circuit for relay RD. Because it is slow to release.
relay RD remains .operated until after relay CB
reoperates. Contacts 3-4 of released relay CB
complete the circuit to reenergize relay XQ. Contacts
3-4 also close the circb.kt to the Y magnet. The _Y
magnet moves the switch wipers the second step in the
I' direction. The I' magnet remains operated until the
dial pulse contacts at _ the_calling station close the
circuit to relay CB. Relay CB then reoperates.
. Relay CB reoperates .for the second time. At the end
of the second pulse. _the_ dial_puLse contacts complete,
the circuit to released relay CB. Relay CB reoperates,
performing the _sairie function as those performed
when it was previously energized and remains
operatedtintithe pulse contacts open for the third
time. When the pulse contacts open, relay CB r leases
and ftKEtions as it_did after the second _pu . Relay

tie

CB operates and releases in response to dial pulses. It
controls the stepping the switch wipers in the, Y
direction.

Y direction stepping completed. At the completion of
I' direction stepping, the T. R. S. and HS wipers are
resting on the called station T. R, S. and HS_ bank,
wires; relay RD is operated; and relay XD releases.
HoWever, before relay XD releases: the connector tests
the S bank wire to determine whether the called station
is busy or Idle. If the station is busy. relay BT (busy
test) will be operated through the 3-5 contacts of relay
XD before XD releases. If the called station is not
busy, relay XD will release, and relay SW will operate
to perform switchthrough procedures:

Exercises (626):

I. Using the telephone number( 322-2714, which
dialed digit(s) step(s) the XY connector in the Y
direction?

ate

2. Specify_ the contacts in the alternate operating
circuit for the ca winding of connector relay XD.

r--
3. Using the telephone number of question I, how

many times does the Y magnet operate?

4. Coinp
rela T and SW.

the operational function of connector
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-.-627. Concerning XY connector (operations. when a

call is terminated because_the called station is busy,
name the operating circuit components for
connector relay BT before relay XI) releases and the
operating circuit components for connector BILafter
relay X-D releases, list the connector relay contacts
in the b v tone circuit; and identify all connector
componen in the release sequence after reception
of the 'Amy to and subscriber liang up."

Terminating a all When the Called Station Is
Busy. When -the ailed station is busy at the
completion o Affection stepping: relay BT operates
from the grou tential on the S wiper bankcontact.
The contacts o elay BT operate as follows: Contacts
3-4 place an additional ground on the S lead oLthe
preceding equipment as shown in foldout 3. This
circuit is not effective at this time but will be needed
later. Contacts 1-2 complete the busy tone circuit to .

the calling party.
When the telephone user at the calling telephone

station hears the busy tone and hangs upthe T and R
loop connection to the winding of relay CB is opened.
As relay CB releases, its 4-5 contacts open the
operating circuit to relay RD. When RD releases. its
1-2 contacts open the circuitt to relay BT. This releases
relay BT and disconnecting busy tone. Contacts 3-4 of
relay RD remove ground from the S lead to release the
preceding equipment, as seen in foldout 3. Contacts
25-26 of relay RD complete a path to the release (Z)
magnet. Operation_ of the Z magnet releases the switch
wipers. These are then returned to Y and X normal. in
the meantime ground is supplied to the S lead to
prevent the switch from being seized while it is
releasing, as foldout 3 shows.

Exercises (627):

1. Name the components in the operating circuit for
. connector relay BT before relay XD releases.

2. Name the components in the operating circuit for
connector relay BT after relay XD releases.

3. Specify the connector relay contacts in the busy
tone circuit.

4. identify the connector components in the release
sequence following reception of the busy tone and
subscriber "hanc1=Up." .
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628. Identify XY connector operations that provide
switch through when_the called station is available,
using foldout 3 and figure 3-3 as necessary.

Switchthrough When the Called Station Is
Available. When the called station is available,
resistance battery is on the S banks through -the
winding of the CO (cutoff) relay_of the called station's
line circuit. When the S wiper of the connector switch
encounters this resistance negative battery,
switchthrough procedures take place. Before
switchthrough, relay CB is operated, relay RD is
operated, and relay XD is operated, because it is a
slow-to-release relay.

Relay XD releases. When relay XD releases and its
21-22 contacts complete the operating circuit for relay
SW; the resistance of the db winding of relay SW is
such that if two connectors contact the same terminal
at the same time; neither of the SW relays involved will
operate. This prevents two connectors from switching
through on the same line at the same time.

Relay SW operates: When relayi SW operates; it
completes its own lockup circuit. Its 26-25 contacts
open one of the two paths to the common supervisory
equipfnent; as shown in foldout 3: Its 27-28 contacts
open further the circuit/tithe Z magnet. This circuit is
already open at Ott 25-26 (break type) contacts of
relay RD: The 12-I3 contacts prepare an operation,
path for relay AB. Relay AB does not operate until the
called station answers. The 30-31 contacts prepare- a
new holding path for relay CB. This path is necessary
when relay RT operates. Contacts 7-8 and 23-24
complete the ringing path to the called station.
Contacts 9-10 partially prepare a path for the
operation of relay AB_Contacts 5.6 prepare a circuit
for the ringback tone. Ringback tone is supplied to the
calling station through capacitor C4. Contacts 22,21
of relay SW extend the ground to the S wiper. This
ground keeps the CO relay of the line circuit operated
and marks the line busy to_all other connectors. With
the CO relay operated, the T and R leads to the calling
station are cleared of all other equipment; and the
connector_can supply ringing current to the called
station. The called station ringer will operate' at
intervals of one ring every fifth second, and ringback
tone is supplied to the calling station at the same
interval of time. Ringing current to the called station
and ringback tone to the calling station continue until
the called station is answered or until the calling party
hangs up because there is no answer. Relay RT will not
operate while ringing is in progress; though ringing
current is passing through its ca winding, because it
will operate on direct current only.

Relay RT operates.: When the called station is
answered, the lifted handset from, the hookswitch
shunts a capacitor in the set and provides a direct-
current path which allows relay RT to operate. Since
the ringing current was superimposed on the central
office battery supply (GEN), lead RT will operate as

soon_as the capacitor is _shunted to close the dc path.
The X contacts of relay RT, as explained in Note 3 of
foldout 3. The remaining contacts of relay RT operate
as_follows: Contacts 27-28 remove ground from the
ST lead to the common supervisor equipment. The,
circuit to the supervisory equipment is no longer
necessary; since the calling station has no further need
for dial tone, ringback tone, or ringing current during
the remaining time the called and calling stations are
connected. Contacts 9-11 make. before contacts 9-10
break, to change the operating ground for relay CB
from contacts 9410 relay RT to contacts 30-31 of relay
SW. Contacts 3-4 and 6-7 remove ringing current
from the called station and ringback tone from the
calling station: Contacts 4-5 and 7-8 complete the T
and R loop between the calling and the called stations.
These contacts also complete the_operating circuit of
relay AB:

Relay AB operates. Relay AB operates to pr
transmission battery to the called station.

It remains operated until the called party hangs up
at the completion of the call. The contacts of relay AB
operate as follows: Contacts 7-8'complete the lockup
path to relays RT 'triad SW. This path is_necessary to
prevent the connector from releasing until both parties
hang -up. :Therefore, if the calling party hangs up first;
relays RT and SW will remain operated, and the
switch will not release. A second ground to relays f2T
and SW is supplied through contacts 6-7 of relay

With the operating circuit of _relay_AB complet
the transmission path between, the calling and cal
stations.- is established: During transmission;_ rela
AB; CB; AD; RT,_ and SW are__ operated. The
transmission circuit between the calling and called
stations; shown in figure 3-3;A; is traced as shown in
figure 3, 3,B. Transmission battery is 'supplied to the
called station through the db winding of relay AB.
Since voice current is effectively alternating_current, it
passes readily through capacitors Cl and C2, so that
the called and calling parties can talk to each other:

xercises (628):
I. Which XY connector relay must release in order

for the connector to connect.the calling telephone
with the called telephone?

2. How does the calling subscriber know that the
selected telephone is beingrupg?

jr%3. What XY connedtor relay receives ac and dc while
the connector `is connecting to the called
telephone for the calling telephone subscriber?
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4. What XY connector relay provides dc to the
called telephone?

5. Identify the operated XY connector relays whose
contacts make the circuit over which the

conversation is held.

6. What XY connector 'relay provides dc to the
calling telephone?

629; Give those connector conditions and actions
which release the XY equipment following call
completion.

, Connector Release After Completion of Call, The
connector will not release until both the calling and
called parties_ have - disconnected. _

If the calling party disconnects first. relays CB and
RD release; but relays AB, RT, and SW remain
operated. If the called party disconnects first._ relay AB
releases, and 'relays CB, RD, RT, and SW remain
operated. The release procedure for _each of these
conditions is described in the paragraphs which
follow.

Calling station disconn_erts_first. During
transmission, relays AB, CB, RD, RT, and SW are
operated. Relay CB is released by opening the T and R
loop at the calling station- Contacts 5,4 of relay CB
open the circuit to relay RD. Relay RD, a slow-to-
relent relay, releases after a Short_ period of time to
perform- the following functions. Contacts 21-22
further open the ST lead to supervisory equipment.
Contacts_ 25-26 prepare- the circuit for the Z magnet:
This circuit_ will be closed ..when relay SW releases.
Contacts 3-4 remove the ground from the S lead to the,
preceding equipme t. releasing the linefinder and line
equipment; so that the calling station may initiate a
new call if desired. Contacts 6-7 remove ground from
the bd winding of relay RT and the ac winding of relay
SW, hut_both of these relays remain operated by their
other path to ground through the 8-7 contacts of relay
AB. Contacts 6-5 complete the circuit to reoperate
relay XD.

Relay XD reoperates and completes a circuit for
relay BT. In operating; contacts 3-4 of relay BT supply
ground over the S lead to the rotary switch banks,

' marking the Nu* busy. They also prevent the allotted
from seizing 'the linefinder until the connector
completely releases. Relays AB, XD, RT, BT.,and SW
remain operated under the Control of the called station
until that station disconnects; at which time the T and
R loop between the connector and the called station is
opened toirelease relay AB. Contacts 7-8 of relay, AB
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open the circuit to relays XD, RT, and SW. Relays RT
and SW release first, followed by relay XD, which is a
slow-to-release relay: The: contacts of _relay RT,
perform no important function during the release
operation. Release of relay SW completes, through its
27-28 contacts; the operating circuit of the Z magnet.
Contacts 21-22 of relay SW open the ;circuit to relay
BT, which releases.

. ',Contacts 4-5 of the Z ,magnet supply ground over
the S _lead to the preceding equipment, marking it
busy. The switch wipers restore to Y normal and then
to X normal. As soon as the _X-ON spring-contacts
restore, the Z magnet operating circuit is opened, and
the Z magnet-releases (restores). During the time the
switch is restoring to normal, relay XD releases; but its
contacts perform no important function at this time.

Called station disconnects first: When the called
station opens the T and R loop; before the calling
station disconnects, relay AB in the connector will be
the first relay to release, operating its contacts -as
follows:_ Contacts_ 7-8 remove ground from relays RT
and SW, which do not release because they have an
added ground circuit through the7-6 contacts of relay
RD. -Relay ca, RD, RT, and _SW remain operated
under the coritrol of the calling station .until it
disconnects after the called station has disconnected
firstl_ When the called station disconnects'under these
conditions, the following operation takes place.
Contacts 4-5 of_relay CB open the circuit of relay RD,
rel ing it. When relay RD releases, its contacts
operttite as follows: Contacts 21;22 further open the
circuit to _the common supervisory_ equipment.
Contacts 25-26 prepare the circuit to the Z magnet.
This circuit will be closed when relay SW releases.
Contacts 3-4 remove the ground from the S lead to the
preceding equipment. This permits the linefinder and
line equipment to release. Conuscts' 6-7 open the
circuit totritirroRT and SW, so' that both these relays
release a iimately the same time. When RT
releases; its contacts perform no important function:
When relay SW :gel-eases; its contacts perform the
following functions: Contacts 21-22 remove the
ground from the S lead of the terminating circuit. Thus
the -called station is now no longer marked busy and
can receive. or originate calls. Contacts 27-28
complete the circuit to the Z magnet. As the Z magnet
opciates, its 4-5 contacts supply ground over the S lead
to the preceding equipment; marking it busy. The
switch'- wipers restore to y_ normal and then to X
normal. Ai soon as the X-ON spring contacts restore,
the Z magnet operating circuit is opened, and the Z
magnet releases._ While the switch is restoring to
normal, relay XD releases; bin its contacts perform no
important function at this time.

Exercises (629):
1. When the calling station disconnects first, which

XY connector relays release and which relays
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-remain operated until: the called: station
disconnectsr

2'3

2. When the called station distonnects first, which
XY connector relay releases" and_ which:relays
.remain operated until the calling station
disconnects:'

3.3. Trektifileshootint the tOnnector
Yo4 have stuito-Viat connectors complete the

connections which permit the conversations between
subscribers. It is evident, then, that these connectors
**ire effective maintenance if the circuits are to be
of good quality and most sysiern users are to be
satisfied.

We have noted that maintenance -is most effective
when the repairmen understand the system's
construction and its operating principles. You should
have little difficulty in understanding th,e, XY
connector maintenance, because:you have studied the
Strowger system and the XY linefinder and selector,
which function in a similar manner and require similar
procedures; Keeping the relays and switches clean is
the most important single task for ktepihg the
switching equipment operating properly: Dust on these
components not only prevents the relays from
.functioning and the switches from stepping, but it also
causes circuit ckterigration. To maintain these units,
use the applicable preventive maintenance workcard
set.

To locate the sample connector trouble we are
providing, we emphasize use of systematic procedures.
Of course, what each of you use in doing the exercises
may vary from what is Ustdd in our preliminary sample.
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630. Given a representative XY telephone
equipment trouble r_vmPtom, me the connector
diagrams in this chapter as necessary to determine
and identify probable troublefsi and some proper
corrective procedures.

Several subscribers have reported they had
difficulty holding a Wnversation because of noise. We
know now that one connector may have served each of
these subscribers. Furthermore, they probably made
other satisfactory calls which ware completed by other
connectors: Yoti could ask each of them for,. this
additional information, but there is no reason for
delaying the further testing__ which is required. What
are you checking for? Noisy transmission is usually
caused by poor connections -- cords, jumpers, wires or
contacts. And since we are concerned with inside
plant; the probable trotble. is linefinder relay or switch
contacts, selector relay -or switch contacts, or
connector relay or switch contacts. Of course, for this
trouble we are limiting it to- a connector in the group
of connectors that serve these particular subscribers
You will inspect and test each connector in the group
and look for poor connections. Looking at text figure
3-3, you should recognize that the contacts to inspect
include 2 and 3 and 5 and 6 of relay AB; 4 and 5 and 7
and 8 and 23 and 24 of relay SW and the tip and ring
wipers.

exercises (630):
Use the text information and applicable diagram to
determine probable troubles for the _listed trouble.
symptoms. Give an appropriate action for eliminating
each symptom.

1. Called telephone doesn't ring.

2. Connector fails to trip ringing.

t) 4
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CHAPTER 4

Alarm, Supervisory, Prower
and Ringing Equipment

YOU HAVE studied the Automatic Electric circuits
on alarms, supervisory; power and ringing equipment;
The XY-circuits are very similar to and-function in the
same manner as do the AE circuits. The XY uentr I
office equipment is furnished, with numerous alar
and supervisory circuits to indicate any abnornia
conditions that may occur. The alarm and supervisor
circuits are designed to alert you with an audible
and/or visual signal, the type of fault and its general
location in the equipment. The power equipment
provides the meters; These indicate the charge and
discharge current of the 'office battery, the office
voltage and circuit breakers in the main charge and
discharge circuits; The ringing equipment is designed
to generate ringing and tone voltages. The interruption
of these voltages and the development of the various
pulses necessary for the operation of the exchange is'
accomplished by the motor driven interrupter
machine. It is obvious that a good understanding of the
alarm; supervisory, power and ringing equipment is
essential in your job.

4-1. Purpose of Alarm and Supervisory Circuits

This section attempts to explain the alarm and
super/ circuits used in an XY central office.

631. Concerning general Winn and supervisory
equipment conditions, list two classes of alarm
conditions; anctthe audible alarm for various typical
conditions, give the locations of group and two
signals /or alarm and common supervisory
equipment; and identify the visual signal color when
a heat coil blows. Also, name that for which
C0111111011 supervisorrxquipment is the termination
point. Give the location of that equipment;

General Requirements for Alarm and
Supirvisory Equipment; The first requirement for an
alarm system is to identify and indicate the class of
equipment alarm. In- the XY equipment it is either
"emergency" or "nonemergency." The emergency
class of alarm is, as the name implies, an emergency
condition in the equipment, and corrective action
must be immediate and positive. The emergency alarm
is identified by a bell, buzzer, and red lamps. The

second class of alarm is the nonemergency. Again, the
term implies that a malfunction has occurred: but it
should not impair the functions Of the office.
However, this class of alarm should also be cleared
immediately: The nonemergency alarm is identified by
a buzzerand. white, green or red lamps. ocse two
daises of alarms are similar to the major and minor
alarms you studied in the Strowger step-by-step office:

The second requirement is to identify the location
of the equipment that has the abnormal condition.
This is called the supervisory circuit and is made up of
group; row and shelf supervisory.equipment. When a
malfunction occurs in the equipment, the supervisory
circuits control the_lamps that direct the maintenance
person to the shelf of equipment that is in trouble.
These lamps are located on the various components of
equipment throughout the central office. The first set
of lamps to be considered are located at the top of the
powerboard, in the group supervisoly, panel: The
number of sets of lamps will indicate the size of the
office. There is one set of lamps per 1000 group of
lines; with three lamps for each group of equipment, as
follows:

Equipment alarm (Green).
Fuse alarth (Red).
LF Start (Clear).

The next set of lamps are the row supervisory
limps. These are located on the end of a row of bays
and -are red lamps indicating which side_ of the raw the
malfunction is oneither right or left. Each shelf has a
supervisory circuit plate and a fuse panel, with the
lamps mounted in each, to indicate the malfunctionuig
equipment.

We have discussed briefly the group; row and shelf
supervisory circuits. These circuits are under the
control of the common supervisory circuit. The
common supervisory equipment serves as a

termination point for alarm indications from the XY
dial switching equipment, _powerboard, relay racks,
attendants' switchboard; and the main distributing
frame. The common supervisory panel is mounted in
the _powerboard.

Alarm Conditions; The following is a list of
emergency and nonemergency alarm conditions and
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the visual indications the maintenance person will
receive:

e. B allotter

Alarm
Drlay Visual - 7. The, common supervisory equipment is the

Class of Alarm Alarm Condition Times Signal termination point for what?
Emergency Common: Fume 0 Red Lamp

Lim Voltage 0 Reed Lamp
Allotter Stan 2-4 min Rad Lamp

Nonemergency Equipment Release 3.9 sec Green Lamp
Individual Fuse 0 Red Lamp 8. Give the location of the common supervisory

. 4 Heat Coil 0 Clear Lamp equipment.:

9Lercises.(631):
I. Name the two clabsei of alarms.

2. State the two signals which identify alarm
conditions.

3. Where is the group supervisory equipment
located?

4: When a heat coil blows, what color will the visual
signal be?.

5. Where is the common. supervisory equipment
located? 4

6. List in minutes or seconds. the length of time used
to bring in an audible alarm for the following
conditions:

a. A allotter free blows.

b. Linefinder fuse blows.

c. Selector fails to releaset-
4- '

d. Heat coil blows

4-2. Alarm and Supervisory Circuit Operation
The following is an explanation of the alarm and

supervisory circuit operations:

632. UsingfolillOut_ 4's common supervisory circuits
schematic diagram is required, identify the common
equipment controlled by that circuit;

Common Equipment Start. The common
supervisory circuit provides a common starting point
for the interrupter circuit. ringing control circuit_and
tone generator circuit. When there is no demand-for
service on the central office, the interrupter; ringing;
and tone circuits are off. However, in larger offices
these circuits arc in operation continuously. When any
demand for service is initiated, a ground is extended
from_that particular circuit to the common control on
the ST or ST1 Leads.
_ Derriand.for service. When a subscriber goes off-
hook, the SA and day in the allotter, shown on foldout
4, (found in a separate inclosure), chooses a ground to
the ST lead Trough contacts 1 and 2. This happens
when:

a: Relay ST operates. Contacts I and 2 close the
hold circuit to itself on the -H2 lead; which has ground
on it, except for about 6 seconds out of every 2
minutes: 1.

Contacts 3 and 4 close the ground to the interrupter
eta) i

Contacts 5 and 6 start the subcycle. for ringing:
Contacts 7 and 8 close the circuit to the tone

Alknerator.
This condition will continue until the demand has

been removed. _This_ may be_ caused by the call
Whencompleted or the, subscriber's having hung up. When

either or both happen; the ST relay stays operated until
the ground is removed by the H2 cam on the
interrupter, which causes ST to release.

b. Relay ST releases. Contacts 1 and 2 open the
hold circuit.

Contacts 3 and 4 shut down the interrupter.
Contacts 5 and 6 open the ringing machine circuit.
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Exercise (632):
I. Name the common equipment that is controlled

by the common supervisory circuit.

633. Using foldouts 3, 4, and S's common, shelf; bay
and group supervisory schematic diagrams as
requirtA, identify the equipment operated for the
specified alarms by listing the indications or relays
involved; stating what determines a common ruse,
how to determine tusk location in a row of
equipment, an operator's action at night when a low-
voltage alarm occurs, the voltages on which the By
relay in the common supervisory circuit holds and
releases; the classes of alarm produced by a heat coil
failure or an individual fuse failure, and the
supervisory equipment rettuirad for an emergency
alarm condition; and giving the purposes of the low-
voltage alarm and the release alarm.

Common Fuse Failure. A fuse that furnishes
current to more than one circuit- is classified as a
-common" fuse. The_line circuit-in a linefinder shelf
has a common fuse. If one of these fuses blows, twenty
circuits become inoperative: thus, classifying it as an
emergency fuse.

When a common fuse blows. see foldouts 4 and 5.
found in a separate enclosure; in a Lineftnder Shelf;
negative battery from the battery distribution circuit
would flow through the blown fuse. the EM fuse alarm
lamp and out the EFA lead to the Row Supervisory
Equipment (FO 4.) through the lower windings of the
C or D relay. ouk-the EFA lead to the Common
Supervisory Circuit (FO 5) through the ca winding of
relay EF to ground at punching 49. This follows:

Retay C or D operates. If the fuse is inoperative on
the left side of the bay; relay C operates; closing its
contacts I and 2 to complete a circuit for the row pilot
lamp on the left side of the bay. ,

Relay EF operates. Contacts 1 and 2 close a circuit
to the fuse lamp on the common supervisory panel.
Contacts 3 and 4 close a circuit to relay E.

Relay E operates. Contacts I and 2 is associated with
figure 10. Automatic Audible alarm cutoff is not Used
in the USAF, XY exchanges: therefore it will not be
discussed: _

Contacts 3 and 4 close a circuit to the emergency
alarm lamp and bell (FO 4; fig 2) in,the extension
alarm located on th,e_switchboard.

Contacts 6 and 7 close a circuit to the buzzer
(normally this is a bell: because it is an emergency
alarm) that signal's the maintenance person.

If the maintenance person desires to silence the
alarm until the fuse is replaced; he operates the alarm
cut-off key. The operation of the alarm cut-off by the
maintenance personnel (FO 4, fig. I) or the

switchboard operator (same foldout; fig 2) gives a
path for relay CO to operate.

Retay CO operates. Contacts I and 2 open the
circuit to the bells in the extension alarm (FO 4, fig.
2).

Contacts 3 and 4 open the circuit to the buzzer in
the exchange,

Contacts 4 and 5 give the CO a holding circuit when
the defective fuse is removed it opens the circuit to
relay C or_D and relay EF_._

Relay C or D releases. Contacts' I and 2 open the
circuit for the row pilot lamp.

Relay EF releases. Contacts I and 2 open the circuit
to the fuse lamp on the common supervisory panel.

Contacts 3 and 4 open the circuit to relay E.
Relay E releases. Contacts 3 and 4 open, removing

the ground from the EM alarm lead going to the
extension alarm. causing the emergency red lamp to go
out._

Contacts 6 and 7 open, breaking the hold circuit for
relay CO.

Low-Voltage AlarmCommon Supervisory
Circuit. This discussion covers a low-voltage
condition and the extension alarm. The LV relay
monitors the exchange battery voltage continuously.
This relay is adjusted to release on 45.5 volts and to
hold operated on 46.5 volts. Its operating path is from
negative battery at the contacts of_ the CAL switch;
through the ac winding of relay LV, resistor R-2.
potentiometer P. I, and resistor R- I to ground: When
the voltage drops below 45.5 volts; the LV relay
releases. At this point:

Retay LV releases: Contacts 1 and 2 close a circuit
to relay VII

Relay VB operates. Contacts I and 2 close a circuit
to the low-voltage alarm lamp on the supervisory
panel. .

Cbrita,cts 3 and 4 open the circuit to the slow-to-
operate VA relay: The slow-to-operate feature also
makes it slow-to-release.

Contacts 4 and 5 close a circuit to relay E.
Relay E operates. Contacts 3 and 4 dose a circuit to

the emergency alarm lamp and bells (FO 4. fig.-2) in
the extension alarm located on the switchboard:

Contacts 6 and 7 close a circuit to the buzzer
located in the frame room.

If the trouble occurs on the night shift or anytime
when there are no maintenance personnel on duty, the
switchboard operator pushes the nonlocking cutoff
key to silence the bell: She 'notifies the responsible
personnel of the condition. The operation of the
cutoff key gives relay CO an operate path.

Relay CO operates. Contacts I and 2 open the TAL
lead making the bells in the extension alarm
inoperative.

Contacts 3 and 4 open the circuit to the buzzer in
the_ exchange.

Contacts 4 and 5 give the CO relay a hold circuit to
contacts 6 and 7 of relay E
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While the operator is accomplishing all of this,
relays in the exchange continue to operate and release.
When we left relay VA; it was on slow to release:

Relay VA releases. Contacts I ansL.Z_close giving
relay E an alternate ground which it will need later.

Contacts 3 and 4 close a circuit to relay LV
shunting resistor R- I and the potentiometer P.

Relay LV operates. Contacts I and 2 open the circuit
to relay VB and it goes on slow to release:

Relay VB releases. Contacts I and 2 open the circuit
to the low-voltage alarm lamp.

Contacts 4 and 5 open the original operate circuit
to relay E,. but it remains operated from a ground at
contacts I and 2 of relay VA which is released.

Contacts 3 and 4 close a circuit to the slow-to-
operate VA.

Relay VA oper tes. _Contacts I and 2 open the
circuit to the slow-to-release E.

Contacts 3 and 4 open the shunt circuit that was on/...
relay LV.

If the voltage has increased to above 45.5 volts, the
LV relay -will remain operated. If the voltage has NOT
increased, the LV relay would release closing a circuit
to relay VB. Relay VB reoperates before the slow-to-
release time is depleted on relay E. Thus, the alarm
signals stay on until the trouble iskleared. During a
low-voltage condition relays LV, VA, and VB will
continue to pulse. The alarm sounds continuously,
unless cut off, and the low-voltage lamp .flashes.

Release Alarm (13lay Alarm) When a release
magnet operates and the switch mechanically fails to
return to normal, a ground is on the RA lead in the
Shelf Supervisory Circuit S-50275; seen WI foldout 5,
figure 2-2A or 3, depending on which switch failed.
The RA relay in one of the figures would operate. This
then occurs:

Relay RA operates. Contacts-3 and 4 place a ground
on the PC lead to operate the peg count meter:

Contacts I and 2 close the circuit throughthe RLS
(release) lamp, =out the DA lead to the Comnion
Supervisory Circuit; through contacts 5 and 6 and the
CA__windins of the DA relay.

Relax DA operates. Contacts S and 6 close the ,
circuit to the interrupter;

Contacts 3 and 4 prepare a %Old cireuit to \.\

Contacts 1 and 2 connect the PU lead to tJe DB
relay; 4

When the PU pulse arrives, sometime in the next 3
seconds, DB operates. / ,64

Relay DB operates. C'ontacts I and 2 codiplete the
holding circuit.

Contacts 3 and 4 connect the ECP lead to the DC
relay.

When the ECP pulse arrives, sometime in the next 6
seconds, DC operates.

Relay DC operates. Contacts S and 7 close a hold
circuit to ground on the DA lead.

Contacts 5 and 6 open the circuit to relay DA.
Contacts I and 2 light the equipment release lamp.
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Contacts 3 and 4 place a ground on the NEM lead
to the switchboard and the buzzer.

Relay DA releases. Contacts I and 2 open the
operate circuit to DB.

Contacts 3 and 4 open the hold circuit to DB.
Contacts 5 and 6 open the circuit to the interrupter.
Relay DB releases. Contacts I and 2 open the lock

path to itself.
Contacts 3 and 4 open the ECP lead.
The DC relay will remain operated until the switch

has been released. This will remove the ground off of
the DA lead.

Relay DC releases.Contacts 5 and 7 open the lock
circuit to itself.

Contacts 6 and 5 connect the DA lead to the DA
relay.

Contacts I and 2 open the circuit to the green lamp
on the power board.

Contacts 3_and 4 open the circuit to the white lamp
on the switchboard and the buzzer.

The release alarm is now back to nprrnal. Notice a
delay of 0 to 3 seconds.for DB to operate and a delay
of 3 to 6 seconds for DC to operate. The audible alarm ---
sounds sometime between 3 and 9 seconds.

Nonemergency 1Fuse Alarm. Use figure I in the
shelf supervisory circuits, foldout 5, as you proceed
here. Assume that one fuse_ fails. Battery is sent
through the broken fuse -and the red lamp to the FA
lead through the F relay in the Common Supervisory

toihe ground_
Relay F operates. Contactt I and 2 place a ground

on the red lamp in the power board.
Contacts 3 and 4 place a ground on the NEM lead

to the attendant's cabinet and the buzzer.
When the fuse is cleared; relay F releases and turns

off the lamps and the buzzer.

Emergency Fuse Alarm. Use foldout 5, figure 13,
in the shelf supervisory circuit as you proceed here.
Assume that one fuse fails= placing a battery on the
EFA lead to the Comenon Supervisory circuit causing
relay EF to operate. This happens:

Relay EF operates. Contacts 1 and 2 close the circuit
to the fuse lamp.

Contacts 3 and 4 close the circuit to relay E.
Contacts 6 and 7 send ground through the buzzer.
Relay E operates. Contacts 3 and 4 place a ground

on the EM ALM and TAL leads to the Alarm Send
Circuit.

When the broken fuse is removed, the fuse lamp in
the shelf supervisory circuit will go out, and EF relay
in the common supervisory circuit will release. This
will release relay E and eliminate the remaining
audible and- visual alarms.

Heat Coil. When a heat coil becomes,defective, it
places a ground on punching 15 of the common
supervisory circuit and gives the HC relay an operate
path. The circuit recognizes this as an emergency
alarm, although it is a nonemergency condition.
Therefore:
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Relay HC operates. Contacts I and 2)close a circuit

to the heat coil lamp on the common supervisory
panel.

Relay E operates. Contacts 3 and 4 close a circuit to
the emergenfy alarm lamp bells (FO 4. fig. 2) in the
extension alarm.

Contacts 6 and 7 close a circuit to the buzzer to
signal the maintenance personnel.

When the heat coil is restored or replaced, the
ground is removed from punching 15 opening the
circuit to relay HC.

Relay HC releases; Contacts I and 2 open the circuit
to the lamp on the supervisory panel.

Relay E releases. Contacts 6 and 7 open the circuit
to the buzzer: _

Emergency Start Fail. Assume that twelve of the
finders in a given shelf are busy and -that the two
remaining finders will not hunt because of mechanical
failure. The Sik relay in the allotter operates, and its
contacts 3 and 4 place a ground on the EM Fail lead
via the EM ST FAIL 'lamp. This ground is sent to-the
common supervisory circuit and to the SA relay. At
this point: -

Relay SA operates. Contacts 3 and 4 connect the SB
relay to the Time Pulse One lead.

Contacts I and 2 partially complete a hold path to
SB.

Within the next 2 minutes a ground will appear on
the TPI lead causing the SB relay to operate.

Relay SB operates. Contacts 3 and 5 cloke the hold
path.

1

Contacts 3 and 4 open the original operate path.
Contacts _I and 2 connect relay_SC to the TP2 lead.
Aground will appear on the TP2 lead in 1 minute

and 34 seconds, causing SC to operate.
Relay SC operates. Contacts 3 and 4 start the

emergency alarm sequence.
Contacts 5 and 7 hold the SCrelay to the ground

being supplied by the SA relay in the_a/otter.
Contacts 5 and 6 open the circuit SA.
Contacts 1 and 2 light LF ST FAIL limp:
Relay SA releases. Contacts 3 and 4 open the TPI

lead:
Contacts I and 2 open the lock path to SB.
Relay SB releases. Has no effect at this time. We

have used TPI and TP2 time, which could amount to
about 4 minutes; to bring in the etnergencytlitart bail
alarm. Meanwhile, the working allotter will continue
to search for a idle linefinder. If one of the twelve busy
linefinders becomes idle, the demand for service will
be processed and will cause SC relay to release. It is
also possible to remove the alarm by replacing the two
faulty switches.

When the two bad switches have been replaced, and
the out of service allotter has been transferred back
into service, one of them finds the line. SA in the
allotter releases, removing the ground from the EM ST
FAIL lead and causing SC to release;

Relay SC releases. Contacts 3 and 4 remove the
groird from the EM lead.

$.
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Contacts 6; 5; and 7 prepare the circuit for the next
alarm.

Common Supervisory Fuse Failure. When the
groUnd fuse in this circuit fails. a ground is extended
through the blown fuse and the E relay. causing the
same alarms as for the low-voltage alarm.

When the battery fuse fails in this circuit it
completes a circuit to the EF relay through resistor R4.

Relay EF operates. Contacts I and 2 close the
circuit to the fuse lamp.

ContaCts 3 and 4 close the circuit to the E relay,
starting on emergency alarm as already described.

Timing Start; Any circuit that will apply ground on
the ST1 lead needs timed ground pulses and various
tones. When a ground is placed on the ST1 lead, the
STI _relay will operate. _

ST1 Relay operates. Contacts 3 and 4 start the
interrupter circuit.

Contacts 2 and I lock ST1 to the 1-12 lead.
Contacts 5 and 6 start the tone generator.
Normally -the tone- generator and the ringing

generator operate continuously, thus nullifying the
contacts of ST and ST1. which are associated with
these two generators.

_Figures 6_and 9, foldout 5. are not used in military
offices. Briefly the function of these figures is to sound
an alarm on a permanent signal after a 30-minute
delay.

Figure 7, foldout- 5, is used on toll equipment for
commercial purposes.

Figure 8, foldout 5. is used on alarms for circuits
associated with toll restriction adapter, or overloaded
converters. These alarms are not normally used in a
military office.

Exercises (633):

I . What determines a common fuse as compared to
an individual fuse?

2. When a fuse fails in a row of equipment, how does
the maintenance man determine the location of
the fuse?

3. What is the purpose of the low-voltage alarm?

4. What is the purpose of the release alarm?

5. List the visual indications for a nonemergency
fuse alarm.

i



6. List the visual indicationscior a Itmergency fuse
alarm.

7. What does the switchboard operator do when
.there is a low-voltage alarm at night?

8. List the relays that operate when the alarm cut-off
key is operated.

9: List the ia ications when a switch fails toa dmitin

step.

10. The LV relay if the common supervisory circuit
will_
a. Hold on j volts.
b. Release on f volts:

I I. List the relays that pulse during a low-voltage
condition.

12. What class of alarm will a heat coil failure
produce?

634; Given representative alarm and supervisory
equipment tr q le symptoms) using foldouts 3, 4,
and S's schematic diagrams Lis necessary, determine
the probable causes and the proper corrective
actions needed in each sitaation.

Exercises (634):

O

1. Many alarm conditions have been experienced,
however; there has been no lamp indications and
the buzzer has not sounded in the common
supervisory panel. What could be the possible
cause? How would you correct it?

2. of the alarm lamps function, but the buzzer
will not indicate emergency or nonemergency
alarms. What is the cause and how would you fix
it?

3. The low-voltage alarm is on, and the voltmeter
-indicate.the office battery voltage is 52 volts. What
are the possible causes and corrective actions?

4. A shelf of selectors has initiated a delayed release
alarm. The switch in the selector will not release,
and there is no audible alafm. Relay DA in the
common supervisory circuit is operated. Relay
DB operates and releases every 3 seconds. What is
causing this and how would you fix it?

13. What class of alarm will a individual fuse failure
produce?

5. The 1 lb amp battery fuse in the common
supervisory circuit fails, removing battery from
the alarm lamps. But the red fuse lamp, relay E

14. What suptrvisory equipment is involved in a and the buzzer are all operating. How is the
emergency alarm condition? batterY supplied and from what source?

0-

Troubleshooting
You have been through troubleshooting in previous.

lessons. Thus there seems little need to discuss the
procedures at this time However, a thought at this
time may be appropriate. Your whole career has been
directed along the lines of keeping the telephone
equipment in_good repair. This is the area where .you
"make your money." Use the established procedures
and perform theM in a safe manner. This 41 also
make your job easier.
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6. During an emergency start fail alarm, the SA and
SB relays operate, and the audible and visual
alarms never come on. What is the possible
trouble? How would you fix it?

7. In a small office, the interrupter runs
continuously. Delays ST arid STftre released.
What could cause this malfunctiorf? What is the
corrective action?

4 3
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4-4. Purpose of Power and Ringing Equipment
You have studied the batteries and changing

equipment earlier in this course. The power devices
used in XY offices are the same ones as those/hat are
used in Strowger or any other telephone office. We
will therefore only discuss the circuits that are
applicable to XY central offices here.

635. State the purpose and the functions of each of
the power and ringing circuits. Consult foldouts 6, 7,
and 8 as necessary.

Discharge and Distribution. The purpose of the
discharge and distribution circuits, shown in foldout
6; is to supply main battery voltage through the circuit
breaks to the exchange equipment. The functions of
the circuit are these: to indicate the exchange voltage,
to indicate the current charge or discharge to the
exchange, to provide direct ground to the equipment
protected by a circuit breaker, to send voltage to the
common supervisory circuit for calibration purposes;
and to indicate overload and short conditions.

Ringing_ Control. The purpose of the ringing
control; shown in foldout 7, is to supply fused ringing
current to the exchange equipment. The functionsare:
to operate the subcycle continuously with automatic
transfer to the ringing machine in case of output
failure, to furnish audible and visualt.alarms upon
failure, and to provide manual controls for transfer.

Interrupter Circuit; The pu'rpose of the
interrupter, shown in foldout 8 and found in a
separate inclosure, is to supply interrupted ringing and
timed ground pulses to control the exchange
equipment. The functions are to start the ac interrupter
when needed, to transfer to the dc interrupter in case
of ac failure, and to supply interrupted ringing and
ground pulses.

Exercises (638):
Give the purpose and functions of each of the
following:

1. Discharge and distribution.

2. Ringing control:

3. Interrupter circuit.
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4-5. Power and Rinsing Circuit Operations
We will now examine thoroughly the operation of

the power and the ringing circuits.

636. Using foldouts 6; 7; and 8's schematic diagrams
of the power and ringing circuits as necessary and
involving that equipment operating when a demand
for services occurs; identify how the alarm system
gets operating power if all main circuit breakers
trip, voltmeter reading when the calibrate key
operates; what indicates circuit breaker tripping,
what causes RM machines to transfer to subcycle,
and the subcycle'S voltage output. Also indicate the

'current type the discharge and distributing circuit
reveals, give purposes of the discharge and
distribution circuit's rheostat and the ringing
control circuit; Briefly'explain why the latter circuit
has two ringing machines.

Disch and istribution; Figure 1 of foldout 6
shows e connec on between the flotrols, main
battery, and the po erboard (RD& fig. 3). In figure 3
one si of the voltmeter is conn Aired through a 3-amp
fuse to ground. The other side is connected through
the normal contacts of the battery volts and calibrate
keys, powerboard breaker and the ammeter to the
main battery. This circuit will give a continual reading
of the exchange voltage:,

The ammeter is connected_ in series with equipment
circuit breakers and the negative main battery. The
ammeter will read either the current which is charging
the main battery or the current the main battery is
supplying to the eq_uipinent. The ammeter is a zero
centerineter; and the d#ections of deflection indicates
the charge or discharge.

Exchange ground connected from the chargers
and main battery th the main circuit breaker to the
equipment. Earth ground is also connected directly to
the equipment. The ,power for the alarms is fed thru
11,3 and R-4 to the equipment. In the event any or all
equipment breakers trip, the alarm circuits are assured
power for operation:

The calibration key and the rheostat enable the
installer and maintenance man to adjust the voltage on
the CAL lead to the common supervisory circuit.
The voltmeter will indicate the voltage sent out on the

CAL lead. R-1 rheostat adjusts the circuit to the
,desired voltage. By operating the CAL_ key the

discharge and distribution panel and the CAL LV key
on the common supervisory panel; the low-voltage
alarm may be tested.

When a circuit breaker trips due to a short or
overload; it will remove the negative battery from the
associated equipment. The tripped breaker will also
apply battery thru the breaker alarm lamp, out the
EMF (emergency fuse alarm) lead to the common
supervisory circuit.

Figure 5, foldout 6, is used when negative battery is
distributed to equipment in more than one group.

Figure 7, foldout 6, shows a low-voltage alarm
which was covered in the common supervisory circuit.

Figure 6, foldout 6, is day battery associated with
an unattended switchboard. It is used in conjunction
with the trunk circuits. When the operator leaves the
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position, the cords are Used to patch the trunks to a
predetermined subset that will be manned at all times.

Figure 2; foldout 6; shows the connection of tie
counter cell.

Ringing Control- Circuit. The ringing circuit
controls the output from the ringing machines, The
subcycle, shown in Figure A of foldout 7, will run
continuously when there is an ac source for the
exchange: Upon failure of_the subcycle, a dc ringing
machine, shown in Figure B of this foldout, is started.
At the same time, an alarm will be activated to indicate
a transfer for one machine-to the other. These ringing
sources furnish the XY Central Office with ringing
current.

The subcycle is operated by 110V ac source and
generates 90 volt 20 cycle ringing current which
operates relays G1 and G2. The purpose of the RF-1
and RF-2 along with RI and R2 is to prevent the 01
and G2 from chattering on the AC current. Therefore:

1. Relay GI operates. Contacts 1 and 2 open the
nonemergency alarm (NEM) lead to prevent aoalarm

Contacts 4 and _5 opn/, preventing the TR relay
from operating and thus preventing a transfer to the
DC ringing machine:

2. Relay G2 operates. Contacts 1 and 2 open the
emergency (EM) lead, preventing an alarm while the
relay is functioning properly:

_ Contacts 4 and 5 open the ground to the GEN
FAIL lamp to prevent it from lighting.

Relays Cl and 02 are normally operated and
ringing_current is supplied to the generator bus bar.
From the generator bus bar it is distributed to the
required circuits: Should the subcycle fail to produce
ringing current, the GI and G2 relays will release.

1. Relay GI releases. Contacts 1 and complete a
path to the NEM lead and this rings in a
nonemergency alarm.

Contacts 4 and 5 complete a path to the TR relay.
They also place a ground on the RM ST lead to
foldout 7, figure_0. This ground operates the RM ST
relay in foldout 7, figure B.

2: Relay, 02 releases: Contacts 2 and I close a path
to the EM lead.

Contacts 5 and 4 close the path for the GEN FAIL
lamp:

When the TR relay operates, it establishes a path for
the DC ringing machine to supply ringin 'current to
the 02 relay_and the bus bar.

3. Relay TR operates. Contacts 1 and 2 lose the
path for- the GEN TRANS lamp and it will li

_ Contacts 4 and 3 and 7 and 6 open the path from
the subcycle.

Contacts- 5 and 4 and 8 and 7 close a path to
reoperate_ the_ G2 relay.

4. RM ST relay operates. The contacts of the RM
ST relay cease 3a circuit to start the DC ringing
machine.

The DC ringing machine is started. When its output
is of sufficient strength, the 62 relay will reoperate.
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The path for reoperation of the G2 relay is through
contacts 5 and 4 and 8 and 7 of the TR relay.

5. Relay G2 operates. Contacts I and 2 open the
EM lead.

Contacts 4 and 5 remove the ground from the GEN
FAIL lamp.

The output of the DC ringing machine is now to the
generator bus bar: The circuit will remain in this state
until something is done to repair or restart the
subcycle. When the subcycle is restarted, the 01 relay
will reoperate: Here; then

1. Relay G1 operates. Contacts 1 and 2 remove the
ground from the. NEM lead and removes the alarm:

Contacts 5 and 4 open the circuit of the TR relay.
Contacts 5 and 4 also remove the ground from RM

ST lead and release the RM ST relay.
2. Relay TR releases: Contacts 8 and 7 and 4 and 5

open; _contacts 4 and 3 and 7 and 6 make thereby
changing the output to the Centro! Office from the DC
machine to the subcycle:

_ 3, Relay RM ST releases. This opens the circuit of
the ringing machine starter, and its output will now
cease:
_ During this _transfer; the G2 relay may or may not
have released. Had it released, there would have been
an alarm: But it would have been of such short
duration that no one would probably have noticed it.

Manual control keys. There areswo keys associated
with this circuit: (I) GEN TRNS and (2) RM ST. With
these keys; it is possible to accomplish manually what
has already been explained -as occurring electrically. _

Fuse alarm. Should any fuse of the ringing control
circuit blow, there will be an operating path for the FA
relay: Through the contacts of the FA relay a circuit
will be completed to the common supervisory circuit,
and an audible alarm will be sounded:

The generator bus-bar has seven fuses, one of which
is labeled MISC. It furnishes continuous generator to
the necessary equipment, such as test desk; attendant's
cabinet; reverting call switches, etc. The remaining six
fuses furnish ringing circuit to the two Interrupters,
three for each.

Interrupter Circuit. The purphse of the interrupter
circuit, shown in fdldout 8, is to supply interrupted
ringing and ground pulses to the necessary circuits:
The interrupter springs are operated by either an ac or
dc motor equipped with gears and cams. Under
normal conditions the ac motor and cams supply the
interruptions. The dc motor and cams are used far
backup when the ac interrupter fail. The ac interrupter
circuit is started by a ground being received from the
common supervisory circuit. This ground comes
through the INT ST lead at punching K-34. Follow it
through the INT TRANS key; the L relay and the
MOT REL fuse to battery. This operates the L relay
and closes the circuit to the ac interrupter motor.
When the motor starts turning; the cam starts opening
and closing the snap action switches, which are shown
in foldout 6'S figures 5, 6, 7, 8, and 9. This then
follows:
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Relay B operates. The B relay operates from ground

on the INT ST lea&
. Contacts 1 and 2 close a circuit to the C relay and
prepares a path for the D relay. ,

Relay C operwes._ Contacts-4 and 2 close the
operating circuit to the D relay.

Relay. D operates. Contacts 1 and 2 further open the
NEM lead to prevent an alarm when the A relay
operates. -

Contacts 3 and 4 father open the circuit to the F
relay.

Contacts 4 and 5
4
coinpletes the path to the A relay.

Relay A operates. Contacts 1 and 2 prepare the
nonemergency alarm path:

Contacts 3 and 4_prepare a_path for F relay.
Contacts 7 and 5 close before 5 and 6 break in

order to hold the A relay operated over the INT ST
lead,

Contacts 21 and 22 open the operating path for the
C relay and places it on slow to release.

Contacts 22 and 23 prepare an alternate path for
the C relay.

Contacts 24 and 25 open the operating pith for the
B relay.

Contacts 25 and 26 prepare an alternate path for
the B relay:

When the motor is running the cams die making
and breaking the snap action switches. One complete
revolution of the cam shaft is once every 6 seconds.
However, sortie of the cam wheels have more than one
lobe. Cam wheel number 5 has sufficient lobes to
operate the springs at the rate of 120 IPM. This
ground interrupted at 120 times per minute has several
function, one of which keeps the B and C relays oper-
ate& As long as this machine is putting out 120 IPM
there will be no automatic transfer to the dc inter-
rupter.

Concerning the output of amt. Cam wheel number 7
causes ground to be interrupted atthe rate of 60 1PM
which is Used for connector busy tone operation.

Cam wheel number 9 causes ground to be
interrupted 30 times per minute for one tick tone,
which the military doesn't use.

Cam wheel number 11 causes ground to be
interrupted at the rate of 10 IPM, which is used for
timingcircuits.

Cam wheel number 13 place ground o\\thne PU
lei& of the linefinder and supervisory circuit.

Cam wheel number 15 places ground to the circuits
that require the REV FIND feature.

Cams numbered 2, 4, 6, 8, 10, and 12 make and
break the paths for generator and trip battery.

%Generator (ringing current) is furnished through the
springs at the rate of one second ring and a five second
pause. Trip battery is furnished when ringing current is
off: earns 4; 6; 8; 10, and 12 are not used in small
offices or by the military exchanges.

Figure 6 of foldout 8 shows the timing chart for the
2 minute cycle. This portion of the interruptor is on
the left hand side and uses a gear linkage to reduce the

6 sec revolution to a 2 minute revolution. Cams 23
and 24 furnishes timing pulse I and 2 to the alarm
circuit_Cam 26, the H2 lead, is used for holding the
ST or ST1 relays in the common supervisory circuit,
which keeps the tone and interrupter circuits
operating. All of the cam spring contacts are routed
through figure 2 or 10 of foldout 8 to the appropriate
equipment: H3 and RVT are not used in military
exchanges.

Transfers.-Trapsfers may occur in two .ways
either manually or automatically. Let us cover the
automatic transfer first. If for some reason the cams on
the ac machine stopped putting out the 120 IPM
ground that is holding the B and C relays; then the B or
C would release When B or C released, it would open
the path to the D relay, allowing it to release.
Thereafter:

Relay D releases. Contacts I and 2 close the NEM
lead to the supervisory circuit which sounds an alarm.

Contacts 3 and 4 complete a path to the F relay:
_ Relay F operates. Contacts I and 2 close a circuit to

the INT TRANS lamp.
Contacts 25 and 26 close a circuit to the INT ST2

lead, to start the DC motor in figure 1, foldout 8. They
alto place a ground on the B relay, shown in figure I
foldout 8; to operate it.

Contacts 3 and 4 complete a circuit to operate the G
and E relays.

Contacts 21; 22; and 23 and 5, 6; and 7 transfer the
H2 and REV GRD leads from the ac to the dc
interrupter contacts.

Relays G and E operate. The contacts of the G and E
relays transfer all of the ac interrupter contacts' output
to the control of the dc internipter contacts.

Relay B operates (FO 8, fig. 1). Contacts 1 and 2
close the operating path of the C relay.

Relay C operates. Contacts I and 2 close the
operating -path to the_D relay.

Relay D operates. Contacts I and 2 further open the
path to the EM lead. Contacts 4 and 5 close the path to
the _A relay.

Relay operates. Contacts I and 2 prepare the path
to the EM lead.

Contacts 3 and 4 prepare the path to the INT FAIL
lamp.

Contacts 5 and 7 close before 5 and 6 open to place
a holdings path on the A relay.

Contacts 25 and 26 and 22 and 23 transfer the
control of the B and C relay of figure 1, foldout 8; to
the_l 20 IPM leadon the dc interrupter.

The circuit will stay in this state until ground is
removed from the INT ST lead; the INT TRANS key
is operated, or the dc interrupter fails to put out the
120 IPM ground to the B and C relays.

No Demand; Let us now assume that there is no
longer a demand for any of the interrupter services and
that ground is removed from the INT ST lead. This
opens the circuit to the L relay and causes it to release.
Remember, the dc interrupter is providing the impulse
for the exchange, but the L relay (fig. 2 or 10 of FO 8)
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would still have an operating path. The A, F; E, and G
of figure 2 or 10 would still be operated. They would
be the first relays to release when the interrupter
service is no longer needed.

Ratay.A releases (fig. 2 or JO, FO 8). The A relay
'upon release performs_ the following functions:

Contacts I and 2 open the NEM lead and
extinguish the alarm.-

Contacts 3 and 4 further open the circuit to the F
relay:

Contacts 5 and_6_prepare the circuit for the A relay:
Contacts 5 and 7 open the holding path of the A

relay.
Contacts 21 and 22 prepare the circuit for the C

relay.
Contacts 24 and 25 prepare the circuit for the B

relay._ _
Relay F releases. The reuse of the F relay causes the

following action:
Contacts 1 and 2 extinguish the INT TRANS lamp:
Contacts 3 and 4 open the circuit to the E and G

relay, causing them to release,-
Contacts 21 and 22 and 5 and -6 return the REV

GRD and H2 lead to-the control ottheac interrupter.
Contacts 25 and 26 open the INT 'ST2 lead and

open the-circuit to the dc interrupter motor and the A
relay in figure 1 of foldout 6.

Retays E and G release. When the E and G relays
release; this transfers the outputs of the dc interrupter
cams back to the outputs of the cams of the ac
interrupter.

Relay A releases (fig: l; FO 6). Contacts 1 and 2
further_open the EM lead.

Contacts 3 and 4 further open the INT FAIL lead.
_ Contacts 7 and 5 further open the holding path of

the' A relay.
Contsmts 5 and 6 prepare the circuit to reoperate the

A relay.
Contacts 25 and 26 open the circuit to the B relay.
Contacts 24 and 25 prepare the operating pathfor

the_B relay.
Contacts 22 and 23 open the circuit for the C relay.
Contacts 21 and 22 prepare the operating path for

the C relay.
Relay B or C releases. Only the B or C would have

been operated due to the 12G IPM, ground:
Contacts 1 and 2 open the circuit to the D relay;

allowing it to release. .

The circuit is back to its normally unoperated
condition and will remain so, until another
requirement is demanded.

When making a manual transfer it is necessary to
operate the INT TRANS key. Then; when the ground
is_plated on the INT ST lead, the F relay will operate.
The F relay will; in turn; operate the E and G relays:
The E_ and _G relays will transfer the contacts from
control of the AC Machine to the control of the DC
machine: The remainder of the transfer occurs just as
we have explained when discussing automatic transfer.

The interrupter can be run constantly by the use of
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the INT ST keys. These keys could also be used just to
test the operation of the interrupters. This is the usual
procedure in a large busy exchange.

Exercises (636):
1. Does the ammeter in the discharge

distribution circuit indicate charge current or
discharge current? Explain briefly.

2. If all of the main circuit breakers trip, how will the
alarm system receive the power to operate?

3. What will the voltmeter read if the calibrate key is
operated?

4. What will indicate that. a circuit breaker has
tripped?

5. What is the purpose of the rheostat in the
discharge and distribution circuit?

6. What is the purpose of the RFI and resistor RI in
the ringing control circuit?

7. If the subcycle and the RM machine fail, what
type of alarm would be set off?

8. Why are there two ringing machines in the ringing
control circuit?

9. What will make the RM machine transfer to the
subcycle?

10. What is the voltage output of the subcycle?

4-6. Troubleshooting Power and Ringing
Equipment Circuits

You have progressed through troubleshooting so
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tar' without any great diffibillty. Therefore, we think
you will accomplish the troubleshooting involved here
with only a little more effort. Again, keep in mind
that, while performing troubleshooting duties, a safe
Worker is an asset- to any organization; and the
equipment will fare much better under this condition.

637. Given power and rin_g_in_g equ,ipment
symptoms, use schematic diagrams to determine the
probable cause and corrective action for each.

We have studied the ematics and how the circuit
operates; and the tro eshooting approach is the
same. Let us see if you can now find Out what causes
certain functions not to happen when they should. Use
the schematics, the troubleshooting approach, arid the
information provided to complete the exercises.

Exercisei (637)
1. One of the equipment circuit breakers, shown in

foldout 6, has tripped. The alarm lamp on the
disCharge and distribution circuit is not
indicating. However, the common supervisory
circuit has a fuse lamp and an emergency alarm
signal. What could cause this trouble, and what is
your fix?

2. The maintenance person is -,unable to apply
/calibrated voltage on the CAL lead; shown in
foldout 6; to the common supervisory circuit.
What are the possible causes for this malfunction,
and how would you clear them?

3. The G I- relay, shown in fcildout 7, is not operated,
G2 and TR are operated, what is the probable
cause of thit condition? What is your fix?

de-

4. The G2 relay in the ringing control circuit
chatters, what could be the problem and your
correction?

5. The subcycle has no output. Delay G 1 is relased.
The RM machine is running but there is no
ringing current in the switching equipment. What
is the probable cause and the fix?

6. The ac interrupter, shown in foldout 8, is running
normal and the maintenance person operates the
INT ST key on the dc_ machine. How will this
effect the ac interrupter?

7. The ac interrupter has stopped 5id the transfer has
occurred. However, there iS no output on
generator leads 3,-4, -5 artd6, and TP1, TP2. What
could cause this malftinction and how would you

-, clear it?

8. Assume that the cams were stopped physilly and
the normal transfer took place: After repairing the
ac interrupter it would not transfer back. Why?



Attendant's Cab hot and Miscellaneous Trunk and
Switching Equipment

IN CHAPTER FIVE of Volume 3 you studies about
she Streniaer fire and pulse reptaters, as well as the
reverting call switch and the attendants cabinet and
some of its associated circuits. You are also aware by
now that the XY system is similar in many ways to the
Strowger.

In this chapter we look at the circuits that serve
similar purposes in the XY system.

5-1. Equipment Description
In this section we discuss the purpose and functions

of the fire repeater, dial-to-dial trunk circuit,
inspector's ringback' circuit; the attendant's cabinet
Circuits and some Of its iisieciated circuits.

63& State the purpo es and identify the Millions or
the miscellaneous frank and switching equipment
and the-attendant's cabinit and associated circuits.
Consult foldout 9 as necessary.

XV Fire Repeaters. XY fire repeaters, shown in
foldout perform the same functions as those in step-
by-step systems. They are mounted on the
miscellaneous equipment shelf and also signal the
switchboard who may Or may not assist in the call
according to base requir_ements.

The purpose of the XY fire replater is to provide
subscribers a means of calling the fire dvartment. The
telephonenumber for dialing the fire department is the
same, 117, as it is in the Strowger system.

Two-Way pial-to-Dial Trunk Circuit. The
purpose of this circuit is to provide the subscribers
with a means of dialing directly to another central
office:

It can be Accessed from a first selector by dialing the
0oper digit or from the attendant's cabinet for
outgoing calls or from the banks of first selectors or
the attendant's cabinet at the distant office.

It provides switchboard supervision (busy lamp),
repeats the dial pulses by either loop or battery and
ground pulsing, and accesses an incoming selectbr on
incoming calls.

Inspector's Ringback Circuit; This circuit is used
primarily by installer repairmen for automatically
testing the bells of a telephone instrument.

/.
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This circuit is accessed from the banks of the XY
. special _second selectors. It: provides ringing on both
sides of the line; ilternatelY and works in the same
way; front) the, user's end; as does its Strowger
counterpatt. It is normally mounted in the relay rack,
and many offices have two of these circuits.

Attendant's Cabinet; The attendant's switchboard
and associatal circuit components provide_service to
telephone users that supplement those of the dal
switching equipment in any size XY dial central
office.

The attendant's cabinet (switchboard) consists of
one or more positional units. The number of
switchhoard positions used in a central office is
determined by the amount and type of service
required. Usually a 200-line office includes only one
position:, a 12(X)-line office has a fouraposition
attendant's cabinet.

The basic switchboard normally has cord
circuits and one position circuit. Talk monitor keys,
board supervisory lamps; and a dial are parts of the
key shelf equipment. The circuit aptiaratus for the cord t ,
circuit and for the operator's position circuit is)

mounted on a hinged steel late at the rear of each
switchboard. Use the switchboard-al followt:

a. Complete calls between dialed telephones and
nondialed telephones.

b. Complete calls to and from other exchanges
(manual and dial).

c: Serve as an information center when an
information desk is not provided or not in use.

d. Provide special service, such as supplying
intercept facilities for the XY dial switching
equipment.

e. Complete and hold.fire calls.

Face equipment; Each. position consists of two or
three panels which extend from the top of the unit to
the cord and key shelf. The panels contain the line and
trunk multiple, the piling rail equipment, and jack
blanks. The line and trunk multiple consists of jack,
lamp, and designation strips. Blank spacers are
included to separate the various groups of multiple
equipment and to fill in portions of the panels where
the multiple is not provided. Thy piling rail equipment
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consists of th-e line and supervisory pilot lamp, fuse
Alarm lamp;and cord_test jack.

Cord and key shelf The cord and key shelf consist of
a fixed section and a hinged section. Th&fixed section
contains the cords and plugs The hilted section
contains the cord supervisory lamps, lever switches,
pushhittonswitclies, find a dial. The haidset jkas are
.located on the shelf apron,

Cable turning section. The cable turning section is a
matching cabinet used to Cover the cables entering the

-Switchboard position. Only onele turning section
is required for each central office, regardless of its
size.

, Associated ' equipment. The equipment associated
With the ittakilLtit's cabinet is mounted on the relay

and d shelf equipment. This equipment consists off,
the convertible line circuit, the operator's or
information trunk and the out-dial-to-connector
circuits; as well as a few others not mentioned here
because we do not need to discuss than further.

Exercises (638X
I. Give the prpose of the XY fire repeater.

2. Gi the purpose of the XY dial4o=dial trunk
ci It

14411t Of.
PARI Of CIRCUIT

SAEE.4 PLATE
PLUG JACK

v.,
(-4

vs,

RV C13

. 4

3. State the purpose of the XY inspector's ringback
circuit.

4. State the purpose of the XY attendant's
switchboard and associated circuits.

5. Specify how the XY inspector's ringlAck circuit is
accessed in the equipment.

° 6. Name the two methods of repeating subscriber's
dial pulses used by the XY-two.way dial-to-dial
trunk circuit?

Operation of Circuits
While the purpose and functions of the circuits just

described is almost identical to that of Strowger
equipment discussed in Volume 4; the circuit
operations and schematic diagrams are quite different:

During your study of this section use the schematic
diagrams, which are provided as foldouts (in a separate
inclosure) with this volume, as well as the applicable
figures.

RD

RO

As FA RT

AS RT-

S S 11

PART Of,
SHELF
REVD
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ISV
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BELL

CIRCUIT
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2 24 2i.

Figure 5.1. Dialing the fire department.
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Usiag foldait 9'S schematic diagram and
.ftgiU-OS 5=1 and 5;2 as required, identify the actions
that occur in the XY fire repeater during its
operation and whit effect oath of thoae actions has
on associated equipment.

_ This section describei a call that is connected to the
fire department without the help of the switchboard.

Dialing a Fire Call; The calling party dials the fire
reporting number. This action causes the selector to
switch the users lo-cp. across relay CB, as shown in
foldout 9 (the calling bridge). This causes the CB to
operate, as figure 5-1 ilioWt, and ClOte its 4 =3 contacts.
.Thii, in turn; causes relay RD (the release relay) to
operate; Contacts 34_ of RD break and remove the
ground from the ATB lead to the shelf supervisory
circuit. Relay RD also lights the alarm lamp (red) at
the switchboard; closes the operating path_to relay FA,
and places ground on the S lead to mark the circuit
busy and hold -the preceding equipment: Relay FA,
sin in figure ,5 -2, extends ringing to the fire
department, closes the ringback tone circuit, and
partially closes the operating circuit of relay RT (the
ring trip): When the red alarm lamp lights at_the
switchboard; the operator pushes the talk kq._ This
operates' relay OC (operator cut-in) and permits ,the
operator to monitor the call.

Fire .Department Answers 'When the fire
departinent answers, relay: RT partially operates:
Contacts 1.2 complete. the path ror the fully operating
RT. When RT operates fully, its contacts cut off
ringing-at the fire depaitment and the ringback tone to
the caller. turn off the alarm lamp at the switchboard

RV CB AB

Cl
SR

2.6
and light the supervisory lamp; and close the-operating
path for relay AB. (Relay SR will not operate at this
time beCanse current in its windings is flowing in the
opposite direction. If a call must be traced; the fire
department attendant would push- the call tracing
switch, which would place aground on the 11 side of
the line and cause SR to operate.)

Release. When the calling pany_disconnects, relay
CB releases_ and causes relay_ RD to release. The
contacts of RD remove ground from the S lead; which
releases the switch train. RD alSo releases FA, WhiCh
in -turn causes RT to release. The release of RD and
RT opens the circuit to the supervisory lamp. This
signals the operator, so that she may disconnect. When
she does, relay OC releases, and the circuit it back to
normal.

Etter-cis-ea (639):

Use foldout 9 where necessary for each
1. State what happens when relay RD in the fire

repeater operates.

2. Specify the type'ofcall during wl h the RV relay, ,

found in the XY fire repeater, operates.

3. Cite what holds the RV relay in XY fire repeater
operated once it operates initially.

RI FA

27
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SHELF PLUG
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Figure 5.2 Ringing the tire department
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4. State when the C wiring option, within the XY fire
repeater, is used:

5. Specify the circumstances under which the SR
relay, also in the XY fire repeater, operates, and
how.

6. Cite what, in the XY fire repeater circuit, causes
the OC relay to operate.

640. Using foldout 10's schematic diagram as
necessary, identify the actions that occur in die XY
two -way dial-toklial trunk circuit during operation
and what effect each of the actioan has on associated
circuits.

Foldout 10 (founclin a separate inclosure) shows
two trunk circuits connected in the normal manner.
Let the circuit at the top of the page represent the local
office repeater; and let the circuit at the bottom of the

"page be the one in the distant office.

Outgoing Call From the Local Flea
Selector; As foldout 10 reveals; seizure of the trunk.
circuit from the local selector level causes_ the CB relay
to operate over the subscriber's extended loop.

Relay CB (local office) operates. Contacts 3 and 4
partially prepare a loop to seize the distant office.
Contacts 6 and 7 close the circuit to relay RD1.
Contacts I and 2- prepare a circuit to place battery on
the up letd to the distant office.

Relay RDI (toad office) operates. Contacts 1 and 2
energize the bd winding of SR L Contacts 22 and 23
and 25 and 26 close the T and R loops the distant
office; cawing PL relay at the distant office to operate.
The operate-path fou the PL relay is through the ac
winding_ of SRI, differentially energizing the relay.
Contacts 6 and 7 close the circuits to R1311.

Relay RDI 1 (load eke) opetutes. Contacts 21 and
22 place aground on die back Sleeve. Contacts 3 and 4
place battery on the BL lead to light the busy lamp in

"the attendant's cabinet. Contacts 8 and 9 partially
prepare a circuit to the peg count lead. Contacts 1 and
2 partially prepare a path to SH1. Contacts 28 and 30
partially prepare a padi to RS. Contacts 5 and 6 open
the line termination (the 510 ohm resistor and

capacitor); Contacts 23 and 24 prepare a circuit
to place ground on the R to the distant office. Contacts
25 and 26 break and place the tip and ring loop under
the control of the CB relay:

The trunk circuit (top) in the local office has been
seized at this time. Meanwhile, back in the distant
exchange (bottom), the PL relay has operated.
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Relay PL (distant office) operates. Contacts 1 and 2
partially close the circuit to the CB relay in the
incoming selector. Contacts 4 and 5 close the circuit to
relay SW.

Relay SW (distant office) operates. Contacts 11 and
12 apply ground to the MSR lead to light the monitor
lamp bright. Contacts 5 and 6 apply a ground on the
sleeve lead fonvaid to mark this circuit as busy to all
other calls: Contacts 27 and 28 further- open -the
ground to the ATB lead. Contacts 33 and 34 transfer
control of the idle line termination to the SR2 relay.

Contacts 25 and 26 prepare the circuit to SH2.
Contacts 23 and 24 close the holding circuit to itself.
Contacts 21 and 22, I and 2, 15 and 16, 30 and 31,
close the loop tothe CB relay in the incoming selector.
These contacts are in series with the ac winding of
SR2; resistor R8, coils E and F and G and H. Contacts.
3 and 4 close the circuit to `the db winding of SR2;
differentially energizing it. Contact's 9 and 10 place
battery on the BL lead to light the busy lamp on the
switchboard.

The two trunk circuits and the incoming selector
are prepared to accept the dial pulses from the local
office at this time. When the calling subscriber (pals
the CB in the local trunk, circuit will follow the dial
pulses: The CB relay will cause the PL relay ia the
distant office to pulse. PL relay will cause the pulsing
relay in the incoming selector to drive the switch in the
X direction:

Impulse Break. The first break of the dial pulie
springs causes the CB relay in the local trunk circuit to
release;

CB relaY (local Office) releases. Contacts 3 and 4 and
contacts 1 and 2 open the circuit to PL in the distant
exchange and_it releases; Contacts 6 and 7 open the
circuit to RD1, placing it on slow release time.
Contacts 6 god 5 close the circuit to SH1,

SH1 relay (local office) operates, Contacts 4 and 6
and contacts 21 and 23 prepare a low resistance loop
to the PL relay: Contacts 1 and 2 and 3 short circuit
the C2 capacitor; discharging_ it to prevent noise.

,Contacts 4 and 5 and contacts 21 and 22 remove the
repeat coils from the pulsing circuit: This prevents any
pulse distortion. During the time the pulse springs are
closed, the CB in the local trunk circuit will operate.

PL relay (distant office) releases. Contacts 4 and 3
close:the circuit to SH2. Contacts I and 2 open the T
and A to the pulsing relay in the incoming selector.

S112 relay (distant Office) operates. Contacts 3 and 4
shunt the winding E and F of the repeat coil; Contacts
1 and 2 prepare a low-resistance path to the pulting
relay in the incoming selector.

Impulse Make; When the dial's pulse spring
contacts make, the loop is again placed across the tip
and ring of the local trunk circuit. This operates the
CB relay in the local_office trunk circuit:

CB retaY (local Office) operators. Contacts 1 and 2
and contacts 3 and 4 close the low resistance loop to
the PL relay at the distant exchange, which operates.
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Contacts 5.and 6 open the circuit to the SH1 relay,
placing it on slow releau time. Contacts 6 and 7 close
the circuit to RD1; which was on_slowselease time and

'did not have time to release. The PL relay in the
distant exchange will follow CB in the local exchange:

,..PL relay (distant office) operates. Contacts 3 and 4
open the circuit to SH2. However, SH2 is a slow
release relay and will stay operated during pulsing:
Contacts 1 and 2 close the circuit to the pulsing relay
in the incoming selector.

The same series of events occurs 'for the next and
subsequent sets of impulse break and make. After the
last impulse make, dial pause occurs.

Dill Pause. During this period of time relay SH1 in
the local trunk circuit releases.

SH1 relay (local office) releases: Contacts 21 and 23
open the resistance battery On the T lead. Contacts 4
and 6 open the resistance4round on the R lead.
Contacts 21 and 22 and contacts 4 and 4 place the
windings of the repeat coil in series with the ac
winding of SR 1 and the windings of the PL relay at the
distant office:

SH2 relay (distant office) refuses. Contacts 3 and 4
remove the shunt from the repeat coil. Contacts I and
2 return the T and R loo$ through the winding of SR2
and the repeat coil, establishing a transmission circuit
through the two trunks to the incoming sel=tor, which
was stepped in the X direction)3y.the dial. The selector
will automatically search thiS level for an idle trunk to
a connector. The next two digits will drive the
connector to the ditired line circuit. The connector
will automatically ring the called subset:

Called Party_Answers. When the called subscriber
answers, the AB relay in the distant office connector
operates and reverses the battery and ground to the
trunk circuit_at the _distant exchange. The reverse
battery -.444. and R leads applied through the
connectd,. ming selector; into the trunk circuit;
causes relaY. 2, in the distant office; to operate. The
reversed battery Ai& the db winding of SR2.

SR2 relay (distant office) operates. Contacts 1, 2; and
3 and contacts 21, 22. and 23 reverse the battery to the
Iota! think, causing the SRI relay to operate.

SR1 relay (local office) operates: Contacts 5 and 6
place battery on the -HS lead. Contacts 3 and 4 further
open the circuit to SH1. Contacts 25 and 26 open the
idle line termination. Contacts 23 and 24 open the
ATB lead. Contacts land 2 close the circuit to SR 1.1.

SR11 relay (local office) operates. Contacts 1, 2, and
3 and contacts 4; 5; and 6 reverse the battery to the
calling subscriber for answer supervision. Contacts 24
and 25 place the R2 resistor in series with the monitor
lamp: Contacts 21 and 22 close the circuit to the RS
relay.

RS relay (local office) operates. Contacts 1 and 2 and
contacts 21 and 22 open the circuit to PL. Contacts 25
and 26 place an alternate ground on SR I. Contacts 5`
and 6 apply negative battery to the BL lead. Contacts 3
and 4 close a holding path to itself under control
RD I I.

I
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Everything in the local and distant offices is now

ready for conversation to take place. After the caller
and the callee have finished talking; it is time for
releasing the equipment; this is alMost the same thing
as "what goes up must come down:"

Before we get into the circuits' actions of releasing
equipment, you need to realize Whith relays are
operaterl in both trunk circuits: In the local trunk
relays CB; RD1, RD 11; SR I; SR I I. and RS are
operated.

In the distant trunk relays PL, SW, and SR2 are
operated.

Calling Party (LO-eal _Mee) Hangs Up First.
When the calling party hangs up, he opens the line
loop_that was the operating path of The CB relay:

'CB relay (local Office) releases. Contacts 1 and 2
accomplish nothing at this time Contacts 3 and 4 open
the circuit to PL at the distant exchange. Contacts 6
and 7 open the circuit to RD1, placing it on !slow
release.

RD1 relay (local office) releases. Contacts_ I and 2
remove one ground from SRI. Contacts 22 and 23
and contacts 25 and 26 open the circuit to the ac
winding of SRI. Contacts 22 and 21 and contacts 25
and 24 partially close the circuit to PL. Contacts 7 and
6 open the circuit to RD11: Contacts 6 and 5 close the
circuit to the peg count meter. Contacts 3 and 4 open
the monitor lamp circuit.

RD1 1 relay (local office ) releases Contacts 25 and 26
partially close the circuit to PL for an incoming call.
Contacts 23 and 24-further open the resistance gtound
to the ring side: Contacts 3 and 4 open one ground to
the busy lamp at the attendant's cabinet. Contacts 21
and 22 remove one ground from the back Sleeve.
Contacts 30 and 28 open the lock path to RS, while 28
and 29 close a new circuit to the tip from the distant
office. Contacts 5 and 6 re-establith the idle line
termination: Contacts 8 and 9 open the circuit to the
PC meter. The local office will remain in this
condition until the distant end releases. Relays
operated are SRI; SR 17J ; and RS:

Pl., relay (distant office) releases. PL released because
of CB relay in the local office. Contacts I and 2 open
the loop to the connector CB relay which' starts the
release of the incoming_ selector. Contacts 4 and 5
open the circuit to SW (SW will not release until the
forward switch train releases: Contacts 4 and 3 close
the circuit _to relay SH2 -,in the distant office.

Relay SH2 accomplishes nothing at this time. When
the switch train releases, the ground is removed from
the sleeve, and SW will release.

SW relay- (distant office) releases. Contacts 3 and 4
open the circuit to SR2: Contacts 9 and 10 open the
SL lead. Contacts 5 and 6 remove the busy ground
from the selector wire bank. Contacts 7 and 8 and I
and 2 further open the loop to the incoming selector:
Contacts 21 and 22 further open the pulsing path to
the incomin selector. Contacts 23 and 24 open the
lock path to SW :_Contacts 12 and 13 prepgre a circuit
to the monitor lamp.
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SR2 rekty (didant Office) releases. Contacts 1, 2, and

3 open the circuit on the top side and the RS relay.
Contacts 21; 22; and 23 open the to R side.

RS relay (focal office) releases. Contacts 25 and 26
open the circuit to SR I. Contacts 5 and 6 turn out the
busy lamp. Contacts 23 and 24 remove the busy
ground from the sleeve. Contacts 3 and 4 open the
lock path.

SRI relay (local office) releases. Contacts 5 and 6
open the circuit to the HS lead. Contacts 3 and 4
partially complete the circuit to SH- Contacts 25
and 26 close the idle Line termination. Contacts 1 and
2 open the circuit to SRI I.

SR 11 relay (load office) releases Contacts 1, 2, and
3 and contacts 4; 5, and 6 place the tip and ring back
to normal._ Contacts 21 and 22 further open the circuit
to RS. Contacts 23; 24, and 23 place the monitor lamp
circuit to normal,

Seizure of the trunk from the attendant's
switchboard is just the same as a subscriber seizing the
circuit. Ttwoperator inserts a plug into the trunk jack
and dialt. The circuit functions in the same manner as
we described in discussing the selector access;

A call originating at the distant end will function as
we have described for an outgoing call. The ojlly
difference is that the distant office originated and the
local office_ terminates the call.

Called Party Hangs Up First. If the called (awry
hangs up; the AB relay releases; This action reverses
the battery to the calling party back to normal, causing
relay SR2 in the distant office to release. At this time:

I. Relay SR2 (distant _office) releases. When the
SR2 relay releases, I and 3 and 21 and 23 reverse the
battery to the local trunk back to normal, causing the
SRI relay to release; _

Relay SRI (local office) releases. Contacts 1

and 2 open the operating path of the RS relay; but the
RS relay has a hold path through its 3 and 4 contacts.

Exercises (640):
Use foldout 10 as necessary for each of the following
exercises.

1. State what relay operates first in the XY two-way
dial-to-dial trunk circuit on an incoming call,.

2. Clarify what prevents early seizure of the called
party's trunk circuit during the release of the call.

3. Specify when relay SR2, on an incoming call to
the trunk circuit, operates and the cause of its
operating.
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4. State what circuit actions are a direct result of the
trunk circuit's CB relay operating upon seizure.

5. Specify when relay SH1 in the local trunk on an
outgoing call releases and what its releasing does.

641. Using foldout 11's schematic diagram as
necessary; identity the actions in the inspector's
ringback circuit daring operation.

Seizure. The inspector's ringback circuit is seized
when the special second selector switches through.
This extends the subkriber's loop to the tip and ring of
the inspector's ringback circuit, as seen in foldout 11
(found in a separate inclosure), operating the CB
relay.

In our discussion of this circuit, the "W" wiring
option is used. This then occurs:

CB relay operates. This action closes a circuit to RD.
RD relay operates. This action prepares a path to the

SW relay. It also applies ground to the back S lead to
hold the preceding equipment and to mark this circuit
busy to other Calls,

The Installer Hangs Up. When the inspector
disconnects, the T and R loop is opened to CB. At this
time:

CB relay restores. This action opens the circuit to
13,D_; closes a circuit to SW.

RD relay remains operated. This stays operated due
to its slow release chariwteristic;

SW relay operates. This action recloses a holding
circuit to RD, applies ground to the ST lead of the
common supervisory circuit, connects the REV Fi lead
to the RV relay; connects ground to the T side of the
calling line, and applies ringing generator through the
ac winding of RT to the R side of the line to ring the
stations on the R side of the line. When ground pulse
appears over the REV G lead, a circuit is closed to
RB.

_ R V relay operata. This transfers ground from T side
of the line to the R side of the line and transfers the
continuous generator lead from the R side of the line
to the T side to ring the stations connected On the tip
side of the line. When the ground pulse on REV G
lead is removed; the circuity RV is opened.

RV relay restores. -"Mir- reapplies continuous
generator to the R side of the line and reconnects
ground to the T side of the line:

The Installer Lifts the Haibet. When the called
party answers, a direct current circuit is closed to RT
due to either tripping or superimposed battery over the
generator lead. At this time:

RT re4zy operates to its X contacts. RT operates to its
"X" preliminary make contacts, closing a circuit to its
bd winding.
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RT relay fully operates. RT operates fully, trips the
ringing, opens the circuit to SW, removes the alternate
ground from the sleeve lead of the preceding
equipment when "W" wiring is used. The preceding
equipment will now be ,tlel by ground on the S lead
via "W" wiring:

SW relay releases. SW restores, reconnects the CB
relay to the T and R loop closing_the circuit to CB,
opens the circuit to RD,_removes ground from the ST

, and removes the REV G lead from the RV relay.
RD- remains operated due to its slow release
characteristics.

CB re* reoperates. This recloses a circuit to RD.
Circuit is now held by 'IV" wiring,

The Installer Hangs Up for the Second Time.
When the called party disconnects, the T and R loop is
opened to CB. This happens now:

_CB relay restores. This action opens the circuit to
RD.

RD relay resiores. This action-opens the circuit to
RT and removes ground from the back S lead,
allowing the preceding equipment to restore.

RT restores. This lets the circuit be restored to
normal and makes it available for other calls.

NOTE: If "W" wiring is not used, when the call is
answered, the operation of RT removes ground
from the B lead of the preceding equipment; releas-
ing the equipment, and the circuit will restore to
normal upon the release of SW and RD.

Exercises (641):
Use foldout 11 as necessary for each of these exercises:

I. Specify what relays operate during seizure of the
inspector's ringback trunk.

2. Clarify the initial function of contacts 3 and 4 of
relay RD in the inspector's ringback circuit.

3. Specify, when the installer hangs up the first time,
what actions occur in the inspector's ringback
trunk.

4. Clarifywithout the "W" wiring option in use
what happens in the inspector's ringback trunk
when the - installer lifts the handset to stop it from
ringing. Why does this occur?

642. Using foldouts 12 and 13's schematic diagrams
as necessary; identify the actions that occur in the
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attendant's cabinet and the operator's trunk circuit
during operation.

The switch&oard in XY central offices is made up
of a position and dial circuit, and operator's circuit,
and 15 sturd circuits: Foldout 12 (found in a separate
inclosur) is a schematic diagram of these three major
circuits and how they connect together. Anything
shown connected to a cord circuit is a multiple
connection to all 15 cord circuits.

In addition to the above circuits, we are going to
discuss the convertible line circuit,; used as a magneto
and a common battery circuit, and the
operator's/information selector level trunk. Now let's
see how each circuit; shown in foldout 12; works, as
well as how well they work all together.

Operator's Circuit. The operator's circuit permits
the operator to talk or monitor on any one of the cord
circuitsn'he operator inserti the headiet into jacks A
and B. This completes a circuit to relay OB in series
with the retardation coil REI and the operator's
transmitter.

Transmitter circuit, primary side. The operator's
headset transmitter is connected across_ the 7-8
winding of induction coil IC through the'T leads of
jacks A and B and capacitor C5. The voice currents
cause capacitor C5 to charge and _discharge through
the 8-7 windings of induction coil IC. This change of
current causes induced voltage in the 1-2 windings of
induCtion coil IC. Voice currents are kept out of the
battery by the high impedance of the windings on relay
OB and coil RE1.

Transmitter circuit; secondary side. The T and R
leads of the position and dial circuit are connected to
the 1-2 winding of induction coil IC through
capacitors Cl and C2.

Receiver circuit. This circuit is from,..the T lead of
the position and dial circuit; terminal 2 of the
operator's and position switching circuit plate
terminal board, contacts 24 and 25 of relay SW1, to
capacitor Cl: From capacitor CI the circuit proceeds
through contacts 3 and 4 of relay MO, the ,1-3
windings of induction coil IC, contacts 9-8 of relay
MO, terminal 11 of the operator's and the positi n
switching circuit plate terminal board. Then the circ
follows the RT lead, the S lead of jack A, the S lead of
plug A, the receiver; the S lead of plug B-, the S lead of
jack B, and contacts 2.1 of jack D, the RR lead, Next,
it moves through terminal 16 of the operator's board,
contacts 26 and 27 of relay MO; and position
switching circuit plate terminal. _After this, it follows
the 4-2 winding of induc, ion coil IC and contacts 21
and 22 of relay MO to capacitor C-2. Thence the
circuit goes from capacitor C-2 through contacts 22
and 21 of relay SW1, terminal 7 of the operator's and
the position switching circuit plate terminal board, to
the R leadof the position and dial circuit. This circuit
connects the operator's receiver circuit across the T
and R leads of the cord circuit:
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Varistor CR I is connected across the RT and RR
leads to reduce clicks in the operator's receiver when
any sudden surges of current occur in the receiver
circuit, such as occur when the headset plug is inserted
into the jacks.

Talking. Operating the TALKNON switch of any
cord ciquit to the TALK position, completes a circuit
to relay OC.

At this time we will_only deal with "X" contacts 21
and 22 of relay OC. Contacts 21 and 22 complete a
circuit to relay OT in the operators and position
switching circuit. _

Contacts 22 and 21 disconnect resistor RI from.
across the T and R leads. The transmission circuit for
the operator is now complete.

Voice currents through the 7-8 winding of
induction coil IC induce voltage in the 1=3, 3=4, and
4-2 windings of induction coil IC. The voltage
induced in these windings is extended to the T and R
leads of the cord circuit.

Listening. The voice currents from the cord circuit
are_ extended through the operator's and position
switching circuit to the 1-2 winding of induction coil
IC, through -the circuit described under the heading
Receiver Circuit. The voice currents through
induction coil IC divide, with the smaller _portion
flowing through the 3-4 winding and the larger
portion flOWing_through the receiver. The receiver is
bridged across the 3-4 winding. Capacitors_Cl and C2
open the circuit to direct current from the cord circuit
to prevent the cord circuit relays from locking in the
operated position and poling the receiver unit.

NOW that we have the capability to talk and listen,
let us get connected to a circuit and talk to someone.

ester's Trunk Circuit; One of the most used
associated switchboard circuits is the information or
Operator's trunkt. One is accessed from the 0 level of
first selectors, while the other is accessed from the
third level of the special second selectors. But the same
circuit is used for bOth.

Seizure. To seize the information or operator trunk
circuit, shown in foldout 13rthe T and R loop from
the user's telephone is extended through the preceding
switching equipment to relay CB in the trunk circuit.
This causes relay CB to operate. At this point:

1. CB relay operatesCM:tied:I 1 and 2 prepare a
holding circuit for relay SU; contact 4 and 5
complete a circuit to relay RD.

2. RD relay operateS=COntattt 1 and 2 extend
ground to the ST lead. This causes the ringing
equipment to function. Ccotacts 3 and 4 complete a
circuit-`to the BL lead and the LL lead. This causes the
busy lamp and--the line lamp at the attendant's
switchboard to light. Co4tacts 21 and 22_ prepare a
holding circuit for relayILI. Contacts 24 and 25
extend ground back over the S lead to hold the
preceding switch train. Contacts 23 and 24 remove a
ground from the ATB lead. Contacts 5 and 6 complete
a circuit for ringback tone to the calling party.
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Operator answers. The lighted line -lamp at the
tWitChboard indicatet an inCOMing call. To answer the
call; the operator inserts an answer cord into the
appropriate jack. This extends the T and R loop from
the S itchboard to the calling party. The S lead of the
answ r cord connects resistance negative battery to
relay SL, causing SL to operate. The operation of the
Cord circuit will be covered later in this lesson. At this
point:

1. SL relay operates Contacts-7 and 8 provide an
alternate holding circuit to relay RD. Contacts 1 and 2
and 3 and 4 open the circuit to relay CB and it
releases, performing no function. Contacts 5 and 6
complete a circuit to relay SL1.

2. SL1 relay operates--SL1 contacts 23 and 24
further open the ATB lead. SL1 contacts 1 and 2
prepare a circuit to the peg count meter on the PC
lead; SL1 contacts 21 and 22 complete a holding
circuit for itself. SL1 contacts 25 and 26 open the
Circuit for ringback tone. SL1 contacts 3 and 4 remove
the ground from the ST lead; causing the ringing
equipment to stop functioning. SL1 contacts 5 and 6
open the circuit to the line larnp.

At this point the transmission circuit is completed
between the operator and the eallifig party.
Transmission battery is supplied by the cord circuit;
During transmission relays SL, RD, and SL1 fniain
operated.

All good things must come to a it is
With this conversation. V at c leak
under two conditions: (1) ref lin first;
and(2) the operator disconnects-first

Reledie, calling r*Pa6 the Calling party
disconnects first; the . supervisory ramp: at the
switchboard lights. The operator then-removes the
answer cord from the trunk circuit jack. This opens the
circuit to relay SL. Then,

1. SL relay releases. Contacts 7 and 8 open the
Circuit to relay RD. The remaining contacts of relay
SL are of no Importance at this time.

2. RD relaiy releases. Contacts .3 and 4 open the
circuit to the busy lamp. Contacts 24 and 25 remove
the ground ITOm the S 1=1; causing the preceding
equipment t8,1release. Contacts 23 and 24 complete a
circuit _to the peg count meter over the PC lead.
Contacts 21 and 22 open the circuit to relay SL1; The
remaining contacts have no importance at this time.

3. SL1 relay releaies. Contacts 1 and 2 remove the
ground from the PC lead. Contacts 23 and 24 place a
ground on the ATB lead. The remaining contacts have
no importance at this time.

Operator disconnects- first. The operator removes the
answer cord from the trunk jack. This opens the circuit
to relay SL. Then;

1. SL relay releases-Contacts 1 and 2 and 3 and 4
complete a circuit to relay CB. Contacts 7 and 8 open
the circuit to RD. RD is a slow-to-release relay. It thus
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remains operated long enouglfor relay C to operate
to complete a' holding circuit to it.

Exercises (642):
1. State what relays in the cord circuit, shown in

foldout 12, operate from the sleeve of an answer
cord that is plugged into an operator's trunk line
jack (FO 13).

2. -Give he purpose of the ground at contacts I and 2
of relay CB in the operator's trunk.

3. State the functions contacts 24 and 25 of relay RD
in the operator's trunk perform.

4. List the three' functions accomplished by
operation of relay SL in the operator's trunk.

the

643. Using foldouts 12 and 13's schematic
diagrams, as necessary, identify the actions that
occur in the attendant's cabinet, the information
trunk, and the out-dial-to-connector circuits during
operation.

Cord Circuit. Let ifs now look at the cord circuit
for a short while. You remember that the attendant's
cabinet in the Strowger system used the sleeve
condition of the line jack to determine which circuits
required that transmission battery be supplied by the
cord circuit and which do not.

Similarly, the operation of the XY cord circuit
relays is determined by one of three conditions on the
jack sleeve: (I) low-resistance ground, (2) high-
resistance ground, or (3) absence ofground. The
operation of the cord circuit relays determines whether
the cord circuit will supply transmission battery to the
line and whether supervision will be provided. The
conditions of the jack sleeve are determined4by the
circuit to which it is connected.

Low-resirance groand on the sleeve. The cord circuit
provides ground and transmission battery to the T and

leads of the cord plug and loop supervision under
is condition.
The circuits that provide low-resiitance ground on

e jack sleeve are CB lines, 0 level trunk, information
trunk, dead selector level trunk, and connector
intercept trunk.

High-resistance ground on the slieV-e. The LB line
circuit and combination trunk are arranged to provide
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this potential on the jack sleeve. The cord circuit does ..:

not provide transmission battery and ground:
however, ring off supervision is provided.

Absence of ground (open ,sleeve). When ground is not
present on the S lead of the jack sleeve, the cord circuit
does not provide tran 2::., ion battery and ,ground:
Reverse battery su r provided from -the out-

v dial-to-connector, di 1 trunk, and out-dial-to-
line, and the jack slee orvn:

With a new apprecia n of the wonders of the cord
circuit, we move to an coming call on the operator's
trunk and how it wor 'ri lionjunction with the cord
circuit. Foldouts 12 d 13, found in a separate
inclosure, will be used this discussion. The out-
dial -to- connector circuit is not shown inthis volume;
It is connected; as was the Strowger circuit; in multiple
with the tip and- ring lea& of the connector; with a
busy lamp (BL) lord connector to a set of RD relay
contacts; which place a ground on die laid, when the
connector is in use, to light the busy lamp.

Call from Information Trunk to .Out - Dial -to-
Connector Trunk. The first description of circuit
operation will be a call from a subscriber through the
operator trunk (low resistance on sleeve) to another
subscriber through an out-dial-to-connector trunk.

Seizure. The subscriber dials through a normal
switch train and seizes the information trunk; shown
in foldout 13. At this point the CB operates and
completes a circuit to the RD, relay.

RD relay operates; Ai this time contacts 3 and 4
complete a circuit to the line lamp. This signals the
operator of an incoming call.

Operator answers-Operator inserts answer plug into
information jack. The operator's trunk, shown in
foldout 13, has a low-resistance ground on the sleeve:
This ground is through the 320-ohm winding of relay
SL. At this time a circuit is completed to relays RHS
and RLS in the cord circuit; shown in foldout 12; and
relay SL of the information trunk, shown in foldout
13.

a. Relays (cord circuit) RHS, RLS operate. RHS
performs no important function at this time. RLS
contacts and 9 complete a circuit to the-answer cord
supervi ry lamp. RLS contacts 2 and 3 and 5 and 6
extend ground and battery to the calling party and
close a circuit to relay RB.

b. SL relay (info circuit) opetes._SL relay in the
operator's trunk opens the circuit to CB and completes
a circuit to SL I . SL1 opelifithe circuit to the line lanip,,,,

c: RB relay (cord circuit) operates. Contacts 1 acid
2 open the circuit to the answe cord supervisory lamp.
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Operator operates TALK-MON key to the TALK
position. With the key in the TALK position, its
contacts 1D and 2D complete a circuit to operate the
OC relay to its "X" contacts. At this point:

a. OC relay operates to its "X" contacts. Contacts I
and 2 complete the circuit to operate the OC relay
fully.
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_ b. OC operates fully and MR relay operates. The
OC and MR relays are in series through OC "X"
contacts. Both relays operate at this time.

OC contacts 10 and 12 and 13 andl 4 make before
contacts 11 and 10 and 14 and 12 break. These.
contacts insert part of the position and dial circuit
between_ the T lead of the answer cord plug and
terminal 5 of the repeating' coil RC; withOut opening
the circuit. Contacts 25 and 27 and 28 and 29 make
before contacts 26 and 25 and 29 and 27 break. These
contacts insert part of the position and dial circuit
between the R lead of the answer cord plug and
terminal 8 of repeating coil RC without opening the
circuit Contacts 5 and 7 and 8 and 9 make before
contacts 6 and 5 and 9 and 7 break; These contacts
insert part of tht position dial circuit between the T
lead of the call oord plug and terminal I of repeating
coil RC without opening the circuit. Contacts 30 and
32 and 33 and 34 make Wore contacts 31 and 30 and
34 and 32 break; These contacts insert part of the
position and dial circuit between the R lead of the call
cord plug and terminal 4 of repeating coil RC without
opening the circuit. Contacts 21 and 22 complete a
circuit to relay_ OT in the operator's circuit.

MR contacts I and 2 complete the circuit to relay
MR1. MR contacts 3 and 4 open the operating circuit
to the OC relays in the other cord circuits. This
prevents the OC relays of two cord circuits from
operating at the same time if two TALK-MON
switches are operated to the TALK position.- MR
contacts 6 and 7 prepare a circuit to relay TR in the
operator's circuit.

c. OT and MR1 relays operate. OT contacts 22 and
21 disconnect resistor RI from across the T and R
leadt. MR1 contacts 1-2 remove ground from the CT
lead to the succeeding position.- This prevents a double
connection during position switching;

Conversation and connector seizure. At this point
conversation can now takt_plact between the operator
and _the calling party. Transmission battery to the
calling partyis furnished by the cord circuit. Battery is
supplied through theft winding of relay RB. Ground
is supplied through the bd winding of relay _RL3: The
operator will now extend the call for the calling party
using an out-dial-to-connector trunk. (See_ FO 3 for

-the tip and ring connections to the conn.... circuit.)
The out-dial-to-connector trill* has no po tial on
the sleeve. The Operator inserts the call .r into an
out:dial-to-connector jack. This completes a circuit'to
relay FB and the CB in the connector. Battery and
ground to operate the FB is furnished from the
connector through the windings of relay CB. Here:

a FB relay operates, and the connector is seized.
Contacts 2 and 3 complete a circuit to light the call
cord supervisory lamp. Tht circuit is now completed
to the connector for the operator to dial the desired
numbers. Operator turns dial off normal. When the
dial is turned off normal, the shunt springs close and
completes a circuit to relay FON.

b. Relay FON operates. Contacts 6 and 5 open the
circuit to_ relay -OT in the operator's circuit; Contacts
24 and 23 and 26 and 25 open the T and R leads to the
operator's circuit. Contacts 21 and 22 and 3 and 4
connect capacitor C2 across the RT I and RR1 leads:
This prevents clicks in the receiver of the calling party
when FON I operates or releaks. Contacts I and 2
complete a circuit to relay FON1:_

c. Relay OT releases and FON1 operates. OT
contacts 21 and 22 connect resistor R I across the T
and R leads in4he operator's circuit: FON1 contacts
1-2 and 2,I,22 make first and connect the impulse
springs of the dial to the FT and FR leads in series
with resistor R2 to hold the connector operated.
FON1 contacts 3-4 complete the hold circuit to relay
FON. FON I contacts 23-24 shunt resistor R2 from
the dialing 'circuit_ FON1 contacts 26 and 25 an cl_6
and 5 disconnect the FT and FR leads from the FTI
and FRI leads. This opens the circuit to the I and 3
and 4 and 2 windings of repeat coil RC in the cord
circuit and Ft relay.

d: FB relay releases; Contacts 2-3 extinguish the-
call cord supervisory lamp. At this point, the impulse
springs of the dial are connected across the CB relay in
the connector through the call cord;

Dial pulses. While the dial returnsito normal, the
impulie springs break and make. This opens and
closes the circuit to CB relay in thV connector;
stepping the XY switch in the X direction.

Dial returns to normal. The impulse springs are
closed now maintaining the connector operated. The
shunt springs break and open the circuit to relay
FON1. Therefore:

a. Relay FON I releases. Contacts 23 and 24
remove the shunt from resistors R2. This places
resistor R2 in series with the impulse springs and the
FT and FR levels. Contacts 6 and 5 and 26 and 25
connect the FR and FT leads to the FRI and FT I
leads from the cord circuit to complete a loop circuit
to relay FB. This causes FB to operate. Contacts 3 and
4 open the circuit to relay FON: Contacts 1 and and
21 and 22 open the circuit from the impulse springs of
the dial to the cord circuit.

b. Relay FB operates and relay FON releases: FB
contacts 2 and 3 complete a circuit to light_ the call
cord supervisory lamp. FON contacts 3 and 4 and 21
and 22 open the circuitfrom capacitor C2 to the cord
Circuit. FON. contacts 6-5 complete a circuit to relay
OT of the operator's circuit; FON contacts 26 and 25
and 24 and 23 connect the T and R leads of the
operator's circuit to the RT I and RR1 leadt.

c. Relay OT operates'. Contacts 21 and 22 remove
resistor RI from across the T and R leads in the
operator's circuit. The circuit will function just as we
have already described for the digit dialed to step the
XY switch in the Y positiOn. After dialing has been
completed, the connector rings the called party.
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The called party answers. When_ the called party
answers his line loop is clutad. At this point:.

a-. Relay AB operates in connector: When the
called party answers, the AB relay in the connector
operates. Relay AB reverses the battery and ground
potential on the T and R leads to the call cord: This
permits the current_ to flow hrough the B section oft
rectifier RF1 and shunts r lay_ FB.

h. FB relay releases' C' litatl's ;and 3 extinguish
the_ i call cord_ s.,17::rviscr: _Limp. fbis t,.. a ',.1sual
indication Lc, the operator at convt.1: i.: FL is taking
place. The operator will now rest!, r,-: , - ., .......K-MON
switch.

C. TALK=MON switch it : t( ::-..e. Crgracts
1D-2D open the circuit to the t ,-:. ..inding of relay
OC. _Contacts IC-2C open the s4r!c.: ea-cult to the ac
winding of relay OC and-relay M1..

d: Relay OC and MR_ release: Cr contacts 4 and a
prepare the ring-off recall circuit to i`v, call cord. cc
contacts 24 and 23 prepare the ring ofi recall circuit
to the answer cord: OC contacts 21 and 22 open the
circuit to relay OT.

The remaining contacts of OC disconnects the
position and dial circuit from the cord circuit and
connect the T and R leads of the cords to repeating
coil RC without opening the loop circuit.

MR contacts 3 and 4 partially close the operating
circuits for the OC relays in the other cord circuits.
MR contacts 1 and 2 open the circuit to relay MR1.
The remaining contacts have no function at this time.

OT and MRI relays releaseOT contacts 21 and
22 place resistor R1 across the T and R leads of the
operator's position circuit. MR1 contacts 1 and 2
place ground on the CT lead: The operator is now
disconnected from the cord circuit and the position
and dial circuit. Conversation can now take place
between the calling and called party: The position and
dial circuit is freed from th cord circuit ready to be
used by the operator for ther call.

Monitoring. If the o ator wishes to monitor the
conversation, the operator will operate the TALK-
MON switch to the MON position. Its 1B and 2B
contacts complete a circuit:to relay MO. Thus:

Relay MO operates. Contacts 4 and 3 and 22 and
21 disconnect the T and R leads from induction coil
IC to open the transmitter circuit. Contacts 8 and 10
and 26 and 28 make and connect the operator's
receiver to repeating coil RCbefore contacts 9 and 8
and 2 7 and 26 break and disconnect the receiver from
the induction coil IC. The monitoring circuit is now
complete: At this time the operator can restore the
TALK-MON switch to normal.

TALK;-MON switch to the normal position. Contacts
1B and 2B open the circuit to relay MO: At this point:

a. MO relay releases. Contacts 4 and 3 and 22 and
21 connect the T and R leads to induction coil IC.
Contacts 9 and 8 and 27 and 26 make and connect the

eceiver circuit to induction coil IC before contacts 8
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and 10 and 26 and -28 break and open the circuit to
repeating coil RC. These contacts prevent clicks on the
T and R loop through the cord circuit. The operator's
circuit is now back to normal. When the calling party
disconnects, the T and R loop to the RB relay in the
cord circuit is opened.

b. RB relay releases. Contacts 1 and 2 complete a
circuit to light the answer cord supervisory lamp. The
next function will be the called party releasing. When
the called party disconnects, the answer bridge relay
AB in the connector releases and changes the polarity
of the T and R leads to the out-dial-to-connector
jacks. This causes FB relay_to operate.

c. FB relay operates. Contacts 2-3 complete a
circuit to the call cord supervisory lamp. The FB relay
will remain operated until the operator removes the
call cord.

Operator removes the answer cord: When the answer
cord is removed, the circuit to relays RHS and RLS in
the cord circuit and relay SL in the operator's trunk
release. Here:

a. RHS and RLS in the cord circuit and SI in the
operator's trunk release. RHS contacts perform no
function at this time: RLS contacts 8-9 open she
circuit to the answer cord supervisory lamp. The
remaining contacts of RLS have no function at this
time: SL contacts 7 and 8 open the circuit to RD. SL
contacts' and 5 open the operating path to SLI in the
operator's trunk. SL1 will not release until RD
releases._

b. RD relay in the operator's trunk releases.
Contacts 24 and 25 remove the ground holding the
preceding equipment operated. The preceding switch
train now releases. Contacts 22 and 21 open the circuit
to SL1 relay. The remaining contacts of RD have no
function at this time,

c. SL1 relay in the operator's trunk releases.
Contacts of SL1 have no function at this time: The
information trunk is now at normal.

Operator removes the call cord- When the call cord is
removed, the circuit to relay FB in the cord circuit and
CB of the connector is opened. Here:

a. FB relay in the cord circuit releases and CB relay
in the connector releases. FB contacts 2-3 open the
circuit to the call cord supervisory lamp. CB contacts
restore the connector to normal. The cord circuit is at
normal, now ready- for the operator to receive and
place another call.

The next description will cover the operation of a
call from a local battery telephone to a common
battery telephone. An LB telephone will be connected
to the convertible line circuit.

Exercises (643):
1. Specify the type of sleeve the switchboard line jack

of an operator's trunk, shown in foldout 13, has.
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2. Gi Va the main function of the RLS relay in the

cord circuit, shown in foldout 12, when it is
operated.

3. Specify what relay(s) operate(s) in the cord circuit,
shown in foldout 12, when the call cord is plugged
into an out - dial -to- connector

jack

4. State what happens in the cord circuit,.front cord,
shown in foldout 12, when the AB relay in the
connector operates, and why.

644; Using foldout 14's schematic diagrams, as
necessary, identify the actions that occur in the
attendant's cabinet and the convertible line circuit
during operation.

l 11 Iii*
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Call From aALB to a CB Circuit. The convertible
line circuit, shoWn in foldout 14,- (found in a separate
inclosure) can_be used as a line circuit for LB (local
battery) and CB (common battery) telephones. It also

e can be used as a trunk circuit from one central office
to another. Using the convertible line circuit as a trunk
circuit is not a common practice, so this function will
not be covered here;

Incoming call from a LB telOtone Lasing wiring
options E F, G, X, and Y. Used as a C.I3 circuit, the
oonverti e lin Cult shown in foldout 14, provides
a hi ce ground on the sleeve. Transmission
ba for the calling party will be furnished by the LB
telephone. The LB subscriber lifts the handset of his
telephone, operates the hand generator, and ringing
current operates the LR relay in the convertible line
circuit tot,its "X" contacts. At this point:

a. LR .elay in the convertible line circuit operates
to "X" contacts. "X" contacts 1-2 complete the circuit
to operate the LR fully. _

b. LR relay operates fully. Contacts 7 and 8 open
the ringing circuit. Contacts 5 and 6 complete a circuit
to light' the line lamp at the switchboard. This siggals
the operator of an incoming call. Contacts 3 and 4
light the busy lamp at the switchboard;

the operator inserts an answer cord into the line jack.
When the incoming line lam lights, the operator
inserts an answer cord plug i the jack associated
with tfie incoming line lamp. 'a completes a circuit
to relay SL in the convertible line circuit and relay
RHS and RLS in the cord circuit. The high resistance
of the circuit prevents RLS from operating. Here:

a. SL relay in the convertible line circuit and RHS
of the cord circuit operate. SL contacts 21/4 and 22
close -a circuit to relay CO in the convertible line

circuit. RHS contacts I and 2 prepare a circuit for
recall operation. This operation will be described
elsewhere in this circuit description.

b. TALK=MON itch is operated to the TALK
position; Contacts ID and 2D complete a circuit to
operate the OC relay to its "X" contacts.

c. OC relay operates to "X" contacts. Contacts 1-2
complete the circuit to operate the OC relay fully._

d. OC relay operates and MR relay operates. The
OC and MR relays are in series through relay OC's
"X" contacts; Both relays operate at this time

OC contacts 10 and 12 and 13 and 14 mike before
contacts 11 and 10 and 14 and 12. These contacts
insertpart of the position and dial circuit between the
T lead of the answer cord plug and terminal 5 of
repeating coil RC without opening the circuit. OC
contacts 25 and 27 and 28 and 29 make before
contacts 26 and 25 and 29 and 27 break. These
contacts insert part of the position and dial circuit
between the R Jest of the answer cord plug and
terminal 8 of repeating coil RC without opening the
circuit.

OC contacts 5 and 7 and 8 and 9_make before
contacts 6 and 5 and 9 and 7 break. These contacts
insert part of the positioilipid dial circuit between the
T lead of the call cord pluillnd terminal 1 of repeating
coil RC without opening the circuit.

OC contacts 30 and 32 and 33 and 34 make before
contacts 31 and 30 and 34 and 32 break. These
contacts insert part of the position and dial circuit
between'tife R lead of the call cord plug and terminal 4
of repeating coil RC without opening the circuit. OC
contacts 21 and 22 complete a circuit to relay OT in
the operator's circuit. MR contacts 1 and 2 complete
the circuit to relay MRI

rvik contacts 3 and 4 open the operating circuit to
the OC relays in the other cord circuits; This prevents
the OC relays of the cord circuits from operating at the
seine time if two TALK-MON switches are operated
to' the TALK position; MR contacts 6 and 7 prepare a

Oircuit_to relay TR in the operator's circuit.
e. ,OT and MR1 relays operate. OT contacts 22 and

21 disconnect resistor RI from across the T and R
!midi. MR1 contacts 1 and 2 remove ground from the
CT lead to the succeeding position. This prevents a
double connection during position switching.

LB SubScribir and the operator talk At this point,
conversation can take place between the operator and
the calling party. Transmission battery for the calling
party is furnithed by the LB telephone. The operator
will now extend the call for the calling-party to a CB
telephone. The CB line jack has a low-resistance
ground on the sleeve, furnished by the convertible line
circuit The operator then inserts the call cord into the
CB subscriber's line jack. This completes a circuit to
relays FHS, FLS of the cord circuit, and relay SL of
the convertible line circuit;
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hand corner of foldout 14. You see that wiring
options A, B, C, D; X, and Y are used to convert
this to a common battery circuit. Keep this in mind
for the remainder of the discussion. Here:
a. FHS and FLS relays operhte and SL relay

operates. SL contacts complete a_circuit to relay CO of
the convrtible line circuit. FHS relay performs no

ifunction t this time. FLS contacts .8 and 9 complete a
circuit to light_ the call cord supervisory lamp. FLS
contacts 2 and 3 extend ground to the T lead of the call
cord. FLS contacts 5 and 6 extend negative battery to
the R lead of tie call cord.

b. Relay CO in the convertible line circuit
operates: Contacts 1-2 open the circuit to relay LR in
the tine circuit. Contacts 4-5 complete a circuit to light
the busy lamp at the switchboard. Relay FB does not
operate at this time, because the T and R leads are
open at the CB telephone. The call cord suptrvisory
lamp is lighted, and 'the circuit isprepared .for the
operator to signal the called telephone by applying
ringing current to the call cord. To apply ringing
current to the called line, the operator must operate
the RING REAR-RING FRONT switch to the RING'
FROM'' position-

c. RING REAR=RING FRONT: switch is
operated to RING FRONT position. Ringing current
is applied to the ring side of the call cord to ring the
called party's telephone. The circuit for ringhaek tone
is now complete to the calling party_

d. The operator restores RING REAR-RING
FRONT switch to normal. This operation removes'
ringing current from the line to the calling party.

1
Called party answers. This closes the T and Rijoop

and causes FR relay in the cord circuit to operate:
Thus:

-a. FB relay operates. Contacts __1 and ;oven
circuit to the call cord supervisory lamp. Conversatio
an nom3take place between the calling and called
party. The operator will now disconnect.

b. The operator restores the TALK-MON switch
to normal. Contacts ID and 2D open the circuit to the
b-d winding of relay OC. Contacts IC and 2C open
the series circuit to the ac winding of relay OC and
relay MR.

-c. Relays OC and MR release. OC contacts . 4--3
prepare the ring-off recall circuit to the call cord: 0C
contacts 24 and 23 prepare the ring-off recall circuit
to the answer cord. OC contacts 21 and 22 open the
circuit to relay OT: The remaining' contacts of OC
disconnect the position and dial circuit from the cord
circuit and connect the T and R leads of the cords to
repeating coil RC without opening the loop circuit;
MR Sian tacts 3 and 4 prepare the operating circuits for
the OC relay in the other cord circuits. MR contacts 1
and 2 open the circuit to relay MRI: The remaining
contacts have no function at this time.

d. OT and MR1 relays release. OT contacts 21* and
22 place resistor RI across the T and R leads of th
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operator's position circuit. MR I ontacts I and 21
place ground on the CT lead: Th operator is now
disconnected from the cord circuit and the position
and dial circuit. The position and dial circuit is freed
from the c4rd circuit ready to be used by the operator
for another call.

.4_

The subscriber then rate the hand generator in
the LB telep e _user does not affect the line circuit.

Calling ty (LB) disconnects first: Disconnect by

the telephone: This will cause the RB relay in the cord
.circuit-to operate. Here:

a. RB relay operates. The first half of the ringing
cycle 'is negative on the tip: The ringing path ClUfiny
one half of the ringing cycle is from the LB tel _one
over the T side of the line, through section Hof
rectifier RF2 to the R side of the line and back to the
telephone._ Section -B of rectifier RF2 shunts the
minding of relay RB of this half cycle.

The other half of the ringing cycle is negative on
. The othCr half of the ringing cycle flows over the

operate circuit of relay RB. This circuit is from the LB
telephone over the R side of the line; through- he ac
winding of relay RB section A_ of rectifier RF2, and
back to the telephone over the T side of the circuit)

Contacts 2-3 complete a circuit to the answer cord
supervisory lamp. These contacts also complete a
holding circuit for relay RB through its db Winding.
Relay RB is now held operated until the operator
removes the answer cord.

b. The operator removes the answer cord. The
circuit to relay RHS is opened; causing it to release.
This also opens the circuit to relay SL in the line
circuit.

c. RHS relay and SL relay in the line circuit
releast. RHS contacts I and 2 open the holding circuit
to relay RB. SL contacts 21 and 22 open thecircuit to
relay CO:

RB relay and CO relay in line circuit release. RB
contacts 2 and 3 extinguish the answer cord
supervisory lamp. Th ircuit_for the answer cord is
now restored to no contacts and :5
extinguish the busy switchboard, The line
circuit is now restb' a.

Called party di$E=on
affected when the telch
and R loop is 110W' Opep

a. FB rola); releases.
circuit to the Call cord su

b. The operato? removes.
call cord is removed'; the ciku
in the- cord circuit and re
release.

c. FHS and FLerelays rel
circuit releases. Retay, FHS
releasing. FLScantaeti7.8 and

..js not
The T

-. Thus:
mplete a

enthe
d FLS
ircuit

L in the
'ftineti 7

circuit t
call cord superviibry I rnp. Ther* emain* conta
FLS restore the call 'cord c it to -,dtnial.
contacts 21 and 22 'Men the cirESit to relay CO.

ir)
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d._ CO relay in the line circuit releases; ontacts 4'
and 5 extinguish the busy lamp at the switchboard. The
line circuit is now restored to normal. This completes
the description of a complete call from seizure to
release between LB telephone and CB telephones.

Exercises (6441:
Use fcildott 14 as necessary for each of the following
exercises:

I. State what wiringoption "0" in the convertible
line circuit (FO 14) accomplishes when it is used.

2. Specify hew is the 'convertible line circuit (FO 14)
used. when the operate (full) path of the LR relay
uses both relay windings.

3. Clarify, when the convertible line circuit (FO 14)
is used as a CB circuit. what relay(s) operate when
the subscriber goes off -hook.

4. State what circuit action is responsible for the
operation of relay CO in the convertible line
circuit (FO 14), when it is used as a LB circuit.

. 4
5=3. Troubleshooting

_Here wt again; and once again, this is_"where
it's_at!"`Yotir main function is to provide
SAFELYthe very best telephone service that you
can. When everything works right, your only action is
to monitor and check equipment _operation.
Everything you have_been taught or will learnt in the
years to imme, is for the purpose of finding and fixing
troubles; so that your subscribers have high quality,
uninterrupted Service.

q

645. Given Mis ilaneous_ trunk and switching
equipment and atte is cabinet trouble symptoms',
and using fol 11, 12; 13; and 1:4's schematic
diagrams as necessary; idintify the probable
of trouble and the proper corrective actions i
situation.

operations to you that must be understood in order for
you to adequately troubleshoot the attendant's cabinet
as well as miscellaneous trunk and switching
equipment associated with it. As you have worked
your way through the "action" exercises related to the
cabinet and equipment just referred to; you have
revealed the extent of your understanding of these
operations.

Now; at this point; it seems advisable to test your
ability to "put it all together" again, this time in
relation to a series of problem situations through
which you must troubleshoot your way. Here; then; are
the situations. The exercises related to them appear
just following the situations.

The situations are these:
Something is wrong with the contacts__ in the

operator's and the position circuit (shown in FO 12).
How do you know? Easy: The operiior cannot
monitor, as he should be able to do.

The AB relay in the connector operates all right.
But the supervisory lamp for the call cord (shown in
FO 12) stays lit after the AB relay in the connector'
operates. Where could the problem be, and what can
you do about it?

The operator's trunk circuit (shown in FO 13) is
seized, yet the line lamp does not tight up. ,Also, the
calling party do" not hear the ringback tone at all.
Could there be problem with one or another set ofw
contacts? Ifao, which?

What is the trouble which has popped up in the
convertible tine circuit (shown in. FO 14)? It occurs
when the CB subscribTer's busy lamp extinguishes when.,
the operator inserts a plug into the line jack of the
circuit? Can you find the probleth, and if so, hc:0,
would you handle it?

An installer; checking equipment out, dials the
number for the ringback circuit (shown in FO 11).
Then he hangs up. But when the telephone' rings and
he answers and hangs up a second time; the telephone L
doesn't stop ringing; it goes on and on. You are
assured that "W" wiring has been usedi Sd) what on

..-earth can be wrong; and how should you go about
taking care of it? .

Okay; so now you have five problem situations;
each: of them typical of the _kinds you will Alin into

n and agaut :Consider them carefully. Npt only
itt you righ , below; have to resolve allfive of

.those. probl ' ._ne way or anotherr--but also the
in which to go about resolving these Situations,

d inclicatbrs of how; competentl you handle
as the cations you come titi likelywill liky'

Let's review the situatio4; you are or should
possession of the systematic troubleshooting appr
that was discussed in Volume 2 of this course. Yo
have used that approach throughout Volume 3 and-
to pinpoint troubles in the Strowger and XY telepho
systems. .

In this chapter we have presented the

1' ; ',
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operator's and the position circuit? So you check
it out? What do you come up with?

2: The AB relay in the connector operates all right;
you're sure. Yet the supervisory lamp for the call
cord remains lit -et j ter the AB relay in the
connector operates. If the most probable trouble
lies in the cord circuit, what can it be? 'What
corrective action should you take?

3. Normally, when the operator's trunk circuit is
seized, the line lamp lights up and the calling party
hears the ringback tone: But in the particular
operator's trunk circuit before you %Orion if is
seized, the line lamp does not light up. Also, the
calling party does not hear the ringback tone.
Does the problem lie with one or another set of
contacts? Checkilig this out, you find your guess to

59

be right: the problem does lie in one particular set
of contacts. Which one is at fault?

4. You have been called in because the CB'
subicriber's busy lamp extinguishes when the
operator inserts a plug into the line jack of the
circuit. You khowor think you know =-that the
problem exists in the convertible line circuit? So
okay, can you find just what the trouble 'is, and
then resolve it? - -

5. Told that an installer, checking equipment, has
dialed the number for the ringback circuit, then
hung up; you say, _"So what?" Then you're told
that when the telephone rings and he answers and
hangs up a second time; the telephone doesn't stop
ringing. You ask and are told further that "W"
wiring_ has been died. What, then, is the trouble?
How would you go about properly correcting it?
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CHAPTER 6

Central Office Maintenance

IN THE FIRST flve chapters of this volume you have
covered most of the cirCtilts that you will encounter
when working in an XY exchange. The purpose of this
chapter, them is to conclude things by looking quickly
at some of the "odds and 016" of maintenance--
things that occur and have to be taken care of daily in
an XY exchange.

BATTERY SUPPLY CORD

VEST SET PLUG
7 JACK

We will examine some test equipment peculiar to
this systerii, to call tracing procadures, and to shelf
designation cards and the OTA drawing.

6-1. PMIs, Test Equipment. and Troubleshooting
Our subject here will be several pieces of test

WIRE BANKS

4-..
.1

a

1.!
SO 41
S.

0

111111
111111
111111

p.

a

4

"4.

a

*I

TEST
CELL

FUSE
HOLDER

t, a0
t WI

,.;4111 a

a

SWITCHES

Figure 6.1. XY switch test set.
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Figure 6-2. XY c. it plate maintenance test set.
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equipment used to perform type I and type 3 PMIS in
the XY exchange as well as how they can be used
duringitroubjeshooting: In case you've forgotten those
types of PMIs covered in Volume 2. they apply here.
too.

646. Using figures 6-1, 6-2, 6-3, and. 6-4 as
necessary and given typical equipment operation,
identify the type of PM1 and test equipment to be
used to localise each problem and state the approach
that should be used in each situation.

Portable Test set 'for XY Universal Switch.
Figure 6-1 identifies components seen on an XY"
switch test set., The test cell holds the XY switch while
it is being tested. The 2,=COridiittOr (one red and one
black) battery cord connects the test set to a battery,
source.:The wire banks provide a means for strapping
when checking an XY switch. The 36-point test plug
connec ?s the XY switch under test to the test set. The
switchboard type test jack enables the repairman to
measuritpulte speed of tht test set. Of the ten lamps
pictured four have red jewels and four have White
jeweli.' These lamps indicate the position of contacts
for off-normal release and overflow springs on the XY
switch being tested. The remaining two lamps have
green jewelt. pity indiCate the stepping Speed of the
XY switch being tested. You can see the five 3-
position lever switches and the 2-position ON -OFF
switch near the edge of tl4eosst set. Each switch has
been identified with a Control terminology that
conforms with the action, it provides. For instance; the
left-hand switch controliihe XY switch circuits when
you are testing the low -pulse ratio and the high-pulse
ratio.

Although this test set is useful only to the
equipment of one systitri.-. it also provides pulses for
testing switch components.: The wipers of the switch
make contact with the Wire_ hanks of the test set when
you lock the two units together. You, press the XY
switch jack onto the, test set plug, 1.-:.=11; making
additional connections. -In' effect; thenjaou have
positioned the switch as it would be in thiipment,
since the test set provides the required poteiiiiatt to,the
switch terminals. By pulling of a lever switch'ioward
you or pressing it away from you, you complete
circuits of the switch. they respond as designed;
laittps will indicate ormal actions. Otherwise the

will show a irdefcct. For instance, Y off-
nortrial springs 1- ',normally touch. When you
ptittic the XY auto itch, shown in:figure 6-1, to
the position, t Mite ,OFF-NOIVIlamp should
10.011 ii.does no id contacts are open. The

Monal check' do will provide similar
because circuits being completed. by

switches.
4:1S( set is used op-,the performance of a type 2
well as Or. operationally checking the xy_

troubleshooting.
le Maintenance Test ,Set. A teleptu*O.;1

switching center repairman uses this test set to perform
operational tests on circuit plates of the XY telephone
system. The condition of the equipment is revealed by
lamps. meters, and buzzers, Figure 6 -2 identifies test
set devices and their poSition on the panel which
supports them. Again, you can see a 2-conductor.
power cord. In addition to the cord, there are five
lever switches, a toggle switch, three switchboard type
jacks; a holder for a 2-ampere fuse. three lamps (two
red and one green), a rotary control resistor (rheostat),
a 0-1.0-range dc milliammeter, and a dial.

The dial is the pulsing device for this test unit. The
connection of the test set to battery is provided by the
battery supply cord. You must use two test cords to
make the additional connections from the test unit.
One test cord plug is inserted into the MON jack of the
test set; while a Tug of another test cord is pushed into ,
the CONN rja, of the testoset. The plugs at the
opposite end o the two-cords are to be connected to
the circuit plate of the equipment; Remember: The

\.actual plug insertions will be determined by the test to
be made. These equipment connections enable you to
complete pulsing circuits with the operation of the
lever switches:: Again, you can see the similarity in
connecting all pulsing test sets. Nearly all units operate
with identical principles. _ _

Pulsing Limits Test Set. This test set functions
similarly to the telephone test set. It differs in
appearance from the previous test set because it has no
handSet. The puliing !ilium test set is strapped to the
hand: It consists of a dial, a release switch, a shunt
switch; a cord; and a test plug: Monitoring and talking
are not possible, since there is no receiver or
transmitter: Having inserted the test plug into the
MON A jack of the circuit plate at theequipment; you
rotate the dial. The pulsing relay of the circuit under
test should repeat the dial pulses: Pressing the RLS
switch releases the ciretiit. A depressed shunt switch
connects more resistance into the pulsing relay circuit.
Following depression of the shunt switch and dialing;
the_pulsing relay should again repeat the pulses.

By comparing figure 6-3 with figure 6-4, you can
see the similarity in design of the test handset and the
pulsing limits test set. Operating the dial of this set
alternately opens the 1340 ohms resistance circuit
between T and R of the plug. You would operate the
shunt key to short circuit the 1340-ohm resistor while
connecting 10;000 ohms resistance between T and R
of the plug. Note that these circuit changes affect the
pulsing relay in the equipment, if you have inserted the
pluginto the equipment jest jack:

Exercises (640.
pluifee that ;a eccar tch is stepping

tiititallY Inch
;The piece of I

ti

erikt yOu would use.



b. 4ype of PMI you WouldAierform.

c. The reason. you would approach the problem in
this way.

2: Specify Mien, other than for PMI purposes and
for thepurpose of checking adjustments that were
made, you would use an XY switch test.

3. Clarify when the circuit plate maintenance would
be used in troubleshooting.

4. State what type(s) of routine(s) the XY switch test
set is/are used for.

5. Cite -what type of PMI would you perform if a
linefinder is stepping erratically, and what piece
of test equipment you would use.

6-2. Call Tracing
ThroUghout this volume; the similarities of the

RECEIVER

CAPACITOR
0.43 MF

Figure 6.3. Schematic diagram.of test telephone circuit
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DIAL
MOT[

RISIIIMIOCCI YK MI OHMS S.

Figure 6-4. Schematic di.agram of pulsing limits test set circuit.

Strowger system anirihe XY system have been called
attention to repeatedly. In this section again the
similarities, and there are many, are mentioned and
the differences compared.

647. Using figures 6-5 through 6-11 as required and
given representative call tracing situations, identify
all necessary actions and sources of information
needed to determine the called or calling number
and, supplied with typical shelf designation cards,
interpret selected significant information correctly.

The XY ccentral offim equipment is connected or
trunked in the same way as is a_Strowger office. Thus
there is no need to go Into the fact that a linefinder is
connected back-to-back with the.first selector; etc.

GTA... One difference we do need _to_mention lies
with the grading terminal assembly (GTA). It serves 14

the same purpose and functions that the DTA_dcmin_as,
Strowger office. There are outgoing trunks1Th has.
What, then, is the difference? Just this: The 3TA uses 7 a
four conductors per trunk instead of the three on a ft)

DTA. Specifically, the conductors used on a DTA are
T, R, and C; whereas those on a GTA are T, R, S, and "16ft

S. As a point of information; though, this extra
, t>T

conductor does not affect a thing So far as the purpose
o
71 .1

or function of the GTA is concerned. t". -I
Determining the Subscriber's Telephone

r v
Number. In this area the XY system is superb. Having
a 100-point system, it is easy to understand. For
example; the location of the flange of the piniortgear,
with respect to the guide rule, tells you what the TENS
digit of the number is: L ikewise the digit on the digit
drum; just above the guide rule, tells you the UNITS
digit of the number. The number group is normally rt,

stencilled on the linefinder and connector shelf frame
as well as on the door of the switch cell. v.

From Here to There and Mek. Now we find a
difference: the XY switches do not have individual
switch tags, as exist in the Strowger office. So a shelf of
switches, linefinders, selectors, or connectors has a
shelf designation, card.

TheSe earth mount in card holders or are glued to
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11 12 13 14 15 16 17 18 19 20 ,21 22 23 24 25 26 27 28 29 20

31 32 33 34 35 36 37 -38- 39 -30--.4-1- 42- 46 47 48 49 40- -44-45
SW

51 82 53 54 55 56 57 58 59 50 61 62 63 64.- 85 -66--67 68 69 60-

*71 72 73-74-75- 76 77 78 79 70 81 82 83 84 86 87 89 80,85 _88
SW

-91 92 93 94 95 96 97- 98 99- -90- -O2 04 -05 06 07 08 09 00

Figure 6-5. Blank shelf deaign'aticin

the inside of the switch cell door as indicated on the
method of assembly for the individual shelves,

A blank shelf designation card is shown in figure
6-5. Information, peculiar to the installation, is
,entered by engfine-eringinstallaubri personnel when
the- system is instayed or modified.

4inefinder shelf designation card. Each 100
linefinder shelf has one card. Figure 6=6 shows samp4
entries for the right-hand part of the card. Notice that
the bay number shelf letter of equipment is given the
title block. In the rows tti the right of SW, the nu
of the linefinders in the shelf ars_entered: Under_ each
finder number, on the lines IS SEL and IN BAY, are
found the first selector circuit number and the bay
number to which the finder is cross - connected:

In the left-hand portion of the card, the printed
numbers refer; to the bank terminals on the finder
shelf. Under each linefinder bank terminal number,
the connector bank te'rninal number and shelf number
are found. In an office without a line IDF; the lines of

TITLE BLOCK:- .

LINE FINDER SWITCH # - ---

SELECTOR 0

IN BAY

one finder group will normally be connected to the
terminals of an associated connector group by straight

;.strapping on The auxiliary terminal block of the
connector shelf. Thus, line I 1 is strapped to connector
terminal 11, line 12 is strapped to connector terminal

The left -haped portion of the linefinder card may
look-41zk die example shown in figure 6-7: _

If designation card. Each group or U) or
Act has one card. Figure 6 8 Sheiy44 sample

for the right-hand part of the card:
_The left-hand part of a first gkctor card-will look

ktethat shown in figure 0=9._ nder the_bsilitterminal
itambessi you will find the appropriate dim for the
succeeding circuit- ocatiOns..;

Connector shelf disignatfe* card Each connector
shelf requires one ,card 480182: In the right-hand
portion of the connector shelf deskiation Card; the
connector circuit numbers are entered in the rows
marked '$SW." Under each connector number; in the

LINE F1NDER-CONNECTOR BAY LC-1 SHELF C

SW 1 2 3 4 5 6 7 8 9 10

18__
SEL

2 12 22 13 4 24 15 6 26 17

INB4y 101 101 101 101 101 101 101 101 101

SW 11 12 13 14,,
_

IS
SEL 8 28 19 20

EN
BAY 161 101 101 101

Figure 6-6. Sample linefinder if designation card.
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L F BANK TERM--

CONN BANK TERM
SHELF

TITLE BLOCK

11.12 13 14 15 16 17 18 19 10 21 22 23 24 25 26 27 28 29 20

' TERM
SH

11
C-1-4

12
C-I-D

13
C-1-0

14
C-1-D

15
C-I-D

16
C-1-D

17
C.1-D

18
C-1-D

19
C-I-D

10
C-1-D

3 1 32 33 34 35 36 37 38 39 30 41 4 2 43 44

i-
45 46 AO

,,,,

.

--,,
51 52 53 54 55 56 57 58 59 50 61 62 63 64 65 66 67 68 69 60

71 72 73 74 75 76 77 78 79 70
,

81
4

82 83 84 85 86 87 88 89 80

t
. ! : : 7 1 II i i ; 08 09 00

-

-3- .

r

7

SELECTOR SWITCH #

FIRST LINEFINDER SW- --

ON SHELF
71-

Figure 6-7. Sample linefinder shelf designation Card:

FIRST SELECTORBAY-101 SHELF A

3 4 5 6 '7 8 9 10

1 1 4 5 7 8 10 11 13 14l4

ON
SH A C A C A C A C

SW

Figure 6-8 Sample first selector shelf designation card

.65



tiGf 5

Snpf*Tr.n.atiziaz,

SWITCH
SHELF & BAY
.1

rows mark
bank termini
seiz
SWit in
that terminal.

The right-hand portion of the connector card will
look like figure 6-10.

The left - hand, part of the con r shelf card
shows the finder bank terminal nu rans$- Ander
shelf number for each bank to roggpak F e 6211
ship8Vs sample entries of this infornistio

Tracing Calls Forward. Tracing a
office in the forward direction is a sim
involving only a few definite steps, as folio

k. Locate the group of lines from which the call
was originated.

2. By exaniining each_ XY.Urtivarsal switch in that
group, deterrin%whiarlinefirer is stepped to the

LEW
ST P II 12 13 14 15 16 17 18 19 10

09=',.-,

21 22 23 24 25 26 27 28 29 20

Y
-61

.0

62

.0.0

63

Oill

64

.080

65

1(.0

66

Csi 0

67

,C0-11-

68

-04-0

69

*0 -e -0

.1

C ----

6

-C-...-

7

C-. -,

8

-C-,-.-111-

9

CI..

10

Cr--

11

C.-
12 13 14

!CI

31 32 33_ _34_ _35__3_6= 37 38 39i 30 -41 -42 43 44 45 46 47

C.,---IIC,.1 C=,11

40

..-,

53 54 55 56 57 58 59 50 Al 62-63--64 65 66 67 69 60

44
71- 72 73 74 75 76 77 78' 79 70 81 82 83 84 85 86 87 88 89 80'

91 92 93 94 95 96 97 98 99 90 01 02 03 04 05 06 07 _08_ 09 -_10-

Figure 6-9. Sample rust selector shelf designation card.

and SW BA Y, you will find the
r from which the connector is

h and bay number of the first
group of selectors having access to

TITLE B

CONNE TOR SWITCH #

IS TERM
SELECTOR SW
BAY

proper X and Y position to have seized the calling
line. CAUTION: When checking a switch to determine
which level in X it has been stepped to, do not confuse
the flange of the pinion gear with the silver portion of
the X carriage right next to it. Use the flange (black in
color) as a guide.

3. Refer to the shelf designation card associated
with this shelf of finders. Oh the right side of the card,
you will find listed the specific selector by bay, shelf,
and number which is associated with this finder.

4. LOCate the selector and determine the position
to which the switch has been stepped. 'The shelf
designation card associated with this shelf of selectors
will show on the left side which circuit will be seize0
from among any of the 100 possible selector positions.
This circuit will be identified again by circuit number;
shelf, and bay.

5. Locate this circuit which has been seized. If it is

CONNECTORS 3300 GROUP BAY LC-1 SHELF D

- 3 4 5 6 7 8 9 10
IS

TERM 21 21 21 21 21 22 23 24 25 25
SW
BAY

1

101
11

101
21

101
41
101

51
101

1 1

101 101
1

101
1

101
21

101

sw

Figure 6-10. Sample connector shelf designation card.
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a connector, the connector.switch will be out
into the wire bank to some position; and r rence to
the line record cards for that connector group will
identify the seized line and live any- additional
information desired. If the seized circuit is something
other than a connector, the shelf designation card will
tell where the call has been routed to, and any further
tracing will proceed as in previous steps.

Tracing Calls 11Mckward. A person is called upon
to trace calls backwards towards the point of origin far
more frequently than he is required to trace thein in a
forward direction. Tracing backwards is accomplished
again by following definite simple steps: But some
additional thought and precautions are necessary.
Here they are:

Locate the connector ,coup in which the
answering line is located.

2. By_ examining each switch in that group,
determine which connector has been stepped to the
proper X and Y position in the wire batik that matches
the last two digits of the called_ party's number.

3. Reference to the right side of the associated.shelf
designation card will tell you from-what selector level
this connector may be seized, -and the type of selectors
involved-1st; 2d, etc. This information, plus the
number of the connector, is all you need at,this time.

4. Go to the selector shelves, andone shelf at a
timeopen tise door covering the switces and look at
the left side ot the shelf designation card. Under the
ten sets of terminals list6d which constitute the ten
steps in the level from which the connector was seized,
look to see whether or tikt the specific connector
number appears. If it does not appm, this means that
it could not., have, beep seized from this shelf of
selectors. In thaitase, you can close the door and _go
on to another iikelf. 11, however, the number of the

CONNECTOR BANK TER:in/94116

LINE FTNDE R BANK TERMINALS
LINE FINDE R SHELF

ti

y
al connector_ does appear, note- what exact wire bank

position; and particularly which Y step the selector
switch would have to be stepped to in order to seize
that connector. Inspect all switches within this shelf or
split shelf to determine whether or not any one of them
has been stepped to the proper position. If you find
one, it is the one used in theplacing of this call. If no
switch is found in the proper position; go on to the
next shelf. Again, refer to the shelf designation card
(left side) and repeat the previous steps. You will
sometimes notice that the position to which a selector
must step -to seize a given circuit will vary from shelf-
to-shelf. This is due to the methods of connection, or
multiplying wire banks; that were discussed earlier:
For this reason you lutist always refer to the card
associated with the selector shelf in which you are
looking. In one of the shelves; you will_ find the
selector that you are seeking.

5. Refer to the right side of the selector shelf card.
There you-Will find the specific circuiti-4entified by
number and locationwhich seized this selktor; that
is, if the preceding circuit is a linefindeic. In this case,
locate the specific linefinder and determine what line
it has hunted to complete the tracing of the call. The
line record cards again may be used to determine who
is on the line, etc:_

6. If the call went through the 1st and 2d selectors,
however, it will be necessary for you to locate the 1st
selector U.Seck. before ru can locate the linefinder.
Therefore; after 1ocatg the 2d selector as you did in
step 4, it will be necessary for you to once again refer
to the shelf designation card on the right side and
determine from which 1st selector level this specific 2d
selector was seized. Then repeat step 4 exactly; until
you have located the 1st selector used on the call. Once
you have located this; you would proceed, as in step 5,

I 12 13 14
4

1k. 16 17 18 19 10 21 22 23 24 25 26 27 28 29 20

T _ E 11 1 9 1 I I ii 11 '14 15 16 17 18 19 10

31 32 33 34 i5 36 37 38 39 30 41 42 43 44 45 46 47 484 40

t '4)4

1_52_53_ 54 3& 56 57 _58 59 SD _61 52 53 -64
,

85 88 -67 88---89--60-

71 72 73 74 75 76 77 78 79 70 81 82 83 84 85 86 87 88 89 80

91 92 93 94 95 96 97
s_

98 99 90 0I 02 03 04 05 06- -01-138- 09 _00

hgure 6- I) Sample connector shell destgnation card
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to identify the linefinder used and the originating line
which it stepped to.

Tracing calls is best practiced by setting up callS 'n
the office and tracing first forwards, then backw ds;
so that you will be ready when an actual call mus be
traced:

Exercises (647):
1. Give the major difference between a DTA and a

GTA.

2. State what the left -hand side of a shelf designation
card for a selector shelf represents.

3. Specify what information iicontained in the left-
hand side of a shelf designation card for a selector
shelf.

6
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4. Name the next switch in line, when you find the
calling party's number in linefinder switch 12. Use
figure 6-6 as necessary.

5. You are tracing a call backward from the connec-
tor switch. You are at selector siiitch 3, and it is
stepped X-2 and Y-9: Using figures 6-8 and 6-9 as
necessary where .do you go next?

6. What is the next switch in the switch train, when
tracing a call forward in the above problem?

7. You have bnin asked the next switch in the switch
'train, when the called party's number is found in
connector switch 8 of bay Le- , shelf D. Using
figures 6-10 and 6-11 as necessary, what do you
do?
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Answers for Exercises

CHAPTER 1

Stateroom
600 - 1. 280.
600 2. 3000 line,d- rants.
600 3. Tip. riot and SN.

601 - I. PA, Y& XS, YD, CID, SA, FB, Pt/. AS, and TF are
relays in the XY-allotter circuit. _

601 - 2. Allotter A _transfers its kiiiaions to allotter113.
601 = 3. X, Y, aid X (release) magnets.
601 - 4. Tip, ring, sleeve, HS, X, and

602 - I. Relay ST in allotter B will operate.
602 - 2. Closed:
602 - 3. 1 The liridinder automaticity searaids for marked

tenninik.
602 - 4. Terminal 7 in the X bank for the 71-70 circuit plate in

the 600-linefinder group bay is grounded.

603 - I. Relays Lit and CO on circuit plate 5 for the first bay
operate when the tehiphone headset at station 48 is
lifted.

603 - 2. Relay CO.
603 - 3. Ground from the sleeve (S) lead keeps the CO relay

operated.

604 - I. The called suliariber's replacement of the handset
opens connector relay circuits. They, in turn,
disconnect ground from the SN lead which restores the
line circuit CO relay.

604 - 2. You connect ground to the line circuit-linefinder hank
HS lead to nutria service for the associated telephone.

605 - I. Terminal 8 at the busy switch.
605 - 2. These are as follows:

a. SA
b. GD
c. ST

YD
605 - 3. Contacts 9-and 10 of relay ,SA and 29 and 20 of relay

GD, terminils-8. 11 and 16 of circuit plate Ciack and
plug, collie:407 and 28 of relay TF, leads ST-B and
A , terminals 20 and 24 of_shelf plug A, and circuit
pl Adt. and contacts I and 2 of line circuit relay CO.

605 - 4. Li circuit relay LR and allotter relay GD.
605 - 5. Allotter relay GD (operated) and allotter relay XS

(released).
605 - 6. Relay PA.

606 - I. Corium 9 and 10 and -6 and 7 of relay ST, 6 and 7 of
Y off -normal springs. 26 and 27 of relay YD. 2 and 3
of relay PA, 7 and 8 of relay GD and II and 12 of
relay SA.

606 - 2. The ground potential for operating the slimier XS
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relay is connected to the X-XX bank terminal by the
operated line relay in line circuit 7 for the specific
grooup.

606 - 3. Relays SA. GD, PA, and XS:

607 - 1.
607 - 2.
607 - 3.

The magnet interrupter springs.
Relays GD and YD.
Contacts 26 and 27 of Busy and Reset switch and 9
and 10 of raWy YS and terminal 9 of C circuit plate

arid plug.

608 - 1. Taminals 7, 25 and 29 of A circuit platelet* and
shelf plug, ccintaas 3 and 4 of relay ST; 31 and 32 of
relay SW; and contacts 3 and 4 Of the X and Y magnet
off-nortrwl rprings:

608 - 2. A lindinder release failure lights a ift-S. larip to
indicate the problem.

608 - 3. Durin_g an XY linefinder release, electricalcircuitss'cuitare
opened which operate mechanical devices, The
mechanical devices; in turn; open electrical circuits:

609 I. When all linefinders in an XY telephone switching
center group are bury, contacts 6 and 5 of relay FB in
each allotter complete the operating circuit to the ST
leads of the common supervisor( circuit. As a result, an
interrupter circuit_provides alplable and visible alarms.
These alarms are in operatioillapproximately 2 minutes
after the FB relays are relit-add

609 - 2: A 10-impulse-per-minute signal operates an ATB
meter to register the linefinder busy condition
following the circuit connection at contact 22',of relay
FB.

610 - 1. Relays, PU,- AS, and 'IT:
610 - 2. The lindinder AST li*ds are trentierred to the second

allotter's terminals.

When- trouble develops in an allotter, relay TF
transfers the AST leads to the second allotter.
A trmsfer tamp is lighted while one allotter is serving
all linefinders.
Contacts 23 and 24 of relay AS complete the operating
circuit for the afiquer transfer lamp.

612 - I. Since there is only one report of this trouble. It appears
that the fault must be in the line circuit, which serves
only the one telephone. For the teleplicine to receive
dial tone from the X-Y system equipmait, the line
circuit LR relay must operate to in turn, operate the
CO relay. The operated CO _relay then connecu
potentials to- the S and AST leads of the linefinder;
that this equipmelie can extend the line to the selector
for reception of dial tone. Accordingly, the trouble
could be either a defective LR or CO jelay or the
contacts for either relay. You correct the trouble by
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checking the relays for continuity or by cleaning and
adjusting their contacts.

612 2. Relay SW in a lindinder arctic plate and relay YS in
an allotter circuit plate are possible troubles when this
trouble symptom is reported. In addition, defective T,
R. S. or HS wipers would provide this nintitom. Of
cove; this trouble symptom should normally be on
the of a test mitt, became the subacriber should
be sieved b9 the associated lidellndets in the group.
One method for correcting the trouble is for you to
operate the test switch of the allotter circuit plates and
observe the stepping action of the associated XY
twit to isolate the faulty-linefinder of the linefinder
group. Then, Inspect those devices considered probable
faults and maintain them as indicated in the system
trouble chart.

CHAPTER 2
L,,,3

13 - I. Selectors are connected in multiple.
13- 2. The subecriber must dial a digit following reception of

. diet tone.
613 3. Time is required for a selector to step tht equipment

1
and make die mechanical connections.

613 ..4. Selectors may be referred to u incoming, second,
third; reverting call; special, intercept, digit canceling,
etc.

614 - I.
614 - 2.

614 - 3.

614 - 4.

615 - I.

615 - 2.

615 - 3.

616 - I.

616 - 2.

616 - 3.

617 - I.

617 - 2.

617 -3.

618 - 1.

Ground:
The selector steps in the X direction in response to dial
pulsea
The negative potential on the S lead comes from the
HA relay battery connection:
Relay SW door not operate until after Y direction
stepping is completed, because It is shunted by ground
on the S lead or because the XY overflow springs open,
its operating circuit.

A dialed digit is required to move the switch in the X
ditedion; whereas the switdi moves in the Y direction 623
automatically.
Relay! CB, RD, and XD operate during seizure of the 623
X Y selector.
Contacts 23 and 25 of relay XD connect dial tone to
the calling telephone line.

Relay CB and the X magnet operate alternately to step
the XY switch in the X direction.
By observing the selector circuit MON lam_p. you can
determine whether or not the selector is stepping. 4.

Negative potential for the X magnet is provided by
terminal 7 at the circnit plate plug:

Ground potential on the selector S wiper continues the
XY switch stepping the Y direction.
An idle connector' is indicated when the S wiper
encounters_ an absence-oGground on an S bank 626
Coital:2. The selector will switch through to this 626
connector folloaing this connection.
Relay HA and the Y magnet operate alternately to stapes _626

the XY switch in the Y direction.

619 - I. Relay SW operates and relays CB and RD releases.
619 - 2. Contacts I and 2 of Z magnet, 1 and 2 of Y magnet, 4

ancL5of XY overflow, 5 and 6 of Y off-normal, 5 and
6 of X-off-normal, 5 and 6 of relay HA, 21 and 22 of
relay XD and 5 and -6 of relay RD.

619 - 3. Contacts 27 and 28 and 29 and 30 of relay SW in
linefinder and 24 and 25 and 27 and 28 of relay SW in
the selector extend the subscriber line to the connector.

620 - I. The XY connector removes ground from the S lead to
the preceding equipment to restore it to normal.

620 - 2. In the selector, relay SW, magnet Z, and the XY switch
release following completion of the call.I

621 - I. Level restriction wiring controls subscriber access to
XY telephone system equipment.

621 - 2. The monitoring jack and lamp aid test men when
checking XY system telephone equipment.

621 - 3. Series connected resistors and capacitors which
high voltage potentials to ground reduce arcing
telepiione circuit contacts.

622 - I. Since the MON lamp is not to be lighted when the
selector is idle, we can assume that it never has
released: Hence, you should look at contacts at the
Z magnet to see whether or not contact 4 is released
from connection with contact 5 and whether or not
contacts I and 2 are made. We are assuming that the
problem is mechanical failure of these contacts at the
release magnet.

622 - 2. Since the dial tone ciroa0 includes made contacts of
relay XD; Wektiow that'rtlays CB; RD; and XD are
functioning. The probable troubles-are the selector.
switch magnets, the SW relwhd defective wipers for
this selector. Visually inv-nd clean the contacts for
these units in iheffort to correct the trouble.

CHAPTER 3

- I. Trunk hunting and PX coniteetors are two XY system
connectors.

- 2. Connectors provide battery (dc) potential to the
subaiber telephones.

624 - 1. Relays CB. RT, and XD.
624 - 2. Ground. Operated contacts I and 2 of relay CB and 3

and 4 of relay SW.
624 - 3: Relay CB.

625 - I. Dialing a digit at the calling subieriber's telephone
steps the XY system connector in the X direction.

625 - 2. Relay_ RT.
625 - 3. It disconnects dial tone (for 100-line system) and stops

ringing current from operating the called'telephone
bell:

The XY switch overflow springs make to complete a
Way tone circuit to the calling subedit:ger. Then;
following telephiine handiet replacement, relays CB
and qD release, and the Z magnet operates and
rein*

618 - 2. Relay SW contacts 23 and 24, 26 and 27, relay XD
contacts 23 and 24 and connects 7 and 8 of the XY
Overflow springs complete the selector busy tone
circuit.
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- I. Digit 4.
- 2. Contacts _I and 2 of relay XD, 23 and 24 of relay RD.

3 and 4 Of relay CB and 3 and 4 of magnet Z.
- 3. Four times.

Relay $T operates if the called station is buy; whereas
relay SW operates if the called station is idle.

627 - I . Terminal 4 of circuit plate plug and jack and contacts
3 and 5 of relay XD.

627 - 2. Contacts 3 and 4 otrelay XD, 6 and 7 of relay BT and
L and 2 of relay_ RD.

627 - 3. Contacts I and 2 of relay BT, 23 and 24 of relay XD
and I I and 12 of relay SW.

627 - 4. Relay CB releases, RD releases, BT releases and the Z
magnet releases.
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628 I. Relay XD.
628 - 2.", He receives ringbacic tone from the connector while the

called telephone is being signaled.
628 - 3. Relay RT.
428 - 4. Relay AB,
628 - 5. Relays AB, CB, RD. RT,.and SW.
628 - 6. Relay CB.

629 - I. When the calling station disconnects first, XY
connector relays CB and RD release; andselays AB.
RT, and SW remain operated until the called station
disconnects.

629 - 2. When the called station disconnects first, XY
connector relay AB releases, and relays CB, RD. RT.
and SW remain operated until the calling station
discownecta

630 -- I. When the atibfcritier reports thlit the called telephone
doesn't ring and you relate it directly to a trouble in
the connector, the components to consider are the
generator's connection to the connector, relay RT and
comic:53' and 4 ancL6 and 7 ofrelay RT, 7 and 8 and
23 and 24 of relay SW and ttSe T and R wipers for the
connector. Of course, ifdditional relays must operate
contacts, so that relay SW can operate. For
relay RD must operate contacts _I and 2, and relay
must operate 4 and 5; so that relay RD may operate.
Hence, you m= wit the relays of the swiped connector
and readjust tWeM as indicated.

630 - 2. The symptom of connector fails to trip, ringing is
noted while routinely testing the system. You know
that the RT relay's function is to stop the ringing
following the_ called telephone user lifting_the handset.
Cooking at FCt 6, you can see that contact 6_mult break
from contact 7 Mien the relay operates. If it doesn't,
ringing current continues to be heard. Yet, the trouble
could also be that relay RT di d*. operate to open
contacts 6_and 7. Again, we r-woWce that additional
relays iii this_ connector must operate for this relay to
operate. To illestrate, contacts 7 an41,0trelay AB and
5 and 6 of the Y magnet Ciamplete the RT,relay circuit.
By inspecting, testing, cleaning and readjusting specific
relay and switch components, you overcome the
trouble symptoms caused by connector faults.

CHAPTER 4

631 - I. The emergency and the nonemergency alarms.
631 - 2. These are the:

a: Audible.
b. VitUl.

631 - 3. Power panel.
631 - 4. Clear.
631 - 5. Power mind
631 - 6. a. 0 time.

b. 0 time.
c. 3-9 seconds.
d. C4,time.
e. .3tninutes.

631 - 7. For alarm indications from the XY dial switching
equipment, powerboard, _relay racks, attendants'
switchbOard and the main distribining frame.

631 8. Common supervisory equipment is located in the
powerboard.

632 = I. Supervisory lamps; interrupter, ringing and tone
equipment.

633 I . A fuse that furnillies current to more than one circuit is
classified as a common-fuse, and a fuse that furnishes
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current to an individual circuit is an individual fuse.
633 - 2. The row supervisOry buries will indicate either the right

or Left tide of the row.
633 - 3. The low-voltage relay monitors the exchange battery

voltage. lithe battery voltage drops below 45.5 Volts.
an alarm is activated to indicate this condition.

,633 - 4. The purpose of the release ahem is to indicate to the
mainten*e man that, a switch has failed, to
mechanical] release.

633 - 5. a. Nonesnentengjaspp extension alarm.
b. Fuse alarm -ilsupervisory lamp.
t. Ft see alarm Troup supervisory lamp.
d. Fuse ablate row supervisory liMp.
e. Fuse alarm Shelf supervisory lamp.

633 - 6. a. Emergency lamp extension alarm.
b. Fuse alarm commiiiceuperviso6 lamp.
e. Fume alarm group supervisory lamp.

Fuse alarm row werviiory lamp.
e. Fuse alum Well supervisory lamp.

633 :7. The operator will depress the audible alarm cut off key
and notify the responsible maintenance_personnel.

633 - 8. The only relay under control of the an-off key is

633 - 9. TlWre vn be no &WM, If the bad .tdi is in a
CO.

lindin did!, the allotter will auto step
across it. f it is in a selector shelf or 'lector shelf.

subscriber will hang up and *cons a new switch
in This bad switch will be identified on a

nWruertatice 'routine test.
633 - 10 The L-V relay will:

a. 46.5 volts.
b. 45.5 volts.

633 - I1: During a low-voltage condition relays L L. VA. and
VB will piste

633 - 12. The fidlure oNi hat coil will produce an ency
Cap!). However. it is a nonernergency condi ion.

633 - 13. The. failure of an individual fuse will produce a
nonernagency alarm.

633 - 14. It ispo_mible to have shelf, row, group and common
supervisory equipment involved in an emergency
alarm.

634 - I. The alarm check key,-which is a lei:king key, his been
operated to silence the alarm, and was not restored.
This trouble coldel beprevented by using the alarm cut
off key instead of the alarm chock key to silence the

634 - 2. The alarm -theek key has a p'air of open contacts.
contacts 3 and 4 of the CO relay are open. or tlie
buzzer is Oen. Clean the contacts or replace the
buzzer.

634 - 3. Obviously the office battery voltage is normal.
Therefore, the low-voltage alarm is malfunctioning. A
possible cause could tie that the calibrate key was left
operated, and resistor RI is set below the operating
level of relay LV. Relay LV could also have an
open winding. Relay VA or contacts 3 and 4 of VB
could also be openAtstors RI. R2 or P1 could
become open and ca false_ alum Clean 'contacts;
check component parts and replace faulty one.

634 - 4 With DA- relay in the common supervisory circuit
operated. the DB relax is waiting on a PU pulse, which
arrives every 3 seconds. Relay DB is following these
pulses. Contacts 3 and 4 of DA or contacts 1 and 2_of
DB are dirty and break the hold circuit for DR.
Therdore, DC never operates to the ECP Pulse, thus
preventing the ground from operating the butter.
Clean thasontacts.

634 - ,Ito_Wattery through the broken fuse to the alarm bar
1', end the EF relay and to ground at the fuse at punching

49. The EF relay places ground to the fuse lamp, and
the alarm battery is supplied from the discharge circuit



at painchin08, which also o_perates the E relay to turn
on the buzzer. Replace the broken fuse. '

634 - 6. Relay SA operates from the emergency start bail
initiated from the allatter _circuit: SA completes a
circuit for SB to- operate to the TP I pulse and lacks
under control of SA. SC should operate when the TP2
pulse arrives. Therefore, the TP2 lead or contacts I

and 2 of SB are open. check for the arrival of TP2
pules, and if it is sent, then clean the contacts;

634 - 7. If the interrupter start- key is in the off positionthe
probable cause would be contacts 3 and 476f ST STI
and and 6 of relay DA shorted. Check the start key
for proper operation, clean contacts 3 and 4 of the ST
relays; and test the winding of DA; if it is shorted;
replace it:

635 - The purpcise of the discharge and distribution circuit is
to 10_y main battery voltage ts the exchange
equipment. Its functions include indfbating exchange
voltage; current charge or discharge, providing direct
ground to equipmeht that is proteCt, and indiCating
overload or Wan conditions. -

635 - 2. The purpoaeof the ringing control circuit if to'
fused ringing current to the exchange equi
functions include operating the subcycle; proAa
automatic =later, and furnishing audible and visual
alarms.

635 - 3. The purpose-of the interrupter circuit is to i
ringing current and provide timing ground
the equipment. Its functions include starti g the dc
interrupter when it is needed and supplying interrupted
ringing and grotfnd putfet.

636 - I. . The ammeter will indicate either. The needle
deflection from _0 will `shOw either charge or discharge,
whichever is taking place.

636 2: Power for the alarms is fed through resistors R3 and
R4 to the common kipetvitork circuit hype:slang the
main circuit breakers; thus the alarm circuits are
assured power for operation. fi

636 - 3. With the calibrate key operated, the meter will read the
voltage being sent out . on the CAL lead to the
common supervisory circuic'

636 - 4. The red circuit breaker lents oil the diOtarge and
distribution circuit will be one indication that die
common supervisory circuit will _have lamps and

',mica also.
636 - 5: The rheostat will adjust the desired voltage range to test

low voltage_alarrn.
636 - 6. RI and RFI prevent GI from chattering on the

ringing current.
636 7. With both machines out of service, GI and 02 will be

released Id TR will be operated. The GEN TRNS
lamp wit; on; along with the GEN_ FAIL tamp. Also
G2 places ground on the EM lead of the common

:supervisory circuit, causing an emergency alarm.
636 - 8. The purpose is thisif the ac supply is lost or the

subcycle breaks down, a backup machine is needed to
provide ringing current.

636 - 9. The RM machine maybe transferred back to the
subtycle in two-different ways: By operating the RMST
and GEN TRNS keys to normal or, if the transfer was
automatic, by repairing or restarting the subcycle.

636 - 10. The voltage output. of the subcycle is 90 volts at 20
cycle. ayN

637 1. The alarm circuit is functioning normal, except for the
circuit breaker lamp. Replacing the open lamp should
clear the trouble.

637 - 2. If the voltage on the CAL lead cannot be applied by
the calibrate key; the cause could be open R R2 or
contacts of the CAL key. Replace the resistors or clean
the contacts of the key.

637 - 3. This is and the su
haVe 'a koutl the. s

malfunction
637 - 4, The GI ter_ er if

diunted: .011 Chatter if
...Shane& end i'ept

637. - The transf rain, the su
incomplete. dbniacts 4 and
did not "operate. Therefo
machine 13 not dg
TR;

637 - 6. This situation i rural. and fuse de
'effect the ac interrupter nor the swi
because relays E and G are not operat

637 - 7: After an -Interrupter transfer; relays bE
the ringing and pulawfrorn the ac lathe
appears that relay a was shored
operate.

6.37 - 8. When the-se-machine-slatted, the 120 IPM would 'not
operate BORC relay, which.lie*ented D relay from
Operating and breaking_ _the Arcuit to relay F.
Tlieyefore, either contacts 25 and 26 or 22-or 23 of the

lay are open. Also, contacts I and 2 of B _or C
clay could be open, or contacts 3 an 4 of relay D are

shorted.

CHAPTER 5

638 I: the purpose of the XY_ fire repeater_ is to provide
Ok. subScribert a means _of calling the fire department.

38 - 2. The purpose of the XY dial-to-dial trunk circuit is to
provide __your subscribers a way to call direar4
subscribesss in a distant central office and Oie

subscribers_in the distant exchange a way to directly
call subscribers of your central office.

638 -= 3. The purpose of the XY inspector's ringback circuit is to
provide the installer repairman with a meant of
automatically checking the bells of a. telephone
instrument without calling into the test board.

'638 - 4. The purposes of the XY attendanestwitcttbOard and
associated circuits are to supplement the outomatic
services of the exchange and to provide t.rvice to the
exchange's aubscribers.

638 - 5. The XY inspector's ringback circuit is accessed front
the banks of the special second selectorequirtinent..

638 - 6. The XY two-way dial-to-dial trunk circuit uses either
loop_'or battery and ground pulsing Elf, repeat ,the
subscriber's dial pulses.

639 - I. When relay _RD in the XY_ fire repeater operates; it
Closes grout* to the S lead, bake_ to the special. second
selector to hold it operated, through its 4 and 5
contacts.

639 - 2. The RV relay in the XY fire repeater operatesbrily
during operator-assisted _fire calls;

69 - 3. The RV relay in the XY_fire repeater holds operated_to
ground through normally made contacts of the DIAL
RLS switch.

639 - 4. Note 5, on the schematic diagram (FO 9) of the XY fire
repeater; states that the "C" wiring option is used for-

asoperator extension_of all_calls.
639 - 5. The SR relay in the XY fire _repeater only operates r:

when the fire department widieti (on unassisted fire .

calls) the operator to have the call traced. To operate
the SR relay, the fire department operates a switch that
places ground on the ring (R) side of the line, shunting

4.0the ac winding of the SR relay, allowing it to operate.
639 6 When the operator pushes the talk key, the OC relay

will operate and pernnt her to monitor the call:

640 - I. On an incoming call, the firm relay ,to operate in the
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:XY two dial-to-dial trunk circuit is the PL relay. It
operates, without the '!W_". wiring option being used.
through the loop provided by oontacu of the RDI -relay
and the ac winding of the SRI relay in the distant
exchange. , ' II. fak

640 - 2: - Contacts 5 and_6 of the SW y (next ta the last relay
to release) mark the mink busy to incoming calls. and
because it (SW) rdeasel prior. o ittasirla the other
office's trunk circuit (Wbich is marked WO. &tete), the
trunk isprotected fromPeemature seizure.

640 - 3. On an incoming call, to the trunk circuit, relay SR2
operate when the ailed party _answers. It operates
because of the battery reversal in the connector circuit;
when the connector's AB relay operates.

640 - 4. When relay CB, in tbe trunk circuit, operates its 1 and
2'a_nd 3 and 4 contactspartially close thepulsing path
to the distant office trunk. Its 6 and _7 contacts close a
path to- operate relay RDI in the local office trunk. _.

640 -5. Relay 941, in ilk trunk circuit on -an outgoing call,
releases diving each dial pause. When it releases, it
Places a loop through contacts of relay RD1 and the ac
winding of the SRI relay to hold the PL relay in the
distant ertatk operated until the next digit is dialed or
the tilled party answers.

641 - 1. During seizilre of the inspector's ringback circuit.
° . relays CB and RD operate.

641 - 2: The inival function of contacts 3 and 4 of relay RD in
the inIpor's ringback circuit is to place ground on
the back-deeve leild to hold the arftial second selector
switch operated.

641 - 3. When the installer hanp up the first time. the following
actions occur in the inspector's ringback circuit:
a. Relay CB releases and closes a path to operate relay

SW.
b. Relay SW operates: (I) closing.* holding_path to

relay RD, (2) closing ringing to the ring side of the
subscriber's line and ground to the tip side, ringing
the phone; and (3) closing a path for a pulsed
ground, to operatethe RV.relay.

c. Ground on the REV G lead operates_relay_ RV;
which in turn reverses the ringing. The RV releases
and revenues periodically until the installer goes

-off-book.
641 - 4: ut_ "W" wiring in use_ the inspector's ringback

trunk rd eases when_the installer lifts the handset. This
happens without "W" wiring, because when the' RT
operates over the subecriber's' loop, the ground is
removal that holds the preceding equipment operated.

64 2 - 1. The low-resistance ground on the sleeve of the
operator's trunk causes the RHS and RLS relays in the
cord circuit to operate; when the answer cord is
plugged into the line jack of the trunk..

64 2 - 2. The purpose of the ground at contacts I and 2 of relay
CB in_the operator's trunk is to provide a hold path for
relay SL I

tal 2 : 3. COntacti 24 and 25 provide a ground on the sleeve
back to the preceding equipment to held the switch
train operated.

642 - 4. Three functions accomplished trj the SL relay in the
operator's trunk are: (I) to operate the SL-1 relay, (2)
remove the CB relay from:the transmission path; and
(3) provide a hOld path for the RDrelay:

643 - 1. The Wifhack sleeve, of the operator's trunk circuit, is a
lowThistance sleeve of 320 ohms.

6113 - 2. The main function of the RLS relay in the cord circuit,
when operated. is to close the path for the RB relay;
which provides transmission battery to the subscriber,
when it is in the circuit.

643 3. When the call cord is plugged into an out-dial-to-
connector jack. the FB relay in the cord circuit, is,

4452-
operated. The RHS and RLS relays do not operate
because of the open sleeve condition in the line jack.

643 - 4. Relay FB in the cord circuit releases when the AB relay
In the connector operates. This happens because of the
battery reversal; it shunts the FR relay by using diode
B, instate of diode A in series with the ac winding of
the FB relay, as the path for current flow.

644 - 1. When wiring_option "G" is used in the convertible line
itprovides for a' high-resistance sleeve at the line jack
Of the twimhbouird; so that transmission battery will
not be provided by the cord circuit. _

644 - 2. The convertible line circuit is used as a common
battery circuit when the full operate path of the LR
relay requires both of its windings.

644 - 3. When a CB_subscriber goes off -hook thir_tR relay in
circuitthe convertible line rcuit operates: causing the line

lam_p and the bitty lamp on the switthb*d to light.
644 - 4. When the SL relay, in the convertible line circuit (used

as a LB circuit), Operates; it closes a path to the CO
relay. This happens when the switchboard operator
inserts s cord into the line jack of the circuit.

645 - 1. Several sets of contacts in the operator's and position
circuit could make it impossible for the operator to
monitor Calls; the most likely are contacts 24 and 25 of
the SW relay. they could prevent the MO relay from
operating. Other conUicta;thu_ amid be at fault are 1
and 2 and/or 4 and 5 of the TR relay; 8 and 10 and/or
26 and 28 of the MR relay.

645 - 2. The trouble is most likely that diode A is shorted; this
would provide an operate, path for relay FB after the
battery reversal in the connector. Replacing the diode
will correct theeirouble.

645 - 3. Contatts 21 an 22 of relay SLI are dideted; cauling
relay SLI to operate at the same time that relay RD
operate.

645 - 4. The busy lamp extinguishes when the operator answers
the all because contacts 4 and 5 of relay CO are dirty.

645 - 5. The prole reason for this circuit failing to release is
that contacts 3 and 4 of relay RD have betome shorted.
Separating and insulating the contact terminals should
clear the trouble.

CHAPTER 6

646 - 1. a. For an initial check; the pulsing limits test set or the
tat handiet, preferably the pulsing limits test set,
should be titled.

b. A type") PMI, operational test. should k
performed first. Unless it is later found that some
adjustment is needed, a type 2 or 3 PMI is. not
normally a first step.

c. The pulsing limits test set should be used to perform
an operational check initially, because the test set is
lightweight, requires no special setting up. and will
provide a wide range of conditions for testing' the

_ _ selector circuit.
646 - 2. Wring the troubleshooting of a linefinder, selector; or

con )lector araint.
646 - 3. The XY circuit plate maintenance test set would be

used when it was necessary to more thoroughly check
the condition of a circuit than is possible with a pulsing
limits_ tat set.

646 - 4. The XY switch test set is used for the performance of
type I and 2 PMIS.

646 - 5. In this instance. a type 1 PMI of the switch is Indicated;
this is because the allotter controls the stepping of the
switch. not the lindinder circuit. The XY switch test set
should be _tiled: There is art excellent chance that a type
2 PMI will have to be performed on the switch:

gt
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647 - 1.

647 - 2.

----- 647 - 3.

U

The major difference between a DTA _and a GTA is
-this: a DTA uses a thret-Conductor trunk (T, R, and C)
and apTA uses a four-conductor trunk (T, R, S, and -

HS).

The left-hand side of a ,selector, shelf designation card
represents the 100 banks- terminations of the.switilies an
the Melt.

Thenformation contained in the left-hand side of a
selector shelf, shelf designation card is this: the switch
or circuit number and the bay and shelf location of the
succeeding equipment for elicit of_ the 100 possible
wiper positions of the selector switch wipers.

9

1ft

AU ;AFS,AL(734135)1M

e4

647 .; 4. When you find the calling party's tatinitier in nVitch 12,
your next move is to -go to selector switch' 28 in bay
101, which is the nest`switch in the switch train.

647 - 5. From selector; switch 3_ of bay 101; shelf_ A; when
tracing c_calli backvard, to the next-switch in line,
which is line:finder no4iteli 4 on shelf H.

647 6. With switch 3 jn the above problem, when tracin_g a call
forward, the next switch in line is connector switch 13
in connector bay I. sltelf B.

647 - 7. When tracing a _call_ backward from switch 8 in the
connectorbay _LC-1 -shelf D, you would. start in
selector bay 101, shelf A add look for a selector
stepped X-2 and Y-4.

.
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Foldout

.'..NOTES . _ _ .. .._

1 RESISTANCES-AR -I 'Oft -CAPACITANCES ARE IN OF

2 II GONTACTIOPI LEAST
.-

3 1110-CORDICIRGUIT Of _MOUNTED_ K EACH MO CIRCUIT

PIAT/IXOEPI TIN AST ONE, NM I TODD NUMBERED)

IDAICHIPitAff4 IT I 1EVEN NUMBERED) 16 MIRED

TOIDENTIORL._TERN1NAL OF TERMINAL BOARD C THE

LOITAORDLOINCLIT 1NO IT) IS WIRED TO TERMINAL BOARD A

4 AIRRINO: PAI-S11-1_111011 AND RELAYS SI AND 5111

IPOSIT/011ilf1011110_01ROJITI ARE-PROVIDEO IN ALL

PSITIONAL_UNITIEXCEPITKIFIRIT,B WIRING IS USED IN

THE FIRST POSMONALUNITONLY

6 C MIRING IS USED IN ALL POSITIONAL UNITS_EKCIPIJ111. LAS Y

6 /IRE ALARM TRUNK CIRCUITS ARE PROVIDED ON THE FIRST

POSITIONAL UNIT ONLY ,

7 C==3 DESISNATES EQUIPMENT MARKINO

B 111J/1100 TERVINA_LEIVI 23 AND _2$ NOT SHOWN THESE

COMM ARLUIEOONLY WHEN SERVICE OBSERVING

OIROU11,11 -SUPPLIED

SitsTHESE LEADS-00111EOT _TO_ TERMINAIADARD__A ONLY

VANE NULTIPLSO To_TICTWO_COAD_A_INCUITS_ON_ T_H1S_

01R0011 PLATE AND TO THE SUCCEEDING_ CORD_OIRCUIT PLATE

10 JACK TERMINAL ARE ARRANGED AS SNOW BELL*

AD lo '0 8'0 $0 Ar0

0 0 IC '0, $0

OPERATOR'S AND POSITION SWITCHING CVO'

11 PEA PO3ITIONI

nitul PLATE Iquowtor c
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-11101tibut I

NOTES'
I RESISTANCES RE IN -OHMS. CAPACITANCES ARE IN OF

CONTACTSANC Po.TAVIN_G__COlosit TS-
S. 0 LEAD 15 WIRED THROUGH FRAME JACK BUSY SWITCH. REMOVAL

OF CIRCUIT PLATE CONNECTS IT TO GROUNO
TFA ANO IFS LEADS ARE WIREO THROUGH- FRAME JACK BUST'
SWITCHES _REMOVAL -or_c4Rcuvr_ PLAT; -CON N-t-CTS-T HEM TO GROU N

5 FGA -ANO FAS LEADS ARE wiREQ THR-OUGH RAME_JAVII_EUS_T_
SYFITCHIES._REPA0vAli OF ASSOCIATED CIRCUIT LTE CONNECTS
PGA LE -AO TO ATE LEAD oP,SuPERyisoily CIRCUIT PLATE OR
FRS LIAO_ TO io _LE0.

I Ict_IPM AND ATIVLEADS__AOLE U_SED_OttLY WHEN At. mETERIN_G_IS
USED IF II-SECOND-CYCLE INTERRUPTER IS USED, '0 'Pm ST
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STOP=
1.' MATCH ANSWER

SHEET TO THIS
EXERCISE NUM=
HER.

36251 04 23

EXTENSION COURSE_INSTITUTE
VOLUME REVIEW EXERCISE

XY TELEPHONE. SYSTEM
Carefully read the followinz

DOW:

1. Check the "eourim;" "-volume," and "form" numbers from the answer sheet
address tab _against the "VRE answer, sheet identification number" in the
righthand column of the shipping list. If numbert do not match, take action to
return the answer sheet and the shipping list to ECI immediately with a note of
explanation.

2. Note that item numbers on answer sheet are sequential in each column;

3. Use a Medium sharp #2 black lead pencil for marking answer sheet.

4. Write the correct answer in the inargin at the left of the item. (When you review
for the course examination, you can cover your answers with a strip of paper and
then check your review answers against your original choices.) After you are sure
of your answers; transfer them to the answer sheet; If you lujve to change &L
answer on the answer sheet, be sure that_ the erasure is complete. Use' a clean
eraser. But try to avoid any erasure on the answer sheet if a all possible.

5. Take action to return entire answer sheet to ECI.

6; Keep Volume Review Exercise booklet for review and reference.

7. If mandatorily enrolled student, process questions or comments through your
unit trainer or OJT supervisor:
Ifvoluntarily enrolled student, send questions or comments to ECI on ECI Form
17.

DONTS:

2. USE NUMBEA_ 2
. PENCIL ONLY.

1; Don't use answer sheets other than one ftnished specifically for each review
exercise.

2. Don't mark on the answer sheet except to fill in narking blocks. Double marks
or excessive markings which overflow marking blocks will register as errors.

3. Don't fold, spindle, staple,- tape, or mutilate the answer sheet.

4. Don't use ink or any marking other thin a #2 black lead icil.

NOTE: NUMBERED LEARNING OBJECTIVE REFERENCES ARE USED ON
VOLUME REVIEW EXERCISE. In parenthesis after each item

her on the VRE is the Learning Objective Number where the answer to
that item can be located. When answering the items on the VRE; refer to the

arning Objectives indicated by these NUMbers. The_ VRE results
to you On a postcard which will list the actual VRE items you missed.

Go to the VRE booklet and locate the Learning Objective Numbers for the
items missed. Go to the text and_carefullyreview the areas covered by these
references. Review the entire VRE again before, you take the cloSed-book
Course Examination.
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501
Multiple Choice

1. (600)_ How many circuit plates

a. 8.

b. 10.

in an XY linefinder shelf contain line circuits?

c. 12.
d. 14.

2. (600)_ In_an XY linefinder shelf, how many linefinder circuit platesdo not
contain line circuits?

. 0.

b. 2.

3. (600) -

banks?

c. 3.

d. 4;
re

o0(?Lany connections are there from an XY line circuit to the connector
_ -

a. 2. ) 4.

b. 3 d. 5. .4

4. (601) How many allotters would be found in a 1,000-line XY exchange?

a. 2. c. 10.
b. 8. d. 20.

5. (602) Which of the following statements is not correct?

a; In an XY line circuit, ten lines are connected to d common AST lead.
b. In an XY line cirCuiti each AST lead is connected to the X-XX bank. _

c. In_an_XY line circuit, the even-numbered AST leads are connected to the
X bank.

d. In an XY_line circuit, if one ail:otter fails; the other allotter will
handle all line circuits.

6; (602) The odd-numbered lineS in an XY exchange are connected to the

a. 14bank.
b. bank.

c. even levels.
d. S and HS leads.

7. (602) What bank is marked with a potential when line 32 goes off-hook?

c.

d.

X wire bank, third contact with ground.
XX wire bank; third contact'uith ground.
X wire bank, second contact with battery.
XX wire bank, second contact with battery.

B. (602) If a call originates from a station on an even- numbered line to an XY
exchange, ground is placed on an X bank wire through the contacts of the
transfer relay in allotter A when

a. the XX bank_is_busy.
b. allotter B is inopera ve.
c. allo ter A is operatig property.
d. rel CO is operated because, of a grounded S lead.

(602) I a call originates from a station on an odd-nuMbered line to an XY
exchange, ground is placed on an XX bank wire through contacts of the transfer
relay in allotter B when

a; the X bank is busy,
b. allotter A is inoperat'
c. allotter B is inopera
d. both allotters are functioning properly.

549



10. (602 Pction on a level in XY exchange linefinder circuits is marked by
appl ing negative battery to the

a. T lead.
b. R lead.

c. S bank wire.
d. HS bank wire.

11. (603) Refer to figure I-1 of the text. Wh h closed contacts mark a tine
busy at the connector bank?

23 and relay_24_of relayCO.
b. 3 and 4 of rtIay LIZ;

c. 25 'ato, 26 of relay CO.
d. 6.and 7 of relay DR.

12. (604) Wt [t Iead is marked with ground; to act along with succeeding equipment
for_resteicted service* when a subscriber whose line circuit is strapped for
restricted service dials a restricted lever?

a. T.

b. R.

c. HS.
a. XX.

13. (605) In an all-linefinder-busy condition in an XY exchange,

a. the ATB lead is grounded in allotter A.
b. the ATB.lead is grounded in allotter B.
C. one ground is removed from the ATB lead.
d. all-groundsare removed from_the ATB lead.

14. (605)_ Refer to foldout 1. ,When a handset of a telephone in an XY system is
lifted, relay

a. FB operates.
b. SA operates.

c. SA releases.
d. FB releases.

15. (605) Relay GD (FO 1) operates in series with'

a:. relay SA. c. the Y magnet.
d. the rotary switch magnet.b. the X magnet.

16;.605) What action in the linefinder (FO 1) preseizes the associated selector?

P.
d.

0feration of relay SW.
Operation of relay CO.
The closing of contacts 27 and 28 of the SW relay.
The, closing of contacts 1 and 2 of the ST relay.

17. (605) Refer to foldout 1. Operation of relay PA in the linefinder-allotter
circuit of an XY exchange

a. closes the XY-ON circuit. c. starts X-direction stepping.
b. stops Y-direction stepping. d. locks the X-XX wiper in position.

18. (606) What relay in the allotter (FO 1) does the X magnet work to control
X-direction stepping?

. YD. c. PA.

. SA. d. AS.

19. (606) What potential operates the XS relay in the allotter circuit (FO 1)
if line circuit 48 goes off-hook?.

a. Ground on the X wire ba
b. Ground on the XX wire

3

c. Batte on the X wire sank.
d. Battery on e XX wire bgnk.

541

5/ 0



51)
20. (607) Refer to foldout 1. Operation of the Ylliagnet causes the .Y interrupter

springs in the linefinder-allotter circuit of an XY exchange to

. further_open the circuit_of relay SW._
b. open the operating circuit of relay PA.
c. Clodo the circuit of relay GD and open the circuit of rotary switch A;
d. transfer the operating circuit of relay AS from the bd to the ca winding.

21. (607)_ R far to foldout i. What two elements control the Y stepping in an XY
Iinefinde 7.

a; YD relay and PA relay.
c. YD_reIay and Y interrupter .spriglgs.b. YD relay' and XS relay.
d. Y interrupter springs and PA relay.

22. (607)_ Which relay action in the allotter (FO 1) causes the ST relay in the
linefinder to release?

a. YD relay 41easing.
b. SA relay operating.

c. YS relay operating.
d. GD relay releasing.

23. (607) What lead from a busy linefinder circuit causes the rotary switch
(FO I) to step over it?

a._ G. c. ATB.
d. ST-A.

24. (608) What action restores an operated linefinder release magnet (FO 1)?

a. Restoring of Y-ONs.
b. Restoring of X-ONs.

c. Operation of Y-Okis.
d. Operation of X-ONs.

25. (608) Release of the Z spring pileup in a linefinder switch (FO 1) results
in which of the following?

a. Removes ground from the G lead.
b. Marks the allotter busy to calls.
c. Releases the associated selector.
d. Marks the switch busy to the rotary sUitch.

26. (609) The action of which of the following initially removes a ground from
the ATB lead during call processing by a linefinder (FO 1)?

a. Relay ST. c. X-ONs.
b. Relay SW. d. Y-ONs.

27. (610) Refer to foldout 1. There is a ground pulse on the PU lead about every

a. 2 seconds. c.°4 seconds.
b. 3 seconds. d. 6 seconds.

28. (610)__Allotter B in an XY linefihder=allotter (FO 1) provides for the
diStribUtiOn of calls from odd-numbered line circuits

a; if allotter A encounters tWo:faulty linefinders in succession;
b. as long as -it is_in_an operating condition;
c. when ari_al trunks-busy condition exists.
d. if relay TF in allotter A operates;

12
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29; (610) Circuits in an XY linefinder-allotter (FO I) provide that whep lines
have been transferred from allotter A.ta the control of allotter B flci two

faulty linefinders are encountered in succession,

a. the lines would,be transferred back sto allotter A.
b. further transfer to other allotters will take place.
c. allotter A will start stepping and connect an alarm circuit;
d. allotter B will- continue in control until n operative idle linefinder is

found

30. (610)_ Refer to foldout 1. An allotter that has be transferred may be put
back into service by manually operating the appropriate

/

a. test switch. c. busy and reset switch.
b. rotary switch. d. monitor switch.

31. (611) What listed relay in the al (FO 1) if it fails, will not set up
an allotter transfer?

a; FB. , C. A.
;

b. SA. d. PA.

32. (612) Avisual check of the linefinder-allotter equipment shows relay FB in
allotter A to be restored, although allotter B is operating satisfactorily.
An analysis of the circuit in the schematic (FO 1) reveals that the equipment

, fault could be that

the busy switch has been operated accidentally.
contacts 11 and 12 of relay ST are separated by dirt.

c. the jumper between terminal 2 of circuitpIate jack A and relay FE is open.
d. the ground connection to terminal 15 of'shelf plug A has been disconnected.

33. (E12) Whit is the trouble in the allotter (FO 1) when the line circuits
operate and the linefinaers overstep in the Y direction?

.a. The ac winding of relay XS is opej.
b. The.ac winding of relay PA is op
c. Contacts 22 and_23_of relay_XS a irty.
d. COgitct8 5 and 6 of relay GD are d ty..

34 (612) What is the trouble.phen the linefinder (FO 1) is seized prior to full
release of the switch?

a. X-ON contacts 5 and 6 do not m4.
b. Y-ON contacts 5 and 6 do not make.
c. Z spring contacts 4 and 5 do hot make:
d. Z spring contacts 1 and 2 are shorted.

35. (613) What is the hunting speed of an XY selector

a. 30 steps per second.
b. 35 steps per second.

. - c: 40 steps perdis con
d. 45 steps.Per se pm

36. (613) A single selector switch may be used to connect

a. both outgoing trunks and subscribers lines. -
e

jb. incoming trunks and subscribers lines.
c. outgoing trunks and special services. . '..".!

.,'

d. either outgoing or incoming trunks. i .'
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4,
....

t

1

1

r



5i
37. (614) SUddeedfUl dperaloh of an XY selector requires

. absence
b. dialing
c. dialing
d. no dial

of ground searching;
2 digits to the selector.
for Y-direction stepping _

tone for X-direction stepping.

38. (614) In an XY system, selector relay HA (FO 2) operates

a. before relay XD releases. .

b; because of the closed Y interrupter contacts.
c. after relay XD releases but before the Y interrupter contacts close;
d, to open the Y interrupter contacts and close the Y off-normal contacts.

39. (614) Opepation of the XY system selector relay SW (FO 2)

b.

c.

4.

releases_the_selector.
closes the circuit of the Z magnet.
connects R3 in_series_with the MON lamp.
opens the T and fl leads Of the preceding equipment.

40. (615) Refer to fOldbUt 2; When the XY switch is used as a selector, the
circuit for X off-normal spring contact 7 is

a.
b.

c.

d:

omitted from_the XY switch assembly,
not connected beyond the switch jack;
in series with the Y off-normal contact-7.
Connected through terminal 20 -C the shelf plug;

41. (615) Contacts 1 and 2 of an, op ted CB relay in n.XY selector (FO 2)
close JJ

a. a partial path for relay SW. d: the operated path of relay RD,
b. a partial path for relay XD. d. the path through the monitor lamp.

42. (616). X,direction stepping of an XY system selector (FO 2) results from the'
interaction of relay CB,

a. relay XD, and
41 b. relay RD, and

the Y magnet,
the X magnet,

relay HA.
relay SW;
and the X magnet.
and the dial pulse-springs.

43. (616) What relay action in an XY selector (FO 2) transfers
stepping?

-a.

b.

HA relay operating.
XD relay releasing.

44, (517) Y-direction stepping of an
interaction of relay HA and

a. delay SW.
b. the X Magnet.

45. (617) Relay HA assists the

-

a. stepping in the X directio
b. stepping, in the Y directi

X stepping to-Y

. RD relay operating.
d. RD relay releasing.

XY elector (F0).. results from the

the Y fret.
the diilltvulse springs.

Witch (FO 2) When it is

leasing from position Y -114
and' directir.

)

115
tt.
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46. (618) When an XY selector (F0 2) encounters an all-trunks-busy condition,

a. the connector sends back a_ busy tone.
b.\ the switch stepped to the X-11 position.
c. \

\\
the switch_stepped to_the Y,-11 position.

d. busy tone is connected to the supervisory equipment.

47. (618) When an XY selector (FO 2) is stepped to the Y-11 position,

a.

b.

c.

d.

busy tone is
dial tone is
dial tone is
busy tone is

sent to the called party.
sent to the called station:
heard at the calling station.
heard at the ceiling station.

48. (618)_ While an XY system selector (F0 2) is returning to
extended to the preceding equipment over the

C. GBT lead.
d. HSR lead.

a. HS lead.
b. S lead.

49. (619) Switchthrough is completed
seized and

a.z the Z magnet is_operated.
b. 4e called station answers

50. (619) WhiCh of the following
(FO 2) after switchthrough?

normal, ground is

when the succeeding equipment (F0 is

selector
selector

relay RD has released.
relay SW has released.

relays remain(s) operated in an XY selector

a. CB. c. 'RD and SW. .

b. SW. d. CB and SW.

(620) Refer to text figure 2-8. What action initiates
selector switch?

the release of an XY

a. Loss of ground at the S c. Battery on the S wiper.
b. Loss of grOund at the T d. Battery on the T Wiper:

52, (620) Refer to foldout 2: An XY system selector Will releaSe

a.4 CB relay releases. c.

b. relay SW operates. d.

relay SW releases.
Y magnet operates. .4"

pI/L- -

53. (621) Refer to foldout 2. F wiring to an system selector restrieitse use
of lines or trunks by

a.

b.

C.
Yd.

a shunt- cross relay HA.

i

an XX ba connection --k conneion to grOund.,
an HS le d connection to -the X wiper;
a groundon the S Wiper frOrfi the, X bank contact

54. (621) Spark protection for contacts
furnished by capacitor

a. C2 and resistor
b. Cl and resitor I

3 and 4 of relay (FO 2) is

Cl and resi
C2 and resi

55. (622). Refer to foldout 2: What is the rbUble
the first trunk, idle or busy?

a. Cpen S wiper le,a4.
4,-,«b. Open R wiper lead:

or R2.
for R2.

W en an XY selector stops on

c. Open T wiper lead.
d. Contact 4 of relay ,SW is grounded.

7



56. (622) Refer to foldout 2. What is the trouble when an XY selector will not
step Yafter stepping X?

a. XD_reIay released.
b. Y interVUpter contacts are made.
c. Contacts 5 and 6 of relay HA do not make.
d. Contacts 1 and 2 of relay RD are shorted,

57. (623) The trunk-hunting feature of an XY connector is obtained by strapping.
the S and

a. T lead of each line, except the last.
b. HS lead of each line, except the last.
c. T lead of each line, including the last;
d. HS lead of each line, including the last.

58. (623) The PX connector is similar -to a first selector in that it

a. hunts in the Y direction automatically.
b.- senda dial tone to the calling party.
c. sends dial tone to the called party.
d. is shared equipment.

59. (624) The PX connector (FO 3) is seized when relay

a. SW in the linefinder operates.
b. ST in the selector releases.
c. SW in the selector releases.

\4 d. ST in the linefinder operates.

O. (624) Whilit Of the following is not a fUnction of the XY PX connector (FO 3)
dur,ing seizlipe?' 4cf*P`

. .

a. Complete the hold path for relay
,0-01t b. Supply ground to the start (ST) lead.

c. Complete the operating path of relay XD.
d. Send ground back to hmld preceeding equipment operated.

61. (524) The XY_system PX connector relays (FO 3), listed in the order in whi h
they .Operate during equipment seizure, are

a. ST; CB, RT, and XD. CB, RD, RT, and XD.
b. RI', CB, ST, and XD. 4 d. XD, RT, ST, and CB.

62. (625) Relay CB in an XY system PX connector (FO 3) responds to dial pulses

%

a. during X-direction stepping and then during Y-dirution steppFng.
b; during Y-direction_ stepping andhen_du-ring X-direction stepping.
c. after the XY switch steps the Y direction.
4. while the Z magnet is oper g.

63. (625) In an XY system PX connetorlircuit (FO 3), relay RT

a. releases when relay XD releases.
b. connects dial tone to the connector circuit.
c. releases when the called station is answered.
A. closes the-circuits to the X magnet during Y-direction stepping.

8
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64. (626) Before an XY system PX connector (FO 3) steps in the Y direction,'

a. the pulse springs must be closed.
b. relays_CB, RD, and XD must release -._
c. relay RD is operated bSr the dial pulse contacts.
d. relay CB is held operated by the dial pulse contacts.

65. (626) Refer to foldout 2: Which choice is correct concerning an XY system
connector?

a. XD restores after each_step in the Y direction;
b. CB restores after the X-direction stepping is completed.
c. BT operates before relay XD is released if the_called statien_is busy,
d. SW operates during the time lapse between the first and sec8nd steps in the

X direction;

66. (628) When the operating circuit of relay SW*is completed by two XY system
connectors at the same instant,

4. nt switchthrough occurs.
b; both connectors' will switch through.
c. the oddrnumbered connector is rejected.
d; the even-numbered connector is rejected.

67. (628)_ Ringback tone to the calling station from the XY system PX connector
(F0.3) passes through

C4 and contacts 5 and 6 of relay SW.
CI and contacts 9 and 10 of relay RT.
02 and contacts 1 and 2 of;relay CB;
C3 and contacts 25 and126 of relay RT.

a
b.

68. (628) Whid choice gives the best deseription of a c rcuit condition that .

applies to relay RT in an XY FX connector (FO 3)?

a; Operates on ringing current.
b. Will operate on either AC OrDc.-
c. Operates during the ringing interval.
d. Has ringing' current through its ca winding.

69. (628) The X contacts of relay RT in the XY FX connector (FO 3) operate.

. prior to the other RT co acts to complete a locking circuit.
. slowly;_. thus delayilt pervisory equipment disconnection.

t. last, thus interrupting ringback and dial tones.
d, during the ringing intervals.

70. (628) Refer to foldout 3. Which of the following a correct deScription of
the function of one circuit in the XY'PXconnector?

,--

a. .Furnishes transmission battery:t. he Calling station through capacitor Cl.
b. Furnishes'transmission batterritXhe calling station through relay CB.
c; Providestransmission battery to4the called_station through relay CB.
d. Provides ringin urrent to the called station through Cl and C2;

71. (629) At the comet ion of a-call in an XY system PX Connector,'if Only One
station disconnects:immediaeiy, connector relay RT (,FO 3) is

'a. shunted_by the Z magnet,
b. released by contacts 8-7 of relay:AB.
c. released by contacts 7-6 of relay:RD.
d. held operated until the other station

9
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72; (629) The Z magnet in an XY system PX connector circuit (F- 3) ,p1:erateE

a; to start X-direction stepping.
b. to start Y-direction stepping.
c. 'when ground is removed from the S lead.
d. when relay XD opens its 1 and 2 contacts.

73. (629) Which of the following-is the best description of operating conditions
for relay SW (FO 3) in an XY system PX connector?

3. Releases when the called and calling parties hang up. _

b. Is held operated by contacts 1 and 2 of restored relay A.B.
c. Is_held operated_by contacts 5 and 6 of operated relay BT.
d. Releases when relay RT restores to open its contacts 21 And 22.

74: (630) Connector relay BT (FO 3) fades to operate when the S wiper contacts
the S bank wire of a busy
irobabIe cause?

line in an XY system.( Which choice presents -the

a; Dirty contacts 3 and 4 Of selector relay
b. Contacts 23 and 24 of connectorrelay:XD e open)

f.c4 Dirty contacts 21 and 22 of the operatedne circuit relay CO:
d. Contract 22 of connector relay SWqsshorted to contact 23 of relay SW.

75..4630) Refer to foldout 3. The called party answers .a call and can hear but
cf----not be heard. Which choice presents the probable cause?.

a Dirty contacts 30 and
b. Dirty contacts 12 and
c. Shorted contacts 2 and
d.' CApAtitbr C2 open.

31 of the operaed. SW relay.
13 of the operated SW relay.
4 of operated AB relay.

76. (630) Refer to f5,1doUt 3. What is the trouble wheh the cal,ling,party; after
hearing no rin 'tk tone; hears the called party answer?

a. Shorted contacts 5 and 6 -of relay SW.
b: Shorted cOhtatts 9 and 10 of relay SW.
c. Dirty contacts 5 and 6 of relay SW.-
d: Dirty con'eacts 3 and 4 of relay SW.

(631) The groUp superyisory,panel is located

a. on the T4Iay,Track.
b. on the'powerboard:
c. in the -1wItchboard4
d: in the :fast 'position bf e shelf.

78: (631) What is, the color ofiii-e-visual alarm for a blown heat con?

a: Red;

b. Blue.

79Y (632) 4h
circuit?,

41

0: (633) TheWrmaTily operated relay min 40,11TO1"f»

nv
ST ,

CHG.

in

. Sele
Tru

d. Iht

c. Clear.
d. Green.

';listed common equipment is under control of the COmMOn SuperVisory

erta0 dual_a otter.
nksecond ',electors.

'4xilliary circuits.
rind ringing equipment:.

4) is



81. (633) Refer to foldout 4 HOw may the LV relay be Made to releaSe correctly?

a. By adjusting RI.
b: By adjusting125;
c.. By adding contact presstire.
d. By adjusting residual gap.

82. (633) The purpose of the LV alarm is to indicate

a; exchange battery voltage under 45.5 volts.
b. exchange battery charger under 45 volts.
c. linefinder voltage under_45.5 volts.
d. line voltage under 45 Volts;

83. (633) The relays that operate in the common supervisory circuit (FO 4) when a
delayed alarm is in progress are

a. SA; SB, and SC.
b. VA; VB; And LV:

c. E, F, and tr.
d. DA, DB, and DC.

4 f'=,

84; (633) Which of the f011oWing failure alarms is delayed?

a; Individual fuse: c. Low voltage.

b. Equipment fuse. d. Emergency start fail;

85. (634) The nonemergency extension lamp in the common supervisory circuit
(FC ,) never indicates an alarm; The first thing to check is

a: tie lamp;
b. contacts 6 and 7 of relay E.
c: contacts 3 and 4 of -relay EF.
d. the wiring between figures 1 and 2:

rJ

86. (634) Oh aremergency start fail alarm, relay SB (FO 4) fails'to operate. The

cause could be contacts

3 and 5 of SB open. c. 3 and 4 of SB open.
1 and 2 of SA open: d: 3 and 4 of SC open.

87. (635) Select two pieces of equipment which may generate ringing current.

a: Subcycle and DC ringing machine.
b. AC and DC interrupter.
c. Tone generator_i and 2.
d. Charger 1 and 2.

88. (635) Refer to foldout 7: What type of sUbcycle is used in XY offices?

a. AC:

b. DC.

c: AC and DC;
d. Dynamotor.

89. (636) The voltmeter (figure 3 of foldout 6) of the dlscharge and distribution
circuit indicates

a: charge voltage; c. exchange voltage.
b. discharge voltage. d., low-voltage alarm.

90. (636) Refer to fOldout 6, figure 3. In what manner is the ammeter on the

disch ge and distribution circuit connected with equipment circuit breakers
and th negative main battery?

a. SerieS parallel.
b. Parallel.

Multiple:
d. Series.

11
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571
912 (636) The purpose of the RF-1 and RF-2 (FO 7) is to

a. prevent chattering of G1 and G2.
b. bypass every other cycle of AC.
c. make G1 and G2 release on time.
d. reduce voltage.

9 (637) Refer to foldout B. The DC interrupter will not start. The first place

to check is

a. the 48V supply.
b. the I10V AC supply.
c. contacts 25 and 26 of relay F.
d. the INT ST2 lead to figure 1.

'93. (638)_ Which choice is correct concerning the function(s) of the XY fire alarm
trunk circuit?

a. The fire alarm trunk circuit is mounted 'on the switchboard.
b. The fire alarm circuit:signals_the fire department only.
c. All calls must be handled by the switchboard operator.
d. All fire calls can be monitored by the operator.

94. (638) The inspector's ringback circuit its accessed from the

,a. special second selectors. C. first selectors.
b. second selectors. d. connectors;
...? .-,

95. (639) In an XY system; the relay in-the fireilePeater (FO 9) that extends
ringing current to the fire dep4rtsmnt i.,4_,*

" ') -.T..',L '`, :
.

a. F. relay. i'.4P1- -T4:fOlaY--
b. RTirelay. ,c7., 4, RD-relay.

,. -- .I
:,.;-

96: (639) When the "C" wiring option 'Aded in_ the XY firp repeeter (F0 liVii. what

circuit action is responsible for. aleiting the switchboard operator ofle fire
call? ,' v

, . -k

a; Relay FA operates. c. kelav RT releases:
b. Relay RD operates. d. Relay CB reaesSes.

14't:

97. (639, In An XY fire repeater (FO 9),'relay RT (ring trip) does which of the

following?

a. Signals the switchboard operator.
b. Operates the signal bell in the exchange.
c. Close contacts 21-23 to operate relay CB.

Cuts off ring current to the fire department.

98. (640) What relays are operated in the.Iocal trunk (FO 10) when it is seized
from the local attendant's cabinet?

a. PL, SW, SR2.
b. CB, JRDI, RD11:1

c. CB, RD1, PL, SW.
d. PL, SW, SR2, CB, RD1.

99. (:640) Aftenswitchthrough to a dial-to-dial trunk (FO ,4.0), the preceding witch
releases. The probable'cause would be

a. .punching A-6 and Arli shorted.
b. contacts 5 and 6 of SW not making.
c. contacts 1 and 2 of RD1 not making.
d. lead on punching AS is broken off.

12
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100. (640) seiting the two -way dial trunk circuit (FO 10) through a Selector, the
following relays will operate in the distant office:

a. CB, RD1, RD11, and SR1. c. PL, SW, and SR2.
b. CB, RD1, and RDII. d. PL and SW.

101. (640) During seizure Of the distant office two-way dial-to-dial trunk (FO 10),
the -SW relay does not operate. Which of-the 4pllowing could be the possible:
cause?

a. Contacts 4 and 5 of_pt dirty.
b. Contacts 3 and-4 of PL dirty.
c. Contacts 24 and 23 of SW dirty;
d. ContactS 22 and 23 of test jack dirty.

102. (640) In the two-way dial trunk-circuit (F0 10) after the called party
answers; the first relay to operate in the distant office is

a. SR1. - c. SR11
b. SR2 d. RS.

103. (640) The calling sUbScriber dials through-the dial-to-dial trunk (FO 10) to
the distant office; when the called party answers; no conversation can take
place. One probable'causein the local trunk circuit would be faulty contacts

a: 1 and 2 of SR11.
b. 1 and 2 of SR1.

c. 4 and 6 of SR11.
d. 3 and 4 of SH2.

(640) Qn an outgoing call through the two-way trunk_circuit (rb 10), the
relays that are operated during conversation in the -distant exchange are

a; CB; SR2. t PL; SW; SR2
b. PL, SW. d. CB, RD1, RD11.

105. (640) Which listed relay is the first to release in--the two-way dial trunk
circuit (FO 10) when the called party hangs up first?

a. CB.
b. PL.

c; SW;

d. SR2.

106: (641) What relate operates in the ringback circuit (FO 11) after the installer
hangs up the first time? .

a. KL.
b. SW.

c. RT.

d; CB:

107; (641) What causes the reversal of ringing in the ringback circuit. (FO 11)
from the4ip side of the line to the ring, side?

Relay R\r operating.
. Relay RV releasing;

c. Ground on the REV G lead._
th Use of the "W" wiring option:

'(641) Which set of contacts listed below is not part of the LnIti-a1 operate
path of relay RT in the ringback circuit (FO -171

a. 1 and 2 of RD.
L. 5 aria 6 of RV.

c. 6 and 7 of SW.
d; 5 and 6 of RT;

(642)_ The relays that are operated in the information or operator
-circuit (FO 13) during conversation are

a. CB, RI), SL.

b. RD; SL, SL1.

9

c. CB, RD, SL1.
d. CB, RD; SL; SL1.

Ur"



II (643) ,The-operatWr can not transmit orzeceive on any of the cord circuits
(FO 12). The prbbable-troUble would be

a. contacts 8 and 9 of OC do not make.
b. contacts 21 and 22 of OT shorted.
c. contacts 13 and 14 of OC do not make.
d. contacts 1B and 2B of the mot' key shorted.

111. (643) When_ the_ operator plugs aecall cord (FO 12) into an out-dial-to-
connector line jack, the/ operate path for relay FB is through

a. diode A.
b. diode B.
c. contacts 5 and 6 relay FLS.
d. contacts 2 and 3 of relay FLS.

112. (643) When connected to an out - dial -to- connector trunk, what indication does
the operator get when the called party answers (FO 12)?

a; Busy Iamp.lights;
b. Supervisory lamp lights:-
c; Line lamp is extinguished;
d. %.Supervisory lamp is extinguished:

113.0 The hold path for relay OC in the cord circuit (F0 12) is through
acts

ID and 2D of the TALK key. c. 3 and 4 of the OC relay.

*91044/ 1C and, 2C of the TALK key. d. 3 and 4 of the MR relay.

114: (644) Refer to foldout 14. The initial operate path for relay LR in the XY
convertible line Circuit when used as an LB line circuit is through contacts

I.' 7 and 8 of AlIC LR. c. 1 and 2 of relay LR.
b: 3 and 4 of el

.

, d; 4 -and 5 of relay CO;
0, 40*.

115; (644) What ref 'jsupersktsion on a local battery call (FO 12)2-

c. RB.

d. RLS.
a. CO.

b. OC.

116. (645) If contacts 1 and-2 of RT relay in the inspector's ringback circuit
(Fe. III did melkmake; what effect would it have on the Circuit?

-...., -

-.k No grourti on the 'sleeve to keep the circuit from being seized by two
parties."

e re irman would be unable to release the circuit.
rin ack tone when the repairman hangs up.

of the line only.?. Ringin on one side,.

4,

17. (645) Neither bus. ...amp nor incoming 1ine lamp (FO 14) illuminates on an

incoming call from an LB Subscriber: The ;robable cause for this malfunction is
dirty contacts

e. 3 and 4 of LR. c. 1 and 2 of LR.
b. 5 and 6 of LR. d: 4 and 5 of CO;

118. (645) The operator (FO 12) receives ring-off supervision only as long as the
hand generator is turning. The cause is

a. supervisory laMp burned out. c. contacts 1 and 2 of RHS ditty:
b. contacts 2 and 3 of RB dirty. d. contacts 7 and 8 of RLS dirty.

14



119. (646) Which. lamps on the XY switch hest set hgve green colored jewels?

a. Speed.
b. Release.

c. OVerflow.
d. Off-Normal.

5-2 2-

120. (646) _Which listed test set(s) can be used to perform an operational check of
the pulsing cimcuits of XY selector and connector equipment?

a. Test handset. c. Circuit plate maintenance test set.
b. Pulsing limits test set. d. All of the above.

121. {646) What will be-the effect on the current of a switching center pulsing
relay circuit when the pulsing limits test set SHUNT switch is operated?

a. DC current increases. c. DC current decreases.
b. AC durrent increases d. AC current changek_intermittently

1224 (647) Using figures 5,-6 and 6-7, determii)e the next switch in the switch train
if the calling party's number is found in switch 13.

a. Selector switch 19.
b: Selector switch 20.

c. Connector switch 13.
d. Connector switch 14.

123. (647) Refer to figures 6-8 and 6-9 of the text. Selector 5 is stepped,X-2
and Y73. If you are tracing a"call from the called number, what is the next
switch in line?

Linefinder 4 on shelf C. c. Connector 7 in C-1-B.
b.' Linefinder 7 on shelf A. d. Connector 1 in C-1-B.

124. (647) Refer to figures 6 -8 and 6-9 of the text. Selector 5 is stepped X-2
and Y-3; What is the next switch in line when tracing from the calling number?

c. Connector 7 in C-1-B.
d. Connector 1 in C-1-B.

a. Linefinder 4 on shelf C.
b. Linefinder 7 on shelf A.

deb
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Preface
WITH THE inclusion of the AUTOVON into the_Air Force inventory, worldwide
direct .distance dialing became a reality. In order for this to become a reality, two
things were necessary--equipment to interface our two-wire system to the four-wire
syStem and cable that would handle it. 1

In this volume some of the interface circuitry is discussed with respect to circuit
operation and maintenance and the testing and maintenance of the base cable plant
to handle AUTOVON and other quality circuits.

There art, 10 .ichematic foldouts included with this volume. These foldouts are
printed and bound as a sefiarate inclosure. N

.
If you have questions n the accuracy or currency of the subject matter of this text;

or recommendation or its improvement, send them to SAAS/TTOXU, Sheppard
AFB TX 76311. NOTE: Do no use the suggestion program to submit corrections for
typographical or other errors. =

If you have questainsion course enrollment or administration; or on any of ECI's
instructional aids (Your Key to Career Development, Behavioral bjectiN Exercises,(,-

Volume Review Exercise, and Course Examination), consult you ducation officer,
training officer, or NCO, as appropriate. If he can't answer your questions, send them
to ECI; Gunter AFS AL 36118; preferably on ECI Form 17, Student Request for
Assistance

This lume is valued at 30 hours (10 points).

Maten in this volume is techrucally acciffi(te, adequate, and current as of Dec-
emb6r 1978.
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5?-7
CHAPTER 1

NOTE: In this vOlume, the itibjett Matter it deVelOped by a series of Learning Objectives. Each of these_ _
carries a 3-digit number and is in boldface type: Each sets a learning goal for you The text that follows the
objectives gives you the information you need to reach that goal. Thirxelrcises following the information
give you a check on your achietreirrent. Wh4ri you complete them, see if your answ teh those in the
back of this volume. If yOtir response to an exercise-,Is incorrect, review tLtobjective a its text.

AUTOVON intejade Equipment and
Trunk Circuits

YOU HAVE PROBABLY placed a long distriaWcall
Within the United States by direct dialing through a
commercial telephone system. This is a fatt, easy way
to communicate: The Department of Defense (DOD)
and other Government users have a worldwide
communications network in which a subscriber can
obtain an interconnection with any other subscriber
within 10 secondt. This worldivide communications
system_ is known as the A UTOrnitit- VOite_NetWipik
(AUTOVON). The network is divjitclinto two _parts:
(1) the continental- United States AV TOriiiiic V-Oice
Network _(CON_US__AUTOVONf and (2) Overseas
AUTOVON.CONUS AUTOVONincludes_all of the
networks within the North Attiericati Continent,
except Panama.

Preterit platiS call for approximately 100 switching
centers; 78 located in the United States, Canaday and
Alaska, and 22 locations in oversea areas: Centel

United States are owned and operated by
commercial companies, The Government leases

, service_ on a line=1*ine basis. The oversea portion of
AUTOVON is generally GoVernMent=oWned

-

The DefetiSe CornibuniCation Agency (DCA) is
responsib le for overall policy and management Of the
program. DCA performs day - today ma no ge me nt
and supervision of theirtinks b-etween switches which
are the 'backbone of the network. The military
departhithqArmy, Navy, and Air Forceare
responsible!:-Jor all Government -owned plant and
terminal ;Facilities and for determining their
requirements for AUTOVON services, including
access and subscriber lines.

1-1. Interface Equipment Description
TheTh portion of this system that you are most

concerned With is the interface equipment- between
your central office and one of the AUTOVON
switches (comnnly referqd to as the "switch").

It is however, necessary to know something about
the whole system to properly maintain and
troubles oot the interface equipment: .

,

800_Co_nserning the service available from
AUTOVON, name and define the types rid give the
meaning of DTMF, the maximum, ir of

levelsvels a four-wire subscriber * obtain;
and the DSA operators' firrictiont.

5erVieet'AViiihible Froth AUTOVON. AUTOVON
is intended to offer the following services to its
worldwide users and subscribers:

(1) User (normal) service provides the _capability
for users to catl other users on a worldwide basis. Two
types of service are available. The first enables users
to dial desired numbers and accomplish a direct
connection. _ Second; particularly those through
liMited triniking facilities, will be placed through
operators:

(2) Four-wire service subscribers are provided
direct _access to one or more AUTOVON switching
centexs; This equipment may be a single or multiline
telephone instrument. Signaling from four-wire
subscribers is on a dual tonemultifrequency (DTM F)
basis. DTMF tp_a signaling method employing set
combinations tWo S cific frequencies. One
frequency is selected f a group of four low
frequencies and the othe - rom a group of four high
frequencies. Foth-wiresub-scribers are provided with
up to five levels of-call precedence. Precedence is a
rank assigned to indicate.the degree of preference to
be given in processing calls. A four-wire subscriber
*say employ any level of precedence &Sired, up to
and including his highest authorized level.

(3) "Off-hisOir services (hot lines) are provided
throViAeAUTOVON: An "off- hook" subscriber,
upon lifting_ the handset of his telephone, will
immediately be connected through the network to a
predesigned subscriber. A separate instrument (or one

557
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that has a special circuit added to theinstrument) is
provided for each "off-hook" suhiScriber.

(4) Special-purpose operations are accomm. ()dated
by AUTOVON. Category 1 allows subscribers to
employ abbreviated _keying to certain other
designated subscribers. Their instruments also give
normal AUTOVON four-wire service. Category 2
provides special treatment to subscribers_ within a
community of interest over AUTOVON general-
purpose facilities. All members of a community of
interest are capable of exercising a level of precedence
within their community, higher than that permitted
them on the world AUTOVON.

(5) Conferences can be either rand° ,or preset.
Random conferences, which can i lude
AUTOVON subscriber or user; may tie la shed
with precedence levels through' a dial service assist
( DSA) operator. Preset conferences may be
established by keying specified digits.

_(6) DSA operators are provided at sejectted
AUTOVON locations. These operators
information assistance; establish_conferences, a
place precedence calls or AUTOVON users who
cannot place such callvtdirectly. Thy y also pr ide
manual: service through _Tacilities such a hig
frequency radio links where the quality is not
considered adequate for automatic switching:

fsa d

. .,L.(private branc wire
connections. to in is no

*,tUp to four data_

SIM
VON JtC::..Tereb-C;

connectedin tand.
Terminal

four-wire- telepho to jimerts f,
specialtonsoles fo sominand an
as NQIZAD North Am ense

cimmand) and PBXs great
jority of users. WIli on BXs
d the AUTOVON -"Switches are ace

qiiipment must he installed in the P.B r'Networks; AUTOVON subscribers andtTe tp.ve
access to subscribers served by 'other hing
centers. These connections are establishe. r.
trunks between the various switctung
routing digit, provided irrihe nur.n*ring plan, is used
to process. calls through the netWor)and will permit
automatic _crossover_Ixtween networks. A network
consists of the AUTOVON switching centers, the
trunks connecting one AUTOVON switch to another,
and] he trunks connecting central offices (PBXs) to an
AUTOVON switch; all within one geographic
location; for example; Europe, Pacific, or CONUS.

Four-Wire Instruments. Many different types of
riben equipment may be used at AUTOVON

ow, but we will 'discuss only the -basic four-wire
instrument ,(telephone), shown by figure 1-1. The
basic instrument- includes a telephone handset,
DTMF key pulsicig equipment with 15 or 16 keys /a
hook switch, a tone rigger, and circuitry necessary to
perform the required functions. In figure 1-2}0400k at
the block labeled "Keyset and Oscillator." Each four-
wire instrument has a built-in DTMF oscillator.

The DTMF oscillator provides a group of four tow
frequencies and a GROUP of four high frequencies
for signaling; see figure 1-3. The low freqabncies are
691,_770, 852, and 941 Hz._The high frequencies-are
1,209, 1,336, 1,477, and 1,633; note that eacht,digit is
represented by -a tone-pair; this makes' for faster
keying (dialing). It takes no longer to signalkthedigit 9

Exercises (800):

I. Name and define the two types of service available
to the AUTOVON subscriber.

2. What do the letters DTMF stand for?

3. What is the maximum number of precedence levels
that a four-wire telephone subscriber may be
provided?

4. What are the actions of the DSA operators?

801. Give the purpose and functions of selected
AUTOVON transmission and terminal facilities,
networks,_four-wire instruments, and major interface
equipment components.

Transmission and Terminal Facilities: Because of
the long distances spanneckiay AUTOVON- 12,000 to
15,000 miles transmission facilities must conform to
the highest technical standards: AUTOVON is
designed for interconnection of up to seven voice
grade trunks in tandem; therefore, network
transmission facilities are four-wire except at PBXs

2

,
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\-
Figure I Fiiiir-Wire instrument.
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Figure I -2. Four-wire subset. functional block diagram.

than it does the digit I when two tones are used for
each digit.

Look ain at the keys shown in figure ,l -I; the A
key is ed to indicate "end of address" when an
abbrevia address (number) is keyed. FO. F. 1, and
f keys are used to indicate t precedence of the
originatingcall. The precedence may be arranged
either in a horizontal or in a ye cal group. The order
from left to right (or top to bottom) is FO; F, I, and P.

Precedence levels, designated= zero through four,
are required with service preference according to.
rank. Precedence level four is used for normal routine
calls. Precedence level zero is the highest ranking
precedence:

Precedenc0 avets

Number Precedence Level

1

2
3
4

Flash override
Flash
Immediate
Priority
Routine

Each four-wire subscriber may use any precedence
up to, and including, the highest authorized for him:
The precedence level of a call is normally determined
by the caller. If a subscriber attempts a higher
precedence than that to which he is authorized, the
call is routed to a recorded announcement.

3

Keyset
and

Oscillator
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Major Interface Equipment Components. Since all
AUTOVON access lines are foar-wire, two-wire users
may be connected into AUJIOVON only as a part of
another system, such as a PBX. By a four-wire
transmission path, we separate our traitting from
their transmitting (our receiving). This gives us less
noise and echo, as losses can be inserted into the line
to compensate and allow for one -way amplification:
In_nrder to "interface" (interconnect) the two-wire
PBX with the four -wire 490L AUTOVON switching .4
center; a rack of interface equipment is installed in the
PBX.

- The equipment is rack mounted; but the physical
location and arrangement of the equipment may vary
from one central office to another.

Each _trunk requires a two-wire/ four-wire Mink
circuit; i.e., an SF (single frequency) signaling set
which converts pulse signals in the two-wire system
(your central office) to tone signals in the four-wire
system and vice versa. A 'telephone repeater which
consists of a voice-frequency line amplifier and a
terminating unit (hybrid coil) is also necessary for
each trunk: The telephone repeater amplifies voice
signals to the desired level (specified by DCA) for
proper transmission and matches terminating
impedances of the two-wire/ four-wire lines. It is
normally mounted beside the SF unit for the same
circuit.
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Four-Wire Subset Oscillator Tone Pairs

PUSHBUTTON KEY TONE PAIRS (HZ)

ADDRESS KEYSET

3

4

.5

0 8

9

0

A

(Not Used)

697 + 1209 )
694' + 1336

, 697-4 V477

770 4- 1209

770 1336

770 + 1477

852 + 1209-
4

852 + 1336

852 + 1477

941 + 1336

941 + 1477

941 + 1209

PRIORITY KEYSET

FO 697 + 1633

:770 + 1633

852- + 1633

941,+ 1633 ,
MC -049

Figure 1-3. Four-wire subset oscillator tone' pairs,

560
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There is alSb a board applique circuit which
converts address sig s used in the local exchange to
loop pulsing needed by the two-wire/four-wire trunk
circuit (often referred to as the trunk or interface
trunk). A precise tone supply circuit is provided to
work in conjunction with the switchboard applique
circuit. It _generates the-signaling tones that permit the
operator to dial piCcedence calls.

About all that is left is thetcstcircnits, of which
there are three: (1) the noise and balance test lini; (2)
the loop around test line, and (3) thc reverse° battery
test line. These circuits permit AUTOVON switch
personnel, to test select functions of the interface
without the help cifirclur people.

Exercises (801):

1.. What is the trximum number of voice grade
circuits._ interconnected in tandem, the
AUTOVON system is designed for?

2: What does an AUTOVON network consist of?

3. What is the purpose of the FO, F, I, and P keys on
the four-wire instrument?

4. What happens if a four-wire subscriber attempts to
use a precedence level higher than he is authorized?

latiitif.t.god relate the- purpose or function of
selected AU 1OVON interface equipment and
equipment configuration and operation.

Equipment Configuration. Foldout I (in_separate
ifielosure) shows -how the major components of the
interface equipment tie the local exchange equipment
to the AUTOVON system. Local subscribers can
access the interface trunk circuit from the banks of
through or local st selectors and_ from the
attendant's cabinet for utgoing calls. On incoming
calls; the calling party e n call into the attendaid.:s
cabinet for _operator ass' tance or he can dial the
number of the local subsc 'ber through the incoming
selector and connector. __

While StroWier and XY trunk circuits usctwo-wire
trunks for dialing, transmitting and receiving. and
supervision_between off ices_AUTOVON uses a four-
wire trunk between offices. From the'interface trunk
circuit we have a two-wire conn ion to the two-
wire/ four-wire terminating unit (h _rid) that is used
for

2ur
transmission path. We also have a two-wire

J
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connection to the SF signaling set; these wires are our
E and M leads and are used for addressing (dialing or
tone) and for supervision.

When we speak of supervision. we are talking about
whether the trunk is idle or in use.

You may have noticed that we have two wires
between gie trunk circuit and the hybrid and four
wires (refit the hybrid throughout the rest of the
circuit to the AUTOVON access; this is our
transmissic path:

Again, the physical interface equipment may be
arranged differently in the central offices you are
assigned to. Physictl location of equipment or its
,aitangement normally depends upon the amount of
equipment installed and its placement for ease in
maintenance.

Trunk circuit. This circuit was designed for use as a
two-wire interface between a PA BX (private
automatic branch exchangea term, used by the
Automatic Electric co.) and an AUTOVON
switching center; The circuit provides a means of
completing incoming and outgoing routine and
precedence level calls.

Network inwarddialing (NI D) calls are established
between the AUTOVON calling rally and the PABX
called party without the assistance of the PABX
attend_ant_ The incoming call is processed to the
PABX called station through an incoming selector.

Network outward dialing (NOD) calls" are
established. between the PABX calling parts/ and the
AUTOVON called party without the assistance of the
PABX _attendant. The outgoing call is processed to
AUTOVON through a trunk from a first selector.

Precedence alerting and preempt signals from_the
distant AUTOVON switching center are detected by
the two-wire/ four-wire,circuit, thus any_ call may be
preempted: A precedence _network ivard dialed
(PNID) call from AUTOVON to a PABstation that
is busy or which does not answer within 12 seconds
will be diverted to the attendant's cabinet Theattendant's .

precedence answer lamp asWf at 60 1PM,
sighaling the attendant.' that. I is ;an incoming
priority diversion call. The P ' AO-en-darn-Can then
preempt aikt routine call in the two-wire/ four-wire
circuit:

SF signaling unit. Single frequency signaling units
arc required_with_carrier. radio signaling, or over long:
wire loops. The SF signaling unit is a complete, self:
contained 2,600-Hz in-band signaling system: The
term in -band refers to the voice frequency band of 400
to 3,400 Hi.

One purpose of the_2;600-Hz _tone_ is to mark the
interoffice(between offices) trunks idle. The tone is a
reliability factors If at any time an idle trunk becomes
disabled. the tone stops; _bringing in an alarm, telling
maintenance personnel there is*a trouble.

The SF signaling unit is a compact key telephone
unit (KTU) tune module consisting_ of a Voice:
frequencyosc w drawer and control unit drawer,
shown in figuic. i -4; -I csi jacks on the front panel are
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Or-1.4k (Tone) 7 Open
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_ E-Tad
(From SF Unit)
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(From ? -wire/
4-wire Trunk)
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...Both the off-hook and the on-hook signals are
referred to as "supervision." They arc the two
supervisory signaling conditions of an interswitch
trunk, a subScriber line, or a PBX access line.

Look at figure 1-5 and locate the four-wire terminal
equipment. With the handset of the four-wire
telephone in the cradle, the supervisory state is on-
hook. The E-lead is open, and the M-lead is
grounded: trace the leads on figure_ 1-5. In this
condition, the SF unit sends a 2,604FHz tone on the
transmit pair to mark the trunk idle -to the 490L
'switch.

E IA

. RCV LEVEL BIAS ADJ

rir 1E1rari
SF SIG UNIT SF SIG UNIT

Figure 1-4. SF signaling unit.
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provided for monitorii the operating signal and
voltage levels.

Another purpose of he 2.600-Hz tone is to transmit
supervision in both' directions over the four-wire
interoffice trunk facilities. Remember that the 2,600F
Hz tone denotes an idle trunk.

With the local terminal in the idle (on-hook)
condition, the M-lead is at ground potential and the
tone oscillator in the SF sigtutl unit places a 2600-Hz
tone on the transmit line, shown in figure lir5.. When
the loCal terminal haridset is lifted (off - hook),
negative 48 volts is applied to the M-lead and the tone
oscillator turns off, removing the idle line condition.

With the far terminal in the on -hook conditiOn, the
2;600- Hz*tone comes in on the rfcriveline of the local
terminal. Under this, condition, the E-lead is open.
With the far terminal in the off-hook condition, there
is ground on the E-lead and no tone on the receive
Pair-

Supervisiotthas two STATES=( 1) "off-hook" and
(2) "on=hook," 'both shown below:

15

io.
When the handset of the four -wire telephone_ is

lifted, the sdpervisory state is off-hook; and the M-
lead potentril is negative 48 volts. The SF signal unit
now removes the 2,600-Hz tone from the transmit
pair; which indicates to the AUTOVON switch a
demand for service. Dial tone would then be sent to
the Subscriber.

On in incoming call (a distant off-hook condition)
to the four-wire telephone, the E=Jead will have a
ground sent from the SF signal unit to the tine
adapter. This causes the line adapter to send a signal
tone to the tone ringer in the four-wire telephone,
which is in an on-hook condition.

Remember, the far end supervisory condition is
reflected by the E-lead, while the near end supervisory
condition is reflected by the .M-lead.

Routine incoming calls to a PBX will use a normal
on-hook seizure signal. Ringing signals to the PBX
will be the normal PBX ringing when the connection
is completed at fhe PBX.

Two varieties of signaling are used for transmitting
address information to the AUTOVON switch. Thus,
both four-wire subscriliers__and:PBX attendanti at
precedence positions use DTMF signaling, whereas
PBX users use dial pulsing: Examples of both types of
addresses follow.

When the four-wire subscriber goes off-hook, a
supervisory signal is sent to the switching equipinent
demliding' service; as shown in figure 1-5. The
hookswitch closes a circuit to the adapter circuit
which replaces ground with negative 48 volts on the
M4ead to the SF unit. The SF unit now removes the
idle line Z600-Hz tone from the transmit pair of the
trunk. After dial tone is heard, addressing is
accomplished bythe operation of the DTMF keys: A
common switch in the instrument disables the
transmitter during the. addreSs-keying?eperation.
Individual key contacts select the-prop& AC tone-
pair corresponding to the digit key operated in the
keyset. These distinct frequency combinations are
sent over the transmission facilities to the switching
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Figure \F"signaling unit and E- and M-leads.

center =DTMF receiver for digital (numbers 0 to 9)
reclignition. The subscriber will hear the tope sent out
by each key

The two-wire subscriber goes off-iitiok closing a
loop to a selector, receives dial tone, and then dials-8;
refer to foldout 1 (fotand_in -a- separate gnclosure).
After accessing the AUTOVON )15*
subscriber dials the AUTOVON address. The dial
opens and closes the loop to the twcz-wirejlour-wics..
trunk, which applies and removes negaliVe 48 volts on
the Mklead; shown in figure 1-5: The SF signaling unit
converts the DC signals received on the M-lead into
2,600 Hz tone -on /tone -off signals, shown in figure 1-
6. The amplified tone btirsis are sent to the switching

2600 CPS T9NE BURSTS_ I-1 C 04 5

Figtire 1-6. Dialed pulses from tw1e telephone.
xi

rr

9

MC -048

equipment Figure 1-6 shows that the digit 3 was

Whefrihe two-wire subscriber receives a call, the
.SF signal unit receives 2,600-Hz tone -on /tone -off
signals. These are converted to interrupted ground
Pubes on the E-lead.

E- and M-lead signaling may be summarized as an
arrangement whereby communication between a
trunk circuit and a separate unit is accomplished over
two leads: The M4ead transMits battery or ground
signals to *At signaling equipment, and an E-lead
recEivevpen- or ground signals from the signal unit.

Preepiption is accomplished at the switching
center by sending a measured supervisory signal pulse
toward both the calling and called lines. The
fipervisory pulses are recognized at each switching
center; causing disconnect of the intermediate trunk'
circuits and the line circuits at each end. Following
circuit release, the _preempt ton* of 440 + 620 Hz
from the precise tone supply is applied to_each end-

tiubscriber from the line or trunk circuits. The tone is
maintained until a disconnect signal is returned to thee
switching center. The trunk or line whicrt was selected
for preemption is now reused to serve the waiting
precedence call.



iThe recall signal is used to recall the DSA operator
when an outgoing call has been placed through the
DSA switchboard. The signal may be generated either
of two ways: One four-wire subscriber or a PBX
user may depress the hookswitai _for :300=ins
(millisecond) up to 2 seconds. The cither1:1a _'PBX
attendant may operate and release the cord ring key.
The trunk circuit will Send a 300-ms on-hook signal-to
AUTOVON after the key is released. AUTOVON
converts the signal for retransmissi6ii to the OSA
switchboard.

TelePhone repeater. The repeater; shown in fhpire
1-7, consists of a plug:in amplifier drawer and &plait.
in terminating set. The terminating set a. two-
wire/ fotir=Wire terminating unit, while the amplifier
portion is a voice- frequency line amplifier. Thisunit is
used both for four-wire DTMF circuits and two-
wire, fodicWire trunk circuits. When used with four-,

wire instruments, the terminating_ unit is not required,
and the space is covered with a blank panel.

The VF line aMplifier rebuilds signal strength to
insure proper transmit and receive levels on four-wire
transmission

rr-

W7I1 LINE
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©. ITT
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RCN/
AMP
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() 4ri
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0
0

8

LEVEL

W7I1 TERM SET

RCV

4W
RCV-

4W
XMIT

.

XMIT

wiosicloim IFFE5171071

1.

H C -046

Figure 1-7. Telephone repeater.

The two-wire/ four-wire terminating unit provides
600-ohm termination- for the transmit and receive
circuits of both the four-wire transmission path and
tWo=Wite transmission path. The terminating set
contains adjustable hybrid balahee and impedence
compensation networks which provide proper
balance and equalization,Of transmit and receive %II

.:"levels on the four-wire and two-wire circuit. The tWo-
Wi re/four-wire terminating unit thus provides

. terriiintition and ImPedence matching of the two-wire -;

send-receive of the PBX and the foilicWire
transmission facility.

Foreign applique. There are various combinations
of foreign dieitique assembiles that adapt the basic

-two-wire, : -wire trunk circuit to foreign
equipment.

The purpose of these assemblies is to pi,,y4;ic
loop pulsing as required by the two-wire/ four-wire
trunk. The trunk then converts this pulling to E and
M

Asignalingas required by AUTOVON switching
equipment. ;;Pi

Test equipment. The reyejse battery tes_fine cireu' it;
end office loop around test circuit, -atirAqiie'' arid?balance test line circuit ; shown in foldoutl- ro 'de
termination at the PBX for making tra ii- s tests
on the trunks frokiit.TTOVON The Al VON
switch can aecess arid.- test the functions 'Of the
interfare. equipment Withbut the assistance of the
PBX maintenancpersonnel;_ .

MilThe test jack assembly, as o 4 t .4 ws, permits
patching into the interface equip sr the PBX
attendant, for testing of the equipment or for
rerouting around a piece of equipment which is
malfunctioning. .

Switchboard Applique; The ptdigtist of the
applique is to modify the switchh

ioardcrcuits so that
they may be -used witif AUTPVON.

We now cover the changet, required at a two-wire
sWitehboard position to make it operational with-
AUTOVON, This inchides switchboard trunk .and
lamp arrangements for PABX access lines and
mOdifiCatio for operation with a ,DTMF keys1et.

Fare equis mew: The PABX SUbScribt ;..t..di ..1- no
Means of generating piecedehce_calls and must,,place
all pretedenceCalPi through the PABX attendant." The
lamp and jack arrangement used on the fac-e Of the
switchboard determines the type :of_trunk_ circuit
selected for the -access fide to AUTOVON. F6r
instance; a two wire switchboard trunk circuit
With-Out preemptioefeatures requires one jack and
two lamps: A itunk circuit with preemption detection
requires two jacks and four liMps, as shown in figure

;'.51-8, reading down from the top.
DTMF kexset. The DTMF keyset, shown in fig. 17

9, is used to modify the position circuit of the
attendant's cabinet for pretedefice calling. The tone
pair frequencies transmitted for each pushbutton
(key) operation are the same frequencies as those
shown in figure 1-3:

aJy
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TRUNK
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0:0
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Ir00.000
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Figure 1-8. Flee of PBX SWBD with preemption detection-.

For ease of operation the DTMF keyset IS normally
installed in a convenient location_on the switchboard
keysEelf. The attendant may make an AUTOVON

. call by using the dial, but the keyset must be used if a
precedenee -call is made: The modifications at the
attendant's cabinet, the sWitchboard and the
two-wireifour-Wire trunk make it possible for NID,
NOD,' ID; and SWBD precedence outgoing calls

41. to be m .ei44

c-5

P

wan

4

Al`
tr..

Figure 1-9: DTMF keyset.
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C ust.

. Potarity reversal ciriwits-.- The polarity reversal
'circuit repeats the answer lamp and busy lamp control
signals (AL and BL) from the trunk circuits to the
famps_ mounted in the attendant's switchrOiltel,:i
multiple. -

ti The polarity reversal contains two busy IlitiVr
taixiliary relays and two answer limp auxiliary relays;
Each auxiliary relay is wiredlq operate when ground
IS applied on the correspOndg lamp Control lead.
Each auxiliary relay, when operated, applies ground

_or battery (at deterrnined by optional wiring
Accordilig to PABX design) to the lamp control leads
serving--lam Ps mounted in the PAR ilittendant's
Switchboard.

9

Exercises (802):

1: What detirmines the physical location of the
interface equipment?

2: What is an SF unit and what are its purposes?

3. What equipment is connected to either side of the
SF signaling unit?

565
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4. Whit is the function of the SF unit?

5. What is the purp6se of the foreign applique?

1-2 OpsratIon of Intorfacs Trunk Circuits
The basic trunk circuit (fig. I,A on foldout 2

printed as Separate enclosure) was designed foruse as
a two-,way interface 'between a PABX and an
AUTOVON switching center.,

The circuit provides a means of completing
incoming and outgoing routine and precedence level
calls. AUTOVON preemption of an established call
by a precedence or higher precedence level
attendant preemption of established routine alb,
network inward dialing, network outward dialing,'
and network inward dialing of prftibice level Zalls.

(I) Basic trunk circuit, figure IA, fold
12) Precedence in dialing control circa* 2A,

foldout 3.
(3) Transfer to attendant, figure 7A, foldtitit 3.
(4) Pad control circuit, figure 6A, foldout 3.

Table B of foldout 3-shows the different figures that
can be used to adapt -the PABX switchbOard to the
basic trunk circuit We will only study figure 3,A,
foldout 3) for universal cord ciquit.- Figures 4A and
5A, which would normally be included in foldout 3,
have been omitted from it to simplify the drawing.

The precedence_ in dialing control circuit, also
shown -in figuret.2A of foldout- 3, allOWSPricederice
incoming calklo a PABX telephoneoumber that is
busy_Or_ not,answered within 12 to 13 seconds to be
diVeti_ed 'to the- attendant's cabinet. _

T _ aultelersteTrr attendant circuit, ShoWn in figure
A of foldout, 3, works in conjunction with the

'.;.; switchboard applique and the batictrunk circuit to
AIM* N1D ;rills to a PABX _subscriber to be
transferred to the attendant's cSbinet.

'
The pad control circuit' shoWn in fig-

ure 6A of foldout 3; allows ''..-db padto,, be removed automatically 1_ a call is
being routed to orfrotaiatellite ex-
thatigO throUgh a main PABX -6k this
switchboard attindant can remove t man-ually-- By removing this pad; the ans-gtmisai quality of the circuit is "ire
crea d. ..

No* that you knoW`the Junctions of he component
parts of the basivrunk circuit; let us lilok at how they
work as a system. ,

Calls may be ettabliSbed between the PABX party
and4he AUTOVON party via this circuit with or
Vittibut the assistance of the PABX attendant.
.. Network inward dialing_calls are calls that are being
established between the AUTOVON calling party and
4he 'PAUX called party_ via the _incoming selector
without the assistance of the PABX attendent. The
network _outward dialing call is processed to the
AUT -ON tilted Station via the outgoing selector.

ence_alerting and preempt signals from the
distant AUTOVON SWitching center'are detected by

this circuit. The attendant can preempt a routine call
in this trunk circuit. The AUTOVON switching center
can preempt any call:

N3. Using foldouts 2 and 3; (printed as separate
encloiurri)i holate the actions that occur in the
interface trunk dreuit during an NOD call and specify
*liAlkrffects. thatSctions have on associated circuits.

Thine are two basic versions of wiring and r
oPrmis of the basic circuit The first has, 73" win'itg.
Usargure 2A (a-part of foldout 3, found in a separate
enelosure)_here. Thisiversion is arranged to interface
wit CON US Aprpy.oN switch and has the =PNID
datilbilities. The second version lias_"_A"Aviring, Ad
figure 2A (on foldout 3) is not used 64tTliii version
is arranged to.interface with an oversea AUTOVON
switch and-eroes not have the PN1D capabilities; all
incoming precWkeoce level calls are directed to the
PABX atteiidgthe koard appliqlks.
_ Again; dueWftie complex wiring options and the

, flexibility of the basic trunk circuit, it would be
impossible for us to study every- type of circuit
operation used in a PABX_offi_ce.= Thrfore we will
limit our study to the tru if_sthe circuit plate.
number Waifgint 27A, (H-7-7 50-27A). Look at
table_ A _of foldout 3 (separate en losillt), there you

ti Will find that figure 27A consistr4thi following
apociated circuits wired togethei:i: ; -

.

Netw&k Outgoing Call. From Incoming or
Through &eletttie Sink Or Rotary Swittii. The first
description of circuit operation; shown in foldouts 2
and 3, 'will be a call from a subscriber through a
Satellite exctlange into our main exchange and into
the AUTOVON switch. During this discussion and
the others that follow, you will use the several
schematics el foldouts 2.and 3 and the notes that they
contain. Go slowly and trace all cifo the paths
discussed.

t Stitt&
equip
on lcad
leads
winding of rel
coordiante C-1 for the correc
These actions occur:

cwt is marked idle to preceding
nce of ground or -48 volts (via R6)
n this circuit is seized, a loop via
_closed to relay A anti number tko

TS in figure6A onloldout 3. Use
and. R to start on.

(I) A operates and TS through its #2 winding-A
contacts 7 and 8 completes a circuit to operate relay
AS. k contacts 2 and 3 complete a circuit to operate
relay B. A contacts 5 and 6 chatige lead M from its on-
hook condition to its ofkhook condition through the
ballast lamp to battery. TS relay operates to its "X"
contact only. -

(2) B ray operates-B contacts 8 and 9 operate
'TS relay fully over the 146 lead. B contacts 6 and 7
complete a circuit to relay B2.

10
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(3) TS relaybperateSTS contacts 3 and 4 remove
the 2-dB pad from T and R to increase transmission
quality:

(4) B2 relay operatesB2 relay serves no function
at this tiIg.

(5)- relay operatesAS contacts 4 and 5
complete a circuit to operatetelay ON.

(6) ON relay operatesON contacts 10' and_
operate relay_ ONS. ON contacts 1 and 2 remove idle
line termination (resistor -R-1).

(7) ONS relay operaCINS contacts 10B _and
11B light_ so9tine_busylitap on switchboard ONS
contacts 413;_llhd 5B place a ground on C-lead to hold
the preceding switch train operated and ma4 the
trunk busy. ONS contacts 6B and 713 place a grilbund
'on HU4ead to mark trunk busy, if rotary switch
access is used: ONS contacts 10T and I IT complete aiS
Id path for relay B2.

_Outpulsing After accessing the 4UTOVON
equipment,-the subscriber dials the AUTOVON
address: Mk dialLppens and closes _the loop to the
two-way /lour-_way trunk, which applies and removes
negative 48 volts on the M lead. The SF signaling unit
converts the DC signals received on the M lead_ into
2:600-Hz tone-on/tone-off signals. The amplified
tone bursts are sent to the switching equipment. These
things follow:

(I) Impulse springs breakthis opens the T and R
loop to relay A._

(2). A relay releasesA contacts 7 and 8 opens the
circuit to relay AS. A contacts 1 and 2 completes a
circuit to operate relay C., A contacts 2 and 3 opens
the circuit to relay B and puts it oniglow to release. B
remains operated during pulsing. A' contacts 4 and 5
transfer lead M from its off -hook condition to its on-
hook Condition. cti;

(3) AS, relay releaSeS=AS;COntactS'Tand 5 open
circuit to ON arid put at on-slow4 release._ _

(4) C relay opera,* C contacts 6 and 7, 12 and 13
. connect capacitorS'F-15 and'C -6 in parallel with the
'repeat coils to insure proper pulsihg of relay A by
preventing inituctive reactance_ of cbilS froth
interfering with pulsing loop. C contacts 10 and I I
connect resistance battery via a combination of
resistors R-I8 to R-21 a-ultiple tb_#1 winding relay
A (see note 3) to control percent make break of clay
A.

(5) impulse springs closes: the T and R
loop to relay A.

(6) A relay operatesA contacts 7 and fclose the
circuit to relay AS. A contacts I and 2 open the circuit,
to relay C and puts it on slo_w to release: C remains
operated during_pulsing. A contacts 2 and 3 recloSe a7
circuit to relay B. A contacts 5 and 6 transfer lead _NI
front its on-hook condition to its off-hook condition.

(7) AS relay operates AS contacts 4/0-4. 5 eloSe
the circuit to relay ON. Relays B. ON, dnd C remain
operated during pulsing due to their slow-to-release
Characteristics.

11

53)
($) Dial pauseduring dial pause relay C releases.
(9) C relay releasesC serves no function at this

time.

Called line idle. Relaj,s_ operated when the called
party answers are A, AS, B, ON, ONS, TS, and B2 in
figure 2A on foldout 3. When the called party
answers; the distant AUTOVON Switching center
removes SF tone causing the SF unit to ground lead
E. Grounded lead E Operates relay E. Next,, these
things _happen: -;..L

( I ) _E Relay operatesE contacts 4 and 5. cl ta,
circuit to relay ES. E contacts 2 and 3 close a circuit to
relay ESS. _ ,

(2) ESS_ relay operatesESS relay serves no
function at this time.

(3) ES relay OperateSES contacts 2 and 3 close a
circuit to relay PT and SR in parallel;

(4) Sfkrelay operatesSR relay serves no functibn
at thiS time.

(5) pT relay operatesPT contacts 4 and 5 close a
circuit to relay RV. ,

(6) RV relay operatescontacts 6T and 8T; 513 and.
7B reverse the polarity of leads "+" and "-" to return
answer supervision.

Conversation: Conversation_ between_ the PABX
calling party and the AUTOVON calktd party takeS
place at this ante. the following rclityare; operated
during conversation:_figure L4 of folkat 3A, AS,
B, ON, ONS, PT, SR, RV, E. ES, Epc figure 6A of
foldout 3TS; and figure 2AB2. _

Cihd line busy : the called line is busy, busy tone
is returned_ to th'. Iling_party via the repeat coils
from the distant _ El: Relays operated A; AS, B,
ON, 'ONS, and TS. Grokind is not returned on the E
lead from the SF unit.

Release from a _busy condition. When the _calling
party disCOnniCtsfr condition, the loop to
itiastiA is oceqe Ace will be the same as
seizure, but instea .3; operating, they will
release, ...

Calling party _disco'', rm. When the calling
party disconnects first, the loop to relay A is opened.
Relay A releases. After this, hese actiolt take place:

(1) A relay releasesA contacts 7 and 8 _openffie
circuit to relay AS. A contacts 2 and 3 open the circuit
to relay B and-puts it on slow to release. Relay B times
out and releases. A contacts 4 and 5 change lead M
f its off-hook condition to its on-hook condition.

AS relay releasesAS relay serves no function
a s _time:

(3) C relay operatesC relay serves no function at
s time.

B relay releases B contacts 8 and 9 open t e
circui to relay TS. B conta 41.14nd 5 open the circui
to rd C and put it on slow to release. C times ou
and re_le_ases.

(5) TS relay releasesTS contacts 3 and 4 place
the 2-dB pad on T and R leads.



573/(6) C relay releases C relay serves no function at
this time.

.4 UTOV disconnects second. When to called
party disc_ nnects, ground is removed from_the E !cad
opening the circuit to relay E. Thereafter this ensues:

(I) E relay releasesE contacts 4 and 5 open the
circuit to relay ES. E contacts 2 and '3 open the circuit
to relay ESS.

(2) ESS relay releases ESS relay serves no
function_ at this time.

(3) ES relay releasesES contacts 2 and 3 open the
circuit to relay SR and put it on slow to release: SR
relay releases.

(4) SR relay releasesSR contacts 4 and 5 open
the circuit to PT and put it on slow to release. PT
relay times out and releases. SR contacts I and 2
complete a circuit to relay P.

(5) _ P relay operatesP relay serves no function at
this time.

(6) PT relay releasesPT .contacts 6 and 7 open
the circuit to relay _P._R-Pl(tontacts 4 and 5 open the
circuit to relay RV. PT contacts 4 and 5 open the
circuit to relay ON and put it on slow to release. ON
times out and releases. _

(7) P relay releasesP relay serves no unction at
this time.

(8) -RV relay releasesRV contacts 6T and 8T, 5B
and 78 reverse the polarity of leads "+" and "-r-to
return answer supervision.

(9) ON relay releasesON contacts 10 and II
opens the circuit to relay ONS._

(10) 01$6 relay releaies4-ONS contacts 6B and 7B
remove ground from the- RU lead. ONS contacts 4B
and 5B remove ground from the C lead. ONS contacts
10B and 11B remove ground from the BL-1 lead to
extinguish the routine busy lamp. ONS contacts IOT
and 1 IT open the circuit to relay 82 and put it on slow
to release. B2 times out and releases. EC relay serves
no function at this time. The circuit is now at normal.

Called party disconnects first. When the called,
party disconnects first. AUTOVON-returns the SF

ni the E lead.
these actions

liartfacts 4 and 5 open the...
contacts 2 and 3 open the circuit

tone. The SF unit-remov
4.causing the E rel to

occur: Ata.

( t) E riTslay rele
circuit to_relay ES,
to -relay ESS.

(2) ESS ielay _releases ESS relay serves no
function -at this time: , .

(3) ES relay releases--EES contacts 2 and 3 open the
circuit to relay SR and put it on slow to release. SR
releases._

(4) SR relay releasesSR contacts 4 and 5 open
the Circuit to PT and put it on slow to release: PT
times out and releases: SR conilicts I and 2 complete
a circuit to relay P.

(5) P relay operatesP relay serves no function at
this time.

(6) PT relay releasesPT contacts 6 and .7 open
the circuit to relay P. PT contacts 4 and 5 open the
circuit_to relay RV.

(7) P relay releaN\-P relay serves no function at
this time.

(8)RV relay releasesRV contacts 6T and 8T, 5B
and 7B reverse the polarity of leads "+" and "-" to
return answer supervision.

Calling party disconnect{t _second. When the calling
party disconnects, the loo relay A is opened. After
this; this follows:

(I) A relay releasesA contacts_ 7 and 8 open the
circuit to relay AS. A contacts 2 and 3 open the circuit
to relay B and put it on slow to release. Relay B times
out and releases A contacts I and 2 complete a circuit
to relayC. A contacts 4 and 5 change lead M from its
off-horik condition to its -on -hook condition:

(2) C relay operatesC relay serves no function at
this time:

(3) B relay releas_esB contacts 8 and 9 open the
circuit to relay TS. B contacts 4 and 5 open the circuit
to relay C and put it on slow to release. C times out
and releases.

(4) TS relay releasesTS contacts 3 and 4 replace
the 2 -dB pad on T and.R leads.
. (5) C relay releasesC relay serves no function at
this time:

(15)1.,AS relay releases AS contacts 4 and 5 open
the circuit to, ON and put it on slow to release. Relay
ON times out and releases/

'(7)1ON relay releases=ON contacts 10 and 11 open
the circuit-to relay ONS.

(8) ON relay releases-'--ONS contacts 10B and
11B extinguisifthe routine busy lamp. ONS contacts
4B and 5B remove ground from C lead. ONS contacts
6B and 7_13:reinove__ ground from HU lead: -ONS
contacts IOT and open the circuit to relay B2 aid.
put B2 on slow to release; B2 times out and releases.

(9) B2 relay 'releases;-:-_B2 relay serves no function
at this time. The circuit is now at normal.

Network Outgoing, Call from .Outg
z4.

oing Selector
!. Banks or Rotary Swifch. This call will be the same is

the previous NOD -call, except that we will not .uSe
figure, 6A on foldoUt3. t he Tkrelay will not operate.''''.±,;"

.=Since this call originates in our local central office; we;
will not need the IS relay in figure 6A on foldout 3 to
'remove the 2-c11§ pad; thus, the path for,the A relay is
different.

exercises (803):

1. What prevents the preceding equipment from
releasing when the interface trunk, shown in FO 2,
is seized from: an outgoing selector?
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2. What action in the trunk circuit; shown in FO
alerts the SF unit that this circuit is no longer idlerwge

3: What function(s) are accomplished by relay A in
the trunk circuit, shown in FO 2, during the second
or subsequent impulse make? '

\ ,....

)cc contacts 2 and 3
of relay ES; shown i FO 2; dose?

5: 'What prevents the trunk circuit; shown in FO 2,
from bOng seized prematurely when the calling
party hangs up first?

804. Using foldouts 2 and 3, distinguklethe actions
that occur in the intedace trunk cirduit4tiliiiiiig*n Nil)
call and indicate*r.effects thee actions have on
associated equi runt.

MD CaU to lnottting Selector Fr e AUTOVON;
descriplion of circuit oneration'(using figure -1_A
Idrolit 2 and figure 2A on foldout 3, gain) will be

a call'irom AUTOVON'into the interfate equipment
and out through the central office using the incoming
selector and switch train totheslle subscriber.

Seizure. Ground, on the M kad- rwAs this circuit
idle. The _grounded M lead causes the SF signaling
unit to transmit 2;600 -Hz signal to mark the circuit
idle to 'AUTOVON.4' 'When the circuit is.

'`seized, AUTOVON removes the 2,600 Hz
signal from the receiver 44ch

groun he 4,--lead closing an operate
caushe SF signaling unit' in

path to relay E.
(1) E relay operatesEcontats 6 and 7 serve no

function at this time due to a short circuit across leads
B -and B1 (terminals B6 and B5 respectively) coming
from contacts 5 and 6 of relay DE, figure 2A on
foldout 3. This Short keeps the selector from stepping
on the first digit. E (precedence_digit) contacts 4 and 5

Complete a circuit tolelay- ES. E contacts 2 and 3
complete a circuit to relay ESS.

(2) ES relay operatesES contacts 2 and 3
Complete a circuit to ritlay PT. ES contacts 2 and 3
complete a circuit to relay Sr. ES contacts 7 and 0
complete a circuit to relay IN:

(3) PT relay operatesPT relay serves no funct(on
at thisAime,

(4) SR relay operatesSR relay serves no functio
at this time: -

(5) IN relay operates IN- rnntacts 813 ant 9B
complete a circuit to relay I S: IN contacts 2T and
3T, 2B and 3B, 4T and 5T; a d 8T and 9T complete a
loop to seize the incoming Selector,

535
NOTE SP relay does not operate, due to
magnetic opposition inns windings.

(6) INS relay operates INS contacts 8 and 9
complete a circut to relay IM.

(7) IM relay operatesIM contacts 8 and 9
provide a hold path FOE itself.

(8) ESS relay operatesESS contacts 8 and 9
complete a circuit to relay ON. ESS contadts g and 9
complete kground on lead C to mark the circuit busy
to outgoing calls,

, (9) ON rely operatesON csintacts 10 and 11
complete a circuit to relay ONS. ON contacts I and 2
remove the idle line termination, ON contacts 12 and
13 complete a circuit to relay WK.

(10) ONS relay operatesONS contacts 4B and
5B complete an alternate ground on C lead: ONS
contacts 6B and 7B ground HU lead. ONS contacts
JOB and 1113 complete a circuit to light the routine
busy lamp on the switchboard, ONS contacts 4T and
ST change the path for relay IN from its operate -path
to its hold path:

I) WK , relay operatesWK contacts 5 and 6
complete a circut to relay B2.

NOTE: WK relay connects lead WK2 to lead
WK I, placing an off-hook condition on lead M:
When WK relay relea,sekpo disconnects lead
WK2 from WKI, rettinla lead- M to- its on-
hook condition. Wink-start signals; off-hook and
then on-hoola on lead M is used to signal the
distant AUTOVON switchinecenter that the
trunk is ready for pulsing and that thePABX has
PNID capabilities. The tirninttot',.witk control
will be 140 to 290 ms: = ,

rel
the circuit to
times but an
hold path'

(13). ,r
disconnec lead ram WK I, returning lead M to
its on-hook condition. Relays operated: E, ES, ESS,
SR, .PT; IN; INS; 1M, ON; ONS; B2:

Pulsing of precedence digit: AUTOVON sett& a
series of tone-on/ tone-off (on-hbok / off-hook) buists.
The SF signaling unit convent this one tone bursts to
ground pulses on lead E: Duriqg on-hook condition
ground is removed from the E lad releasing relay E.
The seized selector will not4stekon the precedence
digit due to leads H and 131 beinrafoited ThisshortK
out t nct in of contacts 6 and 7 of relay E. The
ro gwitchj fi 3 will step on their digit only. We will use the di: four to show a

tine call.

contacts 3 and 4 open
n Sinkto release. WK

tactsDand 8 complete a

s=WK contacts 341nd 4

On-hook. The E relay will release an ate
four times, but we will only show it once. The
following three times are the same. After this, these
actions occur:
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(I) h relay releasesE contacts 4 and 5 open the (I) E relay operates E contacts 4 and 5 complete
_ circuit to relay ES. E contacts 2 and 3 open the circuit a circuit to relay ES: E contacts 2 and 3 complete a

to telly ESS. circuit to_ relay ESS, E contacts _6 and.7 complete the
(2) ES relay releatesES relay Serves no function loop t&the incoming selector. The incoming selector

at this time. has taken I step now:
(3) ESS relay releases-,--ESSteitnattl I and 2 (2): ES relay operatesES relay serves no function

att ume.
1 I*; _,SS relay operatesESS contacts I and 2 open

thciiit to relay C and put it on slow to release. C
linat-lelease during ptilsing.

lilaSet'I')C-'1e-lay times out and releases during
äLiic Neiltvthete thinsif_take place: Contacts 8
dOen the 3hottlia4fue.SP windings:rC contacts

nd 13, atiot6.'andltantoOes capaCitors C-5 and
frorn'thecircuit:". _

part yiGiEwers. The incoming selector will
witch through 76 the 2d selector or connector,
epending upon the PABX trunking; and the

(2) ES relay operatesES relay serves no functioge following digits will step these switches to the called
at this_time. _ party. When the called party answers, the connect"

(3) ESS relay operatesESS contacts I and 2 open reverse T and R., which reverses_battery and
the circuit to relay C aria put it on slow to .release, 'ground going to the windings of relay SP, causing it
Relay C will not time out ;during puisig. ESS to operate. After this, these actions ensue:
contacts 10 and I I open the circuit to RSI magnet.

(4) RS I magnet releasesRS I magnet will step the
rotary switch to the dialed level. This will be the-level
4 for a routine call.

Dial pause._ Dixing dial pause, relay C times out
releases. T ereafter, these things occur: change lead M from on-hook to off:hook condition to

(I) C relay releasesC contacts 3 and 4 complete a signal the distant end equipment that the called party
ircuit to relay DE. has answered. SPS contacts 9T and IOT complete a

(2), DE relay operates,gE_ contacts 5_and 6 will circuit to relay SD.'
take the short off leads B and BI (contacts 6 and _17 of (4) SD relay operates--SD_ contacts -12 and I_3
E). The next digit received will step the incoming short lads M6 and MO for ofr-hook supervision. If
selector, DE contacts I an -will prevent RSI from relay SPS releases, the circuit will not indicate on-.
operating onjulisequent d ; hook until both parties release: Conversation between

Pulsing of PABX subscribers number, dn-hook. the calling AUTOVON party and the called PABX
This digit wilt step the incoming selector: We will use party takes place at this ime.

=1..

complete a circuit to relay C:
(4) C relay operatesC .contac .

complete a circuit. to magnet R
foldout 3:

(5) RS I magnet operatestheir ary
indirect drive homing-type switch, itw
when RSI releases.

Off-hook: Ground is reapplied to the.-
reoperating relay E: This is followed by these act

(I) Bp-relay operatesE contacts 4 and 5 cornP e e
a circuit to relay ES. E contacts 2 and 3 coMplet
circuit to relay ESS.

(I) SP relay operates=SP contacts I and 2
complete a circuit to relay INA. SR contacts I and 2'
complete a circuit to relay SPS.

(2) _INA relay operatesINA completes a hold
path for itself through contacts 1 and 2.

(3) SPS relay operatesSPS contacts 6B and 7B

I..

the_digit I, although this digit could be any from Ito The following relays are operated during:
O. Ground is removed from the E lead, releasing relay , conversation: figure IA on foldout 2E, ES, ESS,

:E. At this point, these actiot happen: _ SR, PT, IN, INS, IM,'SP, SPS, INA, ON, ONS;
(I) E relay releas_esE contacts 4 and 5 open the figure 2A on foldout 3B2; DE; and figure 7A on

circuit to relay ES. E contacts 2 and 3 open the circuit foldout 3SD.
to relay ESS. E contacts 6 and 7 open the loop to the

calling _py disconnects _first, A TOVON returns(2) ES relay releasesES relay serves no functi&

Release, calling party disconnects first. When the
incoming selector.

2,6(X) Hz, causing the SF signaling nit,lp removiithe
at this time:

(3) ESS relay releasesESS contacts I and 2 ground on E lead; releasing the E telay ,At this point;

complete a circuit to relay C.
this happens:

out(4) C relay'opfratesC contacts 8 and short
(I) E relay. releasesE contacts 4 and 5 open the

9
the resist anteOf SP _windings during pulsing C circuit to relay ES: E contacts 2 and 3 open the circuit

.'

(2) ESS relay releasesESS contacts I and
complete a circuit to relay_C.

contacts 12 and 13, and 6 and 7 place capacitors C\ 5
to relay ESS.

.:: 2and C6 in parallel with repeat coil during puliing.
RS I magnet will not operate due to contact. I and 2 ,

of relay DE being open.

Off-hook Ground is reapplied to E lead
reoperating relay E. Following this, these things
happen:

32 I

(3) ES rela y r eleasesES contacts 2 and 3 open the
'alcircuit to relay SR and put it on slow to release. SR

times out and releases.
(4) C relay operatesC relay serves

this time.

14
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(5)_SR relay releasesSR contacts 4 and 5 open
the circuit to relay PT and put it on slpw,,to release.
PT times out and releases. SR contacts 1 and 2
complete a circuit to relay P.

(6) P relay operatOs'P contacts 9 and 11 prTide a
hold path for itself.

(7) PT relay releases47 contacts 6 and 7 open
the circuit to relay P. PT; tiltacts 8 and 9 open the

~,10, circuit to relay C and put on slow to release. C times
out and releases.
g (8) relay releases-O-relay serves no function at
this time.

(9) DE relay releti,,KDE contacts 3 and 4
cornplete_c homing cWit to RS I.

(10) RS[ magnet operatesrotary switch RS1
steps self-interruptedly to its home position and opens
its "ON" contacts opening its homing circuit. _

1# (11) INS relay releasesINS contacts 8 and 9 open
the circut to relay IM. ItIS contacts 4 and 5 open the
circuit to relay SD and TR relay to "X"_contacts. INS
contacts, 2 ancl3 remove ground on HU lead.

(12y TR relay releasesTR relay serves no
function at this time.

(13) IM relay releasesIM relay serves no
function at' this time.

(14) SD relay releasesSD contacts 1 and 2 return
the M lead. from its off-hook condition to its on-hook
condition. The circuit is now at normal;

Called party disconnects first. When the PABX
oiled party disconnects first, normal polarity is
restored to leads 4_ and -L via the inconiing selector,
closing -the windings of SP in magnetic oppositiort
Relay SP restores, then these actions occur:

(1) SP relay releasesSP contacts 1 and 2 open the
circuit_to _relay SPS.

(2) SPS relay releases.S)*: contacts 8T and 9T
operate relay TR to its "X" contacts only and holds
relay S.11

(3) relay operates to "X" contactsTR
serves o function at this Um:

Calling party 4conirects second When _t
AUTOVON calling party disconnects second
is removed from lead E releasing relay:E. Foll 1
this; these events take place:mat/

(1) E relay releasesE co ts 6 and 7 open the
circuit to the incoming selector releasing the PABX
switch_train E contacts 2 and 3 open the circuit to
relay ESS. E contacts 4 and 5 open the circtut to relay
ES.

(2) ESS,i4, releases--ESS contacts 1 aqd
complete a ciretnt to relay C. 4

() ES relay releatesES cctntwits 3 sigh 3 open thr
circuit to relay and piit it on slow -to release. SR
times _out.slil-ttleases.

(4) C relay operatesC relay serves no fanction at
this time. f-,?: .

wr"

(5) SR relay releasesSR contacts 1 and 2
complete a circuit to relay P. SR contacts 2 and 3
open the_circuit to relay PT and put it on slow to
release. PT times .cut and releases.

(6) P relay operatesP contacts 9 and I I provide a
NW path for itself.

(7) PT relay releasesPT contacts 6 -and 7 open
the circuit to relay P. PT contacts 4 and 5 open the

&circuit to relay ON and put it on slow to release. ON
times out and releases. PT contacts 8 and 9 open the
circuit to relay C and put it on Slow to release. Relay
C times out and releases.

P relay releasesP relay serves no function at
this time.

(9) C relay releases --C relay serves no function at
this ti#ie.

(10) ON relay releases,ON contacts 10 and I I

open the circuit to relay ONS.
(11) ONS relay releases ONS contacts 10B and

I IB extinguish the routine busy lamp. ONS contacts
Ad 11T open the circuit to relay B2 and put it

slow to release. B2 times out and releases. ONS
contacts 41 and 5T open the circuit tarelay IN. pNS
contacts 4B and 5B remove ground on C lead.

(12) B2 relay releasesB2 relay serves. no functiOn
at this time.

(13) IN relay releasesIN contacts 61,_ and 7T
open the circuit to relay IN1. IN contacts 8B and 9B
open the circuit to relay INS. IN contacts 6T and 7T
open the circuit to relay DE.

(14) INA relay releasesINA relay serves no
function at this time,,

(15) DE relay contacts 3 and 4
complete a homing circuit to magnet RS I.

(16) RS I magnet operatesRotary switch RS1
steps_self-interruptedl?to its home position and opens
its "QN" contacts, oplining ;its. homing circuit.

(17) INS relay releases.-174S contacts 8 and 9 open
the circuits o re : IM. INS conticts 4 and 5 open the
circuit torelay and relay TR to its "X" Contacts.
INS contacts 2 and Piernove_ ground on HU lead.

M relay releasesIM relay serves no

t+

furiCt n at this, unto.
(19) 1TR relay reieasesTR relay serves no.1"

functitrn.itt.this timc.
(20) S it larreleasSD contacts land 2 return

Mt M1 its off-hook condition' to its on-hook
crondit. ci. is

.

rctut s now at normal.,

-4 E 'Cr
,

Exercises (804);

1. What piece of equipment alerts the trunk, shown in
foldtit 2, of an incominrcall and how is,donc9

/6
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What relay operatiOn, in the trunk circuit, shown
in foldout 2. seizes the incoming selector switch for
an NID call?

3. What action marks the trunk circuit; shown in
foldout 2, busy to NOD calls.. during an NID call,
when rotary switch access is used?

4. When the first digit is pulsed into the trunk circuit,
'shown in foldout 2, what prevents it from stepping
the incoming selector?

using foldouts 2 and 3 as

Ono of the objectives of this volume is to familiarize
you with the AUTOVON interface equipme
operation and troubleshooting; Another is to he
you get over the very natural reaction of "Oh my
gosh," when you first glance at a complex schematic.

Remember the systematic approach to
troubleshooting that you hav-e been using along with
the knowledge of how the circuit works: then
troubleshooting this equipment should not be as
tough as you first think it is.

Exercises (805):

Complete the following tutu

5. What action takes place in the trunk circuit in
response to the first digit?

6. What trh.nk circuit action steps the
equipment "(selector(s) and connectors)
NID call?

I

7. When RS1 returns,to its home position during
trunk release from an D call; what causes it to
stop at the home poSit on?

1-3. Troubleshooting Interface Trunk Circuits

In this chapter and the next, a little spice haDoing
added to the troubleShooting sections; the spice
complexity. Anytime you are requii-Pd to go from one
schematic to aother you have some complexity.,-
AUTOVON circuits get a lot of interest at higher
levels when trouble develops. The _quicker you get it
fixed, the happier your Chief of Maintenance will be.

Liven interface trunk circuit troubAe 3m/toms
d using foldouts '2 and 3, isolates the probable

causes in trouble in each such situation and pinpoint
the corrective action for each such situation.

16

hooting problems,

,
1. What is the trouble a. subscriber has

fully seized the trunk ld a NOD call; another
local subs iber cuts o the same trunk circuit?
Contact B and 5B of relay ONS are clean and
making. hat- is the corrective action?

2. On an NID call the selector steps in response to the
first incoming digit. What is the probable ca f
the trouble and what should be done to corrr?
The trouble is notlocated in figure IA on foldout 2
of the trunk cirCuit.

'tak

3. The operator plugs_ into the routine jack on the
switchbbard, and finds thdt an NOD call is in
progress: The routine busy lamp on the
switchboard is not burned out even though it was
not lit. What is the trouble and how should you
correct it? at

41t

4. (Wan NID call, tte condition of the _M lead does
not change to indicate to the distant office that it is
ready to receive digits. The trouble is not to be
found in figure IA on foldout 2. What is the
trouble and the corrective action? Contacts 3 and 4
of the WK relay are clean.
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Other Interface Circuits

IN THIS CHAPTER, we discuss the proCessing of
precedence calls through the trunk from and to the
switchboard. We will also cover the workings of the
foreign applique circuit for the German manufactured
Siemara RP40 exchanges as well as the operation of
SF units and VF line amplifiers.

After e on about circuit operations, you will
do som tr bleshooting fo reenforce your
understan g of circuit operations and equipment
interactions

2=1. SwitchbOard Applique Circuit and DTMF.
Keysai 4

The switchboard applique care 4,-.ed with the
basic truni:circuit _enables. the oper to place-callsI el

into the AUTOVON system. Switchboards may be
wired (I) routine 'calls only or,(2) for both routine
and _precedence calls.

Along with the applique-circuit, a DTMF keyset is
connected into -the sweboard circuitry for the
placing of precedence ca s as well as routine calls. In
Chapter 1 of this volutne, we discussed the DTMF
keyset; in this chapter we will see how it;is connected
into the switchboard.

111146. Using figures 2-lind 2-2 and foldouts 3and4 as
,necessary, identify the actions thal,_occur ietbe
switchboard applique circuit; interface trunk circuits;
and DTMF inset diezinra precedence outgoing_call
from the itteWdaMli-esibinet and clarify whit effedi
those 'actions equipment;

In this smvon work with the switchboard
applique circuit;, which, iQii spite of its fancy nante.--''
consists of little more tMn a few relays, as shown in
figures 3A; IK2, and sorritirnes 5K 1 (for precedence
calls) in foldo_ut 3.

The DTMF keyset hooks up to attendant's
cabinet, as shown in figure 2-1. The DTMF keyset
c.ontilidi a tone generator, a 16-key ptettbutton unit

1-9), a common switch, a coupling circuit, and a
-voltage regulator circuit Figure 2-2 shows how these
units are hooked together, as does foldout 4. You
should recall that two tones are generated by pushing,
a specific button on the keyset and also that _these
tones gilY to the AUTOVON switch without being

Stk

A, T E R,

changed into tone bursts by the SFIfA unit. The
precedence netwirk out dial (PNOD) from the
attendant cahnir to the AUTOVON network and
precedence c.netwirk in dial (PNID) from the
AUTOVON;n0work to the attendance cabinet will be
discussed.

You will Litt some Of the same schematics that we
have discussed in Chapter I. There will be some slight
differences, but at least the ground you go over should
be familiar to you. G.

-

Precedence Outgoing Call from the Attendant's
Cabinet; Tliis description of circuit operation will be a
priority call from an operator 4 the switchboard into
the interface equipment, out 194 AUTOVON switch.

Seizure When the attendant *MS AC call c_ord
into the.pr ncejac , ound via the K lead of JK I
operates Pei .4 wn in figure 3Adn foldout 3: A
loop. I? a `cl_ ed to relay A when the operator
inserts the cal d into JK 1. The figures used in this
call are foldout 2; figure I A; and-foldout _3, figures
2A, 3A, and A I. Use coordinate C-1 for the correct
T and R to, start on. At this point: 'r

,-.,.

(1) JP relay operatesJP contacts 12? and I3T
complete a circuit to relay PBY. JP contacts 4B and
513 completeft circuir to relay AL. V contacts 6B and
7B complete ,a circuit to operate reit}, OP I to its -R-
contacts: Jpsontacts 8T and 9T complete a circuit to
relay PSI...f IP contacts 12B and 13B complete a
circuit t grouped the Sleeve of the cord supervisory
circuit or colt? supervision: The cord supervisory
lamp ights. JP.sontacts lOT d 11T inevide ahold
pat for i --te-

(2) A re A contacts 7 and 8 cornOtete
a circu. ore y AS. A contacts 2 and 3 complete a
circui o relay . A:contacts 4; 5, and 6 change the M
le(ad_ from its n-hook condition to its-, off-hook
condition.

(3) AL relay operatesAL relay serves no function
at this time. s-

(4) OP1 relay operates--OP1 relay operates to its
"X" contacts I and 2i providing its full operating path
and hold path. -)

(5) -PSL relay oieratesPSL contacts 12B and
14_?li t the Mcedence :busy lamp on the
swilc .).'a a

17
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(6) PBY relay operatesPBY contacts __12B and
13B complete a circuit to relay P2. PBY contacts 12B
and 1311 complete a circuit tst,the routir busy lamp.

(7) Pnelay operates,---P2 'relay serves no function
at tlu,ktime. .

(8) Vrelay operates ntacts 6 and 7 complete
.a circuit to relay B2. -

(9) B2 relay operates serves no function
at this time.

00) AS relay operat AS contacts 4 and 5
complete a circuit- to Iby ON,

(I I) ON relay o rates=-ON contacts 8 and 9
complete a hold pa for relay PSL. ON contacts 10
and LI complete_ a circuit to relay ONS. ON contacts I
and 2 remove idle line termination.

(12) bNS relay operates--ONS contacts 61:1 and
7B ground the HU lead. ONS contacts 4B and 5B
ground the C lead. ONS contacts 4T aivi 5T.cornplete
a hold path for relay AL. ONS contacts 12T and 13T
complete a hold path for PBY. ONS contacts 12B and
13B complete a hold path for P2. ONS contacts IOT
and 11T complete a hold path for B2.

Out ,lbeattendant sends DTMF
T an leads to AUTOVON switch. Rel
at this time are: figure IA on foldout 2
PRY, P2, A, AS, B. ON, ONS; figure 2 dont
3B2; andfigure 3A on foldout 3JP, AL.-

Called line busy. lf; the called line is busy or the
called party does not `answer wiIhin 12 seconds, the
PABX equipment at tht distant end will divert_ the call
to the operator. Therefore, the sequence,will be the
same as the called party answering.

Release,' calling party disconnects first. When the
attendant disconnects first by removing the call cord
from ja4 JK f,' the loop to relay A is opened and
ground removed from the K lead, restoring relay
JP. This is where these things occur: _

(I) JP relay releasesJP contacts 6B and 7B open
the circuit to relay,OPI.

(2) A relay releasesA contacts 7 and 8 open the
circuit to relay AS. A contacts 2 and 3 open the circuit
to relay B and put it on slow to release. Relay B times
out and releases. A contacts 1 and 2 complete a circuit
to relay C. A contacts 4 and 5 change' kad M from its
off -book condition to its on-hook condition:

(3) OPI relay releasesOPI relay serves ixo
function at this time.

4) AS relay releasesAS relay serves no function

AUTOVON called party answers. When the called
partyanswers; ground on the E lead isieturned from,
the SF signaling unit due to the tone-off condition on
the receive line. Rely E,nperates. These- actions
follow:

(1) 4 relay operates-,E contacts 2 and 3 complete
a circuit to relay ESS. E contacts 4 and5 complete a
circuit to relay ES.

(2) ESS relay operates-tESS relay serves no
function at thj time.

.(3) ES relay operates ,ES contacts 2 and 3
comPfete a cittuit to relay SR. ES contacts 2 ant 3
complete a circuit to relay PT.'

(4) SR relay operatesSR, relay serves no function
at tHis time.

(5) PT relay .6piaiteSPT contacts 4 and 5 cloile
,

(6) RV refay operates 'RV contacts 6T and 8T, 5B
and 7B reverse the polarity of Itads T arid R. RV

ntacts IT and 2T open the d on the sleeve to
fide ,fiord supervisory ci uit in conjunction with
battery reversal for SWBD cord supervision. The
cord supervisory lamp goes out.

circuit-to relay RV.

_ amversation. Conversation between t calli
PABX operator and the called party take ce.
this time. The following Ktlafisareoper d duri
conversation: figure IA on foldout 247-_,. PI, IIS
PBY, P2, A, AS, B. ON, ONS, E, gs.,,A§, Itv... SR,
and PT; figure 3A on foldout 3.---ji?, A-/..;fand figure:
2A on foldout 3B2. , 4i ,-;

ay operatesC relay serves no function at
-J

ay releasesB contacts 4 and 5 open the
circuit to relay,C and put it on sloolipo release: C times
out and releases.

(7) C relay releasesp.-C relay serves no function at
this time: ,,-

' Aurovcvy disconnects seconA When the girged
party disconnects, grouniii rentotetafrom the E lead,
opening the circuit/to relay E.*. Aelit the following
happens: _ i,'

(I) E felay releasesE eciiitactio:4 and 5 open the
circuit to rel S. E contactilitt 5 open the circuit
to relay_[SS: _ A(2) ESS rela releases S -relay serves no
ftnction at' his. e.

43) ES r y rel_ ES c cts 2 and 3 open the
)

circuitto _y SR n slow t ease. SR
times it and releases. : :_' -,/'

(4) SR relay releasesSR contacts 4 open
the circuit to relay ,PT and put it on slot release:
PT times out and rele4s,'SR contacts I and 2
complete a circuit to relay P.:

(5) P relay contacts 9 and 1I-7these complete*
hold _path for itself. P contacts, 7 and 8 complete 'a
circuit to relay PR. '.

(6) PR relay operatesPR contacts 9T and 10T
complete an alternate gr nd for the picedence busy
lamp. PR co [(provide ahold path for
4-elf... \-

contacts
. .

1 (7)- PT r 6 _and 7 open.-.
ttle circuit ter -facts 4 and 5 open the
aireit tsifrelalii 4 and-5 ;open the
circuit to relay 0 a put on srw to release. ON
times out and releases: ..

-,±,, .
(8) P relay releasesP relay serves poifunctiOn a.

thiS time. /

19
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(9) RV relay releases RV contacts 61 and S 1. 511.
and 7H reserse the polarity of leads 1 and R lor
reserse battery supervision.

(10) ON relay releases ON contacts 10 and I I

.men the circuit to relay ON_S. ON contacts and 9
open the circuit to relay PSI.

( I I) PSL relay releases PSI: contacts 12B and
1313 open the circuit to relay PR._ PSI. contacts 12H
and 1313 open the ground on lead HU.

(12) PR relay releases PR contacts 9T and -10T
extinguish the precedence busy lump.

(13)- ONS relay releases yi-ONS contacts- I2T and
I3T open the circuit to relor PHY:_ONS contacts 1213

-and I 313open the circuit to relay P2. ONS contacts 4T
and ST open the circuit to relay AL.-ONS contacts 4B
and 5B remove the ground on C lead: ONS contacts
IOT and I IT open die circuit to relay 82 and put it on
slow to release. B2 times out and releases.
_04) PBY relay releases -PBY_ contacts I 2B and

1313 extinguish'the routine busy -lamp.
(15) P2 relay releases P2 relay serves no function

at this time.
(16) AL relay _releasesAL relay: serves no

function at this time:
(17) B2 relay releases B2 relay serves no function

at this time. The circuit is now at normal.

Called par Iv disconnects first. When the called
party disconnects-first. AUTOVON returnst lie 2.600 -
Hz SF tone: causing_ the SF signaling unit to remove
the ground on lead E. E relay releases. This is where
these things occur:

(1) E. relay releases E contacts 4 and 5 open the
circuit to relay ES. E contacts 2 and 3 open the circuit
to relay ESS.

_ (2). ESS relay_ releasesESS relay serves no
function at this time.

(3) ES relay releasesES contacts 2 and 3 open the
circuit to relay SR and put it on slpw to release. SR
times out and releases. _ 7,

(4) SR relay releasesSR contacts 4 and 5 open
the circuit to relay PT and put it on slow to release.
PT- times out and -releases. SR contacts I and 2
completea circuit to relay Q.

151'P rlay operates 11.'contacts 9 and I I complete
a hold' path for itself. P contacts 7 and 8 complete a
circuit to relay PR.

(6) _PR relay operatesPR contacts 9T and -10T
complete an alternate ground for the precedence busy
lamp. PR contacts 7B and 8B provide a hold path for
it Self

(7) PT relay releasesPT contacts 6 -and 7 open
the -circuit,-to relay P. PT contacts 4 and 5 open the

'circuit to relay RV_.
(8) P relay releasesP relay serves no function at

!this time.
(9) RV relay releasesRV contacts 61 and 8T. 513

and 7B reverse the polarity of leads T and R to return
answer supervision. RV contacts IT and 2T ground
the sleeve of the cord supervisory circuit for SWBD

super sision in coniunction with Frversr battery 1 he:
cord super visot s lamp lights

calling part, disconnects second I he attendant
removes the call cord from jack .1K I. I his opens the
loop to relay. A. -and removes ground trom the K lead
re/easing relay JP Next, these things happen:

( I) JP relay releases SP contacts 611 and 713 open
the circuit to relay OPI.

(2) OP-.4 .relay releases OPI relay serves no
function at this time.

(3) A relay releases A contacts 7 and 8 open the
circuitto relay AS. A contacts 2 and 3 open the circuit
to relay 4 and put it on .slow to release. B times. out
and releases. A contacts I and 2 complete a circuit to
relay C. A contacts .4 and 5 change lead M from its
off -hook condition to its on-hook condition. -

(4) C relay operates - -C relay serves no function at
this time:

(5),B relay releases B contacts 4 and 5 open the
circuit to relay C and put it on slow to release. C times
out and releases:

(6) C rday releases C relay serves no function at..
this time.

(7). AS relay .releasesAS contacts_ 4 and 5 open
the circuit to relay ON and put it on slow to release.
ON times out and releases.

(8) ON relay releasesON contacts Wand_ II open
the circuit to relay ONS. ON contacts 8 and 9 open
the circuit to relay PSI:

(9) PSL relay releaSesPSLicontacts I 2B and I 3B
open the-ciicuit to relay PR. -PSL contacts 1.213 and
1313 remove ground from lead HU:

(10) PR relay reLease1 PR contacts- T and IOT
extinguish the precedence busy lamp.

_(I 1) ONS relay releases ONS contacts. I2T and
13T open the circuit to relay PEW. ONS contacts 12B
and I 3B open the circuit to relay P2: ONS contacts 4T
and. 5T open the circuit torelayAL. ONScontacts 4B
and 5B remove- ground from lead_ C. ONS contacts
IOT and 1 IT open the circuit to relay B2 and put it on
slow to release. 132 times out and releases.

(12) PBY relay releasesPBY contacts I2B and
13B extinguish the routine_ _busy lamp:

(13) P2 relay releasesP2 relay serves
at thisiime.

(14) AL relay . releasesAL relay serves no
function at this time.. .

(15) 2 relay releases-82 relay serves no function
at this. me. The circuit is now at normal.

- Precedence Outgoing ,Call from the Attendant's
Cabinet. When All Access Lines Are Busy. Tin obtain
an access line fora high precedence outgoing call
when all trunks_ are_ busy with precedence calls: the
attendant must break in on the lowest prcedence call
and announce that the access line must .be used for a
higher precedence_ _call. __The_ attendant then

-disconnects the established call and reseizes the access
line after it becomes idle: The subsequent operation is
--.

no function



the same.as the precedence outgoing call already
described.

Exerchies (806):

I. What is the relay operation that causes the
precedence busy lamp to light? Start at the
applique circuit.

Z. When the operator seizes the trunk for a
precedence call, what prevents a PABX subscriber
at either end from accessing the trunk?

3. What is the relay operation that causes the cord
supervisory lamp to go out on a PNOD call? Start
by changing the condition of the E lead.

4: During the release of a precedence outgoing call
from the switchboard, what prevents the local

. trunk circuit from being seized by a local
subscriber or the operator, when the .operator
diSconnects first, until the,diStant SubScriber bangs
,up?

5. When the operator removes the cord from the
precedence jack and relay JP releases, what is the
path that keeps the precedence busy lamp lit?

6. When the 4n.perator depresses button 6 on the
DTMF keyset, what occurs and what is the
resulting circuit action? (Use foldout 4.)

807. Using- Flare IA on foldout 2 and figure 3A on
foldout 3 as needed; identify the actions that occur in
the switchboard applique and interface trunk Circuits
during a IPNID call and state what effects those
actions.have on associated circuits.

_ Now that you have gone through a PNOD call;_ let
us see how these circuits work during a PNID call that
ii .diverted to the attendant's cabinet.

Diversion of a PNID Call -Not Answered Within 12
."%condi. ThiS description of circuit operation will be

similar to a PNID mil The difference in circuit'
operation_ will come when the 12- second timer times
out and the called party has not answered.

Seizure: When AUTOVON goes off -hook, ground
is applied to lead E via the SF signaling unit. Relay E
operates. Here these actions follow:

(1) E relay operates E contacts 4 and 5 complete
a circuit to relay ES. E contacts 2 and 3 complete a
circuit to relay ESS.

(2) ES relay operates-- ES contacts 2 and 3

complete a circuit to relay PT. ES contacts 2 and 3
complete a circuit to relay SR. ES contacts 7 and 8
complete a circuit to relay IN.

(3) ESS relay operates--ESS contacts 8 and 9
completo a circuit to relay ON. ESS contacts 8 and 9
complet a circuit to mark the trunk buSy to outgoing
calls by grounding lead C.

(4) PT relay operatesPT relay serves no function
at this time.

(5) SR relay operatesSR relay serves no function
at this time.

(6) IN relay operates IN contacts 8B and 9B
complete a circuit to relay INS: IN contacts 2T_ and
3T, 2B and 3B, 4T and 5T, 8T and 9T complete a loop
to seize the incoming. selector.

(7) _INS relay operatesINS contacts 8 and 9
complete a circuit .to relay 1M.

(8), IM relay operates-1M contacts 8 and 9
provide a hold path for itself.

(9) ON relay operatesON contacts -10 and 11
complete a circuit to relay ONS. ON contacts land 2
removes the idle line termination. ON contacts 12 and
13 compkte a circuit to relay WK.

(10) ONS relayroperatesONS' contacts 4B and
5B complete an alternate ground on lead C. ONS
contac 6B and 7B ground the HU lead: ONS
contacts 10B _and 11B complete_ a circuit to light the
routine busy lamp on the switchboard. ONS contacts
41 and 5T change the path for relay IN from its
operate path to its hold path.

(11) WK relay operatesWK contacts 5 and 6
complete a circuit to relay B2. WK contacts 3 and 4
connect lead WK2 to lead WK I, placing an off-hook
condition on lead. M starting the wink-start signal to
AUTOVON._

t(12) B2 relay operatesB2 contacts 3 and 4 open
the circuit to WK and put -it on slow to release. WK
times out and releases. B2 contacts.7and 8 complete a
hold path for itself.

(13) WK relay__releases=WK contacts and 4
disconnectlead WK2 from WK1,,returning lead M to
its on-hook condition, ending the wink-start signal to
AUTOVON.

_Pulsing of precedence digit; on -hook. AUTOVON
Will send' the precedence digit -2-; 3, or 0) after
receiving the wink-start signal: This is done with a
series of tone-on!tone-off (on-nook/off-1194) tone
burst. During on-hook, ground is applied to the E
lead via the SF signaling unit releasing relay.E. At this
point, these thingi take place:

(1) E relay releasesE contacts 4 and 5 open the
circuit to relay ES: E contacts 2 and 3 open the circuit
to relay ESS.

(2) ES relay releasesES relay serves no function
at this time:



(3) ESS relay releases ESS contacts I and 2
complete a circuit to relay E.

(4) C relay operatesC contacts 10 and .11

complete a circuit to RSI.
(5) RS I magnet operatesrotary switch RS1 is an

indirect drive switch. It will only step when RSI
releases:

Off-hook. Ground is reapplied to' the E lead
reoperating relay E. Next, these actions take place:

(1) E relay operatesE contacts 4 and 5 complete
a circuit to relay ES. __

(2) ES relay operatesES relay serves no function
at this time.

(3) ESS relay operatesESS contacts I and 2 open,
the circuit to relay C and put it on slow to release.
Relay C will not time out during pulsing; ESS
contacts 10 and 11 open the circuit to RS1.

(4) RSI magnet releasesRS I will step the rotary
switch to the dialed level:

Dial pauve. During dial pause relay C times out and
releases_ These things next happen:

(I) C relay releasesC contacts 3 and 4 complete a
circuit to relay DE.

(2) DE relay operatesDE contacts 7 and 8
provide a hold path for itself. DE contacts 9 and 10
complete a circuit to relay PR. DE contacts -5 and 6
will remove the short on leads 14_ and Bl. The mext
digits received will step the PABX switch train.

c,(3) PR relay operatesPR .ritacts 9T and IOT
complete a circuit to the precedence busy lamp. PR°
cogitacts_7T and 8T complete_a circuit to_relay AR.

(4) AR relay operatesAR contacts 6T and 7T,
8B and 9B complete a circuit via the repeat coils to
return_precedence ring back tone. AR contacts 12B-
and I3B complete a circuit to start the I2-second
timer of timer T2. AR contacts 58 and 6B; 2Bend 38
change the loop to the incoming selector.

_Pulsing of PABX subscriber's number; on-hook.
AUTOVON will now send on-hook/off-hook signals
to step the PABX switch train_to the called subscriber.
Ground is removed from the E lead releasing relay E.
This is where these actions occur

(1) raY
releases E contacts 4 and 5 open the

circuit relay ES. E contacts 2 and 3 open the circuit
to relay ESS. E contacts 6 and 7 open the loop to the
incoming selector.

(2) ES relay releasesES relay serves no function
at this time;

(3) ESS relay releasesESS contacts 1. and' 2
complete a circuit to -relay C.

(4) C relay Operates.--C contacts 8 and 9 short out
the resistance of SP winding during pulsing. C
contacts 12 and 13, 6 and 7 place Capacitors C-5 and
C-6 inparallel with repeat coils during pulsing.

Off-hook. Ground_ is _reapplied to E- lead,
reoperating relay E. Here these actions happen:

(1), E relay operatesE contacts 4 and 5 complete
a circuit to relay ES. E contacts 2 and 3 complete a

circuit to relay ESS. E contacts 6 and 7 complete the
loop the incoming selector. The selector has taken one
step now. Pulsing of the other digits would be the
same.

(2) ES relay operatesES relay serves no function
at this time.

(3) ESS relay operatesESS contacts I and 2 open
the circuit to relay C and puts it on slow to release. C
will not time out during palsing.

Dial pause: C relay 6times out and releases during
dial pause. C relayreleasesC contacts 8 and 9_ open
the short on the SP windings. C contacts 12 and 13, 6
and 7 remove capacitors C-5 and C-6 from the
circuit.

PNJD call not answered within 12 seconds. Because
the call is a precedence call, if the subscriber fails to
answer the line is busy over 12 seconds, the call will
be dive ed to the attendant. This is started by timer
T2 timing out 'and placing a ground on the output
punching No. 7.'1-his ground operates relay RBL.

RBL' relay operatesRBL contacts and 10
provide a hold path for itself. _RBL contact 4 ari4 .5
complete a circuit to flash) the precedence ansc767q
lamp at 60 1PM, RBL contacts 6 and 7 preparea
path for relay JP when the attendant answers.

Attendant' answers. The attendant will recognize
the call as a diverted precedence call because of the
flashing answer lamp. He will answer the call by

. inserting the answer cord into the precedence jack
JKL Ground via lead K operates relay JP, Here,
watch for these actions: . .

(1) JP relay AiperatesJP. contacts 5T_ nd 6T
extinguish the flashing .precedence answer lamp. JP
contacts lOT 'and I IT provide a hold path for.itself.
.LP_ contacts 6B and 7B complete a circuit to relay
OPI. JP contacts 12T and 13T complete a circuit to
relay PBY. JP contacts 8T and 9T complete a circuit
to relay PSL. JP contacts 4B and 5B complete a
circuit to relay AL.

(2) OPI relay operates--OPI "X".contacts,_I_ and 2
insure a lockup path and hold path for itself before
PBY contacts I and 2 break its operate path. ,

NOTE: 'BY is a slow to operate relay:

(3) PBY relay operatesPBY contacts I2B and
13B complete a circuit to relay P2 and provide an
alternate *Iound to the routine busy tamp.

(4) P2 relay operatesP2 contacts 3 and .4

complete a hold path for ;i4s_elf,
. (5) PSL relay operates PSL contacts 3B and 4B

open the circuit to relay PBL. PSL contacts:713 and
8B provide an alternate ground for the routine busy__
Iamp`C.wc..,...:rL,1.1.e, ewr; -,eaorlfi_ T6.o Rust'

A CT;

(6) RBL relay releasesR1IL relay serves no
function at this time. .

(7) AL.relay operatesAL contacts I and 2 open
the hold path for_relay INand put it on slow to relase.
IN times out and relases.

ti
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(8) IN relay releases=IN contacts -8B and 9B open
the circuit to relay INS. IN contacts IT and 2T, 1B
and 2B _complete a circuit to relay A via the
attendant's cord circuit. IN contacts 2T and 31. 2B
and 3B, 4T and 5T8T and 9T open the circuit to the
incoming_selettor and PABX .switch train. IN
contacts6T and 7T open the circuit to relay DE.

(9) DE -relay releasesDE relay serves no function
at this time.

(10) INS relay releasesINS contacts 1 and 2
complete a circuit to relay RV
_(II) RV relay operatesRV contacts 6T and 8T,

5B and 7B reverse the polarity, of T and R. _RV
contacts IT and 2T open the sleeve of JK I. ThiS
provides ; for proper SWBD- supervision in
conjunction with reverse battery.,

(12) A relay operatesA contacts 7 and 8
complete a circuit to relay AS. A contacts 2 and 3
complete a circuit to relay_B. A contacts 5 and 6 Place
-48V on the M lead (off -hook) to signal the distant

.end that the called party has answered: This places the
ugelift Ook supervision on the M lead under control Of

the attendant.
(13) AS relay operatesAS relay serves no

function at this time:
(14) B relay operatesB contacts I and 2 open the

circuit to relay AR.
(15) _AR relay releasesAR contacts 6T and 7T,

8B and 9B temovethe precedence ring back tone.

Conversation. Conversatitsn between the operator
and the calling subscriber can now take place. The
operator will complete the call as required. The
follbWing relays are operated during conversation:
figure IA on foldout 2LES; _ESS; SR. PT, 1M,
PR. A, AS, B, ON, ONS, PBY, OP I, P2; figure
2A on foldout 3-02; and figure 3A on foldout 3
JP; AL:

Release; calling party disconnects first. When the
calling party disconnects first. AUTOVON goes on,

. hook removing the ground_ on the E lead-Relay E
releases. Neitt theSe things happen:

(I) E relay releasesE contacts 4 and 5 open the
circuit to_relay ES. E contacts 2and 3 open the circuit
to _relay_ ESS.

(2) ESS relay releasesESS relay serves no
function_at this time.

(3) _ES relay releasesES contacts 2 and 3 open the
circuit to relay SR, and, put it on slow to release. SR
times out and releases.

(4) SR relay releases--SR Eontacts I and 2

2.- complete a circuit to relay. SR contacts 4 and 5
open the_circuit to relay PT and put it on slow to
release. PT times out and releases:_

(5) P relay operatesP contacts 9 and I I complete
a hold path for itself.

(6) PT relay releases -PT contacts 6 and 7 open
the circuit to relay P. PT contacts 4 and 5 open the
circuit to relay RV.
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(7) RV relay releasesRA/ contacts TT and 8T;_6B

and 7$ reverse the polarity ota leads T and R. RV
contacts IT and 2T ground the,-sleeve of the cord
supervisory circuit for SWBD disconnect supervision
in conjunction with reverse battery.

Attendant removes answer cord The attendant will
remove the answer cord from JK I upon recognizing
disconnect supervision: This will .open the loop to
relay A and remove the ground 6-orn the K lead
releasing relay JP. Here, watch for these actions

(1) JP relay releases,-JP contacts 6B and 7B open-1
the circuit to relay OP1.

(2) OPI relay releasesOPI relay serves no
function at this time.

(3) At relay releasesA contacts 7 and 8 open the
circuit to telay_AS. A contacts 2 and 3 open the circuit
to relay B and put it on slow to releaSe. B times out
and releasesi A contacts I and 2 complete a circuit to
relay C. A contacts 4 and 5 change lead M from its .

off-hook condition to its on -hook condition.
(4) C relay operates C relay serves no function at

this time:
(5) B relay rcleasesB_contacts 4 and5bpen_the

circuit to relay C and put it on slow to release: C times
out and releases.

(6) C relay 'releasesC relay serves no function at
this time.

(7) AS relay releasesAS contacts 4 and 5 open
the circuit to relay and put it on slow to release.
ON times out add releales._

(8) ON relay releaSeS=ON contacts 10 and I I open
the circuii to relay ONS. ON contacts 8 and 9 open
the circuit to relay PSL.

(9) PSL relay releasesPSL contacts 12B and 13B
open the circuit to _relay:PR. PSL contacts 2B and
13B remove ground from lead HU.

(10) PR relay releases PR contacts 9T and lOT
extingugh the precedence busy lamp.

(II) ONS. relay teleaSeSONS contacts 12T and
13T open the circuit to relay PBY._ONS _contacts 12B
and I3B open the circuit to relay P2. ONS &MOOS 4T
and 5T open the circuit to relay AL. ONS'contacts 4B
and 5B open the ground on lead CONS contacts lOT
and I IT open the circuit to relay B2 and put it on slow
to release. B2 times out and releases:

(12) PBY relay releases-7-PBY contacts I2B
13B ektingitiSh the routine busy lamp. PBY contacts
lOT and I IT open the circuit to relay IM.

(13) IM relay releasesIM relay serves no
function at this time.

(14) P2 relay releasesP2 relay serves no function
at this time.

(15) AL relay releasesAL
function at this time.

(16) B2 relay releateS-=-B2 contacts I and 2
Complete a homing circuit to RS I:

( I 7) RS_1 magnet operates RS I steps self-
ititerriiptedly to its home position and opens its "ON"
contacts. opening its homing circuit. The circuit is
now at normal.

relay serves no
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Called part disconnects first. ,When the called
party disconnects first, the attendant will get
disconnect supervisiOn on her call cord. She will then
remove the answer cord from the AUTOVON
interface trunk. This opens the loop to relay A and.,
removes ground from lead K releasing relay JP. Next
these things take place:

(1)- JP relay releasesJP contacts 6B and 7B open
the circuit to 'relay QP I .

(2) OP I relay releases OP! relay serves no
function at this time.

(3) A relay releasesA contacts 7 and 8 open the
circuit to_relay AS. A contacts 2 and 3 opertthe circuit
,to relay B and put it on slow to release. 8 times out
and releases. A contacts 1 and 2 complete a circuit to
relay C. A contacts 4 and 5 change lead M from its
off =hook condition to Its on-hook conditioh.-signaling
A UTOVON of 'disconnect.

(4) AS relay releasesAS relay serves no functiOn
at this time.

(5) C relay operatesC relay serves no function at
this time,

(6) B relay releases - -B contacts 4 and 5 open.the
circuit to relay C and puts it on slow to release.C
times out and releases. B contacts 1 and 2 complete a
circuit to relay AR.

(7) AR relay operatesAR relay serves
function at this time.

no

AUTOVON disconnects. When AUTOVON goes
on-hook;__ground is removed from lead E releasing
relay E. Watch" here for these actions:

(1) E relay releaseiE contacts 4 and 5 open the
circuit to relay ES. E contacts 2 and 3 open the circuit
to relay ESS.

(2) ESS- relay releasesESS relay serves
function_ at this time. _

(3) ES relay releasesES contacts l and 3 open the
circuit to relay SR and put on slow to release. 'SR
times out and releases.

(4) SR relay releasesSR contacts 1 and 2
complete a .circuit to relay P. SR contacts 2 and 3
open the circuit to relay PT and put it on slow to
release. PT times out and releases.

(5) P relay operatesP contacts 9 and II provide a
hold path for itself.

_ (6) PT relay releasesPT contacts 6 and 7 open
the circuit to relay P. PT contacts 4 and 5 open the
circuit to relay ON and put it on slow to release. ON
times out and releases; PT contacts 8 and 9 open the
circuit to relay AR.

(7) AR relay releasesAR relay serves no function
at this time.

(8) P relay releasesP relay serves no,function at
4P this time.

(9) ON relay releasesON contacts 10 and 11 open
the circuit to relay ONS. ON contacts 8 and.9 open
the circuit to relay PSL
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(10) PSL relay releasesPSL contacts 1213 and
I3B open the circuit to relay PR. PSL contacts I2B
and 13B remove ground from lead HU.

(11) PR relay releasesPR contacts 9T and lOT
extinguish ,the precedence busy lamp.

(12) ONS relay releasesONS contacts I2T and
13T open the circuit to relay PBY. ONS contacts 12B
and 13B open the circuit to relay,P2. ONS contacts 4T
and 5T open the'circuitto relay AL. ONS contacts 4B
'and 5B open the ground on lead C. ONS contacts lOT
and I IT open, the- circuit to relay B2 and puts it on
slow to release. B2 times out and releases.

(13) PBY relay releasesPBY ccfntacts I 2B and
13B extinguish the routine busy-lamp. PBY contacts
lOT and 11T open the circuit to relay IM.

(14) IM relay releases -1N relay serves no
ftinction at this time.

(15) P2 relay releasesP2 relay serves no function
at this time.

-(16) AL relay releasesAL relay serves no
function at this time.

(17) B2 relay releasesB2. _contacts 1 and 2
Complete a 'homing circuit to RS1.

( 18) RS I magnet operates R SI steps self=
interruptedly to its home_ poSition and opens its "ON"
contacts opening its homing circuit. The circuit is now
at normal.

4.
Exeises (807):

Use foldouts 2 and 3 to complete the following.

1. What circuit action is responsible for returning
precedence ringback tone to the calling party of a
PNID calif

What _cirCuit action .occurs 'between 12 and 15
See-on& after\the precedence digit of an
unanswered. PNID, call is pulsed?

3. What circuit actions occur as the-direct result of
the operator answering a diverted PNID call?

4. During PNID call, what circuit action steps tDe
central office equipment and what is responsigle
for that circuiraction?"

-3/

5. When is the condition of the M lead rti the local
trunk circuit changed for a dixerted PNID call? e"
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6. What contacts provide relay JP with ground for its
hold path?

2=2. Troubleshooting Switchboard Applique
Circuit and DTMF Keyset

Now that you are familiar with the operation of the
trunk circuit and how it works with the switchboard
applique circuit, let us see whether or not you can find
specific trouble causes for trouble symptoms.

/808. Given interike, switchboard applique, and
DTMF keyset trouble symptoms and using foldouts
2, 3, -and 4 _as needed, identify the probable causes of
trouble and the corrective action for each.

Remember the. approach! You may be tired of
reading about troubleshooting being a systematic
approach used with a knowledge of circuit operatioils:
but it is still true, and people still go about it in a
hiphaz -cl manner. As you proceed through the
problem . remember to use the approach and your
knowledge of circuit operations to make s"
troubleshooting as easy as possible and a satisfying
experience.

Exercises (808):

Use'foldouts 2; 3., and 4 in addition to the description
of each trouble symptom to find the cause and state
thi corrective action for each in these exercises.

I', During seizure from the banks of the local selector,
. the M-lead condition changes from ground to

open. What is the trouble and how would you
correct it?

The incomings selector steps_ in response to the
precedence digit of a .PNID call. What is the
trouble and how would you correct it?

3. On a precedence outgoing call from the
switchboard, the routine busy lamp does not light.
What is the trouble in the trunk circuit, shown' in
FOs 2 and 3, and how would you correct it?
Contacts 12B and 13B of relay are not the cause of
trouble.

4. The incoming selector fills to step during a PNID
call. What is the most probable case of trouble
and "how would you correct it?
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5. The operator is not aware of a diverted PNID call,
because the precedence answer lamp is not lit Or
flasliing. What is the trouble and how would you
correct it? (Use figure 3/Von foldout 3.)

2-3. Foreign-Applique Circuit

AUTOVON interface equipment at most oversea
bases has foreign applique circuits. This is needed
because these locations have telephone equipment
that has been made by a foreign manufacturer:

In this section we cover only the applique circuit
used to adapt the German manufactured Siemens
RP-40 switching equipthent, but an understanding of
these circuits will provide you with principles
necessary to work on .most foreign applique circuits.

809. USing foldouts 2 and 5 and figure 2-3 as
necessary, identify the actions that occur in the
foreign applique circuit during an NID call and state
the effects'those actions have on associated circuits.

Before we start into the foreign applique circuit.
you need your eyes open wide. The schematic diagram
for the circuit is a detached contact-type schematic.
Not only is it drawn to eliminate many close lines. bin
also the lines are - all shorter .;..and direct when
compaireC1 with all of foldout 2. One other thing you
need to know is how to interpret the symbols used; let
us _provide you with the necessary_ details right.

Symbols. Figures 2-3A and 2-3B shows the many
symbols used along with 'an explanation of each
symbol. Since all of these symbols are individually
explained in the ?Ore, we will not repeat the
explanation" here: here are, however, a couple of
things that should be explained further.

Contact numbering has always been a necessitS, in
schematic reading and troubleshooting. Foldout 5.
found in a separate enclosure, and figures 2-3 and 2-
313 show contacts in several configurations, with only
one_ contact numbered-.

Contacts make to a higher number and break from
a lower number This means that if you see a set of
make contacts with the number "5" beside them that
contacts 5 and 6 of whatever relay it is make when the
relay operates. Conversely. you should 'gather from
seeing; a set of break contacts with the number "5"
beside them that contacts 4 and 5 break when the
relay operates.

With this information and the use of figures 2-3A
and 2-3B mastered. you are now ready to proceed
through_the applique circuit (foldout 5) and the trunk
circuit (foldout 2) as an incoming call and an outgoing
call are processed:

The applique circuit is located _between the
interface trunk circuit and the central office switching

5si
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EXPLANATION

DENOTES VET OF BREAK CONTACTS
1..

,--
. DENOTES BREAK CONTACTS 1 AND 2 .

NOTE: BREAK CONTACTS ALWAYS BREAK FROM LOWER NUMBERED CONTACT2
e DENOTES A SET F MAKE CONTACT

---0-- DENOTES iAAK CONTACT AND 6
NOTE: MAKE CONTACTS ALW YS MAKE TO HIGHER NUMBERECONTACT

e-X X CONTACTS. MAKEARST " -

t MAKE - BEFORE -BREAK CONTACT,'
An

S
--.

BREAK-BEFORE.MAKE CONTACT

r 0 or es)-
`",

INDICATES TYPE OF ALLOYS USED IN CONTACTS

(r) or (oP DENOTES A SET OF UNUSED CONTACTS ..

A

THE Y INDICATES THAT This IS THE LAST CONTACT IN THE PILEUP AND THE LAST

CONTACT TO OPERATE (BREAK CONTACTS IN THIS INSTANCE)

..-'",IIIY_...
THE ARROW INDICATES THAT THIS WINDING IS IN OPPOSITION, MAGNETICALLY, TO THE
OTHER WINDING OF THE SAME RELAY. THIS SHOWS THE A-C WINDING OF RELAY K.

..___

BATTERY

.........4 *NJ ND

.
60

d
SLOW TO RELEASE C RELAY. SHOWS THE b-d WINDING WITH THE d TERMINAL

CONNECTED TO GROUND. THE b- WINDING HAS 800 OHMS RESISTANCE.

"(

,
I

SLOW TO OPERATE RELAY

.....

11
g.g. +

d
--

.

THE÷SYMBOL NEXT TO THE RELAY IDENTIFIER INDICATES THAT THIS RELAY IS
NORMALLY OPERATED.0

I.1

L -03S

Figure 2-3A. Symbols.
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SYMBOL

3

EXPLANATION

R-13 THIS IS RESISTOR R-13 ITS VALUE IS 240 OHMS AND IS RATED AT 15 WATTS, IF NO

WATTAGE RATING IS SHOWN IT IS CONSIDERED TO BE 1 WATT.

.
`11

15Wj,, '

61

MAKE-BEFORE-BREAK CONTACTS OF RELAY a

a

,.

0 2 THE SYMBOL, POINTING TO BREAK CONTACTS 1 AND 2 OF RELAY C, INDICATES_A

SPECIAL ALLOY IS USED. FOR THE CONTACTS. USED IN TRANSMISSION PATH ONLY.

r
it

O THIS POINT IN THE CIRCUIT IS CONNECTED TO THE CORRESPONDING POINT IN
TRUNK CIRCUIT H-75650-A.

I .........
THIS THE OPERATE WINDING FOR THE "X "CONTACTS

tX OF THIS RELAY
-

0,
wl-

DX

.

C07
from.

CO,
44.

THIS IS A500 OHM IMPEDANCE COIL AND IT HAS NO CONTACTS

d
...

.*
"116'10

0
11

-r-
ROTARY MAGNET FOR A ROTARY SWITCH

M
-

ROTARY- ITITERRUPTER CONTACTS 1 AND 2. THESE e..rONTACrTEAK WHEN
THE ROTARY MAANET 6PERATES.

.
I I. 11

ROTARY OFF-NORMAL SPRINGS 2 AND 3. THESE ARE MAKE CONTACTS.

.MR
MAKE CONTACTS 3 AND 4 OF THE A3 RELAY.

PO

L 0311

Figure 2-3B. SyJinbols.
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equipment: In the following circuit descriptions; the
relays, unless otherwise designated, will be in the
foreign applique circuit. .

NID Call. Th'l s. is_ a call coming into the exchange
from-the AUTOVON switch. As shown in foldout 2.
the action of the trunk is th§saine as that explained in

/ Chapter I of this volume and will be touched on here
'only as needed to clarify these explanations.

Seizure. the trunk circuit closes a loop to relay 4A
over terminali +L and -L; see coordinates A-6 and
B-6 of foldout 5, This loop is closed to the applique
circuit when contacts 6 -and 7 of relay E in the trunk
circuit make. The ttOnk circuit also causes the

4 following to happen in'the applique circuit:

It closes ON, relay to ground via terminal S.

It opens a ehain of contacts between terminals BS
and C; causing CC to restore:

It lights the routine busy lamp on the switchboard.

NOTE: Relay CC
battery in the idle
"B5" and K wiring

is normally operated from
associated trunk circuit 'via
options:

These things then occur:
(I) A relay operatescontacts 5 and 6 close a path

to operate relay BJ.
(2) CC relay releasescontacts I and

removing battery from lead C2 to prevent NOD
access from outgoing selector banks: .

(3) ON I relay operates contacts 5 and 6
path to operate relay ON2.

(4) BJ relay operates--contacts 29 and 30.provide
relay BJ with a hold 'path; contacts 10 and I I ground
lead CI to the incoming selector; and contacts 6 and 7
ground wipers A- atel C of rotary switch M.

,(5) ON2 relay operate it performs no function at
this time.

the loop across +L and -L leads to relay A: Relay A
reoperates. These things occur:

( I) A relay operates contacts I and 2 remove
ground from the Al lead; and contacts 3 and 4 open

6 the path to The C relay (slow-to-release); which does
not release until dial pause and the rotary magnet M
steps one -step: ..

(2) Rotary magnet steps-cam springs MR 1A-5
on schematic) go off-normal, but do nothing else at
this time:

Impulse break. second. During the second Impulse
break; the same events occur: The second digit is
outpulsed to the incoming selector, the rotary magnet
M operates, and the C relay is reenergized to keep it
from releasing.

impulse make, second. The loop across the L and
-L leads opens, closing the circuit to- lay A. Theses
things occur:

(I) A relay- operatescontacts I and 2 remove
ground from terminal Al to the incorbing selector;
and contacts 3 and 4 open the path to the rotary
witch M, causing it to -step to the second set of

contacts and place relay C on slow-to-release.
(2) Rotary switch steps to second contactthe

ground on wiper C closes a path to operate relay D to
its "X" contacts: 6 ;.

(:3)_D relay operates to its "X" contacts contacts! 1
and 2 close a hold path to ground thi-ough contacts 6
and-7 of relay BJ to ground.

'Dial pause. During dial pause relay C times out and
releases: Then these actions take place:

(I), C relay releasescontacts 8 and 9: break
removing battery from the b I lead to the iniroMing
selector. Contacts 7 and 8 close appl3fig ,grOund

'through r ay S; to the bI lead: Contacts 5 an 6 dose
grOund wipers A and- B of the rOtaryswit h and

. remove- shunt from the AC winding of re a ,D;
allOiingit to operate fully

( "clay operates fullycontacts 3 and 4 open
pry the rotary switch from stepping further.

'Dim' the next and subsequent digits, same
circuit' tions occur, except that relay D -remains-
oPerated, thereby preventing the rotary switch from
firther stepping.

OUtp ing to incoming selector. When the E relay
in the tr nk circuit starts pulsing in response to the
changin condition of the E lead, its 6 and 7 contacts
open and close the circuit to the A relay, in the
applique circuit, over the +L and -L leads: In
response to the first impulse break relay A -releases.
These things happen then:

(I) A relay releasescontacts I and 2 place ground
on the Al lead to the incoming selector and cOntacts3
and 4 _closera path to rotary magnet M and relay C..

(2) C relay operatescontacts 8 and 9 place- 800
- ohm resistance battery on lead bI to the incoming
selector. This splits the pulsing by using' battery and
ground ulsing for the incoming Selector instead of
loop pul 'ng. Contacts 5 Ad_b! remove ground from
wipers A and B of rotary magnet. M.

lipulse make. During impulse make, contacts 6
and 7 of 'relay E in the trunk circuit close. This closes

1

After the last digit is dia-led, the connector tests the
line. If the line is busy, a busy tone is sent back to the
calling party from the connector through the applique .

and trunk
Called line idle: If the called patty's line is idle, the

connector rings the line. When tbs. called party
answers, battery through a 750-ohm inductance coil
in the connector is placed in the b I lead; operating the
S relay (B-2 on print).

Thereafter; S relay operates contacts 6 and 7
place the b-d or negative winding to the -AI lead; and
contacts 2 and 3r place capacitors C2 and C3 in
parallel; increasing the capacitance to microfarad.
Contacts 8 and 10, and 11 and la reverse the battery

1



to the trunk circuit, causing relay SP in the trunk
circuit to operate.

Called p_arty hangs up first. When the called party
hangs up, 750 ohm ground through an Inductance coil
in the connector is placed on the AI lead, causing
relay A2 to operate. These actions occur:_
11) A2 relay operateesThis reverses the polarity

,,to the trunk circuit. releasing relay SP:
NOTE: After a few seconds. the trunk circuit
removes ground from terminals S and SH.
causing relays ON I and BJ to release. The trunk
circuit also opens .the path of relay A and closes
battery from thi BS terminal to terminalC,

_ causing relay CC to reoperate.
(2) BJ relay releasescontacts 10 and 11 open.

removing ground from the CI lead to..the incoming
selector, which causes the selector to release. Contacts
6 and 7 open'the path of relay D, releasin_git, and
'contacts 5 and 6 close a path to the rotary switch M.
causing it _to. step to its home positiOn.'

(3) ON I relay releasescontacts 5 and 6- break
opening the path of relay ON2, which remains
operated, until capacitor CI discharges. Contacts 1

and 2 close a path to relay ON3, causing it to operate..
(4) 'Relay CC_ operates, relays A and D_ rekase, and

the Incoming selector restores, opening the S and A2
leads:

(5) ON3 relay operatescontacts 8 and 9 and 10
and 1-1 close paths to the routine and precedence busy
lamps on the switchboard: Contacts I and 2 and 3 and
4 open, preventing premature seizure from the
switchboard. Contacts 5 and 6 break, removing
battery from leads C2 _ and C3; this prevents
premature seizure by an NOD call.

(6) S and A2 relays release and the 'rotary switch is
at homethe rotary Switch camswitch contacts MR
(2 and 3) open the path to the rotary magnet. i

(7) ON,2- 'relay releases when capacitor CI has
discharge4, relay ON2 releases. Contacts 1 and 2 open
the path to relay ON3, releasing it. i s

(8) ON3 relay releases=contacts 7 and 8 .kpen,
extinguishing the routine busy lamp and contacts 10
and I I open, extinguishing the precedence busy lamp.
Contacts 1 and 2, 3 and 4, and 5 and 6 make.
preparihg the circuit for another call.

Calling party hangs up first. ( days A; -BJ, D,
ONI, ON2, S are operated.) Wing happenS
because SP in the trunk circuit i held through A,
which in turn.'is held through SP. When the called

. party hangs up too, the ensuing sequences are same as
those cited above.

Exercises (809):

Use foldouts 2 and 5 and figures 2-3A and 2-3B as
required to answer the following.

I. What contacts make to operate relay

5L
..)

2. What circuit action makes the ON2 relay slow-tO-
releaSe?

3. What preNents7premature seizure kit' an NOD call'
during releaSe froin an NID call?

4. What prevents the operator from initiatinv-
routine call prior to complete release of the circuit.
shown in foldout 5, from another call?

;-,
5 What happens in the applique circuit, shown in

foldout 5, when the called patty answers an NID
call?

6: What circuit action is responsible for the D relay,
in the applique circuit, shown in foldout 5.
operating fully?

810.. Using foldout 5 as necessary; distinguish among
the actions that occur in the foreign appli ue circuit
during an NOD call and present the effect those
actions have on associated equipment.

NOD Call. With you n -found ex rtise in
a detached pri hematic, you have

probab fund- ttthat it ats reading Prints that
contain many more lines. Let us now take a look at an
NOD call processed through to ,foreign applique
circuit:\ Seizure. Low resistance ground to lead C2 from the
outgoing- selector bank via the 6GLohm winding of
relay P of the local first selector causes relay N to I'
operate. These actions occur:

(1) N relay_ operatescontacts 5 and 6 close a hold
path to lead C2. Contacts 9 and 10 break to improve
inhibited test conditions. Contaos 1 and 2 make
(D-5) closing a no resistance loop across the + and
(RA and TA) (D and E-6) to the trunk. circuit,
operating the A relay in the trunk circuit.

itNOTE: The trtenk circuit grounds terminals Ho
and 5. causing relays BB and ONI to operate and
removes battery from lead C causing relay CC to
release.

ON3? (2) CC relay releases and relay BB operatesno`
functions are accomplished by. these relays at this
time:
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65.
(3) ON I relay ontacts 5 and 6 close a

path to relay crating it Contacts 3_and 4
Open the short cir cross inductance coil SF2..SF
2 was shorted initi. to speed up the operation of
relay A in the trunk ult. Relay ON2lIbperates, but
does nothing at this

Dialink. Impulse brebk. During impulse break
ground is placed on lead A2; operating. the A3 relay.
This thcn occurs:

( I-) .A3_ relay, operatescontacts. I and 2 break,
opening the loop that operated the A relay_ in the
trunk circuit, causing_it_ to release. Contacts 3 and 4
close a path to relay CI, causing it to operate.

(2) Cl relay releasescontacts I and 2 make,
improving the pulsing path.

Impulse make. Ground is removed from the Al
. lead and relay_A3 releases: These actions take place:

(1)A3 rely releasescontacts-4 and 2 make,
reclosing the loop to the trunk circuit7causing the A
relay in the trunk circuit toxeoperate: Contacts 3 and
4 Open;_ causing relay Cl to release .

; (2) CI relay releaseslosing a no-resistance path
through contacts 3 and 4, 5 and 6, and 7 and 8 and
splits_ the pulsing path backwards through contacts 1
and 2.

NOTE: The same series of events occurs for the
remainder of the impulse brreaks and makes and
dial pause. ,-,:.-', .

Called party _answers. When the called party
answers. relays E; ES, -ES5, and RV in the trunk
circuit operate and ground is removed from the SP5
terminal allowing relay _S2 to operate.

These things happen: S2 relay operatescontacts 5
and 6 place capacitors C6 and, C7 in .parallel;
increasing the capacitance to 8 microfarads in the
transmission path: Contacts 1 and 2 break, opening
the A2 lead; and contacts 7 and 8 make doing to the
other side of the transmission path the same thing
contacts 5 and 6 did.

Calling..parry hangs up first. When the calling party
hangs up ground is removed from lead C2, causing
relay N to release. These actions take place:

(1) N relay ,releaSeScOntacts I and 2 break,
, opening the toot) to the A relay in the trunk circuit.

/ Contacts_3 and 4 break. opening the path to relay SI,
and It releases. . =

(2) Trunk circuit removes_gro d frorn__the HG
terminalthis causes relay BB to lease. The trunk
circui, after determining that this is a release and not
a request for DSA, removes ground from lead ,5,
releaSing relay ON I and put- battery on lead C to
reoperate relay CC.

(3) ON I relay releasesthis puts the ON2 relay on
Sliiik--tc-:releasctrand closes a path to operate relay
ON3. 4.

(4) ON3 relaY operatesthis lights the routine and
precedence busy lamps and opens other circuits to
prevent premature, equipment seizure.

(5) ON2__ relay_ releases -this happens when
capacitor CI discharges. Contacts Land 2 break,
opening the pith to relay ON3. causing`it to release:

(6) ON3_ relay releasescontacts_ 8 and 9 and 10
and ll break, extinguishing t e routine and
precedence busy lanIps. Contacts I aid 2; 3 and 4; and
5 and 6 make preparing the circpit for anothercall.

called party hangs up firSt. (Relays _BB, Ni ON I,
0N2, S2 are operated.) Ground is put on tymirial
S which short circuits the S2 relay. When the caller
h5ings up tOb,regrOtind is removed from terminal C2
and relay N restores:

ExerciSei (810):

Use foldout 55to complete The follOWing.

\\I. What happens in-the trunk circuit when a local
first selector seizes it'?

2. DuCing an ,NOD call, what relay contacts transmit
the dial pulses to,the trunk circuit?

A

3. During an n0DielL what marks the circuit busy
to other local SelectorS?

4. During an NOD call, what action occurs in the
appliquescircuit when the called party' linSwerS?

2-4. Troubleshooting the Foreign Appliqufe
Circuit

Here you are again; you haveljust found out ho, it
all works and we are about 'to put troubles into it all.
But remember, the payoff on understanding circuit
operkion correcting troubles. As long as the
equipment is working, we don't need to know how, it
operates.

811. Given foreign applique circuit trouble
symptoms, using foldout 5 as _needed. specify. the
probable causes of trouble arrd give the corrective
action for each.

You ha)e studied operation of foreign applique
circuits both here and in technical sch-ool. We have
also covered the logical approach to troubleshooting
preViotisly. SO, without further ado. let's proceed to.
the exercises and see how well you.have mastered the
theorY of operatiop:
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Exercises (811):

Use foldoutv5 to identify the probable cause of trouble
for the following symptoms; also state the corrective
action for each.

t. During release from an NID call, the rotary switch
fails to step to the home positton..

2. During an NOD call, the trunk, circuit does not
respond to the digits dialed.

3. During an. NOD call, the circuit is accessed by
another local selector.

4. Duringthe release of an 1ID -call the circuit is
accessed by a local selector'.

2-5. SF signaling Set and VF Line Amplifier
We explained earlier what therSF signaling set and

VF line amplifier do and why they are in the circuit.
Now you need a- basic idea of how they work. You
can't test; adjust; or fix_equipment intelligently if you
do not have an idea of hoW lit works.

812. Using foldout 7, identify the actions that occur
in the SF signaling set and specify the effects those
actions have on associated equipment; --

SF Signaling Set SF-signaling set is composed
of two largely independent sections; the transmit
section and the receive section; each section is
discussed separately and includes subscriber on-hook;
off=hook, and dial pulse conditions. There are two
relays designated KI in the SF signaling set (foldout
6). One is in the oscillator unit and the other is in the
control -unit. In the descriptions which follow, the
particular K1 relay covered is identified as oscillator
unit relay KI or control unit relay KI.

.

7
output from the collector is coupled back to the
emitter through TI.

With the M lead at ground; and the N lead
grounded through the operated contacts of control
unit -relay K I, the transmission cut circuit is activated:
Transistor Q3 in the __transmission cut circuit
conducts. energizing oscillator- unit relay K I. Even
when the N lead alternately changes from ground to
open during farend dial pulsing. oscillator unit relav
K1 remains operated through capacitor CIO, which
discharges during the momentary open states of the
N lead. The: operated contacts of oscillator unit relay
K1 place a short circuit across the voice-frequency
inptit terminals and remove the short across resistor
R19; placing a 609 -ohm termination across the
transmit line terminals.

When the local subscriber goes off -hook -48 volts is
applied to 'the M lead, forward biasing diode CR I.
ThiSturns off transistor QI and removes the 2;60O -Hz
signal from the line. In addition, the steady -48 volts
on the M lead causes oscillator unit relay K I to be
deenergized, regardless of the state of the N lead:
Under these conditions, the transmit line is connect
directly to the, voice-frequency input terminals..

When dial _pulsing is _ initiated by th _local
subscriber, the .M lead is alternately, place at 0 and

48 volts DC and the 2,609-Hz tone o llator _QI is
alternately_ turned _on_and off._ The volt DC and
ground pulses on the M lead also uses transistor Q2
of the.dscillator amplitude co of circuit to conduct
through -48 *volts DC i one state, and slow
discharging capacitor 9111 the other. When the M '
lead returns to _ground,lcapacitor C3 discharges
through resistors RI4 and R13 and transistor Q2. The
C3' discharge---eUrrent holds transistor Q2 on to
increase-the reverse, bias voltage on diode CR I . This

reverse bias causes tone oscillator transistor Q I
to transmit a 2.600-Hz tone to the far end at a higher
level ( -24 dB) during the pulsed on-hook state than in
the steady on-hook state... - ,

To enable the 2.600-Hz tone oscillator_to operate
quickly on the ground ptilseof' the M '-ftad the
positive-going transiefit Athe collector of transistor
Q2__is coupled_ -to the_ emitter 'of 2.6(K)-Hz tone

'oscillator trariStor Ql. Oscillatliar unit relay K I
arertuurts energized during dial pulsing a eps the
transmit input terminals terminated to ms and
the transmit output terminals shorted:

D i I al subscriber dial 1 i oscillator urea
t .

ur ng local su cr r pa s nig,

Transmit section. With the local subscriber in:the .
relay K I. iS kept energized by the ode-capacitor

on4isOk condition, the M -lead' is at ground, the network CR4, CR3, CIO, and C9: When-the M lead
goes to -48 Volts, CIIO ckiarges through CR4, while C9 ,amplitude control circuit consisting of transistor Q2 is charges through diodes CR4, CR5, and the coil ofand the bias on diode CR I is set by resistors R8

through R12, which act as a voltage divider. ;Under oscillator-unit relay K1. energizing .K I. With the M

the conditions; transistor Ql.turnson and gc4ie,
a'2.604-11z tone at a low level (-36dB) that is co led CIO diseharget through the coil of osciflat or up$ relay

f

through the windings of ansformer T1'. The K I and CR31,' keeping KI e

amplitude _of oscillation of_ I is controlled_ by the Receive section. With the nt (subscriber'

lead at ground, C9 discharges through CR3, While

amount. OF bias on diode C, Transistdr QI is a hook, incoming 2.604-Hz signals are coupled throug
positive feedback amplifier, in aPi'ich a pOrtion of the ut. transformer T3 and enter an input balance
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network. tht input balinet rietWOi-k_lis: a _resistance

:hybrid circuit consisting of resistors- R30. R31, R32.
and R33. The-signal is then coupled to a filter network
consisting of three Itintd circuits;each tuned_to 2.600
Hz. One eircui tinductor LI and capacitor C5, acts as
an antiresonant 'parallel network and is in series with
series-resonant intiiittor=Capacitor network L2 and
C4. Voltages are develliped for only a narrowband of
frequencies around the 2,600-Hz antiresonant
frequency: The third circuit is another antiresonant
parallel inductor-capacitor network; 63 and C6. This
network and the series- resonant _network L2 and C4
constitute a 2,600-Hz rejection, filter. The 2,600-Hz
narrow bandpass_ filter. LI and C5, passes the
signaling tone -to the three -stage signal tone amplifier.

The signal amplifier consists of transistors Q1,
. Q2, and Q3_ eonnected in a common emitter

arrangement. The output of Q3 ig_rectifitd by_diodes
CR2 and _CR3, and the resuliant negative DC voltage
is tb the 'baSt of ,transistor Q7 of the first
threshold detector:

_r_ -The output of the 2,600-Hz rejection filter; which
passes other voice-frequency signals, is coupled
through capacitor C3 to a two-stage guard amplifier
consisting of common emitter stages oltra_nsistors_Q4
and Q5.-The output-of Q5 is rectified by diodtS CR7
and CR8 to produce a positive DC output, which is
fed through resistor R20 and diode CR9 to the base of
transistor Q7 of the first threshold detector.

To keep_ the output of the igFard _ amplifier.
(transistor Q5) -from-producing a false no- signal -tone
indication when the 2,600-Hz tone is_present,the
guard amplifier is disabled by an amplifier gain
control circuit (transistor Q6) which, at the same time,
increases the gain of the signal tone amplifier: ender
these conditions only, the negative dc output from the
signal tone amplifier (transistor Q3) is applied to the(
base of transistor Q7.
__The -fi itt threshold detector, consisting --,of
transistors Q7 and Q8, forms a Schmitt trigger circuit.
When the base of Q7 is negative; Q7conducts and Q8
is off. Thtat-ential of collector Q7 is near ground,
and_ the signal selector circuit transistor Q4 in- the
dicillator u_nreannot conduct. As a result, oscillator
unit relay K2 is deenergized, and its contacts connect
the 2,600-Hz_rejection filter in series with the input to
receive amplifier transistors__ and Q6. All voice
frequencies; except the 2,600-Hz. signal _Wile, are,
therefore amplified. The two-stage receive amplifier
is a conventinnal---feedback circuit .with a gain
adjustment _of approximately 8 to +12 dB,_provided
by the RCV LEVEL control (R24). The output signal
from transistor Q6 is applied_-__through output
transformer T2 to the: local terminal switching
equipment.

The second threshold detector c- fists of a driver
stage, transistor Q9. and a Schmitt t er. transistors
Q10 and Q11. With signal tone being received From
the distant terminal, the driver stage is conducting.
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With Q9_ on. the __negative potential at its collector
causes QI0 dl tht Schmitt trigger to :conduct and QI
to remain off, thus. with steady_ si g halt rig tone present.
there is no out put_fromt he second threshold detector.
Therefore,_ Unit relay K I remains denergized,
With control unit relay K1 dtenergizedtht -E lead
remains open, and ground on the Nitad is applied to.
amplifier__gain_ control (Q6) and to the
transmission cut circuit (transistor Q3). Transistor Q6
turns on, forwardi biasing_ :diode CR 1. which
effectively parallels resistor R5 -with resistor R4- to
increase the gain of the transistor Q2 signal tone
amplifier. _Transistor -Q6 conducting causes transistor
Q4 to disable guahl amplifier transistor Q5. The
ground. which goes ithrough control unit relay K
contacts- over the N lead to tht transmission cut
circuit._ causes oscillator unit relay K I to operate.
Operation of oscillator unit relay K I _shorts the
transmit inpUt_terniinals and terminates the transmit_____
output terminals to 600 ohms.

With the distant subscriber off -hook, Signaling
tone is reetiysd from the distant end; and thereis no
output froqf signal tone amplifier transistor Q3. This

iresults in an absence of negative voltage at the baSe of
transistor Q7, causing the first threshold detector to
trigger to its off state Q7 off, Q$ on). With
the first threshold detector in its off state, the Q8
collector potential causes the input to the inverter in
the pulse modifying network to change from a logic 0
(ground) to_aliigic 1_(-48 Ofts)._ At the same time the
potential of the tollectOr"of Q77 increases, causing
transistor Q4 in the oscillator unit to -conduct. Relay
K2 operates, -and the input_ of the receive amplifier,
which_corries directly from the input balance network,
is iinfilttre.d. The_output of the first threshold detector
is Applied through the pulse modifying net workto the
second threshold detector: The -presence of a signalat
the -base of driver stage transistor Q9 causes the
second threshold detector CO trigger to its off state
(transistors Q10 off; _Q11 on): With QI I conducting,
c trol unitrelay K1 is energized.

control unit relay K I energized, ground is
applied to the Ellead. The N lead ground that was
applied to amplifier -gain control circuit (transistor
Q6) and the_trans_mission cut circuit (transistor Q3) is
removed. Whtn ground is, removed from Q6, it stops
conducting; causing gwd amplifite transistors Q4
and Q5 to conduct. Thlfrectified output from Q5-tan
now get through to tlit,haSe of transistor Q7, Since
transistor Q is not conducting._ it no longer causes .

decrease- in the emitter resistance of transistor Q2 in
the signal tone amplifier,- thereby deertasing the gain
of the signal tone amplifier: Thus, a 2,600 -Hz signal
that is -part of voice frequencies and enters the signal
tone_ amplifier is not likely __to- override the guard
amplifier output from Q5 and falsely -trigger the first
threshold detector to its -sin state (Q7 on). _

With dial pulses being generated by the distant
subscriber; the incoming signal at input tranSformer
T3 consists of intermittent 2,600 -Hz tone bursts



correSponding to the dial pulse rate. When the
signaling tone is present, the rectified output of the
signal tone amplifier Q3) triggers_the first
threshold detector to its on state transistors Q7 on, Q8
off); and, when tone is absent, the first threshold
detector returns to its off state (Q7 off; Q8 on). The
first -threshold detector thus changes state in
accordance with the received dill pulses.

The output of the first threshold detector is passed
through the pulse _modifying network to provide for
variable pulse delay: The pulse modifying network
consists of an integrated circuit made up of an
inverter (NAND gate with one active inpilt) and two
additional NAND gates; each alwhich has two active
Inputs. The., collector of-transistor Q8 :feeds the first
NAND gate, which acts as an inverter. Capacitor
C15, which is parallel with resistor _R50 provides
approximately 10_ milliseconds delay in the inverter
output: The inverter feeds the second NAND gate
through the_time_constant resistance-capacitance
net4brk R29, R30, R31, -and- CI-0,- which provides
another signal delay of 10 milliseconds for only those
inverter output changes that-:are going p hive. The
output of the _ectitid-NAND gale is appl. d to the
third NAND gate through R34; R35. R37. nd CI I:
Yariable pulse delay is !accomplished by adjusting
R34, the BIAS ADJ control, which effectively varies
the percent breakof control unit relay K I. The output
of the third N AND:gate operatesthe-second threshold
detector driver transistor Q9 through resistor R39.

While dial pulses are being received; the amplifier
gain control circuit -(-transistor Q6)-m-ust be kept off to
allow full amplification of the signal tone amplifier
When_2,61 Hz signal tones are present. This is done
as follows: as soon as the signaling tone is interrupted,
control unit relay K 1 is energized; dio_de.CR4_in the
amplifier gain control circuit is forwardbiasedby
volts; and capacitor C5 charges rapidly through CR4.
When the signal-Ai:mei-returns and control unit relay
K iS deenergized, CR4 is back biased by the ground
applied on the N lead; and @6 is held off by the
negatiVe_ potential from C5 applied to"-its base.
Capacitdr C5 discharges slowly through resistor R17,-
and the time constant of the circuit is such thatsQ6
Will be kept- off for 3W - milliseconds after the signal
tone eturns. if the signal tone is again interrupted
beforir the_ end of this period;_the charge on C57is
replenished to keep Qb off for another 300
milliseconds after control unit relay K1 is

2. What happens in the SF unit when the trunk
circuit is seized for an NOD'call?

3: When 2.600-Hz tone stops being received b the
local SF (control unit) unit.' what: relay operates
and how does 'it affect the trunk circuit?

4. -Which diode; in the SF unit (osc unit) is irri the path
that operates relay KJ?

Using foldoM 7, identify the functions that occur
in the VF line amplifier and _state the effects the
actions hive on associated equipment.

VF Line Amplifier. Since the VF__line amplifier
'Consists of two identical cireuits (foldout 7)-=-A
transmit amplifier circuit and a receive amplifier
circuitonly the receive amplifier circuit_ is
discussed: The receive signal from the fbili=wite lint
facility enters the primary of input transformer T1:
The secondary of transformer TI is strapped for 600-
ohm line impedance: A receive line (RCN/ LINE) jack
circuit across the primary of transformer allows
for test equipment lo.he inserted Which breaks the
circuit to the amplifier and looks back toward the line
through the transformer. The signal then enters an
impedance network consisting of-potentiometer R2
and resistors_ RI and R3. An equalizing network
consisting of potentiometer_ R4 and capacitor CI.
follows: This network tends to form a constant
impedance so that. regardless of the, position of R2
and R4, the input impedance stays nearly the same.

. Capacitor C2;i which follows the equalizing network,
isolates the bias voltage on_transistor_ QI from the
input networks. Resistors- R5 and R6- provide the
necessary bias for operating input transistor Qi:
Resistor R8 and capacitor C3 fofrn a bypassed emitter
circuit-o allow full gain: and have a high degree of
destabilization. Resistor R7 establishes- the gain of
input transistor Ql. Inductor L I and capacitor C_I5
form a low-pass fiber network which drectly couples
the collector of Q_1 to the_base of transistor Q2; which
is an emitter- follower. The low-pass fillet. network

deenergized. restricts the bandwidth .to that of the normal voice
band. The output at the emitter of Q2 is_coupled into
the base of transistor Q3 via capacitor C4. Resistors
R II and RI2 form a bias network for Q3 in the power
output

Power output stage Q3 is a silicon power transistor.
-which tillows __full power output even at "high
temperatures. Resistor R13 is the ernitter resistor of
Q3 And is partially bypassed by capacitor C5: Resistor
R15, in series with C5. sets the gain of Q3 to the
proper value. The output of Q3 is R-C coupled

Exercises (812):

Use foldout 7 and the text to answer the following-
questions.

I. With the trunk_ circuit idle, what relay is operated
in the SF unit?
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output transformer T2, and fed back. to input
transistor Q I via feedback resistor RI6: This
stabilizes the gain_ and impedance over a 'wide
temperature range. The secondary winding of T2, also
strapped for 600-ohm line impedance, is connected to
a jack circuit. This allows the output of the amplifier
to be tested and disconnects it from output
transformer T2. Resistor R33 and capacitor C13 form
a deeoupling network, which provides necessary
transient and noise isolation from the battery supply.
Resistor R35 and R36 are dropping resistors, which.
provide -24-volt DC operating potentials from the
---48=volt DC battery supply.

Exercises (813):

I. The VF line, amplifier is composed of how many
circuits?

2. What does the impedance network, consisting of
potentiometer R2 and resistors RI and R3. do in
the VF line amplifier?

3. What is the function of the low -pass filter network
in the VF line amplifier?

2-6. Troubleshooting_ the SF Signaling Set and
VF Line Amplifier

While you -won't be doing%uch in the way of
repairing or troubleshooting thc SF units and VF line
amplifiers, you do have to be able to determine when
they are the cause of circuit trouble._

813. Given a series of situations involving SF
signaling set and VF line amplifier trouble symptoms
and using foldouts 6 and 7 as necessary, identify the
probable causes of trouble and provide the corrective
action required for each such situation.
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To this point you have received an admittedly%
tightly packed amount ofinformation about both the
SF signaling set and the VF line amplifier. Along with
this you -have been provided with text-related
schematic diagrams found_ on foldouts 6 and 7 (bound
in a separate enclosure). So vou have the facts. You
should, and likely do, know what to do _with this
material_ when: -as you _are called on to
troubleshoot the SF signaling set and .VR line
amplifier. But do youcan you really successfully
and consistently troubleshoot these items? L-et's see.

What follows is a series of hypothetical situations
revolving around this signaling set and this line
amplifier:

You find relay K I of the SF unit (osc- unit) is not
operated. The -trunk is completely,idle:
Called to investigate; you discover that there is
no idle termination on the XMIT side of the line.
A member of your unit reports that the VF line
amplifier is not working. He says its because -48
volts battery, thOugh connected, is not getting
into the amplifier:

Exercises (814):

Consult foldouts 6 and 7 as necessary. to locate the
protable causes of trouble in each of the following
situations, providing the correct action, and for item 2
the reason, to resolve the problems' shown.
I. What problem exists_ when. with the trunk

completely idle, relay Kl of the SF unit (osc unit)
is not operated?

2. Give both the reason and the proper action to take
when no idle line termination exists on the XMIT
side of the line with relay K1 (osc unit) of the SF

- unit operated.

3. Identify the trouble and tell how to correct it when
the VF line amplifier is not working, becauSe -48
volts battery, though connected; is not getting into
the ampfifier.



Interface Maintenance

IN THIS- CHAPTER you are going to spend your
time studying about maintenance_ and testing of
equipment and circuits in your office used by the
AUTOVON- switch personnel to test the links. You
will also look at some of the test equipment you use
and aisorne of the test procedures used for testing and
aligning interface equipment in the dial central office.

3-1. Special Test Circuits

The previous chapters in this volume covered the
principles of operation for the equipment required
to interface the PABX with AUTO VON. This section
explains'__ circuit operation of the special test,
circuits used by AUTOVON switch personnel to
make transmissiort tests on the interface equipment
trunks Or access lines to prevent abnormal operation
and to insure rapid restoral of service if an access line
failS.

815._ Using figure XI and foldouts 8, 9,_ and 10 as.
needed, give Hie purpose or use at specified
AUTOVON interface test circuits and identify noise
and balance test dine circufts, connector _access
number, and the terminations provided by the end
office loop around test circuit (use foldout I, too, if
necessary).

Test Circuit Functions. Although your office does
mit use the special test circuits; they are located in
your office, and you are expected to maintain them.
Three circuits are provided to permit AUTOVON
switch personnel to make tests on the interface trunks
and access lines without bothering central office
people.

Noise and_ balance _test dine circuit. This circuit
(shown in foldout 8, found in a separate enclosure)
provides balanced line termination for noise, balance
(return loss and singing test), and transmission
measurement tests performed from the AUTOVON
switch: Singing is an undesired self-sustained
oscillation existing in a transmission system.

Access to the noise and balance test line circuit is
obtained -by dialing the required test number at the
AUTOVON switch. The access number assigned to
the test circuit will usually end with a connector access
number of 41, as shown in foldout 1. After the
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connector switches through, the test circuit returns 10
seconds of off-hook supervision (open circuit, short
removed from R4). The circuit also pr ides 900-ohm
2-microfarad line termination to AUTOVON.

Reverse bestery test fine cireWt: This circuit (shOWn
in foldout 9, found in a separate enclosure) provides
nonsyrichrOnous (off hook and on-hook) supervisory
signals to the PABX connector for testing the
supervisory functions of the PABX trunk circuits and
interface equipment. The supervisory signals consist
of a 1.000-ohm idle line termination for off-hook and
an open circuit line termination for on-hook. The
connector repeats this off-hook/on-hook supervision
to the PABX trunk circuit causing the SF signalipg
unit to transmit the supervision to AUTOVON via
pulsing of the 2;600 -Hz SF tone.

Access to the reverse battery test line circuit is
obtained by dialing the required test number at the
AUTOVON switch. The access number assigned to
this test circuit will usually end with a connector
amps number of 31; as shown i foldout 1: After
being accessed, the test circuit returns series of
supervisory signals followed by a continuous on-hook
supervisory signal of 2 seconds duration and an off-
hook supervisory signal of 51A seconds duration.

End office loop around test circuit: This circuit
,(shown in foldout 10, found in a seParate enclosure)
provides a means for making stability and
loop around tests. It enables one maintenance
technician to make one-way and two-way
transmission loss measurement tests on four-wire
PABX cess lines without manual assistance_ from
the PABX. Access to this circuit is obtained by dialing
the required test number at the AUTOVON switch:
The _access numbers. assigned to the test circuits
usually end with a connector access number of 21 for
connector terminal No: 1 and 22 for connector
terminal No 2 (refer to foldout 1).

Figure 3-1 shows the various tests performed by the
AUTOVON switch technician. To make the stability.,
test, shown in figure 3-I,a, the technician must access
connector terminal No: I: Upon access; the test circuit
returns_ 10 seconds of open circuit line termination
with I second of 900-ohm 2-microfarad line
termination; followed by 10 seconds of _short-circuit
line termination; followed by 900-Ohm 2:microfarad
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Is h rt AUTOVON PABX END OFFICE
INTERFACE SWITCHING LOOP AROUND_
EQUIPMENT EQUIPMENT TEST CIRCUIT

CONN. TERM. NO.1

It w It AUTOVON
INTERFACE
EQUIPMENT

PABX
SWITCHING
EQ_UIPMENT

END OFFICE3
LOOP AROUND
TEST CIRCUIT

c. 1.00PARO_UND_TEST

CONN. TERM. NO.2

Figure 3- I. PABX tests.

line termination. The circuit will remain with this 900 -
ohm 27microfarad line termination as long as the
connection is held:

For the technician tD use the results of a loop
around test, it is necessary for him to first establish
the dB loss of an access line. To_do this the technician

Vust access connector terminal_No. 2, shown in figure
3-Lb. Upon seizure of connector terminal No: 2, a
1.000-Hz test tone at 0 dBm is received from the test

HV4 I be

tone generator for 10 seconds-, followed by I second of
900-ohm I 6-microfarad line termination. These 10
seconds of 1,000Hz test tone and I second of 900-
ohm, 16-microfarad line termination are repeated as
long as the circuit is held. The technician can measure
the dB loss of the test tone with a VTVM to establish 4.,
the dB loss of a particular access line. The technician
would now release the connector because it is
necessary to seize connector terminal No. 1 prior to
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connector teriiiinal,No. 2,Jiikrosrtirinlie loop around
test.

The technician now; -tri ability test and
loop around test o e ess lines, shown in
figure3-1,c. He V-vou access c nectoplirnunal No.
1 with the next. actiss :line Zrtd-tRipleW".: a stability
test,' He would holti itindtitcci'Ss connector
terminal No. 2 wif14-accesS line 41. the known dB
I6ss: He can noW4i.'loop around test. to measure
the dB loss of theistiop. By subtracting the ktilmn dB
loss from the Idop'fdB 'loss, he would arrive ,tot'' the dB
loss of the second 4CCiss line.

'Example:
Loop. dB lost of access lines

"A" and "B" -4 dB
Known dB loss of access

line "A"

dB loss of access line "B"

Loop dB loss of access lines
"A'r and "C"

Known 4B loss of access
line "A"

dB loss of access line "C"

I -2 dB

-9 dB

. -2 dB
-7 dl3

Froin these results, the technician would identify that
access line "C" has transmission problems and would
start corrective action to restore the circuit to working
order:

Rotary switches. The type 44 rotary switch is
installed in each_ one of the special test circuits. This
rotary switch is different from the rotary switches that
you have studied previously in the Telephone
Switching Equipment Repairman Courge.

The type 44 rotary switches are small, lightweight,
and fast - stepping: Thu rotary switch steps
approximately 65 steps per second, self-interruptedly,
and up to 35, steps per second when remote-pulse
controlled. The rotary switch is an indirect drive,
homing switch with 11 bank contacts for each level.
The 1 lth contact serves as the home positiOn for the
wipers.

The wiper assembly consists of a hub and ratchet
wheel, a set of wiper blades for each bank level; and
an Indicator wheel. A three-arm wiper arrangement
per level makes it possible for all bank contacts to be
traversed in only one-third revolution of the wiper
assembly The switch can also use a one-arm wiper
arrangement per level_

The three arms of the wipers can',-be made
electrically common by strapping external_ terminals
or left separate as required by the circuitry. Because of
the triple wiper arrangement, the wipers actually have
33 positions during one complete revolution of the
wipers: The one-arar arrangement has only 11

positions. The wiper assemblies are so arranged that
the first wiper rotates over the first bank contact level
on the first _II steps: the second wiper rotates over the
second level on the next II steps: and the third wiper
rotates over the third level on the following 11 steps:

Three off-normal spring cam lobes operate the off-
normal springs when the wipers are at normal. When
desired: the lobes can be removed from the I lth and
22d _position,, so thaVthe off=no-rmal springs are
operated in the home position or once during each
revolution of the wipers.

The rotary switch beComes versatile for many
circuit applications through the use of:_ one-arm and
three-arm wiper arrangements, stiaps_on the wipers;
and varying the number of bankS. The noise and
balance, and loop around test circuits use the
common wiper with the 3 -arm arrangement for I_1-
step operation. The reverse battery test circuit uses the
1-arrn wiper arrangement. and the switch will take 33
steps before reaching the home position. The rotary
switches operate from 60 and 120 IPM _ground to
control the completely automatic operation sequence
of the test circuits.

Exercises (815):
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1. What is the purpose of the noise and balance test,
litt circuit?

2. What is the reverse battery test line circuit used
for?

What is the purpose of the end office loop around
test circuit?

4. What is the connector access number for the noise
and balance test line circuit?

A

5, What are the terminations provided by the end
office loop around test circuit?

816. Using figure 3-2 and foldout 8 specify the
actions that occur in the noise and balance test line
circuit during operation.

Noise and Balance Test Line Circuit. The noise and
balance test. line circuitseen in foldout 8, figure
3,c-, is terminated in the PABX station to allow the
AUTOVON switch to make noise and balance (return
loss and singing) test. The circuit is marked idle to
preceding equipment by resistance battery, as figure
3-2 shows (via the winding of relay TR), on lead C.
Use AC and Y wiring options:



Nt.

Circuit Accessed From Connector Terminal 41.

NOISE AND BALANCE TEST LINE CIRCUIT H -83 -195

Fig3G "AC" Wg App

Battery thru relay TR to C lead
marks circuit idle.

Gnd froM Connector
--I-

' TR

4 5
Gnd st
lead

Ringing current extended over .1-
and - leads

2 1 3
60 IPM
to RS

Ti (conducts)

Provides a low resistance
bridge across line-cutting
off ringing current

Ringing Current Removed

(stops conducting)

Provides an Hi resistance bridge
across line (RI 600 11 )

From 60 IPM lead (switch steps
1 step per second)

RS

On contacts ,

Shorts R-4

1 Presents "off-hook': signal

2. Causes connector to cut thru

3. Presents line term C:1 & R 6

RS operates to 10th;step.

Afte10 seconds, removes "off-hook"
condition to an "oh-hook" condition to allow
a release

Note 1

Release

Grid removed from "C".lead

(Gnd st)
-lead- oks

Note 1: Rotary switch continuA to step until
circuit is released.

HVA-16.4

Figure 3-2. Sequence of noise and balance test line circuit operation.
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Seizure. Seizure occurs when the AUTOVON
switch technician dials the_assigned test number. The

° connector, grohridS lead C operating relay TR and
marking the circuit busy. The connector extends
ringing current over lead "+" and '" causing tube TI
to conduct. When the connector switches through,
900-ohm, 2-microfarad line termination is returned to
AUTOVON switch;

a: TR relay operates. TR contacts 2 and 3 complete
a circuit to rotary switch RS via the 60 IPM punch-
ing. TR contacts 4 and 5 ground lead ST to start
interrupters if required. TR contacts 6 and 7 serves no
function at this time. 46_

b. TI conducts: TI fires and presents a low
resistance_ bridge across the line to cut off ringing
current: Tiksimulates called party answering to the
connector. Yawn ringing current is removed, TI stops
conducting.

c. TI sto_psciucting. When TI stops conducting;
the loop ET coil and resistor R4 presents an
on-hook comfit to the connector.

d. RS steps. R t switch RS steps'in response_ to
60 TPM. Since the r ry switch is an_indirect drive
switch, it will step whe RS releases. During the first
steP, the ON (off-nor ral) contacts restore.

NOTE: The ON contacts release during the first
step, because they are normally operated in the
home position by the cam lobes.

e. "ON" contacts release. ON contacts 3 and _4
short circuit resistor R4 for 10 seconds to give off:^
hook supervision for connector cut-through and to
return line termination to AUTOVON via capacitor
CI and R6.

f RS homes. After 10 seconds rotary switch, RS
steps toihe I I position and operates the ON contacts.

g. "ON" contacts operate. ON, contacts 3 and 4
open the short circuit on resistor R4 to_give_on-hook
supervision to the connector and AUTOVON for I
second. The rotary switch will continue to step to 60
IPM until the connector is released, giving 10 seconds.
off=hook and I second on-hook supervision.

Release. At the completion of the noise and balance
test, AUTOVON will release the circuit releasing the
connector. When the connector is released, ground is
removed from the C lead releasing relay TR:

a. Dierelay releases:. TR ckntacts 4 and 5 remove
the ground on lead ST. TR contacts Land 2 comp;
a homing circuit to rotary switch RS.

b. RS homes. The rotary switch steps self-
interruptedly to its home position operating its ON
contacts I and 2 breaking, the home circuit.
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Exercises (816):

Use foldout 8 to complete the following'
1. What circuit actions are ON contacts I and 2

responsible for?

2.. If Z wiring were used in place of 'Y wiring, what
would the termination be to the connector?

3. What tube terminals (T1) provide the low
resistance bridge across the line to cut off ringing?

4. What`causes tube TI to conduct?

'817. Using figures 3-3A, 3i3B; and 3-3C and foldout
9 as necessary, distinguish among the actions that
occur in the reverse battery- test line circuit during
operation.

Reverse Battey Test Line Circuit; The reverse
battery test line circuitshown in foldout 9, figure
2is terminated in the PABX to allow AUTOVON
switch to test the supervisory functions of the
AUTOVON interface trunk circuits. The circuit is
marked idle to preceding equipment by resistance
battery, shown in figures 3-3A, 3-3B, and 3-3C (via
the winding of relay D), on lead CN. After seizure and
cut-through the circuit provides the following
sequence of supervisory signals to the equipment
under test:

Off-hook for 11/4 seconds.
Oti=hook for 1/2 second.
Off-hook for_11A seconds.
120 iPM (3 flashes).
On-hook for 2 seconds.
Off-hook for 51h seconds.

The 2 seconds on-hook, 51/4 seconds off-hook signals
are repeated until the circuit is released.

'The reverse battery test line circuit rotary switch
employs the one-arm wiper arrangement. Wipers A
and B rotate over the bank contacts on steps I

through I I; wipers_C and D rotate over the banks on
steps 12 through 22, and wiper E rotates over the
bank on steps 23 through 33.

Seizure. Seizure occurs4when the AUTOVON
switch technician dials the assigned test number. We
will discuss the detailed operation of the test circuits
by analyzing the 33 steps of the rotary switch RS:

'1

IN



Circuit Accessed Frailly Connector Terminal 31

REVERSE BATTERY TEST LINE CIRCUIT H-610036

Battery Ttiru Relay D to CN Lead
Marks Line Idle

Grid on CN Lead'

8 9 0 10 11' 120 PM
Gras ST

lead
10 11

Relay C Follows Pulses Until After 2 Rings
No Purpose At This Time

First (Ringing Cycle From Connector

A (AC) -

3 I 4
B (#2 Winding)

9_10
RS (Operates, but

1 doesn't operate)
1_1_ 2

Gpens NT Springs

Ringing Current Removed

Steps wipers
Level A&B to
Step 1

4

Indirect drive'

2-3
Restores
DN (off
normal)
springs

Second Ringing Cycle From Conilcctor

A
3 4

B'
9 (10
_RS_
1 I 2

Opens Int Springs
Ringing Current Removed

3(040
9- 10

GEO

A&13 _Wipers
to Step 2

1 2( Int
Springs

Supervisory Signal Control

to

C (from 120 IPM)
415
RS (via Level "A"

second step)

6 18
DC Loop
-line

Provides an
"off hook"
signal (via
R-1 and TN)

213

4
-wipers A&B

step to the
3d step

G

7B I 8B
G. See Note 13

Holds pe
4B 5B

(Provides dial tone,
if "X" strap provided)

Pulse On

C (Repeats second
4 I 5 pulse alter two rings)
RS Int

Pulse Off ti

5 A&B wipers to step 4

EIED 421°

PulSe On

4915
RS

Pulse Off

4T5

Int

A&B wipers to step 5
O/C

(repeats fourth pulse)4- 5
F RS

F holds

Opens DC loop Duration of off-hook 1 1/4 sec
-line +line
Provides 'TA" on-
hook signal to
trunk circuit
then "M" lead to 4_ 5 Alt13, wipers to step 6
ground on-hcibk

Figure 3-3A. Sequence of reverse battery test line circuit operation.,
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REVERSE ATTER TEST LINE CIRCUIT H-610036

Pulse On

C (repeats fifth
pulse)

4 5
RS

1 -2

Restores DCloop
provides an "off
hook" signal

1 2 second "on-hook"

Pulse Off

4_ _5 A&B winers to step 7
RS

- Pulse On

4_1_5
RS

(repeats sixth
pulse)

ulse Off

CEP A&B wipers on step 10

Restores DC loop 0 (if "X"_strap_provided
-line --line provides there will be dial tone
an "off-hook" signal at thiS time

Pulse On

upens -line +line
DC -loop provides _

an "on-hook" signal

A&B wipers to step 8 ReStOreg bc lcKip
-line +line provides
an "off -hook"

Pulse On

(repeats ninth
pulse)

Pulse Off,

C (repeats seventh
pulse)

4_ 5
RS

Pulse Off

5 A&B wipers to step 9

(repeats eighth
pulse)

2 1 3 4 1 5
RS

1 1 2 3 1 4

Pulse On

F
Holds

RS

A&B wipers on step 11

Dial tone

T(repeats tenth
pUlse)

F RS

I
Opens DC loop -line
+lint provides an "on-
hook" signal

3
FLASHES_ Restores DC loop
"OFF-HOOK" -line_ +line provides

an "Off-hook" signal

Wiper C&D on first step

C (repeats eleventh pulse)
Opens- -line E 4 1

+line DC loop 5 1 6 3 1 4 F B

provides ati "on- Opens dial E 1

I
1

hook" signal tone lead Holds Opens DC loop -line 9,_110 B

(note 1) if ''X" strap +line provides an RS Holds
provided on-hook" signal _

Notes: End of 3d 120 !PM
1. Duration of on-hook 1/2 sec flashes

Figure 3--3B. Sequence of reverse battery test line circuit operation.
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REVERSE BATTERY. TEST LINE CIRCUIT H.-610036

Pulse Off.

Steps wipers
C&D to 2d, 3d, and
4th bank contacts-

e. C & RS fellow the 12th, 13th, and 14th
pulses before relay F releases (F remains .

operated via C&B contacts)

Pulskaff

Pulse On

C (repeats 15th

RS

Restores DC loop
to off-hook

Steps wipers
C&D to step 5

Pulse Off

pulse) -

Duration of on-hook
2 sec

Pulse Off

Restores after the
25th pulse
Steps E wiper
to step 5

Pulse On

C

RS

F

Opens DC loop
-line -line provides
an "on-hook" signal

OFF-HOOK 5 1 2
SECONDS
From pulses
16 thru 26

Repeats 26th pulse

Repeats pulses
:27 & 28 (not shown)

Steps wiper E
across contacts
6. 7.8

E wipers
to step 6-

PulSe On

C Repeats nth pulse
N.

RS

Steps wiper E
contact 9

F relay remains operated ttiru contacts of
relays B&C. Due to levels 5&8 of E being
strapped.

Repeats 30th pulse

Restores DC loop On-hook-2 sec_ -

-line +line provides From pulses 27,28,
an'"ciff -hook" signal 29 and 30

Each time level "A" reached contacts.4.6. & 8

Rotary switch self-interrupted cycles:
"OnAook" superVision - 2 sec
"Off-hook" supervision. - 5 1. 2 sec

Continues until circuit is released

Release Relays operated: D. G. B. C and
possibly F

Figure 3-3C: Sequence of reverse.battiry test line Circuit operation.
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a. The connector closes the litiq-loop ty the lest
circuit .and grounds leads _CN. ,GroOnd on lead CN
operates: relay D and marks the test circuit busy:

(I) D relay operates: D contacts4 and 5 complete a
hold path for _itself on lead N._1? contactsl3 and 9
ground the -ST lead to start 'ate interrupters: D
contactsq_0_ana 11 complete a circuit to operate_relay
C to 120 IPM ground. The operation of relay. C
determine the -time sequence of the automatic
Operation of the test circuit. Relay C serves no
function until after two ringing cycles.

(2) A relay operates. A"contactS 3 and 4 complete
a circuit to rely B. _

(3) B relay operates. B contacts 9 and 10 complete
a circuit 'to rotary switch. RS

(4) RS operates. Rotary switch RS 411 not step its
wipers at this time, since it, is an indirce drive switch.
RS interrupter, contacts 1 and 2 open but serve no
purpose at this time.

NOTE: Since ringing current from the connector
is interrupted, relay A will remain operated only
I second and release for 4 seconds before
operating again.

b. After 4 seconds of silence;_ringing current will
again be extended over the line loop operating relay
A:

( A relay operates. A contacts 3 and 4 Complete a
circuit tcrrelaY B.

,;(2) B relay operates: B contacts 9 and 10 complete,
a' circuit to rotary switch RS.

(3) RS operates. Rotary switch RS opens- its
interrupter contacts I and 2:

NOTE: After I second of ringing; ringing current
is removed from the line loop releasing relay A.

(4) A relay releases. A contacts 3 and 4 open the
circuit to may B.

(5) B relay releases, B_c_ontacts 9 and ,I0 open the
circuit to rotary switch RS.

(6) XS releases. Rotary switch ;RS closes its
interruptercontacts and steps wiper contacts A and B
to bank contact No. 2 (step 2):

c. Relay C has been operating to the 120 1PM
punching but has served no purpose until now Since
the rotary switch is setting- on bank contact No. 2,
when relay CAippraits to,1,20 IPM ground a second
operate path for the rotary switch will be completed.
Relay C operates and releases every 1/2 second to 120
1PM ground:

(1) c relay operates. C contacts 4 and-5 complete a
circuit to rotary switch RS (via wiper A and bank
contact 2):

(2) RS operates. RS openi its interrupter contacts
1, and 2.

(3) C relay releases.. C contacts 4 and 5 open the
circuit to rotary switch RS:
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(4) RS releases: RS will wipers A. and B to
contact No. 3 (step 3) and closes its Interrupter
contacts.

d. When the wiper steps on the third bank, a circuit
is completed to relay 6:

(I) _G relay operates. G contacts 6T and. 8T
complete a 1,000-ohm DC off-hook termination to
the connector and'AUTOVON switch.This causes the
connector to cut-through and trip ringing-current. G
contacts 7T and 8T open the circuit to relay A.
contacts 7B`and.aBcomplete a hold path fbr itself. G
"outsets 4T and 5T complete a circuit -for dial tone if
X wiring is used. Dial tone will be 4t_urned to the
preceding equipment with each( off-hook signal.

(2) _C relay operates. C contacts 4 and 5 complete a
circuit to rotary switch 'RS (via relay G contacts 2T
and_ 3T:)._

(3) RS operates. RS opens its interrupter contacts
1 and- 2.

(4) C relay releases. C contacts 4 and 5 open- the
circuit to RS. .

(5) RS releases: RS steps wipers A and B to Contact
No. 4 (step 4) and closes its-interrupter contacts.

e. 120 1PM:
(I) C relay operates. C contacts 4 and 5 complete a

circuit to rotaiy switch RS.
(2)_ RS ope Les. RS opens its interrupter contacts

1 and 2.
(3) C relay releases. C contacts 4 and 5 open 'the

circuit to RS.-;
(4) RS releases. RS steps wipers A and B to contact

No. 5 (step 5) and closes its interrupter contacts.
When the B wiper steps on the fifth contact; it
prepares a circuit to relay F.

f 120 IPM:
(I) C relay operates. C contacts 4 and 5 complete

circuit to RS: C contacts 2 and 3 complete a circuit to
relay F:

(2) RS operates. RS opens its interruptercontacts
I and 2. - _

(3) F relay operates. F contacts 1 and 2 open the
1,000ohm DC line termination to give on-hOok
supervision to the connector and AUTO_VON switch.

(4) C relay releases. Contacts 4 and 5 open the
circuit to RS. C contacts I and 2 complete a hold path
for relay F:

(5) RS releases. Rotary liwitch RS steps wipers A
and.. B to contact No. 6 (step) 6) and closes its
interrupter contacts.

g: 120 IPM:
(1) C relay operates. C contacts 4 and 5, complete a

circuit to RS: C contacts 1 and 2 open the ciecuit to
relay F.

(2) RS operates. RS opens its interrupter contacts:
(3) F relay releases: F _contacts' I and 2 close the

1,000-'ohm DC line loop for off-hook tupervision.
(4) C rday releases. C contacts 4 and 5 open the

circuit to/OS.



q70
-(51-RS releases. Rotary. switch -,..RSsteps. wipers A

and fl3 to contact No: 7' (Step 7) and closcs its
interrupter contacts.

k 120 1PM:
(1) C -relay operates. C contacts 4 an 5 complete a,

circ_uir_to RS. :

(2) gs operates. RS opens its interr ptet contacts.
(3). C relay releases. C contacts 4 a d:&-Operi the

circuit_ to RS..
(4) RS releases. Rotary switch RS Steps wipers A

and B to contact 8 (step 8) and clOS-eS its
interrupter contacts.

i. 120 IPM:
(1) C relay Operates. C contacts 4 and 5 complete a'

circuit to RS:
. (2), RS operates. RS opens its interrupter contacts:
(5) C -telay -teleases. 'C contacts 4 and 5 open the

circuit Ito RS.
(4) R5 releases..Rotaryswitch RS steps wipers _A'

and B to contact No. 9 (Step '9)%. and. CloSeS
interrupter contacts.

120 IPM:
(I) _C relay operates. C contacts 4 and 5 complete a

circuit to RS. C contacts 2 and 3 complete a circuit to
relay E {_via Wiper It _contact .9)._

(2) RS _operates. RS opens its interrupter contac
(3) F relay operates: F -contacts. 1 and 2 Opt- he

1.00Nohm DC_ loop to return on-hook supervisi_ n.
contacts 3 and -4 complete a circuit to relay -- (via
wiper A. contact 9):

(4) E relay _Operates. E_ contacts 5 and 6 close a
circuit for dial tone td induction coil TN, if Y strap
was not provided. Dial tone would now be returned.
during each off:hook signals to the _Preceding
equipment. E contacts 3 and 4 provide a hold path for
itself. E contacts_l and 2 prevent relay F from holding
when relay C releases.,

(5). C relay releases: C contacts 4 and 5 open-the
crcuit to RS. C contacts 2 and 3 open the_circuit to
gelay F.

(WAS releases. Rotary_ switch lik6-steps wipers A
and B to contact_ No. 10 (step 10) and closes its
interrupter contacts:

k. Due to open contacts 2 and 3 of released C. relay
F releases:

(I) F relay releases. F contacts 1 and 2 clOses the
1,000 -ohm DC line loop to return Off-hook
supervision.

(2) C relay operates. C contacts 4 and 5 complete a
circuit to RS. C contacts 2 and 3 complete a circuit to
relay F (via wiper B. contact 10).

(3) RS operates. RS opens its interrupter contacts.
(4) F relay. operates. F contacts and 2 open the

4 17000-ohm DC loop to return on-hook supervision:
(5) C relay releases. C contacts 4 and 5 open the

circuit to RS. C contacts 2 and 3 on the circuit to
relay F.

,(6) RS teleaSes..ROtary4Witch RS steps wipers A
and B to contact ,,V (step 11), and closes .its interrupter ,

contacts.

I. Open contacts 2 and 3 of relay CI-
( I) F rely releaseS. F contacts.

1 and. 2 close the
1.000-ohm .DC line:. loop to,. return off-hook .
siii*rVision. ,

-(2) C relay operates. C co_ ntacts 4 and Scomplete a
circuit_to RS. C dontacts2 aq'd 3 complete a circuit to
relay F (Via.Wit*LEmtlEi .,Y)..

(3) RS oPerates.t,RS opens itS interrupter contacts.
s(4) F relay -open . F contacts and 2 open the

1,000=ohin DC .lo tp return on- ook supervision:
(.5) C relay relc ses. C conta s 4 and 57Open the

circuit to .RS. C contacts 2 a 3 open the circuit 0,
relay. F.

.

. (6) R5 releases. Rotary switch. RS steps wipers C
arid D to contact No. 1 (step 12). and steps wipers A
and B off the-hank contacts. RS closes its interrupter
contacts. .

.

'.m. Open contacts and.3 of relay C: t

11) relay_ micas es.'"F contacts d 2 close the
1,000 =-ohm DC line loop to r Turn. off-hook
supervision.

(2) C relay operates. C_contacts 4 and 5 complete a
circuit to RS. C contacts 2 and 3'eomplete a circuit:to
relay F (via wiper C. contact 1.).: C contacts 2 and 3
Complete a circuit to relay B(viawiper.D. contact 1):

(3) RS perates. RS opens its interrupter contacts,
(4) B relay operates: B contacts 5 and 6 provide a

hold path,fot itself. B contacts S and 4 prepare a hold
path for. relay F.

(5) F operates. F. contacts 1 and 2 open the
1,000 -ohm DC loop to return on-hook supervision.

NOTE: The reverse battery test line.circuit will
now transmit an on-hook signal for 2 seconds
duration and an off-hook signal for 51/2 seconds.
repeated until the circuit is released.

(6) C relay releases: C contacts 4 and 5 open the
circuit to RS. C contacts 2 and 3 open the operate
path to relay F. Relay F will hOld through C contacts
I and 2, and the C wiper.

NOTE: Relay F will not release during the time
.the rOtary:;-is-witch "is stepping from -one bank
contact to (he next due to the speed of the rotary
switch stepping action. During the period that
the C wiper is stepping over contacts I through 4.
the F relay will hold alternately throUgh contacts
2 and 3 or relay C and the C wiper via contacts I
and 2.

(7) RS releases Rotary switch RS steps wipers C
and D to contact No. 2 (step 13) and closes its
interrupter contacts.

rt. 120 !PM:.

)
to
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(I) C relay operates. C contacts 4 and-5.complete a
circuit to RS. C contacts .2 and 3 hold relay F (via
wiper C).

(2) RS Op.eratees. opens its interrupter
contacts..

(3) C relay releases- C contacts .4 and 5 open the
'circuit to RS;- C contacts i arid, 2 proyidc a hold path

for relay. F.
(4) RS releases.,Rotary switih RS steps wipers

.abq D: to Contact No: 3 (step 14) -and clOses its
interrupter 'Contacts.

o. 120 IPM;
(I) C relay' operates. 'C contacts 4 and 5 complete e

circuit 10, RS: 'C contacts' 2' -and '3' hold relay F (via.
Wiper. C).

(2) RS operates: 'RS opens its interrupter contacts.
(3) .0 reJaV eleeses: Ccontacts 4 and 5 open the

circuit to RS. C. contacts 1 and 2 provide a hold paal
for relay; r , Pt

(4). RS releases.. ROtarY. switch RS steps wipers ,C
and .43, to -contact No -4 (step 15) and -closes

'interrupter contacts:,

p: 120 -1PM:
(1) C relay operates. Coontacts 4 and 5 complete a

circuit to. RS-. C contacts 2 and 3 hold rclay,F (via
wiper C). . *Y,'

(2) RS operates; R ppens its interiupter contacts,'
(3) C relay releaseA. C contacts 4 and 5 open the

'Circuit to RS. C conta s I and 2 provide a holdpaih
for relay F.

(4) RS releases. 'Rotary switch RS steps wipers,C
and D. to contact NO. 5 (step 16) and closes its
interrupter contacts.

4. 120 IPM:
(1) C relay operates: C contacts 4 and 5 complete a

circuit to RS. C contacts I and 2 on the circuit to
relay F.

(2) RS operates: RS apcns its interrupter-contacts.
relay releases. F contacts-I and 2 close the

1',000-ohm DC !bop to return off-hook supervision:

NOTE:. This ends the 2 seconds _on-hook
termination and starts the -51/2 Seconds off-hook
termination.

.

(4) C relay -releases. C contacts 4 and 5 open the
circuit to RS.

(5) RS releases.. Rotary switch RS stcps wipers C
and D to contact No. 6 (step 17) and close% its
interrupter contacts:

r. 120 1PM:
(1) C relay _operates. C contacts 4 and 5 complete a

circuit to RS.
(2}(2) RS operates. RS opens its interrupter contacts:
(3) C .1:clay releases> C contacts 4 and 5 open. the

circuit -to RS:
. (4) RS releases. Rotary switch RS steps wipers C
and D to contact No. .7 (step '18) and cloSeS its
interrupter contacts:

5:31.

NOTE: The same series of events occur until the
meaty switch releases and steps its wiper's to 'bank
contact

s. 120 1PM. '
(1) C relay operates. C contacts 4 and 5 complete a

circuit to R$. C contacts 2 an 3 complete a circuit to
relay ELvia wiper E. contact(5).

(2) RS opeittes. RS opens its interrupter contacts.
(3) F. relay operates. F contacts 1 and 2 open the

' 1.000-ohn1 DC -loop to return 'on-book.supervision.F
contacts 5 and 6 prepare a hold path for 'relay F
during the: period the: E wiper, is stepping across
contacts 5 through 8.

is, The reverse battery test line circuit:has now gii.:ep
the series of supervisory signals ended by 2 sec o ds of
on-ho Ok termination and 51/2 seconds . of off -_

':tertninakcin. This nonsynchionous,supervisory ignal.
il4jOn-hOok4rid off-hook): Will be, repeated. until the

-:..: circuit is .relcesed- --

.---

-
Rotary :switch RS steps self-irlterrupted ' over

.. 'contnts,4. 6. and '8 of level A to provide for proper
timing of on7hooki off7hook_ supervisiOn. For this
reason. the-, sequence chart shows 'Operation of the
switch-through stepping of the A and_B_wipers.Studi.
tkesequence chart; shown in figures 3-3A, 3-3B,"and
3=3C, for _operation , of the switch-through, step 12:

Reliase: Relays D. G,_ B; D, and possibly_ F and C
are operatedprior to release. When the AUTOVON

. .
. technician completes the Alit he will disconnect from

the lest, circuit. When the reverse battery tcst line
circuit reaches an on-hook termination, the connector
will release, retnoving ground from lead CN causing
relay _D to release:

-a. D relay releaSes. D contacts 10 and 1Lopen the
pulsing circuit for _relay C. D contacts sand 9open
the ground on lead ST. D contacts 6 and 7 open the
holding ground for relays G, B, E, and F: D contacts 1
and 2_ complete a homing circuit to rotary switch RS.

b. RS homcs. Rotary switch RS ',ON" contacts
operate when the rotary switch.:.reaches_the home
position braking the homing circuit for RS.

Exercises (817):

Use foldout 9 (fig 2) and figures 3-3A, 3-3B, ancr3-3C
to coMplete the following.

1. What is the termination provided to thc connector
by the 'reverse battery test line circuit during
rizure?

2. What relay is the first to operate during seizure?
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3. What happens in the rev,erse battery test circuit

during the second ringing cycle? ,

1. %that contacts provide the ground to operate the
rotary switch the third time?

5. VII4ti does the 0 relay in the reverse battery test
circuit operate, and to what ground does it
operate?

6. When is dial tone returned lo_the connector with
sespect to the rotary switch wiper position?

81$. Using foldout 10, disdngtiiih the actiona that
occur in the end office loop around test circuit Arming
a stability test.

End Office Loop Mound Test Cirsuft. This circuit
(foldout 10, fig. 4A) enables the AUTOVON
technician t&\ make one-way and two-.
transmission test chi_ each access line without, the
assistance of the PABX attendant. The following
circuit descriptions and sequence charts (figs; -4A; 3-
413, and --diC) include circuit operation d ring a
stability test, establishing the dB loss of an acc 'tie
andsompletion of a loop around test. Use "SF- and
"NJ" wiring options.

Stability Test "Stability" is defined as "freedom
from undesired variation." To make the stability test,
the AUTOVON technician dials the required test
number to access connector terminal No. I.
Connector terminal No. I is marked idle to the
connector by resistance battery from relay LAC on
the C lead.

&izure. Upon cut-through the connector transmits
ringing current over the line_loop (+ and ) causing
vacuum tube T I to conduct. The circuit provides 900=
ohm 2-microfarad line termination to AUTOVON
upon switch- through of the connector (via R.3, C3).
We Will discuss the detailed operation of the test
circuits by analyzing the I 1 steps of the rotary switch
TS:

(I) TI conducts; When the vacuum tube TI
conducts, it gives a low resistance loop tithe ringing
current.:4This causes the connector to cut-off ringing
outwit and Operates relay CL1 to its 4*" contacts.
Wbeiringingctu-rent is removed, the vacuum tube TI
stops conducting, and the circuit gives on-hook
supervision to the connector.

(2) CLI operation:

a. CLI operates to "X" contacts. CLI "X" contacts
2T and 3T complete a full operating path for CLI.

b. CLI operates, fully; ELI contacts 3B and 4B
short circuits its No. I winding. CLI- contacts 9B and
10B grounds lead ST to start the interrupter circuit,.
CLI contacts 7B and 8B prepare_a pulsing path f r
relay INT. CLI contacts 5B and 6B complete a circ it
to relay ST.

NOTE: Relay ST will not operate if ground is on
, the 60-IPM lead at 'time CLI operates due to

short circuit (ground shunt) on the No; I winding
of relay ST. Relay ST operates when 60=IPM
ground pulse is removed.

(3) ST relay operates. S contacts 4 and 5
complete a pulsing path for relay INT to the 60-IPMg
lead.

(4) INT relay operates. I ( ontacts 2 and 3
complete, an operate path for ro y_switCh TS.

(5) TS 'operates. Rotary switch TS operates, its
interrupter cOntacts, hut the rotary switch willrnof
step at this time due to its'indifect drive feature.

(6) INT relay releases. INT contacts 2 and '3 open
.the circuit to rotary switch TS.

(7) TS releases. Rotary switch TS steps its wiper to
contact No. I (step I) and closed its interrupter
contacts. TS "ON" (off-normal) contacts close.

NOTE: The "ON" contacts are open when the
rotas switch is in the home position.

(8) " contacts 3 and 4 complete an operate
path fb relay TT;

a. elay °per:Ives. TT contacts 2T and 3T, 5T
and 6T close an open circuit line termination to the
AUTOVON switch. TT contacts 7T and 8T short
resistor RI, providing off -hook supervision to the
connector.

NOTE: The, open circuit tine termination is
continued for 10 seconds. R4y INT continues
to pulse-to the 60 -IPM lead stepping the rotary
switch TS. When the rotary switch is on the IDth
contact (step 10), the TS interrupter contacts
complete a circuit to relay SH.

b. INT relay operates. INT contacts 2 and 3
complete a circuit to rotary switch TS.

c. TS operates. TS interrupter contacts 2 and 3
completes a circuit to relay SH.

d.SH relay operates. SH "X" contacts I and 2
complete a hold path for itself. SH contacts 7 and 8
prepare a path for short circuit line termination. SH
contacts 4 and 5 prepare an operate path for relay
TM. Re TM will notoperate at this time due to the
stepping sp d of the rotary switch. TS will have
released its i upter contacts by this time.

e. INT relay leases. INT contacts 2 and 3 opens
the circuitto rot switch TS.

f TS releasest otary switch TS steps its wiper to
its home positi (contact N), operating its "ON"
contacts. TS int rrupter contacts close.



END OFFICE LOOP AROUND TEST CIRCUIT H-83243

Fig 4A (use OF wiring)
Seizer-e-By--Connectdr-No. 1

Circuit marked idle by egistance battery from
No: 2 winding of relay AC (N. I. windings)

Ringing current over leads +1 -I

Fires Ti & CL "X" (#1 windings.)
"X" contac:tes-\

CutS off ringin current
.

CL-
1

(#2 windings)
.

, 1 _fully_
t

ST Shorts Gnds
#2 windings #1 windings st lead

INT Prepares
locking gild

To IPM Sh. 714
160

Prepares pulsing-
ekt to magnets

TS

*If gnd pulse is rec.
on 60 IPM before -

winding No. 1 & No. ,2
of relay ST are closed;
the pulse short circuits
No 1 winding of ST.

At the end of pulse No I & No 2
windings are connected in series.

Stability Tests
Relays operated_ CL1 St
1St pulse on 60 IPM lead

ENT

TS
1

End of 1st Pulse

wipers on step 1

On contacts
restore

INT spriltigs

TT
1

Closes a short circuit term
INT & TS operate to 10th step

SH 1st 10 second

SH Holds
End of 10th Pulse

#10 sec
open term
until TT
releases

(D. N. contacts)

Provide a 1 second 900 11 2 f
line term.

Rotary Switch Continues

1st Step Gnd

TT
Short ckt tehn for

4111b-th step

no seconds

TM 2d 10 second

TM Holds

Provides 1 9001 line terml

RT1 & RT2 in parallel with R-3

Next step - rotary switch opens path to relay.

Figure 3-4A. Sequence of end office loop around test circuit operation.
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END OFFICE LOOP AROUND TEST CIRCUIT B-83243_

PrOVidei- a 1 second 900 TI 2 nit line
termination.

Line term applied to connector No 1

as long as connector No 1 is held

Seizure by Connector No. 2 with-terminal
. hold relays operated: CL1,ST. SH & TM Circuit
marked idle to connector_No._2 by n_eg battery
from winding No 2 of relay TT (N. I. windings)

Ringing current over +2 and -2 leadS.

T2 & CL2

RemoVes ring 10B 111E 8Ti9T
current Gnds LAC

ST

2 13 5 1 6
Connector. Connector

No. 1 No. 2

Loop Around TeSt
1

Relays Operated: CL1, CL2, TT; LAC & ST

Connector No. 1 Releases First

Gnd Removed from C lead

1B 2B
Gnds ST
lead to tone
generator

5-6 2-3.
Opens T&R

+2 & -2 leads
1

Connector No. 2 receives
1000-cycle test tone for
10 seconds

4T 5T
Gnds C lead
connector No. 1

60 IPM ..ear:1 steps

INT

TS_
Step 10

Replaces tone with line term R-4, C-1, C-5,
for 1 second

Connector No. 2 Releases Gnd removed
from C lead

1 2 6B 7B
TS

I
TS

Homes
1

0. N. springs
4

Circ-uit-Norm-al

3T 4T
Res
Batt
C lead
from TT

Connector No. 2 release fifst Gnd removed
from C lead

3T 4T
C lead
res. batt
relay TT

Connector No 1

open ckt term: 10 sec

1 sec line term

SH

va sec short term

TM

STABILITY CHECK MVA- 166

Figure 3-4B: Sequence of end office loop around test circuit operation.
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END OFFICE LOOP AROUND TEST CIRCUIT H-83243

Connector No._ 1 Releases
Gnd removed from C lead

7B
pens

pulsing
Rath

CL1-

-I-0B 5B 6B 9T OT 9T 1OT

TS

TS
Homes

0. N. springs

5 14

Seizure by ConnA/pr No. 2
Gnd on C lead

3T f 4T 2B I 3B 10B 11B GB 1 7B 6T 1 Dr
Removes Gnds ST Gnds ST ST Grids
-batt of lead to lead to , lead C
TT from tong INT 4

I

marks
C lead gen IN conn

No. 1
batt

1000 CPS
10 sec

2B

5B

10

O. N.

3

2 13
TS.

1st step
1

0. N. springs
3 14

TT

3B

6B

springs

4

90011 16 mi line term
1

1

next_step

TS

10001tone
conn #2

TT

Tone (1000 cps) again

Followed by 1 sec line term

Cycling countings as long as conn No 2
is held

Connector No. 2 releases
gnd removed from C lead

A4Z)
IOB I IIB 2B 13B 6B 7B 8B 9B 6T 17T 3T 14T
ST gnd ST gnd opens 'trans- TT
INT ckt tone data fers to C

gen to lead C lead
INT rNT conn

No. 1
TS

TS
Homes

0. N. springs

3 4

Circuit Normal

Figure 3-4C. Sequence of end office loop around test circuit operation.
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(9) "ON" contacts 3 awl 4 open the circuit to relay

TT:
a. TT relay releases. TT contacts IT and 21, 41

and 5T,provide 1 second of 900-ohm 2-microfarad
line termination to AUTOVON. TT contacts 7T and
8T remove the short from resistor RI providing on-
hook supervision to the connector.

b. INT relay operates. INT contacts 2 and :3
complete a circuit to rotary 'switch TS.

c. TS operates. Rotary switch TS operates its
interrupter contacts.

d. INT relay releases. INT contacts 2 and 3 open
the circuit to rotary switch TS:

C. TS releases. Rotary switch, TS steps its wiper to
contact No. I (step 1) and operates its interrupter
contacts. TS releases its "ON" contacts:

NOTE: TS has a three-arm wiper arrangement;
therefore, It has only 11 steps instead of 33 as
used in the reverse battery test line circuit.

(10)40N" contacts 3 and 4 complete a circuit to
relay TT:

a., TT relay operates. TT contacts 2T and 3T, 5T
f and 6T complete -a path for_ - short circuit line

termination to AUTOVON (via C8 and "W" wiring).
TT contacts 7T and 8T short resistor RI, providing
off-hook supervision to the connector.

NOTE: Relay INT will continue to pulse to 60
IPM, stepping the rotary switch TS, The short
circuit line termination will last for 10 seconds.
When the rotary switch is on the 10th contact
(step 10), the TS interrupter contacts complete a
circuit to relay TM.

b. NT relay operates. INT contacts 2 aid 3
complete a circuit to rotary switch TS.

c. TS operates. TS interrupter contacts 2 and 3
complete a circuit to relay TM..

d TM relay operates. TM_"X7 contacts 1_ and 2
complete a hold path for itself. TM contacts 7 and 8
prepare a circuit for 900-ohm 2- microfarad line
termination.

e. INT relay releases. INT contacts 2 and 3 open
the circuit to rotary switch TS.

f TS releases. Rotary switch TS steps its wiper to
the home position (contact N), operating its "ON"
contacts. TS interrupter contacts release.

(11) "ON" contacts 3 and 4 open the circuit to-relay
TT:

a. T3' relay releases. TT contacts 7T and 8T
remove the short on resistor _RI, providing -on -hook
supervision to the connector. Ti' contacts IT and 2T,
4T and 5T complete a path for 900-ohm 2-microfarad
line termination to AUTOVON.

b. The rotary-switch will continue to step until the
circuit is released. Relay Ti' will operate for 10
seconds and- release for 1 second. AUTOVON will
receive the 900-ohm 2-microfarad line termination
continuously until the circuit is released.

Retease. Since release sequence is the same for each
time the circuit is released, we will discuss circuit
operation during release from a loop around test.
Assume that all relays are released, and the rotary
switch is in the home position.

Exercises (818):

1. What is the purpose of the end office loop around
test circuit?

Use foldout 10, figure 4A, to complete the following.

2. What line termination does AUTOVON see when
the connector switches through to terminal 1?
Terminal 2?

3. When does the TT relay release and what circuit
action is responsible for its release during a
stability test?

819. Using foldout 10, identify the actions that occur
in the end office loop around test circuit when
establishing known dB

Establithing Known dB Loss. To establish a known
dB loss, connector terminal 11_9,_2 must be accessed.
This will connect the 1,MO-Hz tone supply
(TTS-39B) to the end office loop around test circuit.
The AUTOVON technician can then measure the
1,000-Hz, 0-dB tone to determine the dB loss of the
access line.

Seizure. Access to connector terminal No. 2 is
obtained by dialing the assigned test number. The test
circuit is marked idle by resistance battery (via
winding relay TT) on the C lead:

a. Upon seizure, ringing current is extended over
the line loop (- and +), causing vacuum tube T2 to
conduct:

(1) T2 conducts. T2 conducting offers a low
resistance line loop, causing the connector to cut off
ringing current and operate CL2 to its "X"_contacta.

(2) CL2 operates to "X" contacts. CL2 "X"
contacts IT and 2T complete a full operating path for
itself.

(3) CL2 relay operates. CL2 contacts 2B and 3B
ground ST lead to start 1,000-Hz tone supply
(TTS-39B). CL2 contacts 4B_ and 5B short out the
No. 1 winding of CL2. CL2 contacts 6T and 7T
ground the C lead on connector terminal No. 1,

marking it busy. CL2 contacts 10B and 11B ground
lead ST to start interrupter circuit. CL2 contacts'6B
and 7B complete a circuit to relay ST.



NOTE: CU contacts 8B and 9B close a circuit to
shunt No. I winding_ of relay ST to prevent it
from operating if 60:-IPM lead is grounded.

(4) St, relay operates. ST contacts 4 and 5
complete a circuit to pulse relay INT to the 60 -IPM
lead.

(5) INT relay operates. INT contacts. 2 and 3
complete a circuit to rotary switch TS:

(6) Tt operates. Rotary switch TS operates its
interrupt r contacts but does not step its wiper due to
the indirect drive feature:

(7) INT relay releases. INT contacts 2 and 3 -open
the circuit to rotary switch TS.

(8) TS_releases. Rotary switch TS steps its iperto
contact No. 1 and releases its interrupter contac . TS
"ON" contacts release.

b. "ON" contacts 3 and 4 complete a circuit io
relay EE:

(1) TT relay operates. TT contacts 7B and 8B
prAide off -hook supervision to the connector: TT
contacts 5B and 6B_, 2B and 3B complete a circuit to
provide the 1,00041z, 0---dB test tone to the
AUTOVON technician:

(2)- The rotary switch will continue to step in
response to relay INT, which is pulsing to the 60:-IPM
lead: The 1,000-Hz. 0-dB test tone will be returned to
AUTOVON for 10 seconds and removed for 1 second
via the contacts of relay TT. When the rotary switch is
in the home position the "OW contacts operate
breaking the circuit to relay. IT This removes the
1,000-Hz, 0-dB test tone and replaces it with 900-ohm
16-microfarad line termination.

Release. Release will be similar to release from the
loop around test which is discussed next. Assume that
all relays are released and that the rotary switch is in
the home position.

Exercises (819):

L Which connector terminal, of the end office loop
around test circuit, is used when performing the
established known dB loss test?

2. At what level is the

Loop Around Test. The AUTOVON technician
must access connector terminal No. I, first, and then,
connector terminal No. 2 to make the loop around
test: In the previous circuit description the
AUTOVON technician made a stability test on the
first access line (line A, fig. 3-1). He then determined
the dB loss of ,the access line: He will now access.
connector terminal No. 1 with the next access line
(line B, fig. 3-1) to be tested. Access of connector
terminal No I will be the same for this line__ as
p&viously described during a stability test. The
A '..JTOVON technician will make a stability test of the
econd access line. After completion of the stability
est, he will hold the access line and access connector
erminal No: 2 with the initial access line (line A; fig:
-I).
Selture: Relays CL I , ST, SH, TM, and possibly TT

a e operated because of connector terminal No: 1

ing held operated.

Upon seizure of connector terminal No. 2, ringing
ent is extended over the line loop ( and +),
ing vacuum tube T2 to conduct:

. T2 conducts. T2 conducting offers a low
re

.

tance line loop causing the connector to cut off
rin ing current and operates relay CL2 to its "X"
co acts.

li CL2 operates to "X" contacts. CL2 "X" contacts
IT and 2T complete a full operate path for itself.

c. CL2 relay operates: CU contacts 4B and TSB
shor& out its No I winding. CL2 contacts 3T and 4T
remove the resistanm battery from the C lead. CL2
contetits 6B and 7B complete a circuit for an alternate
ground to relay ST. CL2 contacts 8B and 9B complete
an alternate path for 60-1PM ground: CL2 contacts
I B and\ 2B open the circuit to relay SH and M. CL2
contactS ST and 9T complete a circuit to relay LAC.

-CL2 contacts lOT and 1,1T cOmplett a circuit to short
resistor_;,R2 to return off-hook supervision to the
connector: I

NOTE: Since connector terminal No. 1 is being
held, rotary switch TS is continuously stepping:
Rela TT will be operated 10 seconds and

1 second in response to the "ON"
contacts 3 and 4N

,000-Hz test tone transmitted?4 d. SH relay releases. Relay SH serves no function
at this time

e: TM relay releases. Relay TM serves no function
at this time.
j LAC relay operates. LAC contacts 2 and 3 and 5

and 6 connect connector terminal No 1 to connector
terminal No. 2 for the looparouhil test.

3. What effect do resistors R5 through R9 .have on
the I,000-Hz test tone when the dB loss is being
established? Why?

820. Using foldout 10, identify the actions that occur
in the end office Idop around test circuit during the
loop around test.

The AUTOVON technician will hay; the circuitry
. for making the loop around test for JO seconds

interrupted for 1 second by 900-ohm 2-microfarad
line termination to connector terminal No. 2. This
condition will be repeated until the circuits are
released: Relays operated are CL1, CL2, LAC, TT.
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and ST. Relay INT is pulsing to 60 IPM, and relay TT
is operated for 10 seconds_ and released for I second.

The AUTOVON technician can tease
either connector terminal No: or 2 first: Therefore;fore;
we will first_coVer release of connector terminal Nci; I
and then the release of connector terminal
Relays operated prior_ to- relase are CLI, CLI( ST:
LAC, and possibly TT:

a. When the technician releases connector terminal
No. I;_ground is removed from the C lead releasing
relay CIA:

(I) CLI relay releases: CLI contacts 4T and 5T
complete a circuit for ground on the C lead to mark
Connector terminal No. 1 busy. 'CL I contacts ST and
6T open the circuit to relay LAC-. CLI contacts 1B
and 2B ground lead ST to start 1,04XL.Hz test tone
Supply (TTS-39B).

(2) LAC relay releases: LAC contacts_ la and I I

and 7 and 8 complete a circuit for 1,00041z, CRIB test
tone to connector terminal No. 2.

NOTE: The 1,000-_Hz test _tone (10 seconds);
followed by 9Wohm 16=microfarad line
termination (I second), is repeated until
connector terminal No. 2 is released. Release of
connector terminal NO. 2 removes ground from
lead C releasing relay CL2. .

I
(3) CL2 relay releases. CL2 contacts 6T and 7T

retnove the ground marking connector terminal No 1
busy. CL 2 contacts 3T and 4T place resistance
battery on lead C to mark connector terminal No. 2
idle. CL2 contacts ST and 6T place resistance(battery
on lead C to mark_connector terminal No. I idle. CL2
contacts 6B and 7B open thcircult to relay ST. CL2
contacts 8B and 9B open the pulsing path for relay
INT; CL2 contacts 10B and 11B remove ground on
the ST lad to interrupter circuit. CL2 contacts 2B
and 313 remove ground on the ST lead to 1,000-Hz
test tone_ supply.

(4) ST relay releases. ST contacts I and 2 complete
an operate path for rotary itch TS__

(5) TS operates. Rotary switch TS steps self;
interruptedly to its home position. TS "ON" contacts
I and 2 open the homing circuit.

NOTE: The circuit is now at normal. The
AUTOVON technician could have released
connector terminal No: 2 first. Release of the
connector caused ground to be removed from the
C lead releasing relay CL2.

(6) CL2 relay releaSes. CL2 contacts 8T and 9T
open the circuit to relay LAC: CL2 ntacts LB and
2B prepare a _lockup path for relays H anclTM.

(7) LAC relay releases. LAC contact I and 2 and 4
and 5 return open line termination t connector
terminal No. I.

NOTE: The rotary switch TS will step under
control Of relay INT. The circuit operation will
be the same as in a stability test in which the

following tine terminations are returned f to
connector terminal No. I:
10 seconds open - I second 900-ohm 2-

microfarad.
10 seconds short circuit (C8) I second 900k3hm

2- microfarad:
Continuous 900-ohm 2-microfarad until circuit is

released.

b. The AUTOVON technician will now release
connector terminal No: 2: When the connector is
released, ground is removed from the C lead releasing
relay CLI:

(1) CLI relay releases._CL1 contacts 5B_ and 6B
open the circuit tiirelay ST. CLI contacts 7B and 8B
open the.ouliPiCg path for relay INT. CLI contacts 9B
and 10B remove _ground from _the ST lead to
interrupter circuit. CLI contacts 9T and IOT open the
circuit to relays SH and TM:

(2) SH relay releases. SH relay serves no function
at thiS tithe.

(3) TM relay releases; TM relay serves no function
at this time.

(4) ST relay releases. ST contacts I and 2 complete
a circuit to rotary switch TS.

(5) TS operates. Rotary switch TS steps self-
interruptedly to its home position operating its "ON"
contacts I and 2 'opening the homing circuits.

Exercises (820):

I. During the loop around test, what contacts tie the
tip and ring of terminal I to tip and ring of
terminal 2? What terminal must be accessed first?

2, What contacts provide the ground that allows the
rotary switch TS to step self-interruptedly to the
home positiou

/
3-2. Test Equipment

The interface equipment, like the Strowger and XY
eqUipMeht, requires some special test equipment as
well as some test equipment that is used in all central
offices.

lirs this section you will spend your time with the
special test equipment primarily., Multimeters and
current flow test sets, though used, do not require
discussion at this time.

821. Give the specific purpose of each of a group of
selected pieces of test equipment used to test and
maintain interface equipment. '

The make and model of any given piece of teSt
equipment used to test and maintain the AUTOVON
interface equipment may vary from one central office
to another. However, you are interested in what a



particular piece of equipment does and not the
differences between makes and models of the same
kind of test equipment.

In maintaining the interface equipment, you will
use a vacuum -tube voltmeter, an electr&Mccounter, a
signaling test set; a control signal generator (CSG);
and an audio oscillator. Scone of this same test
el:Oil:intent is used for testing of the base cable plant;
which is discussed in Chapter_5_ of_ this volume.

Vacuum-Tithe VOliMeter (VTVM). A vacuum -tube
voltmeter is used to measure voltage and decibels
during the testing of the SF signaling set, line

.amplifiert,. DTMF keyset equipment, and the basic
trunk circuit A decibel is defined as:

dBA dimensionless unit for expressing the
ratio ilktwo values, the number of decibels being 10
t4u.s the logarithm to the base 10 of a power ratio, or
26Times the logarithin to the base 10 of a voltage or
current ratio. \\ :

dBmA unit used to describe the ratio of the
power at any point in a transmission system to a
reference level of 1 milliwatt: The ratio expresses
decibels above or below this reference level of I
inilliWatt.

MeasurepiOht ofdecibeti. The deCibel$ meter scale
is provided for measuring dBm directly across 600
ohms and for measuring dB for comparison purposes
when each measurement is made across the -same
circuit impedance: -

Meaiurement of voltage. The meter JIIIS 2 volts
scales: (1) 0 to 1 and (2) 0 to 3. When the range switch
is set to _MI, .01; .1; 1; 10; or WO volts, read tbe 0 to I
scale. When the range switch is set to .003, .03, .3, 3,
30, or 300 volts, read the 0 to 3 scale:

Audio-Frequency 'Oscillator. An audio-frequency
oscillator is used to provide test tones for the
alignment and testing of AUTOVON interface
equipment. Special circuitry insures an output voltage
Of /OW distortion and high stability with any output
load impedance from zero ohms to open circuit.

The model 200CD has three controls,,,ftor the
output. These are the (I) range switch; (2) frequency
dial., and (3) amplifude control,

The range, using Model 200CD, is selected with the
5-position switch. The position of this switch indicates
the multiplying factor .for the frequency dial
calibration.

The frequency dial varies the frequency between the
switch_ steps. The dial is calibrated from 5 to 60, and
its indication multiplied by the range switch factor
will give the actual output frequency of the oscillator.
ThiS giVeS us a frequency range of 5 -Hz to 600 kHz,
covered in 5 ranges: A small knob below the
frequency dial is a vernier co trot for the dial. Study
the following examples:

When the range switch is -ott the _X I K range, and
the dial is on 12, the output is 12 kHz Or 12,000 Hz.

When the range switch is on the X100 range; and
the dial is on 10, the output is 1.000 Hz or I kHz.

r
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NOTE: This is the test signal normally used in
the alignment Of the AUTOVON interface
equipment:

The amplitude control varies the output power up
to 10 VOUS into a 61XPOhni toad (20 volts open circuit).
For balanced operation, the amplitude control must
be set . for maximum output (full clockwise). A
balanced output may be obtained over the full range
of the amplitude control by using a line matching
transformer. This is the usual configuration as used in
AUTOVON interface.

Transmission Test Set 'The 927 A/ B is a battery
powered. portable instrument with both transmit and
receive circuitry. These two circuits may be used
independently or..simultaneously as required; The 927
A/B is housed in a single lightweight fiberglass case
with a removable cover and a carrying handle.
_ The 927 A/B transmission test set is used in the
PABX to Check the overall quality of transmission to
and from the switheing center The purpose of the 927
A/13 is to provide a single number rating of the
quality of transmission for a voiceband transmission
facility: This rating of:the quality is a weighted
measure of the total amplitude and phase responSe in
the channel. This rating is displayed as a PAR (peak
to average ratio) readingdn the receive meter and will
read between 0 and 100. Perfect transmission (no
impairment) is indicated by a reading of 100. Lower
readings indicate the presence of some forth Of
Impairment. The PAR reading is a significant
measure of the pulse waveform distortion and the
capability of a transmission facility to reliably
transmit signals.

Signaling Test Set. The signaling test set tests the
sending and receiving Of pulses between the
AUTOVON switch and the PABX. This test_ requires
that a test set and people be al both ends of the trunk
circuit.

It sends pulses; at one end, at various speeds (PPS)
and percentages (make and break) and, at the other
end; indicates what is received: The use of this test set
is necessary; when setting the bias_adjUitinint of the
Circuit's SF unit, to t the percent make-break
being received from t distant end. Any pulse-per-
second correction will made by means of a resistor
network or adjust relays in the interface trunk circuit:

Control Signal Generator (CSG). This is a c mpact
Item not much bigger than a small 5 x 8 card . It
contains a dial; jacks for a headset; two lever switches
(two -wire/ four,wire, and on -hook/ off -hook), three
pushbutton switches, and an E lamp and M lamp.

This test set is used to test the indial capability of
poi* equipment. It allows you to test the incoming
side of the equipment; with respect to dial pulses;
without. help from the distant end of the circuit. With
it you can test from the two-wire side as well as thc
four-wire side: When you go to off -hook, the E lamp
lights, indicating that the trunk circuit is ready to
accept pulses. The M lamp lights when the-called
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party answers, indicaiing the condon of the M lead
has changed.

Electronic Counter. The electronic counter is a very
accurate frequency meter. It is used to check the
frequency output of the DTMF keyset, SF units,
precise tone supply.

Exercises (821):

I. What is the VTVM used for with respect to
interface testing?

a

2. What is the CSG used for?

- 3. What uses are made of electronic counter. as
related to interface equipment?

4. What is the signaling test set used for?

5. What his the advantage of the CSG over the
signaling test set?

6. What is the audio-frequency oscillator used for in
relation to interface maintenance?

3=-4. PPAis and Circuit Alignmant

Performing PMIs is nothing more than looking
for trouble." Yo always hope that you don't find it,
but you look anyway.

In Volume 2 of this course we said that PMIs are of
different types and performed on a scheduled basis.
We also said that the workcard-type tecll'orders told
you what test equipment to use and gave step-by-step
procedures for connecting the test equipment and
performing the_test.

Since this CDC is not intended to replace the tech
orders; we do not go into all the PMIs or all the steps
contained in any single PMI. We will, however, look
at a few PMIs, the test equipment setup procedures,
and main steps.

822. Given representative descriptions of
malfunctioning equipment operatton,defermine the

/type of Phil and test equipment which should be used
and indicate why each such approach should be so
used
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Our objective here involves accurate performance
tests on the basic circuit, DTMF keyset, and the VF
line amplifier; four-wire terminating set, and the SF
unit.

Basic Trunk Circuit. The testing of the basic trunk
circuit requires the use of the following:

Hand test set.
Control signal generator (CSG).
Audio oscillator.
Vacuum-tube voltmeter (VTVM).
Pulse repeating test set.
Operator's headset.
Capacitor; 0:5 f.

Preliminary steps. Once you have the required test
equipment gathered; make the following setup:

(I) Before interrupting service by connecting test
equipment; get a circuit release from the maintenance
supervisor and check at the attendant's position to be
certain that the trunk is and will remain idle. Request
that the trunk be made busy at_ the AUTOVON switch
to prevent incoming calls during test.
, (2) Remove the SF oscillator, SF control unit, and

line amplifier associated with the circuit to be tested;
if they are accessible. If these units are located outside
the PBX interface facility; disconnect their signaling
and transmission leads.

(3) Connect an operator's headset to the CSG
headset jacks and set the CSG hookswitch to on-

: hcicik.
__(4) For oversea AUTOVON trunks only: set the
CSG two-wire/ four-wire switch to the four-wire
position. Connect the CSG test leads to the drop side
of associated circuit patch jacks, if these are available;
or to the distribilting frame, ail, specified in t
workcards:

(5) For CONUS AUTOVON tr nks only: set the
CSG two-wire/ four-wire switch o the two-wire
position: Connect the CSG test I cis to terminal
block at the rear of the trunk circuit, as directed in the
workcards.

(6) For CONUSAU1OVON trtiaks equipped with
priority diversion Circuit: when dialing the number of
a PBX extension during these tests, the appropriate
precedence digit must_ be dialed first,__For routine
calls, dial digit 4; fcir PO, PI, P2, or P3 precedence
level call, dial digit 0, I, 2, or 3 respectively.

Checking routine NID call processing. To test the
trunk for the processing of a routine NID call, do the
following

(1) Set the CSG to Offhook. The E lamp should
light.

(2) Dial the number of a local, subscriber. A
telephone connected to a vacant number on the
horizontal 'side of the frame works just fine for this. A
ringback tone should be heard in the headset plugged
into the CSG.

When the called party answers, the M lamp of the
CSG should light. If the trunr is arranged for
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attendant transfer, have the excnsion user depress the
hook-switch momentarily; otherwise, proceed to step
(7).

-After depressing the hookswitch the attendant's
routine answer lamp should flash at 120 1PM rate and
an audible ringing signal can.be heard both by the
extension user and in the headset or hand test set.

(3) When the-operator answers the flashing lamp,
the following should occur: the routine answer lamp
goes out, the audible ringing signal ends, and a two-
way (or three) conversation with the attendant is
possible.

(4) The called party hangs up and the attendant's
routine busy lamp goes out momentarily; and the
PABX_incoming _selector releases.

(5) Set the CSG to on-hook. Then the CSG E lamp
goes out; and the attendant's supervisory lamp lights;

(6) The operator removes the answer cord. Thit
causes the attendant's supervisory and routine busy

'lamps to go out, the CSG M lamp to go out, and the
CSG E-larnp to go out.

(7) The called party hangs up, causing the CSG M
lamp to go out;

For this portion of one performance routine only,
the CSG was used. You can see that by following
these directions, this is no more difficult than routing
I i nefinders._

DTMF Keyset. The tone generator of the DTMF
keyset is checked by measuring the output frequency
and signal level of each of the eight tones that are
generated. To insure greatest accuracy of frequency
measurement; the electronic counter is set up to
measure the period (reciprocal of frequency) of each
tone. The performance standard is expressed in
periods, so that the electronic counter readout can-be
directly conipared with the specified performance
standard;

This check is Made using a V1VM and an
electronic counter. After warming them up to assure
stabilized operation, check the DTMF keyset as
follows:

(1) Connect the VTVM across tip and ring of call
cord circuit.

(2)_ Depress keys I and 4 on keyset. The VTVM
should indicate 6 dBm (for PABX switchboard
where transmission level is +2 dam).

(3) . Disconnect the VTVM.
(4) Connect the electronic counter across tip and

'ring of the call cord circuit and set the controls on the
electronic counter as called_ for on the workcard.

(5) Press the DTMF keys- called for in the
workcards and check the counter readout against the
millisecond values shown in the workcards.

Two-Wire/Four-Wire Terminating uett. This unit
is checked by applying a known audio signal and
measuring resulting signal levels. You need an audio,
frequency oscillator, a VTVM, test leads, and
terminating plugs. The VTVM is used to measure dB

levels of the applied signal and at the test points.
Warm up the audio oscillator and VTVM and
proceed as follows:

.(1) Set' the audio-frequency oscillator for 1,000:Hi
at 0 dB level and patch into the HYB 2W LINE jack.

(2) Pluga 600 -ohm terminating plug into the HYB
REC DROP jack.

(3) Connect the VTVM, terminated in 600 ohms;
to HYB TRSG DROP jack. The VTVM should
indicate greater than -16 dBm.

(4) Disconnect test equipment.
(5)_ Set audio-frequency oscillator for 1600-Hz at

+7 dB level, and ocnnect to LINE REC DROP jack.
(6) _Plug a 600-ohm terminating plug into HYB 2W

DROP jack.
(7) Connect VTVM, terminated in 600 ohms; to

HYB REC LINE jack. The VTVM should indicate 0
dBm.

(8) Disconnect test equipment.

Exercises (822):

Use-the text and necessary foldouts to determine the
type of PMI and test equipment used to checkout
trouble described below and state why you would do
it that way.

I. The operator on position 2 complains that she gets
wrong numbers everytime she uses the AUTOVON
trunks.

2. While performing a type I PMI on the hybrid you
find that the levels observed are not the same as
those called for in the tech order.

823. Using the text and appropriate foldouts as
necessary, identify the tan equipment required to test
and align the pnecistione supply, DTMF keyset, VF
Hite amplifier, and SF signaling unit.

With the high priority type-Of AUTOVON traffic
and circuitry involved in the interfa= equipment;
proper alignment of all associated-equipment (preciw
tone supply, DTMF keyset, VF dne amplifier, and SF
signaling unit) cannot be too highly stressed:

Let's take a look at the various pieces of equipment
involved and what test equipment will be required to
adjust it.

Precise Tone Supply. The precise tone supply
generates, the preempt tones used to notify a
subscriber that he has been preempted by the
switchboard. -

While performing PMIs you may discover that the
precise tone supply requires adjpetment. The
adjustment procedures are outlined 'in the PMI
workcard set and technical order that apply to it. You
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would use the electronic countr, VTVM, and
instructions in the appropriate TO and workcard set
to readjust the precise tone supply to meet standards.

DTMF Keyset, The DTMF keyset provides the
frequencies used to make precedence calls from the
switchboard. This unit is normally properly aligned
during manufacture, but may require readjustment
after initial installation or as components age during
use. PMIs are performed on the unit at regular
intervals, and if a discrepancy is noted it would be
your job to readjust the DTMF unit to specifications.
To .do this you would need the TO for the DTMF
keyset, an electronic counter, DC power supply, and
nonmagnetic alignment tool. The DC counter would
be connected as shown in figure 3-5 and adjustment
made as outlined in the TO.

VF Line Amplifier. Alignment problems in the VF
line amplifier will normally show up _during
operation. Before attempting to readjust the VF line
amplifier you should insure that all distant end, near
end conditioning equipment, and the transmission
facility associated with this circuit meet all
transmission criteria. If all transmission criteria are
met and you are sure that the VF line amplifier needs
adjustment, you will have to get astistance from
personnel at the far end or, if 'your equipment goes
through a tech control facility they will help in setting

DC POWER SUPPLY
HARRISON

MODEL 84398
(SET TO 48 VOLTS)

ELECTROOIC
COUNTER
HEWLETT
PACKARD

MODEL 5228

INPUT

the levels. You will need an audio-frequency
oscillator; VTVM, test leads; terminating plugs, and
the appropriate TO. You would adjust the RCN/.
EQUAL, RCV LEVEL, XM1T EQUAL, and XMIT
LEVEL as required to get the proper levels and
prevent echo and singing ip the circuit.

SF Signaling Units. The SF signaling units may or
may not be located in the central office, depending on
your location.Shances are if you'are in the states
your office will: not have the SF signaling units, they
will be located iri2 and maintained by the local civilian
telephone company. If you are overseas, the SF
signaling units will most likely be in your office, and
in this case you will have to maintain them. As with
the VF line amplifier, before you make any
adjustment on the SF units, you should make sure
that they are at fault and that there is not some other
trouble with the distant end, near end, or transmi
facility.

If the SF units are at fault and require adjustment,
you will need help from the distant end or tech control
facility; the appropriate TO, a signaling test set;
VTVM, audio-frequency pscillator, terminating
plugs. electronic counter, and amplifier. Once- you
have it all together follow the instructions in the TO
and make the necessary adjustments.

TONE GENERATOR CARD

STRAP

Figure 3-5. Tone generator card alirartierbtest equipment connections.

ti
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Exercbes (823): .

I. What test equipment is required to adjust the
precise tone supply?
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2. The DC power supply is used when adjusting the

3. The AC amplifier is used when adjusting the
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CHAPTER 4

Bate Wire System

TO THIS POINT this volume has been concerned
with the operation and maintenance of interface
equipment and circuits: This chapter will provide
information on the transmission lines over which
information is delivered.

1. Cable Plant Viakitip
An understanding of cable map makeup is hardly

passible, without =ate awareness,of both the symbols
employed to indicate on cable maps the various
components of the cable plant, and the designators
used to represent on these maps cables and cable
terminals. This section will discuss these iymbols and
designators.

824. Using figure 4-1 as necessary, state the categories
of cable plank, identify syrnboh usedpn cable maps to
represent cable plant componentsi and differentiate
iiiidergrormd from bilged cables-

"Cable plant"exactly whatis the meaning of this
term? The term is generally used to refer to all outside
telephone cables associated _withone particular
telephone system or central office. However, due to
the manyand varied types. of cables involved in a
system; more. specific terms are required.
Consequently, the overall cable plant is diVided.into
categories: These categories are in trim divided into
parts. The two _main categories are (I) "trimk*plant"
and (2) rdistributiA plant." Trunk cable plant is
broken into two parts-4.1) "trunk cables" and (2)
"interlocal trunk cables." Trunk cables have both
ends terminated in central offices: Usually trunk
cables connect a base telephone system with an
outside commercial telephone company. Interlocal
trunk cables are main communication arteries
between offices within the bate adritinistrative
telephone system.

Cable distribution plant consists of three parts: (I)
feeder cables, (2) branch feeder cadres, and (3)
distribution cables. You will find figure 4-1 very
useful as you examine the rest of this text segment:

Feeder cables serve as a connection between the
central office and, large areas or several base
functional areas.

Branch feeder cables connect main feeder cables
to individual base functional areas.

1

Distribution cables connect main feeder cables or
branch feeder cables to distribution terminals from
which connection is made to telephone sets by means
of a drop, block, or station wires.

In addition, cables within eachpart of the plant are
typed according to the kind of construction used for
their installation. Thus there are five main types
underground, buried, aerial, bloCk, and building
cables.

Underground Cable Plant. Underground cables are
those plated in a,fixed underground conduit system.
Underground calile is less susceptible to damage than
is any 'Other _type of cable plant. It has the advantage
of very 'high flexibility between cables in the same
conduit run, since all splicing is done in common s
manholes. Also cables which are no longer required
may easily be removed with a high degree of salvage
pouible, and the duct thus releaced may be reused
without any cost for rehabilitation.

The manholes ,associgted with, the underground
cables offer the ultimate in physical arrangement of
the cables. for splicing purposes (under all weather
conditions) and ow the installation and maintenance
of load coil cases or pressurized system apparatus.

Underground cable is Used mostly in main feeder
routes; and to a lesser degree in branch feeder routes:
The aue of underground cable and ccinduit
preferred when fulltze cables (cables approximately
2 inches in diameter; or 5 pounds per foot) are
require& and also when more than two cables are to
be placed on a pole line or are to be buried: This type
of plant is also preferred when the possibility of
damage to aerial or buried cable plant exists.

On a plant irdp, underground cable will normally
be represented by so `d heavy lines. Rectangles along
the lines will represent manholes.

Burred Cable PWnt. Buried cables are those cables
placed underground; but not in an underground

'conduit. They may be placed in trenches dug for thaA
puriiose, or placed by means of special plows; When
bUried cables are laid in trenches, various types, of
physical protection (beside that offered by the
protective covering of the cable) may be placed to I

prevent damage 'from other underground
construction. Even buried cable is more susceptible
than underground cable to both physical and
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TRUNK PLANT

:ENTRAL OFFICE

TRUNK CABLE

MPF

CENTRAL OFFICE

DISTRIBUTION__---
CABLE

. I

I

DISTRIBUTION PLANT DISTRIBUTION
CABLE.

DROP WIRE

STATION WIRING

TELEPHONE SET

MAIN FEEDER

p
BRANCH FEEDER

BRANCH
FEEDER

DISTRIBUTION

CABLE

BUILDING CABLE.

Figure 4 -I. Typical table plant Construction.
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electncat damageBuried'cables may be spliced in
Manhciles_or permanent_splicing pits: They may also
be spliced in the trench: or_ plow run and directly
covered_ with earth. Bu lied cables are relatively
inflexible 'between cables.-However, they do_have the
advantage that branch cables may be spliced to them
at any location.

Buried cables_ may be used as main feeder and
branch feeder cables where only one or two cables will
ultimately be required. In_this case; permanent
splicing locations are used. This set up can also be
used where conduit construction must be deferred or
cannot be completed in time for use: In this latter in-
stance, pentanent Manholes at correct spacings_ are
installed; and the buried cables are .spliced inthese
itianhaes, The buried cable run is parallel to and
slightly to One side of the proposed conduit run
between Vie manholes; Buried feeder cables placed in
thii manner may be continued in use after the
underground type of plant is completed and in ilk.
Buried cables find their greatest use in long runs
Where distribution is_ extremely limited, such as the,:
remote control and operation of nontelephone
communication equipment or trunk cable usage. It
also finds use in distribution plant where the plant
must be placedanderground to avoid physical hazard
or dithage or for better appearance; and the cost of
underground cables and conduit cannot be justified.

The accepted standard symbol for showing buried
cable on a plant map is an evenly broken line. The
rectangular symbol for a manhole may also appear
With this type cable installation.

Aerial Cable Plant. Aerial cable plant consists or
cables supported on poles by a suspension strand.
Aerial cable plant is more susceptibletO damage,_bbth

and electrical, than is either underground or
buried plant. The cost of aerial cable plant, and
associated_ pole lines is less than that of underground
cables and conduit, but greater than that of buried
cable plant if the pole line is not already available.

Aerial cable plant is used mostly where the
distributiolip each service location is small and may
be accomed by means of drop or block wiring. It
may also find use on branch feeder or trunk cables
where distribution branches are infrequent. In
general; no more than two aerial cables are placed on
a single pole line. Also, cables larger than 2 inches in
diaiheter or weighing more than 5_poundsper foot are
not used in aerial plant unless the cost of underground
or buried cables is prohibitiVa.

Aerial cables are commonly shown on a plant map
by a solid line. Adjacent fo the solid line are circles or
round dots to indicate the supporting poles.

Block_ Cables. These cables are essentially, an
extension df. underground, buried, or aerial cables
Into the interior of a block of buildings where, in most
cases, they are attached to the rear outside walls of the
buildings. Such installations are usually made to
building blocks where the telephone service

requirement is large. such as hospitals, shops.' .
headquarters, etc.

Building Cables. These are cables extending from
the cable plant oiitSide the building to a main terminal
or frame within the building and/ or are diStribiitian
cables run inside a bililding,

The difference tietWeen blOck and building cable is
also evident in figure 4-1: As you can see, the blOck
cable serves several buildings and is placed on the
outside; the building cable serves the inside of one
building. Distribution cablei, of course, may be
Installed with any one or any combination of the five
types of construction.

Exercises (824):

I. What are the two categories of cable plants?

2. On a cable plant map, how are underground cables
identified?

3. What are the differenceS between underground
cables and buried cables?

4. On a cable map, how do you distinguish between
aerial and underground cables?

825. Using figures 4-2 and 4-3 as needed, identify
those designators used on base cable maps for cables
and cable terminals.

A base cable map depicts the following
information:

(I) Location of the central office:
(2) Boundary limits of the installation.
(3) Location of buried cables:
(4) Location of aerial' cables, including the side of

street on which they are installed.
(5) Underground conduit system with manholes

placed and numbered to correspond to the
underground conduit record. Main _UndergrOtind
cables are not shown on the outside, plant map but are
shown in detail on the underground cable diagram.

(6) Open wire leads, if they are an extensive enough
portion of the communications system.

_ (7) 'Aerial and buried cables whith are not
Government owned are labeled "TELCO:" ,

An underground cable record, using standard
symbols, shows all the underground telephone cable
installed in a particular conduit system section of an
Air Force installation. This record may consist ofone
or more sheets to schematically indicate the entire
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underground cable system. This includes vault,
manholes, Service_ boxes; and buildings connected
with underground service cables. An underground
cable record drawing contains the following data:

(I) The number and arrangement of ducts between
manholes with cable numbers indicating the-dikt in
Whith each cable is _located.

(2) Manholes and mant1ote numbers.
(3) Size of cable and gage of wires, including stubs.
(4) The_pair count of pairs within a cable; including

the indication of dead pairs.

An aerial, buried. and blotk table record will shOW
only the information related to these three types Of
cable plant. This diagram indicates all suchcable lines
on a street plan background and shows:

(1) Number, size; gage; and pair count of each
cable including all main, branch, distribution cables;
and cable stubs; and also the location and pair count
of all main cable terminals.' _

(2) Location of loading coil_ cases, including the
number and type of coils with the pair count of the
pairS to Which they are spliced.

(3) _Cumulative length of each cable measured from
the tip cable termination midpoint on the MDF to the
center of each_terminal splice on each aerial, buried,
block, or building cable, or to the end of each stub.
_ (4) Location of pressure testing valves, plugs,
bypasses, contactors; and contactor terminals:

More important than knowing the physical
location of the cable installation as the ability to
identify the cable numbers and cable 'pairs for
particular lines. Figure 4-2 shows how cables and pair
groupings are identified, on maps. StUdY these
symbols and the explanations thoroughly. During
cable plant test procedures it will be necessary for you.
to determine the wire sizes, the cross connects and
length of the line to the test point; '

Main, branch, and feeder cables directly connected
to the central office mainframe are assigned numbers
frdni 01 to 99. All such cables will; therefore; have a
two-digit number designation. Figure 4-3 illustrates
the- ive basic rules of the _cable numberkig system.

(I) A distribution cable (aerial; buried,
underground; building) spliced directly to a main or
branch feeder,_ cable is numbered the same as the
associated feeder cable.

(2) A distribution cable cross- connected to a main
or branch feeder cable is designated with the suffix 01,
02, 03; etc., as appropriate. The numerical sequence of
the suffixes is dependent upon the date of placeMent
of the diStribution cabk. Thus; the first distribution
cable connected to the main cable numlie4d 02
through a cross-conneetilig terminal is nrimbered
0201. The 114 cciyn1. in the toss- connected
distribution calif always begin with-pair number
1, regardless of the pair count on the central office
side of:the cross-connecting_terminal.

(3) A distribution cable connected to a main or
branch feeder cable through a straight-connecting
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terminal is numbered as defined in rule 2. but its pair
count will be the same as the pir count of the feeder
cable.

(4) A distribution cable connected to a main or
branch feeder cable through more than _one cross-
connecting terminal4 retains the number of its
associated feeder cable but adds a two-digit, suffix for
each cross connection:

(5) Where two or more distribution_ tables are
connected to a main or branch feeder cable through
one or more cross-connecting terminals; the cross -
connected cables are numbered the same as the feeder
cable with suffixes 01. 02. 03. etc.. as necessary. The
numerical sequence of the suffixes depends upon the
Order of placement of the cables.

. _

The tekininal numbering system for aeriA cables is
coordinated with the pole numbering system; each
cable terminal_ will bear the same serial numbers its
supporting pole with a prefik T added (T=A1Y2).

Each direct-connected terminal on or within a
building will bear the number of that building and_ a
prefix T. If a CrtiSS=COnnetting terminal is involved in
the building cable installation; it should bear the
niiinber of that building with a prefix T and the suffix
1. An example of this would be T-14--1. The building
cable terminals on the distribution cable beyond the
croSS=tbritieet terminal should carry the same building
number with the suffixes 2, 3. 4, etc. (T- 14 -2).

Exercises (825):

1. What numbers are used to designate main, branch.
or feeder cables that connect to a central office
main frame?

2. HoW:is a cross=connect to a main feeder
designated?

3. What does the number 1-101 below a designated
cable represent?

4. HOW is a terminal on a building represented?

5. How are aerial and buried tableS not belonging to
the Government identified?

4-2; Telephone Transmission Lines

Certain significant factOrs are responsible for the
loss of signal strength over telephone transmission
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SYMBOLS AND ABBREVIATIONS FOR TYPES OF CABLE

Symbol Explanation

6X-19

26.22

151-19

9-22

-5-I-L9_
101-22

101,24
26-22 SC

P26-24P

721):1-12 Subm.
129Pr-22

2619 TA
152-22
202-24

3-22 -01.-411- 2-22

16
1-16

26-
1 I-26
I 6

1116 °
26- 0

1-26

Or

O

Cable, all types

6- pair -No. 19 gauge cable (I( less than a 26-pair cable
add "x" to designation of size)

26-pair No. 2Z gauge cable (I( 26 pair or more, and
les than 101 pairs)

151-pair, No. 19 gauge cable (U nonstandard sizes
larger than 101 pairs)

909-pair, No. 22 gauge cable (U 101 pairs or multiples
of 101 pairs)

253-pair, composite lead covered cable. Consisting of
pairs and gauges as indicated

26-pair,Co. 22 gauge ilk and cotton insulated cable

26-pair, No. 24 gauge plastic sheathed, plastic insulated
cable (Prefix indicates sheath material if other than
plain lead; suffix indicates insulation material if other
than paper)

273-pair, composite submarine cable with quads, pairs
and gauges as indicated

380-pair, composite tape armored cable with pairs and
gauges as indicated

Double arrow indicates _change in cable line. Change in
code indicates type of change: _Size, gauge, change
underground to aerial, change in count,_ change of type
of cable, or any combination of thus (Example shows
change from 303 pairs, No. 22 gauge to 202 pairs, No.
22 .gauge)

Existing splice (Shown only when p/ice would not
otherwise be apparent)

Outside distributing terminal - unprotected - all types
(Upper figure indicate capacity of terminal; lower fig-
ure, pair count of cable circuits terminated)

Outside distributing terminal protected by carbon blocks
only

Outside distributing terminal protected by fuses only

Type UG-I6 cable terminal for undergretnd ditribu-
tion (Note smaller circle)

Outside cross-connecting cable terminal without carbon
blocks or fuse

Inside distributing cable terminal - binding p_ot cham-
ber type - with (u and carbon block. (Horizontal line
above symbol for the terminal symbol indicate protector
block equipment mounted in, or part of a terminal -
circle indicate fuse type of protection)

Outside cross-connecting cable terminal with turn (Nu-
merals indieite pales in eau.)

Iiiid straight-connected cable terminal with fuse -
binding post chamber type

Figure 4-2. Drawing symbobi.
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5a)0
lines, We will try to identify theSe factors in this
section:

826. Using figures 4-4 through 4=11 as required,"
distinguish among the factors that cause a lots of
signal strength on telephone transmission lines.t

Line Characteristics; The primary purpose' of
establishing:telephone lines is the transmission of
voice currents from one station to another. This
talking circuit, or transmitting circuit; consists of
these three essential factors:

(1) A source of energy.
(2) A medium over which it is desired to transmit

energy to a_receiving device._
(3) The receiving device itself which converts the

energy Into the form desired.

Applying thek factors to a telephone talking circuit
from station to station, the transmitter is considered
the source of energy (although it does not actually
generate any energy), the line from the calling station
to the called station (conductors) is the medium over
which energy is transmitted; and the receiver at the
called station is the receiving device. The voice
currents are in the form of moving waves, and they
encounter opposition at every point of the medium
over which they travel until they reach the distant end.
This opposition tends to dissipate the energy or cause
it to be reduced. Such loss of energy by the voice
currents; which is really a reduction in their strength,
is called attenuation. This loss or reduction in
strength is caused by capacitance, inductance, and
resistance.

The losS in power, as described; is _called the
transmission loss and can lk measured with the aid of
a transmission measuring set. This loss is really the
ratio or relation between the inputand the output, or a

ti comparison of volume of input at the transmitter with
the volume of the output at the receiver; at the distant
end. The unit of transmission loss is Ihe decibel;
abreviated dB. The majority of talking circuits
should have a decibel loss of less than 30 in order to
provide satisfactory transmission. Long trunk and toll
cables use various types of boosters; repeaters, and
loading coils to overcome transmission loss.

When a generator is connected directly to a power
consuming load, the load may be represented as a
simple resistor. The reason for this that osay the
resistance of the load is capable of dissipating,the
power. The power consumed in the resistor is equal to
the power supplied by the generator. Assume that the
same power-consuming device is connected to the
generator by_means of a long transmission line. It is
now found that the .power consumed by the load is
less than the power supplied by the generator.

Thus, the transmission line has characteristics that
cause power_ dissipation (loss) between the transmitter
and the load. This power dissipation does not take
place at any one point but occurs equally along the

64

entire length of the line. The electrical characteristics
of the line that cause the power loss are distributed
uniformly over the entire length of the line. For this
reason, they are called the distributed constants of the
line: If the power dissipation- took place at distinct
points on the line because these characteristics were
concentrated, as a coil concentrates inductance or a
capacitor concentrates capacitance, they __WOUld _ne
called lumped constants. There are four distributed
constants: series resistance, series inductance, shunt
capacitance, and shunt conductaric-e (more commonly
known as- leakage); all are measired per unit length of
transmission line.

Series resistance. The total resistance of a
transmission line is found by multiplying its series
resistance, per unit length, by the total length of the
line. Thus, if the series resistance of a line is 10 ohms
per mile, and the length is 100 miles, its total
resistance is 1,000 ohms: The distributed resistance of
a transmission line depends upon the size (gage) ofihe
wires and the frequency of the traveling wave. The
resistance increases as the diameter of the wire
decreaki. It is given the symbol "r" and is expressed
in ohms per loop mile. A loop mile is the total length
of both lines between two points I mile apart. Thus, a
looms -mile of line is 2 miles long, and the resistance in
ohms per loop mile is twice the resistance' of one
Conductor per mile. One half of resistance per loop
mile may be represented in an equivalent circuit,
shown in A; figure 4-4; where half of it is considered
to be lUiriped in series with each wire; or the total may
be represented in B, as concentrated in one conductor
Only.

Series inductance. Self inductance is that property
of a circuit which causes a counter-voltage to be
indueed in the circuit by a change in the current in the
circuit. In a transmission line through which a
changing current is flowing, a voltage is induced along
the line. Thii indicatei that series inductance_ is
distributed over the entire length of the line. The
magnitude of this series inductance is determined by
the Site of the wires and their separation. It increases
as the center-to-center distance between the wire
increases and as the diameter of the wires decreases.

INPUT
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0

-r2

OUTPUT
END
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END

r
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END

0 0f-2 A

Figure 4-4. Distributed series resistance.
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I
The distributed inductance is given the symbol "1"

and is expressed in henrys per loop Mile. The total
inductance per loop mile may be represented also in

_ two halves, each half representing the indticiance in
one of the two conductors; shown in A, figure 4-5; or
it may be considered as concentrated in one
conductor, as in B. The series inductance of a
transmission line causes an opposition to the
alternating voice- currents in the form of inductive
reactarce. Inductive rmctance, XL, is a function of
frequency and is expressed by the formula XL = 2.7rfL
Therefore, as frequency_ increases, the inductive
reactance or opposing effect also incremes.

Shunt capacitance; A Capacitor consists of two
metallic_ conductors separated by a nonconducting..
substance; such as air or some other dielectric. The
capacitance is 1 rge whenIhe area of the conductors is
large, as in t -case of two fiat plates, and the
capacitance inc ases when the distance between the
platet it made s slier. In a capacitor; the separation
of the plates de tierately is made a small fraction 'of
an inch. A tra mission line also consists of two
Metallic condu rs separated by a dielectric: As a
result, the line ca_pacitance is distributed over the
entire length of the line: However, the area of the
surface of a le h of transmission line is much less
than the area b a conventional capacitor plate and
the distance between the lines is much greater than the
separation between the plates of a capacitor, so that
the distributed capacitance of a transmission line is
much less than the lumped capacitance of a capacitor:
In the transmission line, the distributed capacitance
appears between the adjacent wires and is called the
shunt capacitance. The shunt capacitance per unit
length is determined by the size of the Wiret, the
distance between the wires and the nature of the
dielectric material between them. The capacitance
increases as the diameter of the wires increases, as
their center-to-center separation decreases, and as the
dielectric. constant increases. The distributed

2co,/15/RD-0
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Figure A 5 Dittributed series inductance,

Capacitance is given the symbol "c." is expressed in
farads per loop mile, and is represented by a capacitor
shunted across the two condUctdii, illuttrated in
figure 4-6. The important thing to keep in mind is that
the distributed capacitance causes capacitive
reactance to develop across or in shunt with the
transmission line. This causes a shunting of voice-
frequency currents across the line, and the result of
this is that less voice-frequency energy reathet the
receiving erid. Since capacitive reactance decreases as

the frequency increases (Xc = ), the shunting
2 ire

effect and loss becomes greater as the .frequency
increases.

Shunt conductance. Because the dielectric between
the two wires of a transmission line is not a perfect
insulator; a leakage current exists between the two.
The dielectric separates_ the wires of the transmission
line over its entire length, so that leakage exists at
every point along the line: In an open -wire line the
dielectric between the conductors_ is air. Althoughklry
air is an almost perfect irittator, outdoor air is
seldom dry, and its conductivity increases greatly in
damp weather. In cables the dieleikic consists of the
insulation around individual conductors. The bett of
insulators conduct extremely small amounts of
current. AlthoUgh cable leakage is unaffected by
dampness of the outdoor air (which is excluded by the
Miter and inner covering of the cable); it does vary
somewhat with temperature. Since the leakage takes

,,place through a conducting path between the wires,
this corresponding line characteristic may be called
shunt conductance or leakage. It is given the symbol
"g," is' expressed in ohms per loop mile, and is
represented as a resistance betWoen the two wires, as
shown in figure 4-7. Note that line leakage acts as a
shunt to the flow of voice - frequency currents in the
transmission line, and as a result, current shunted
across the line cannot reach the receiving terminal.
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Figure 4 -6 Distributed shunt capacitance
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Figure 4-7. Distributed shunt conductance.

&ply t network A unit length of transmission
1 line or lie- section, 1 loop mile of line, may be

represent for convenience as an equivalent network
compo of all four distributed constants of the
actual as seen in figure 48. Three alternative
represe ions of the actual line section are shown.
The trivalent tee section in C is formed by placing
the series constants (resistance and inductance) in one
line, half on each side of the shunt constants
(capacitanci and conductance). You must remember
that, in fi_gure 4-8, the lumped elements r, 1;

c; and g are merely convenient representations of
properties that are actually distributed over the whole
length of the section: Their values are such that they
would have substantially the same effect on a
-transmitted signal, and on any circuit connected to
the line section; as the actual distributed constants of
the section. A transinission line more than one section
long may be made by connecting two or more unit line
sections; as seen in figure 4-9. The electrical behavior.
of the line then may be studied by analyiing the
behavior of the equivalent network. (

"A

111

Cftaracteristic impedance. The distributed
constants of a transmission line. determine its
operating characteristics, which, in turn, affect the
steal being transmitted over the line. The most
important of its operating_ characteristics is the
characteristic impedance, Zo. The characteristic
impedance of a transmission line is a property of the
line itself, dependent only on its diStributed constants.
It is entirely independent of the length of the line, the
internal impedance of the generator supplying the
line, or the load placed across the terrninali of the

Po er Transfer; The primary purpose of a
transtrission line is to transfer a maximum amount of
power to the receiver at the receiving end of the line,
The maximum power transfer occurs when the input
impedance of the receiver and the internal resistance
of the generator are equal to the characteristic
impedance of the transmission line. For this reason,
the value of characteristic impedance of a
transmission tine is important --

Consider the circuit illustrated in A, figure 1-10;
this shows a generator delivering power to a 604"Fohm
load. Let the internal resistance of the generator be
600 ohms and let its voltage be 120 volts. Calculations
will show that the total output power of the generator,
is 12 watts, and that the power delivered to the 600 -
ohm load (receiver) is 6 watts. In B, the load resistor is
changed to 300 ohms, causing the output power of the
transmitter to change to 16 0 watts; and the power to
the load is changed to 5.33 Want.

The values of the power delivered to the load
resistor calculated in the paragraph above,
supplemented by others to make a smooth curve, are
plotted in the graph of figure 4-10. The graph shows
the maximum power is transferred from the
transmitter to the receiver when the internal
impedance of the transmitter and the impedance of
the load are equal. This conclusion is related to the
characteristic impedance of a transmission line as

Figure 4-8. Line section of unit length.
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Figure 4-10. Generator operating into variable load.

follows; to the transmitter supplying power to a
transmission line, the line is the load; consequent y,
the generator will deliver maximum power when its
internal impedance is equal to the input impedance of
the line.

At the receiving end; the line acts as the generator
delivering power to the load. The internal impedance
of the line is its characteristic impedance. Therefore, it
will deliver maximum power to the load when the
load impedance is equal to the Characterittie
impedance of the line: Thus; a 600-ohm line should be
terminated by a 600-ohm load and supplied from a
600-ohm transmitter. The maximum power trader
takes place at both ends of the line, and therefore;
from the actual generator to the actual load. Under
this arnelitiz.n.4Liie enerator and the load are said to
be matched to the line.

Attenuation Attenuation of a wave is the decrease
in amplitude which accompanies its propagation or
passage through equipment lines. Degree of
attenuation is commonly measured in decibeli or dB
per loop mile of transmission line. Someof the reasons
for attenuation are the different line characteristics we
have been talking about,such as series resistaihm,

% shunt capacitance; series inductance, and impedaite
mismatching. These constants of the line cause power
loss of the signal; which means that the signal is not as
strong as the receiving end as it was at the originating
source.

Loading. A loading coil in wire communications is
used to add inductance to a transmission line for the
purpose of decreasing power losses and providing

68

i

equal response over a given frequency range. Loading
coils are inserted -at equal distances along a
transmission lin. The adding of loading coils
reduces both attenuation and frequency distortion.
There are two types of loading that have been used
(I) _lumped and 12) continuous loading Lumped
loading is used in the military and will be ditcussed in
greater detail shortly. Continuous loading is when a
material is wrapped_ around ale outside of the cable to
give the line distributed constants. An example would
be in submarine cable; where the cable is under water
and the different loading coilt wou not be able to be
distributed correctly.

TO better Undititand thi princ les of loading as
applied to telephone cable circui let us consider_a
theChanical. analogy. As shown in gure 4-11; a piece
Of light string, say about 10 feet long, is fastened to _a
hook in a wall. It can be compared to a cable pair. By
a snapping- movement of the hand, waves of motion
are generated in the wing. They tend to die out
rapidly before traveling to the end of the string. If a
heavier suing Were used the waves would be
propagated a little longer distance along the string
before dying out. The hesVier string may be
Considered analogbut to a larger gage wire which has
a lower resistance.

Let us tie a small lead weight, like that used on a
Plumbline, to the center of the string. The waves
created in the string by the snapping movement of the
hand will again decrease rapidly. In fact, the waves
will cease when they reach the weight. This illustrates
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Figure 4-11. Mechanical analogy of loaded cable.

that a large amount of loading cannot be added to a
circuit at one point. Now, let us take about 20 small
wooden beads or similar light weights and space them
equally along the entire distance of; the string and tie
them. When the string is now snapped,-the resultant
wave motion will travel the entire distance of the
string to the wall hook with only 'a slight decrease
amplitude. This analogy shows that proper loading
reduces the attenuation and distortion in a cable
circuit.

The combination of the distributed capacitance and
the lumped inductance of the loading coils causes a
loaded cable circuit to act like a bandpass filter. This
effect grfatly increases the attenuation of the cable
when the/cutoff frequency is exceeded. This cutoff
frequency is determined by the,capacitance of the
cable and the inductance of tKe loading coils: By
installing proper loading coils and spacing them at
certain prescribed intervals, the cutoff frequency can
be increased beyond the upper end of the frequency
band to be transmitted.

There is a practical limit to the number of loading
coils that can be inserted into a cable circuit. Each
loading_ coil increases the Series resistance of the cable
conductors. This added resistance would soon
overcome the beneficial effects of loading coils that
can be inserted into a cable circuit.

Note that the conductor resistance increases and
the cutoff frequency decreases as the inductance value
Of the loading coil is raised. In addition, when the
loading coil spacing is cut in half, the frequency range
Of the cable circuit is extended by about 40 percent or
more. Loading, furthermore, reduces the propagation
velocity in cables. The added inductance due to
loading diminiSbes the speed of travel of the voice and
carrier currents in a loaded cable.

Exercises (826):

I. What line factors will cause a greater attenuation
of a high-frequency signal than of a midband
signal?
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2. What two factors affect the amount of inductive
reactance in a transmission line for a signal of a
given frequency?

3. What cause of line loss would increase if moisture
got into a cable?

4. What two causes of line loss would be increased by
using cable with a smaller wire diameter?

5. When does maximum power transfer to the far end
of a cable occur?

6. Why are ding coils connected to telephoneitl.
transzniss. lines?

4-3. Factors Affecting Line Ouality
Many propertievq_a_telephone line affect how well

the sigrial received atfhe far end resembles the input
signal. Here we will limit ourcoverage to those factors
the inside plant man can measure or correct. These
are noise and distortion.

827. Provide thespecific causes noises and point
out selected ways of reducing ise %different kinds
of telephone transmission lin

Types of Noise. that you have studied the
different types of cables and cable plants and
transmission line p ciples; let's discuss the types and
sources, of noise that ect transmission on a cable, be
it telephone, teletype, au lo, or high speed data:

Electrical noise can be generally defined as any
undesirable electrical energy which is present in a
circuit or system. This liefIdesirable energy can .be
either AC or DC or a combination of both in any
form. Many varieties of noise exist, but all can be
classed according the several general categories
taken up next.

White . noise. Noise enerated in the ;low of
electricity through a c nductor as electrons collide
with some of the m ecules of the conducting
material. Any increases in temperature cause
corresponding increases in tiv amount of noise. The
various types of noise baSed on thermal agitation or
radiation are sometimes called ( I) resistance noise, (2)
thermal noise, (3) Johnson noise, or (4) white noise.
Such "white noise" is normally more prevalent on
radio-derived circuits than on exclusively wire
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circuits. The relatively eve; distribution of white noise
with frequency means that it is not usually a serious
source of interference to data transmission, unless it
causes the signal-to-noise ratio to fall to an
unacceptable level.

Hum: "Hum" can be defined as any low- frequency,
recurring. nontransient, electrical disturbance in a
communications system which is not'associated with
actual signal energy: Normally, hum has a direct
relationship to equipment power supply ripple or
inductive/capacitive coupling to AC powerlines.
Where telephone cables are near high voltage AC
power distribution systems, harmonic energy may be
coupled into the telephone cable pairs.

Impulse noise: "Impulse noise" is the result of
discrete dusturbances having abrupt changes of shOrt
duration: These disturbances are often of relatively
trisk_amplitude and of short duration; they may or
may not be periodic. Although data signali can stand
relatively high steady hate noise; because of their
short symbol intervals, they are greatly impaired by
impulse noise. It may lead to errors and possibly
disruption of communication; for example, by
interference with timing signals or by degradation of
the signal to noise ratio. Impulse noise in Government
owned circuits is very often caused by high level;
switched data circuits on adjacent pairs or channels.
In addition; a significant proportion of the total
tmpulse noise comes from the make and break.
contacts In electrical or communications switching
and signaling equipment, much of _which can be
eliminated by careful maintenance. From this last
statement, you can see just how important your
evel'yday maintenance really is. With_ the addition of
data transmission and all the different types of
interface equipment being installed, our job is
becoming more and more important.

Crosstalk. -Crosstalk" is the interference ich
results w)ien two or more telephone talking ci uits
exist side by side, and the conversation on one ircuit
may be heard on the other. ObviouSly, this is
objectionable. It not only may reduce into igibility,
but it may destroy.secrecy. Being telephone men, you
have probably had many different experiences with
crosstalk and realize that there are many different
causes of it. Here we are going to discuss only a few
main causes of crosstalk.

Current in one line may be transferred to another
line if the insulation between lines is faulty or if "--

branchei of trees or brush come incontact with the
wires. This is a problem of proper maintenance, and
crosstalk from,this cause can be eliminated by keeping
the lines in good mechanidal condition.

One of the basic pi-intipits of electricity is that a
magnetic field exists_nround a wire thiough which
current_ is flowing. The magnetic field consists of
concentric circular lines of force at right angles to the
wire in space. The strength of the magnetic field varies
inversely with the distance from the wire; that is, the
greater the distance, the weaker the magnetic field.

The magnetic field has the same waveform as the
current that produces it. If the current is constant in
magnitude and direction; the magnetic field is
constant in strength and direction. If the current is
alternating, as it is in the case of voice frequencies, the
magnetic field :varies instantaneously in magnitude
and changes direction every half cycle. If such a
varying magnetic field cuts an adjacent conductor, it
induces an alternating EMF in the conduciorin
accordance with the generator principle. The
magnitude of this EMF varies inversely with she
distance between the center of the magnetic field and
the conductor. The conductor is said to be inductively
coupled to the original wire which produces the
magnetic field.

"Capacitive coupling" is an association of two or
more circuits with one another by means of
capacitance mutual to the circuits. It is also-called
electrostatic coupling. Capacitive coupling produces
an unbalanced EMF in a circuit because of the
capacities between the wires of an adjacent circuit and
ground and the associated electric fields; When there
is a conversation on each circuit the current flowing
aplifies the other conversation that was allowed to,
pass over because of the action of the capacitance
coupling.

Other noise. Other types of poise in telephone,
cables' are:
. (I) Noise to groundthis is a result of capacitive

or inductive unbalance to ground existing between the
two conductors of the circuit pair. There is always
some noise to ground, even in a balancted_pair. But if
one conductor has a higher noise level or potential to
ground than the Other, the differential voltage a_p rs
as circuit noise between the two conductors

(2) MetalliC noisethis may be produced by a
.variety of sources, including galvanic (battery) action
caused by a combination of moisture and mineral
salts in damp cable and. poor splice continuity.

(3) Longitudinal noisethis is induced along a
cable conductor. If an unbalanced condition exists in
a cable _pair, a nearby induction field will, produce a
differential voltage between the two unbalanced
conductors.

Reduction of Noise. As we havealready indicated;
noise can result in a cable pair frOtii a variety of
sources. Any electronic noise of whatever type,
apPearing on -a circuit in competition with a signal,
represents degradation of that signal. It is, therefore,
of prime importance to avoid the occurrence of noise
as far as possible. There are a number of preventive
actions which will aid you in meeting this objective.

Selective assignment of pairs. Telephone cable
transmission systems are always subject to noise
injection from outside sources as well as high-level
sources from Within the cable itself (adjacent pairs).
The fact that cable is shielded does not prevent noisy
low-level circuits in the cable. Nonshielded cross
connections of considerable length exist in every



telephone' central_ office, and cross connected pairs
from various cables lie in a common bundle on the
frames: This proximity both of high- and low-level
circuits in a high-level noise environment (the central
office) caused by switching equipment, etc.,
introduces white and impulse noise to low-level
circuits; often to an unacceptable degree. Within the

/cable, the physical placement (pair_ numerical
ssignment) of various types of circuits is a very

common cause of an unacceptable high noise level.
Selective assignment of cable pairs according to use
can be instrumental in reducing both white and
impuLse noise levels iri critical circuits. For instance
the assignment of _regular telephone pain, high level
audio and teletype circuits and low-level digital
circuits in an exchange cable is usually dependent on
random choice; modified, by some routing
requirements. However, it is often possible to_place all
high-level assignments in pairs physically adjacent to
the cable sheath; then; with the regular telephone
circuits assigned to the next higher numbered_bundle
the low- level critical circuits may tie placed in the
center ottire cable. Asa result; the telephone pairs act
as a partial shield separating the high and low level
assignments. This type of selective reassignment haS
actually reduced the general noiseievel in critical low
level circuits by as much as 20 dB in some cables.

Shielded cross, connects: The use of shielded pair
cross connections (jumpers) is _effective in _noise
reduction. They can be used on both high- and low-
level circuits, and should be used at least on low-level
circuits where the total cross connection length
exceeds 3 feet: it

Grounding. proper; grounding rat appropriate
points, is important in achieving a low noise level in
cable circuits. In unbalanced circuits, grOund loops
May result when the circuit is grounded stboth ends
and-the grounds turn out to be at unequal potentials.
This situation causes the circuit to be very susceptible
to interference. The objective of grounding is to
provide a path to earth of as low a resistance as
possible: It is,_therefore; implattive to provide a well-
bonded, low impedance grou d plane. Where there
are two separate grounds in a building, the choice of
which to use in a particular case can be difficult. In
general, ground effectiveness tests should bi
performed on both grounds and the lower resistance
ground_shwld be used.__However, this is not infallible
and, if lower overall system noise and signal
distortion can be achieved. the poorer ground should
be used.

Capacity balance.Cables, since they often contain
hundreds of pairs of wires are particularly susceptible
to crosstalk caused by capacitive coupling between
adjacent pairs. An important reason for this is the fact
that the various wires exhibit different capacities to
ground, making the system unbalanced to ground.
One method of overcoming this is to equalize the
capacities by transtlosing the various wires- in the
cable at points where one length of cable is spliced to
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an adjacent length of cable. Another method consists
of equalizing the capacities by adding capacity to
those pairs of wires that show less capacity to ground
than do other pairs. This capacity is added.. by
connecting the wires on one end of a short length of
twisted pair to the cable pair and leaving the wires on
the other end of the short length unconnected.

'- filters. Battery chargers and similar apparatus used
to maintain batteries in common battery systems are
often the cause of hum, because the output voltage
from 'these devices contains large amounts of energy
at random frequencies. Filtering the outpufvoltage by
means of low-pass filters which consist of series choke
Coat' and shunt electrolytic condensers of fairly large
capacity; removes the higher frequencies that lie in the
voice-frequency range and therefore, prevents noise
interference from this source.

Pressurization. The conductors in the telephone
outside cable plant are protected from moisture
damage by a normally waterproof covering. Sheath
damage does occur due to a number of causes and
presence of water can result, leading to signal losses
and the introduction of noise. Internal pressurization
of cable by compressed air is a technique used to
prOtect the cable plant from damage due to breaks in
the cable sheath. Any sudden deviation from the
normal amount of air required to maintain that
pressure, or any sudden drop in measured pressure in
one particular area will indicate a sheath rupture
which might normally go undetected. In addition. loss
of air under pressure through small breaks in the
cable sheath will tend to prevent the entry of any .%
moisture. Maintenance of cable pressure and early
attention to any loss of pifssure will pay subsrargial
dividends in cable perforthanee and avoidance of
noise. I'm sure all of you are familiar with the PMPof
the cable pressurizer. If the preventive measures re
not completely successful and a circuit is still subjct
to excessive noise, a thorough analysis of circuit
conditions must be made, and due consideration
given to the recorded measurements.

ExerciseS (827):

I. What type of noise results if harmonic energy is
coupled into a cable?

2. Make and break contacts . in electrical or
communications switching equipment can cause
what type ofLnoise?

3. What type of noise- results from electrostatic
coupling of two circuits?



c.;
4. If differential voltage appears between two

conductors, what type: of noise results?

5.. What type of line noise can be overcome by using
capacitive balance?

6., What type of noise is reded by selective pair
assignment?

yr
7: How can noise coupled IMO shielded cable within

the central. office be reduced?

828. Using figures 4-12 through 4-14 as necessary,
differertriate among the types of distortion that occur
on telephone transmission lines, identifying each type
in the situation given.

Yesired Transmission Characteristics. As_a wave
travels along a transmission line, Its amplitude is
attenuated and its phase is shifted. For the wave to be
transmitted without distortion, it is necessary that
each component wave be attenuated in the same
proportion, and that the phases of the component

. waves be shifted by amounts directly proportional to
their frequencies, no -matter what the' frequency
components Inay.:be: Figure 4-12 illustrates .
undistorted transmission. of a complete wave. The
solid, line represtnts the input and output waves: This
complex wave can be considered as made up of a 500-
cycle sine wave with an amplitude of 10 volts (dotted
line) and_ 1,500-cycle_sine wave with an amplitude of
8 volts. B, on figure 4l2. represents the same wave
after it has passed through a transmission line that has
an attenuation ratio assumed to be 2_ to I. As a result,
the 500 -cycle wave (dotted line) now hat an amplitude
of 5 volts, as compared_ with the 10 volts it had at
transmission. The 1.50D--Cycle wave (dot-and-dash
line) is auenuated from 8 volts to 4 volts, which is a
ratio of 2 to I. The amplitude of_ the output wave
(solid line) has been attenuated: but note that its
shape remains the same: that is; the wave is
undistorted. The reason for this is that both sine
waves were attenuated the same amount.

Note also that the 50_0-cycle_wave. in B; has had its
phase shifted by 30°. The 1,50(Y-,cycle wave must have
its phase shifted by 90° in order that the phase shifts
have the same proportions as _the frequencies. The
phase of the output wave (solid line) necessarily has
been shifted also; but the shape of the wave remains
the same as in A: it has not been distorted by the
phase shifts:

t
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Frequency Distortion; On actual transmission
lines, not all waves are attenuated the same amount;
the attenuation increases as the frequency Of the
transmitted wave increases. This results from the
effects of capacitance,' leakage;' inductance, and
resistance of the line. The effect of the variation in
attenuation for;, different frequencies is shown in
figure 413. The Input wave, In A, is the same as that
shown in figure 4-12: After moving\ along the line
some specific distance (as seen in 13. fig. 4-13) the 500,
cycle component (dotted line) has an amplitude of 5
volts or an attenuation of 2:1: However; the 1;500-
cycle Ooknponerit (dot-and-dash line) now has an
amplitude of only 2, volts, an attenuation of 4:1;'
because of the poor frequency responsq of the line.
Thus, the output wave Nit been attenuated much as in
the undistorted case; Note; however; that the shape of
the transmitted wave has been changed, or distorted,
due to differing relative attention of the high-
frequency and low-frequency components of the input
wave.

Phase Distortion; This type of distortion is of too
harmfiil for voice transmission, since the r is
relatively insensitive to phase delay; hoWeve , it
constitutes the most serious impairment to (data
transmission, particularly over telephone voice
channels: The main sources of phase distortion are
loaded cables and, carrier. channel filters. It is also
caused by the unavoidable capacitive and indiktive
reactances present in most communications channels
and by echoes from imperfect line terminations or
impedance mismatches between line sections or
between the line and office apparatus.
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The effect of the variation of the phase4-shift 'is
illustrated in figure 4-14. Again, the input wave shown
iri A is identical with that seen in figure 4-12,A. In
figure 4-14,B, .the 500-cycle 'component (dotted line)
has been delayed (phase shifted) 45°. For the output
signal to . be undistorted, the high-frequency
component must be delayed 135°. thus.; maintaining
the_same_ phase relation _between the 500-cycle and
1,5(03-cycle components. However, on an actual line
the I;500-cycle component is not delayed as_much in
proportion at the 50 cycle component. Figure
I4,B, shows t effect of only 90° delay for the 1;500-h
cycle compd nt. Notice that the shape of the output
wave is changed as a result of phase distortion caused
by the lime. Phase distortiop and frequency distortion
occur together, because Iiie sarne_physical constants
of the line (series resistance, stria s inductance, and
shunt capacitance) that produce one also cause the
other._

Unbalance. In transmission systems; balance (or
unbalance) at the input and output of the audio.
circuit is Important. The balance to ground, in the
case of input circuits, determines the amount by
which currents fed into the system from external
circuits are suppressed. With output circuits, it

I determines the degree to which currents are generated
arid' passed__ on. Do not confuse . the words
"mismatched" and "unbalanced." An unbalanced line
may very well be matched_ in the sense that it is
terminated correctly in us characteristic impedance.

Circuit unbalance is related to lines; voltage
sources; and loads. An unbalanced transmission line.
load, or source iS one where one conductor or
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ground. If tyis is the case; then all the power is
delivered to die load (maximum transfer).

Figure 4;16,A,shows a balanced source and line
feeding an unbalanced load; with the center tap of
both the source and the load connected to ground.
Again; by removing the grounds from both the source
and th6 load and connecting an ammeter into the
circuit, as shown in figure 4P16,B, you haVC in
equivalent circuit. You can see that there is now a
Potential difference between the load and the source
where the ammeter is connected. Current is shown
flowing through the ammeter becairse, in this
unbalanced circuit, you would have current flowing to
your _reference ground. This ground is a resistance,

ome voltage will be dropped across it; As a
litui power will be delivered to the load. If

correct levels cannot be established at a system
interface, unbalance could be, a possible cause.

SOURCE MEDIUM
I
I LOAD

A. BALANCED SOURCE AND LINE FEEDING
UNBALANC50 LOAD

B. AMMETER CONNECTED TO UNBALANCED
CIRCUIT

Figure 4-16. Balanced source and line feeding
an unbalanced load.

terminal is at ground potentiali while the other is at
some value above or below ground. In other words,
the voltages measured from the two conductors or
terminals are not equal.

Figure 4-15,A, shows a balanced source and line
feeding a balanced load, with the center tap of both
the source and the toad connected to ground. By
removing the grounds from both the source and the
load and connecting an ammeter in the circuit; as
shown in figure 4-15,B, you have .,an equivalent
circuit. There is no potential difference between the
load and the source where the ammeter is connected
into the ciroWt. In this example, the ammeter would
indicate no current flow through the reference
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(828):

f the output signal from a transmission line
resembles the input signal in every way except its
amplitude, what type of distortion/hat occurred?

2. A line which attenuates a 1;500-Hz signal more'
than a 500 Hz produces, what type of distortion?

3. If aspmplex wave is applied to a telephone line
vilFitslays its 2,500-Hz component 30° and
delays its 5006Ht component 6°; what type of
distortion is present in the output signal?

4. What type(s) of distortion will result if the
insulation resistance of the dielectric of the line
decreases?

5. Hovi is the power delivered to the far end affected
by an unbalanced circuit?
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Base Wire System .Testing

A DETERIORATION in the transmission
characteristics of a cable will show itself either as
degradation or disruption of some or all of the
communication circuits, being transmitted through
that cable. One of the most important methods of
insuring that any deterioration is identifiedand
correctedWore it begine to interfere with the
service being provided to the customer is the mular
accomplish emnt of basic performance tests
throughout the cable plant. This chapter covers these
performance tests; test equipment required. procedure
for making the tests. and analyzing the result.

4

5-1. Performance Test Equipment
The performance factors that may be checked to

determine cable plant co:tendon are loop and
instIlation resistance, noise, frequency response, and
ground resistance. In" this section we discuss the
performance tests a equ ment required for each.

829. Using figures 5- through 5-5 as necessary,
isolate these tests used to check performance of the
base wire system and the equipment used for each.

Loop min ulation Resistance Test. The purpose
of this test is to measure the DC resistance and
insulation resistance of selected cable pairs..

The test equipment required for the DC loop
resistance test is the ANj PSM-6A multimeter. You
shoUld be familiar with this piece of equipment from
coverage inthe tech school.

An AN /PSM -2A is used to perform the insulation
resistance test. The Set consists principally of a
handcranked AC generator; a terminal board
assembly containing rectifier, resistors, capacitor,
neon glow lamps, and a meter.

These major component parts arehoused in a die-
case aluminum alloy case, shown in figure 5-I. On the
outside of the case is a crank, two indicator buttorti,
two binding posts. the meter face, and a meter
adjustment screw cover. Turning the crank in either
direction until the indicator buttons glow steadily
RED, generates 500 -volts DC testing voltage which is
available at the binding posts. When testing
insulation; the meter pointer will indicate the

&C)

CHAPTER 5

resistance in megohms, hence the term "megger" is
often used for this test_set.

Impulle Nolie Test, This test measures the amo
of impulse noise present__ cable pair
tested; Impulse noiseT-Is the result Of diSc etc
disturbanees of relatively high amplitude and sh
duration; Since it does not occur at regular,interAil ,
the cable. must be monitored over a penod of time,
using the Noise Test Set, Model 480A-1, seen in
figure 5-2.

This test set operates on either 100 volts AC or
battery power,' in either the Monitor or Record mode.
In Record an adjustable timer allows unattended
accumulation of readings for up to an hour. Noise
pulses up to 10 per second are counted on 3 levels and
indicated by digital counters.

Notice, in figure 54, that 4 toggle switches allow
the reference level for measurements to be set in steps
of 10 dBrn. An 11- position switch below each digital
counter is used to set the sensitivity of that counter in
.2' dB steps: The total sensitivity for a counter is the
sum of the reference level (10 dB toggle attenuator)
and the sensitivity of the 2 dB step attenuator of that
counter.

When each channel sensitivity is properly set; all
impulses that have an amplitude equal to or greater
than LO but less that MID *ill be recorded on the
LO channel counter. All impulses that have an
amplitude equal to or greater than MID but less than
HI will be recorded on MID channel counter. All
impulses that have an amplitude equal to or greater
than HI will be recorded on the HI channel counter.

Example:

Switch(s)

REF LEVEL
LO LEVEL
MID LEVEL
HI LEVEL
LO has a count of:
MID tuts a count _of:
HI has a count of:

305
102
24

Setting

50 dBrn
0 dBrn
10 dBrn
20 dBrn

This indicates that 305 impAlses had an amplitude
that equaled or exceeded 50 dBrn but were less than
60 dBrn; 102 impulses had an amplitude that equaled
or exceeded 60 dBrn but less than 70 dBrn; and 24
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COLOR GROUP
BUNCHES THIS END OF

CABLE MUST
BE CLEAR

GROUND

Figure 5-1, AN/ PSM-2A:- Meager.

impulses had an amplitude that equaled to or
exceeded- 70 dBrn.

We should mention that "dBrn" stands for
"decibels above reference noise." Reference noise
starts -at -90 dBm; that' is 0 dBrn is at -90 dBm. Thus
50 dBrn is equivalent lo 40 dBm and 90 dBrn is
equivalent to 0 dBm:

-ef

(

Idle Channel Noise Test, The purpose of this test is
to measure the amount of electrical noise present on
the specimen cable pair. idle channel noise is the
lower steady noise on the line excluding impulse
noise.

The test measurement is done by using Model
35558 Transtniision and Noise Measuring Set; shown
in figure 5-3. This set provides a choice of 900 or 600
()tight impedance bridging or terminated for voice
frequencies and 600, 135; or 75 ohm impedance
bridging or terminated for carrier frequencies. A hold
function permits seizing the line while measurements
are being Made at voice and program frequencies. The
set is portable and can operate from either its internal
battery; office battery, or 110 volts AC. It noise
measurement range is +10 dfirn to +121 dBrn with
Weighting_ filters 3 kHz flat, 15 kHz flat, C message,
and program

Frequency Response Test. The purpose of this test
is to measure attenuation versus frequency for the
selected pairs over a frequency, range of 200 Hz, to 5
kHz. _

Equipment needed to accomplish this test is the
Transmission and Noise Measuring Set, Model
FIF3555B, and a Telephone Test Oscillator, Model
236A.- The test oscillator is used to send signals at
selected frequencies over a cable pair to the
transmission test set at the far end which measures the
received signal strength. The Transmission and Noise
Measiiring Set has been covered previously, so we will
not discuss it further here.

The test oscillator, seen in figure 5-4, generates a
stable sine wave output at frequencies from 50 Hz to
560 kHz with an output amplitude of +10 d8m to -31
dBm. (The frequency of the output is controlled by
the position of the frequency dial, multiplied by the
setting of Req Range switch.) The output isavailable
from the front panel with standard binding posts and
telephone jacks. The oscillator is portable and may be

Figure 5-2. N9ise Teit Set. 480A -I.
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Figure 5-3. Trimmission and Noise Measuring Set. Model 35558.
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Figure 5-4. Telephone Test Oscillator. HP236A.
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operated from either 110 volts AC & internal battery 2. Which test is used to measure the amount. >of
power. Provisions are made for talking and dialing electrical noise present on the selected cable pair?
with hook switch control

Station Ground Meth-dance Test. This test -is to
measure the resistance of station and distant terminal -
grounds. It is made by using the Vibroground Earth
Resistance Test Set, which figure 5-5 shows. The
ground resistance measurement made with this tester
are direct readings and require no calculations. It is
housed in a welded steel case with a carrying handle,
and-removable cover. Its synchronous vibrator power

__supply-operates on self-contained batteries.

Exercise (829):

1. What test equipment is used to perform the
insulation resistance test?

OCONNECTIONS

0 GALVANOMETER

3. The Vibrogro test set is used for which test?

4. Which test Is
Test Set?

-;.;

e using th6 Model 480A Noise

5. What test is used to measure signal attenuation
versus frequency over a range of 200 Hz to 5 kHz?

6. The AN /PSM-6A is used for which test?

t.'- X10

0 BALANCING POTENTIOMETER

0 RANGE SELECTOR

(OPERATING LEVER SWITCH

_ tz
to-

ts
ZO

22

24

2.6

:2

MULTIPLY BY
10 WO

1 1000
HMS

2

TEST

ADJ.

YIBROGROUND READ

MVD_065

Figure 5-5. Vibroground Earth Resistance Test Set.
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7. What test equipment is require* to perform the

frequency response test?

4
5-2. Making and Recording Performance Tests

830. Using figures 5-6 through 5-10 as required, _give
the information that must be taken from AFTO
Forms 224 and 376 and the cable map to initiate
AFTO Forms 484, 485, and 494.

NOTE: AFTO Forms 484, 485, and 494, referred
to throughout BOF 830 and the remainder of this
chapter, are obiolete and no longer in official
use. But specialists in this field must know not
Only the information found on these forms but
also exhibit the ability to complete such forms
accurately. So although they are not official,

AFTO Forms 484; 485; and 494 are included here
for practice in the use of appropriate forms. New,
similar forms are in the process oftfeing prepared
and are to be substituted for these as soon as they
become officially available.

,-
AFTO Form 484. Figure 5-6 illustrates this-form;

which is used to record the results of the DC loop
resistance and insulation resistance test: One forryis
used for eac Cable pair tested. Data for the heading
blocks is fo d as follows: Base is where test is being
conducted. able No and Pair No are taken from

either AFT Forth 224; seen in- figure 5 -7, or AFTO
Form 376; s own in figure 5-8: From (Building No3 is
where _you e while making the test, and To (Building
No-.),is w the other end of the cable _under test
termina ata for_the third heading line isLobtained
from the base cable maps which you studied in
Chapter 4 The second blocks for Gauge and Kft are
used if difkrent gauge cable is spliced into Me run
being tested. The rest of the entries are_made during
the DC loop and insulation resistance tests.

AFTO Form 485. figure 5 -9 shows how this form
is used to record the result of frequency response; idle
channel.noise, and impulse_ noise tests. One form is
used for each cable pair tested; The heading
information for this form is obtained from t e same
sources as that of AFTO Form 484. The aining
entries are made during the frequency response; idle
channel noise, and impulie noise tests.

AFTO Form 494. This form, shown in figure 5-10;
is used foor recording the resiiltk of the Station jtround
resistance test_Base and Cable No are taken from
AFTO Form 224, and the Building "Frore_andTo"
entries are as previously described for AFTO Form
484. The remaining information is obtained during
the station ground resistance test.

80

Exercises (830):

I. Where would you look to find the length of a cable
pair?

2. If you checked 4 cabk pairs, how_Snany AFTO
Forms 484 would you fill out?

3. What tests
Audio Test

are recorded on -AFTO Form 485,
Record?

4: What information is obtained from AFTO Form
224 for initiating AFTO Forms 484, 485, and 494?

5. When do you fill out both sets of gauge and length
(Kft) blocks on AFTO Form 484?

831; Using firsts 5-11 through 5;16 as needed,
provide the required selected steps in the procedures
for setting up and making cable peiformarce tests.

Loop and Inttalation _ROSistittice Tist. DC loop
resistance is measured by connecting an

hAN/ PS M =-45A across a cable pair. T 7 pail- should be
clear and not connected at any her terminal.
Connect the testg equipment as figure I I shows. Set
the AN/ PSM=6A to read resistance, record the
readings taken for the cable pairs on the AFTO Form
484.

Insulation resistance is Cheeked by using a
PSM-2A (megger): Certain safety factors should be
obSerVed &afore operating the megger. Thus:

When checking insulation resistance with a
-- megger, the conductors become charged and must
afterwards be distharged to Prevent possible shock to
you Discharge the conductors under test as soon as
the test on a pair is completed

The arc resulting at the time of diSeharge is
sufficient to ignite explosive mixtures of gas.

DiStharge the conductors at the megger
terminals by means of a short piece of insuliited wire.

Disconnect all lines _under test from any
equipment.,

Make sure the megger is in a level position.
6 Keep the test set as far as possible from strong

magnetic fields such as thoSe produced by
mtransformers or motors: .

Once all the precautions have been checked and
observed, proceed with the following:
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Figure 5-6. AFTO Form 484.
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SHORT

HVA-111411A

Figure 5-11. Setup for DC loop resistance test.

a

a. Cbeck as follows to make sure that there is no
leakage between the test leads of the megger:

(I) Connect two leads to the LINE and GROUND
terminals of the megger. Leave the other ends
disconnected. When the megger is operated, the scale
should read "INFINITY."

(2) Now connect the two leads from the same
terminals together and operate the megger. The scale
reading should be "0."

h: Connect Ott LINE and GROUND leads to the
cable pair to be tested as. shown in the top part of
figure 5-12.

c. Turn the crank of the megger until the indicator
on the dial of the meager reaches a point where it
remains fairly constant. If the insulation resistance is
lowi the needle usually reaches a steady position
quickly and does not fluctuate. However, if the
insulation resistance is high. it will usually take a little
time for the needle of the indifkor to reach a steady
position on the dial.

d. Take the reading on the dial while the crag* is
still beilig turned,

0. Stop the crank and record the reading on AFTO
Fortn_484.

Take apiece of well insulated wire and short it
across the pair tested to discharge the Bair as shown in
the bottom of figure 5-12.

AZIPSM2A
ii

D_ISTANT__FRAME -

OF OR TERMINAL

MDF
TIP

OPEN

DISTANT FRAME
OR TERMINAL

OPEN

HvA -16913CENTRAL OFFICE
, GROUND

Figurt 5-12. Setup for insulation resistance test.

85

I

Impulse Nose Test. The test equipment_ setup for
the impulse noise test is shown in figure 5-13; use the
600-ohm resistor for nonloaded cable and the 900-
ohm resiitor for loaded cable.

Set up the 480A impulse noise counter as follows:

NOISE LEVEL/IMPULSE/BAT CONE): IMPULSE position

Connect to _cable pair using either line 310 jack or
the T.and R binding posts:

INPUT: 600 or 900 as appropriate.
BR DG /TER M: Terrn
WEIGHTING: Voice
HOLD: Off
REF LEVEL: 50 dBrn
COUNTERS: Low Level - 0 dBrri

Mid Level - 4 4Brn
Hi Level = 8 oath

Clear all counters
TIMER KNOB: Set to 15 minutes
POWER: On

Once the equipment -is set up, adjust the reference
level up or down until the setting is reached which will_ ak

result in about 15 "Hl" hits 'in 15 minutes.
Reset the counter to zero and the timer to, 15

minutes for data or 30 minutes for voice. -
Post the start time of the test to AFTO Form 4 5.

esAt the end of the test period, record the co ter
readings and the finish time on AFTO Form 5.

Idle Channel Noise Test; Test equipment is.
congected, as figure 14 reveals, with the 600-:on
900-ohm resistor at the distant end for appropriate_
type cable._ . .

Set the HP 355513 controls as follows:

FUNCTION: 600 Hold or 900 Hold
INPUT: Terminate
POWER: ON
RANGE: 30 dBrn (blue setting)
WEIGHTING: 15 kHz Flat
RESPONSE: Normal

as appropriate

Nowahat the test equipment isoi &meet tit
HP 3555$ to each pair under *vidually;
noise fluctuations appear on the 'meter, obierve the
pointer for a short. while to establish the point at
which the pointer appears most_ of the time,
disregarding occasional higrks./If fluctuations do
not appear; adjust the Rangi'switch until they do:
Once this point is established, the idle channel noise
lei"l is the algebiaic sum of the indication on the blue

IMPULSE
NOISE_

COUNTER

- DISTANT FRAME
MDF OR TERMINAL

600 /900 ft
RESISTOR

Figure 5-1.3. Setup for impulse noise test.



c.

()P

DISTANT FRAME
MDI OR TERMINAL

_TX

MEASURING
SET 600 /90b_n

HP3S5-513 RESISTOR
CABLE: PAIR

WV11,170

Figure 5-14. Setup for idle channel noise test.

dBrn meter scale and the dBrn Range switch setting.
For example, if Range is set to 30 dBrn and the meter
indicates +6 dBrn, the noise is 30 + 6 =_ 36 dBrn. Post

jhe reading obtained to Idle Channel Noise" section
of AFTO Form 485.

requency Response Test. Connect a transmission
adds noise measuringeaet at the MDF and a _test
oscillator At the far end, asislapwn in figure 5-15.

Set the HP 236A tat ,oscillator in the following
configuration:

-; witteitoN: 600 ohm 9r 900 ohm depending upon whether
the cable is nonloaded or loaded

.':FREVEIICY RANGE: X100 .

it the MDF set_ the. HP 3555B transmission
measuring set in the following configuration:

FUNCTION: 600 ohm or 900 ohm as appropriate
NOISE WG: 15 kHz Flat
RESPONSE: NORMAL 4
RANGE: to value calculated for the cable size. length. and
temperature

_Once the equipment is set up, turn both instruments
"On" and determine the dB loss -at -each frequency
listed, by sending the test signal at 0 dBm from the We'
236A .and reading the loss on teh HP 3555B. not
use frequacies above 3.5 kHz on H-88 loaded cables

TX
MEASURIN

SET
-HP3°5513

INSTANT FRAME
MD, OR TERMINAL

CABLE PAIR

TEST
OSCILLATOR
--HP236A

'01,171

Figure 5-15. Setupfor frequency response test.

or 4.5 kHz on H-421 or D 66 loaded cables. The
readings should be recorded on AFTO Form 485- in
the frequency response, section.

Station Ground Resistance Test. Establish the
proper distances that you will place the auxiliary
current and auxiliary potential electrodes. These two
distances are predetermined through the use of graphs
appearing in TO 33AI-12-310-1.

Place the test set in a suitable location, near the
grounding system to be tested.

Connect Vibroground terminal X to -the grounding
electrode or station ground. terminal I to the
auxiliary potential electrode; and terminal 2 to the
auxiliary current electrode. . .

Drive the auxiliary electrodes intothe ground at the
proper distances from the grounding system; in a
straight line.

After the preliminary set up of the test equipment.
displayed in figure 5-16; make the test as follows:

(I) If you have an idea of the general range of
resistance to be measured, set Multiply By switch to a
multiplying factor within this range: If unknown".
select the highest multiplier range first.

(2) Operate the Test switch to the ADJ position.
Rotate the OHMS _control knob until__ the
galvanometer indicates a balance at center scale. If the
galvanometer reads to the right of center scale with
the OHMS control at zero, set the Multiply By switch
to the next lower range. If the galVanometer reads to

44,...the left of center scale. with the OHMS control fully.
clockwise, set the Multiply By switch to the next
higher range:

(3_) After balance is achieved with the Test switch
in the ADJ position, operate this switch to the READ
position and rebalance the galvanometer with the
OHMS control.

(4) Read the resistance on the calibrated OHMS
scale. If this indication is less than-] i.10 of full range.
set the Multiply By switch to the adjacent lower range
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X 1 2

GM)
RESISTANCE

TEST SET

STATION GND (BLDG)/
UNKNOWN GND/
CABLE SHEATH MV A -151

Figure 5-16. Setup for station ground resistance test(



iinAebalance the galvanometer. (This provides better
readability and resolution.)

(5) Multiply the OHMS scale indication by the
factor indicated by the Multiply By switch. This
product is the resistance of* the grounding system
connected to terminal X. Record this resistance value.

(6) If balance cannot be achieved under any
conditions, check the:test leads for opens: Make sure
that the lea& are properly connected. If the trouble
persists, the grounding system may e inadequate due
to a high resistance beyond the range of the
Vibroground.

Exercises (831):

I. What source of power is used for trig Megger,
AN /PSM=2A?

2. What type of load is used at distant frame
terminal during a DC loop resistance test?

4

Oa,

9: To what is terminal X of. Vibroground ttst set
connected when checking station ground .

resistance?

10. To what level do you initially set the three
counters on the 480A noise test set when
measuring impulse noise?

11. When setting up for a frequency response test,
what determines where the function switch on
both pieces of test equipment should be set?

5-3. Interpretation of Test Results

Or 832. Using tables 1 through 6 as necessary and given
test results, determine which cable pairs meet
specifications.

3. What 'must be done to a cable pair after
completing an insulation resistance test?

Vithat is the Measurement time for the impulse
noise test?

5. To what leVel is the reference level initially set for
the impulse noise test?
r-

6. When making an idle channel noise test. what
value of load resistor is used for noriroided cable?

7. When making an idle channel noise test, what do
you do if noise fluctuations do not appear on HP
3555B? !=

t8. During a frequency respo test, what is placed
at the distant frame or t inal?

Loop and Insulation Resistance. To determine if
the pair meets DC loop resistance specifications,
compare the readings obtained .during the test with
the calculated value. The calculated value is obtained
by multiplying the length of_the cable pair times the
value taken from table +=1 for the proper gage and
temperature. The readings should be wittun_i-26
percent; if not- make the entry in red on AFTO Form
484.

To determine if the iruulation resistance is within
limits, compare the test results with the objective
value. The objective value is obtained by multiplying
thevalue from table 5-2 times the length of the cable
pair: The pails that fail to meet the criteria are entered
in red on AFTO Form 484.

Impulse Noite. For a cable to meet the specification
for voice; the impulse noise count is not to exceed 90
hits at 59 413rnc in any 30-minute period; the
maximum impulse noise count for a data circuit is 15 .

hits in 15 minutes at 59 dBrnc. Pairs that do not meet
the criteria are annotated in red on the AFTO Form
485.

Idle Channel Noise. For normal purposes, the idle
channel noise, level present on a cable pair is not to
exceed 40 dBrnc: AnY other use of the cable pair will
require special parameters related to the requirements
of the specific circuit concerned. In other words; when
a new circuit is installed and the design requires less
noise, special installation procedures will be follo*ed
to obtain them. Idle channel noise; of course, applies
to an existing circuit working on a system similar to
"Microwave" where an idle line termination is
neyssary to prevent excessive noise on that channel ,

'e operation when it is not in use Circuits with a
norinal "tone-on idle condition," such as 2,600 Hz
used for ,SF unit signaling. are not affected by this



C
Temp

=10
5
0
5

10
15
20
25

30
35
40
45

50
55
60
65
68
70
75
80
85

90
95

100
105

110
115
120

TABLE 5.-1
CABLE DC RESISTANCE

ir.,-47
22 ga 24 ga 26 ga

OhmS/
K Ft Ft/Ohm

Ohms/
K Ft

.
Ft/Ohm

Ohms/
K Ft Ft/Ohm

Ohms/
K Ft Ft/Ohm

13.8 72.6 27.3 36.7 44.1
13.9 72.0 27.9 35.8 44.4
14.1 71.3 28.2 35.5, 44.8 22.1 72.5' 13. 8
14.2 70.6 28.5 35.2 45.2 .1 I

414. 3 69.9 28.8 34.8. 45.7' 21.7 74.0 13.5
14.5 69.3 29.0 34.5 '" 46.2

:-; 14. 6 68.6 '- 29.3 34.1 46.7 21.3 75. 8 13.2:14:8 67.9 29:6 413. 8 47.2 .
,.,

14.9 67.2 29.9 33.5 ,--47. 7 20.8 77.0 13.0
15.1 66.6 30.2 33.1 48.1
15. 2 65:9 30.5 32.8 48.6 20.5 78. 12.7
15.4 65.2 30. 8 32:5 49.1

15.5 64:4 31. 2 32.1 49.5 20.0 80.6 12.4
15.7 63.8 31.5 31.8 50. 1 ,1

15.8 634 31.9 31.4 50.6 19.6 82.0 12.2
16.0 62. 5 32.1 31.1 51. 3
16.1 62.- 05 32.4 30.9 51:9 19.3 83.4 12.0
16.2 61, 8 32.5 30.8 52, 0 19.2 84.2 11.9
16.4 6f. 1 32.9 30.4 52.3
16. 6 307.4 2 33.3 30.1 52.9 18.8 85.5 11.7
16.8 ,59. 8 33..5 29.8 53.5

16.9 69.1 34. 1.''. 29.4 54.1 18.3 87.9 11.4
17.1 58.5' 34.4 4-1,4 29.1 54.7
17.4 67.7 34.9 -:: 28.7 55.3
17.6 57. 0 35.2 . 28.4 56.2

17.8 544 35.6 28.1 56.8
17.9 * . 7 36.1 27.7 57.5
18.2 .9 36. 5 27..4 58.2

41,



TABLE 5-2
CABLE INSULATION RESISTANCE

X15

Reged
Insulation Resistance

Required
Insulation Resistance

Length Plastic Paper Length Plastic Paper
of cable Insulated Insulated of cable Insulated Insulated

(ft) (M ohms) (Moluns) (miles) (Mohms) (Mohms)

500 7, 920 5, 280 1 750 500
1, 000 3, 960 2, 640 2 375 250
I, 500 '2, 640 1,760 3 250 167
2,000 1,980 1,320 4 170 125
3,000
4,000

1,320
990

880
660

5
6 gg

100
88.3

5, 000 792 528 ° 7 107:1 71.3
6, 000 660 440 8 93.3 62.5
7, 000 566 377 9 83.8 55.5
8, 000 495 330 10 75 50
9, 000 440 293 11 68.1 45A

10, 000 396 264_ 12 62.5 41.7

condition. Voice transmissions are not normally
affected by idle chan 1 noise, but if a pair is to be
used for data transm ens,- the effect is important.
All cables that fail to meet the c ria are entered in
recLin appropriate section of AFT Form 485.

- cy Response. Informa recorded on the
2", orm 485 must c ider if loaded or

o , ;did cable is being t ed.
'oriloaded cable pairs mild have losses within

_10 percent of calculated valuet, and these_ calculated
values are obtained by using tibks 5=3, 54, or 5-5
values times length of cable pair. The pairs that fail to
meet this criteria cannot be used for data circuits, but
they could possibly be used for voice circuits. To
verify possible voice circuit usage refer to TO
31Z-10-15.

loaded cable pairs random variations are
considered acceptable if the measured facility loss
compared to the calculated value- is within ±10
percent at 1,006 Hz and 2;000 Hz and ±20 percent at
300, 500, and_ 3,000 Hz. If the 1,000 Hz loss varies
more than ±10 percent from the calculated value;
shown in table 5-6, it is still possible for the cable to
have no major irregularities if the measured effective
facility loss is within ±20 percent of the measured
1;000-Hz facility loss. The effective facility loss is
figured by computing_ the average of the measured
losses at 300, 500, 1,000, 2,000, and 3,000 Hz. This is
illustrated as follows:

89

Frequency (H:)

300 °
500

1.000
2.000
3.000

Measured Loss dB

7.4
9.1

.9.7
10:3
11.0

Total Facility Loss . 47.5

Effective facility loss = 47.5/5 = 9.5 dB which meets
the requirement.

Any pairs that do not meet the criteria will be
entered in red on AFTO Form--485:

Station Ground Resiatince. The TO for Telephone
Inside Plant Engineering. Central Office Building
Design Criteria, specifies 5 ohms impedance to earth
for telephone equipment station grounds. If your
reading is higher than 5 ohms, insure that you have
performed the test correctly and that you have
obtained the correct information about the station
ground you have tested. The ground system was
designed around the soils ability to conduct; if the
resistance is too high, there are only a few possible
causes. Usually the station ground is rotting away
because of rust and it must be replaced. The main
thing to remember here is to be sure you have
collected all available information about your
particular station ground before making any
decisionS.
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TABLE 5-3
NONLOADED CABLE ATTENUATION CHARACTERISTICS

(DECIBELS/KFT AT 38° F.)

Fr_equencyAlizI 19G* 22 GA 24A teD__GA

200

300

500

800

1000

.105

. 12 8

;164

.206

.228

.149

.183

;235

.296

.39
r

.188

.231

.297

.418

.238

.i . 292

' ;376

. 530

1200 . 249 :iso .457 .580

1600 . 283 .413 . 52 5 .668

2 000 .312 ' 458
7-,..;,-=

2':it-
.6

. 585 . 744
I.-

2400 . 338 L. ,. 63 8 .813

2 800 ;360 .686 1,076

3000 .370 .52 ', .709 . 906 - .

-1.
3200 . 380 . 568 . 730 -; .934

3500 . 394 591 .761 . 975:

3 800 . 406 . 613 . 791 Y. 014

4000 . 414 . 627 . 810 1.039

4200 . 422 . 640 . 82 8 1. 064

4500 . 432 .660 . 854 1.099

4800 . 442 . 678 . 880 1. 133

90
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TABLE 5-4
NONLOADED CABLE ATTENUATION CHARACTERISTICS

(DECIBELS KFT AT 68' F)

Frequency (Hz) 19 GA 22 GA 24 GA 26 GA

200 .109 .155 .195 .246

300 .133 . 190 .238 .302

506 .170 .243 .307 .3B9
. .,

800 4:413 , .306 .388 .491

1000 .237 .341 .432 .548

1200 .258 .373 .473 .600

1600 .294 .428 .544 .691

2000 .325 .475 .605 .771

2400 .351 . 517 . 661 . 842

2800 .375 .555 .711 .908

3000 .385 :573 .734 .938

3200 .396 -.590 .757 .968

3500
AI

.410 . 614 .789 1.011

3800 .423 .637 . 820 1.051

4000 .432 . 652 . 840 1.077

4200 .440 % .666 .859 1.102
Iry

4500 .451 '. 686 .887 1.139

4800 .462 .705 . 913 1.174
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TABLE 5=5
NONLOADE9 CABLEATTENUATION CHARACTERISTICS

(DECIBELS/ KFT AT 88° F.)

Frequen c y (Hz)

200

300

500

800

;1000
!ji:ott

1200

1600

2000

2400i
2800

3000- J
3200

3 500

-"moo 2

4000

4200,

4500

4800

1 -9 -GA 22 GA 24 GA
--717-
.199

.244

.314

.396

.442

. 483

26 GA

.111

.136

. 174

.218

.242

.264

.158

:193

.249

.313

.349

. 381

.252

.308

. 397

6 :502

. 560

. 613

.301 .437 .556 .706

.332 .486 .619 .788
4

. 360 . 529 . 676 . 861

1/.4)03"
.568 .727 --.. 928

..4.,, , 5 t . 586 .751 . 959

.406 .604 .774 .990

. 421 . 629 .808 1. 033

.435 .652 . 839 1.0'75

.444 . 667 . 859 1.101

,. 452 .682 .879 1.127
.i.,

. 464 .703 . 907 1.165

.475 .722 .935 1.201

61S
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TABLE 5-6
H -88 LOADED CABLE ATTENUATION CHARACTERISTICS

(DECIBELS KFT AT 68° F.(

Frequency (Hz) 19 GA 22 GA

200 .072 .121

300 .074 .132

500 .077 .141

800 .080 .148

1000 .080 .150

1200. .081 :150

1600 .081 .150
s.

2000 .081 .150

2400 .085 .152

2800 .093 .161

3000 .102 .169

3400 .203 .261

3500

Exercises (1132):

4

24 qA 26 GA

.169 .222

.191 .256

.213 .298

.228 . 330

.2n .341

.233 .347

.235 .352
'-,.,.

.235 .354

( .237 .354

.246 .362

.260 .375

.432 - - --

---- .570

4. What are the impulse noise limits for data circuits?

I: DC loop resistance of a 19-gauge cable, 5,000feet 5. What values of idle channel noise test would be
long, ativ.68° meas.vire's'.82,4s, is it good or bad? entered on the AFTO Form 485 in red?

2. The cable in question 1 has an insulation resistance
of 793 Mohms: Is it good or bad?

41"
3: A cable pair has 83 hits at 58 dBrnc on an impulse

noise test. Is it acceptable for voice?

,

6. On loaded cable, measured facility loss compared
to calculated value must be within
at 1,000 Hz and 2,000 Hz and at
300, 500, and 3,000 Hz.

7. A station ground has to be less than ohms
to be acceptable.

NoTE: Poe 420 Atts -beer' 001;1-t'ed.
1.100e0er,, all course matert,41 1 s

93
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ANSWERS

CHAPTER I

R EXERCISES

Reference:

800 - I. Direct dial. being able to directly dial the desired number.
Operator assistance, placing the call through the
operator.

8(X) - 2. Dual tone multifrequency.
800 - 3. Five.

800 - 4. To provide information assistance. establish conic ces
and place precedence call for AUTOVON users.

801 - 1: Seven.
801 - A network consists of tlai_ itiUTOVON_switcling-ceiners.

apd the trunk.s connecting' them to centr. Offices. and
&her AUTOVON switching centers; all within one
geographic area.

801 - 3. To indicate the precedence of the ortginating call.
801 - 4. The call is routed to a recordedfinouncem t.

802 - I. The amount of equipment installed and its p cement for
ease of maintenance.

802 - 2. An SR signaling unit is a complete. self-contained 2.600
Hz in-band signaling system. Its purpose is to mark the
interoffice trunks_idle orrjo provide trunk _supervision.

802 - 3. On the central office ._or equipment_ side of the SF unit
there arc two pieces of equipment: the terminatIng set or
hybrid coil connects thc transmit and receive pairs to it

rand thc trunk circuit connects the E and M leads to it. On
the line side the SF unit connects the wansmit and receive
pairs to the VF line amplifier.

802 - 4. On outgoing calls from the control_officc the SF unit
converts the_ dial pulses to 2.600 Hz tone bursts: On

. incoming calls- the SF units converts the ',spaying signal,
via the E lead, to the trunk circuit in thinform of dial
pulses.

802 - 5. The foreign applique is used to convert the signaling used
in the foreign equipment to loop pulsing are required by
the two-wire four-wire trunk.

803 - I: Ground through contacts 4B and 5B of the operated CNS
relay in the trunk circuit is sent back to hold the outgoing
selector operated vigilthe C lead.

803 - 2. Thc SF unit is alerted that the trunk circuit is no longer
idle when contacts 4 and 5 of the operated A relay in the
trunk circuit removes ground -potential from the_E lead
and _eoritactsAinid 6 of relay A place resistance battery

thc F
801 - 3 On the second or subseqUent impulse make relay A in thc

trunk circuit operates closing-a_ holding _path to relay 13.

an opera path to relay AS. places resistance battery. otil
the N1 1461, and opens the path to the C relay, which
places it on slow -to- release.

803 - 4. Thc erasing ril -contacts 2 and 3 of the ES relay causes
relay. P1 and SR to operate in panilkl. If this call were
placed through the switchboard. the cord busy lamp
would extinguish

803 - 5. The s Teta) is the last relay.to release when the called
party hangs up the contacts, 48 and 5b of the operated

''ir 95

DNS relay kecp a ground on the C lead back to the
preceding equipment to mark the trunk busy.

804 - I. The lead SF unit, when it stops receiving 2.600 Hz tone
from the distant_ office (AUTOVON). _changes the
condition of the E lead to the trunk circuit from an open
to a ground potential, causing the E relay.
The operation of relay IN in the trunk circuit seizes the
incoming selector during an NID call.

804 - 3. The operation of the INS relay. co_ntacts 2 and places
ground on the HU lead to mark the trunk busy when
rotary switch access is used.

804 - 4. The closed 5 and 6 contacts of relay DE (fig. 2A on
foldout 3) keep a loop across tip and ring of the incoming
selector during the receipt of the first (precedence) digit:
since the loop remains. the selector does not step.

804 - 5. The RSI (rotary switch) will step in response to the digit
dialed (precedence) taindicate what the ncc of the
call is: 1; -2; 3, 4, or a -

804 - 6. Thc opening and closing of relay E c to nd 7 steps
the incoming equipment.

804 - 7. Thc opening of off-normalION) contacts I and 2, when
RSI reaches home position, opens the homing circuit,
when the trunk circuit is releasing from an NID call.

805 - I. The _obvious problem is that no ground is being returned
by thc trunk to mark it busy to other selectors. Contacts
5B and 6B of relay P35 are dirty, or the contacts of the
busy key are dirty If it was accessed from a rotary switch.
by the second party, contacts 6B and 7B of the ONS relay
or the busy key contacts are dirty. Burnishing the
contacts will clear the trouble.

805 - 2. The shunt provided by contacts 5 and 6 of relay DE is
missing, probably duc to dirty Contacts. Burnishing the
contacts should curt the trouble.

805 - 3. It would appear that contacts 10B and 11B of relay ONS
are dirty or failed to make. They require burnishing or
adjusting:

805 - 4. The WK relay is not_ operating. the probable cause is that
contacts 3 and 4 of the B2 relay are dirty and require
burnishing. It might also be that the WK relay is out of
adjustment and requires readjustment. but this is less
likely.

CHAPTER 2

806 I. Thc precedence busy lamp lights due to the operation of
the PSI. relay. which operates due to operation of relay
JP in the _switchboard _applique circuit.

_806- 2: The trunk it _made busy to _distant subscribers o
operation of relay H in the trunk circuit. Which changes
the condition of the M lead to off-hook. It is made bos
to local first selector rotary switch access by operation or
relay ONS, which places ground on the C lead and the
HU lead

806 - 3. The operator_ knows that the called party of a PNOD eitli
has answered the call when the cord supervision lamp
goes out. 1 he cord supervision lamp goes out due to the
operation of relay R V in the trunk circuit. which operates
when the condition of the L Icad is changed. causing



relays E. SS. ES. SR. and PT to operate. The operation
of relay PT closes the operate path Of the RV relay.

806 - 4. The ous_ Y lamps on the switchboard remain lit until the
PBY relay releases: this happens at the very end of the
circuit actions that occur when the called party hang,411!)
and, in turn, changes the condition of the E lead in the
locd_ trunk._ Just prior to the above actions. relays ONS
and PSL, release. removing the ground potential from the
C lead tio the seleetors and the HU lead to the rotary
switches

806 - 5. The precedence busy lainp is lit from ground on the
contacts of relay PSL. Relay PR operates prior to the
release of relay _PSL. providing _an alternate path for the
busy lamp _until_ the trunk is released_ from both ends.

806 - 6: When DTMF keyset button 6 is depresSed___and the
. contacts heneith it make. causing a tone of 770 hertz +

1477 hertz to be sent to the AUTO VON switch on your
transmit pair.

807 - I. When relay AR operates. it closes contacts 6T and 7T
and 8B and 9B, sending precedence ringbaek tone to the
calling party.

807 - 2. The timer. 12 tO,15 secondi after it starts timing. places
ground on its output terminal (7)- operate the RBL
relay: this causes the precedence a_ wer lamp to flash at a
rate of 60 I PM.

807 - 3. When the operator a-ruwe- diverted PNID call, by
plugging an answer corcl_int the precedent* a
ground is plead on lead K. which operates relay JP.

807 - 4. During a PN I D call, the central office eqUipment steps in
response to the breaking_anclinaking of contacts Eland 7
of relay E in the trunk circhit. The E relay operates and
releases in response to the pulses of ground on the E lead
from the_SF unit:

807 - 5. The condition of the M lead in the trunk circuit, for a
diverted PNID call. changes to off-hook when relay A
operates: this occurs ;after the operator answers the call.

807 - 6. The contacts that provide relay JP in thetippliquecircuit
with its hold path are the sameas those that caused it to
operate: They are located _tfi the precedence_ jack. one
connected to ground and the other, to lead K.

808 - I. The trouble is thilt contacts -5 and 6 of relay A are open.
Burnishing the contacts will Clear the trouble.

808 - 2. Contacts 5 and 6 of relay DE are open. which eliminates
the shunt on contacts 6 and 7 of relay E. Burnishing the
contacts of relay DE should solve the problem.

808 - 3. Diode CR5 is open. preventing the ground from contacts
12B_ and 13B of relay PBY from reaching the BLI lead.
CR5 must be replaced.

808 - 4. The most probable cause of trouble is dirty contacts 6
and 7 of relay E. Burnishing the contacts shOuldclear the
trouble.

808 - 5. Contacts ST -and 6T of relay JP are dirty. Burnishing the
contacts will clear the trouble:

8t9 - I. Break contacts I and 2 of the ON I relay when it releases
make -to- operate relay ON3.

809 - 2. The slow discharge of capacitor CI keeps relay ON2 on
slow4 0-release._

809 - 3. Break Sand 6 of an operated ON3 relay removes
battery from the C2 lead:preventing premature seizure
thy a selector, for an NOD call.

809 - 4. l;:.1pen contacts I and_2 of operated relay ON3 prevent the
operatorftom initiating a routine cell prior to complete
release of the circuit from another

809 - 5. When the called party answers an NID call, a 750-ohm
battery is pliieed on lead blthrough the S relay to
ground. operating it. When relay S operates. battery is
reversed to the trunk circuit: this causes the SP _relay in
the trunk circuit to operate. The_other make contacts of
relay S increase_ the eap_acitaneCon_ both sides of the
transmission path from 2 mf to 8 mf.
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809 - 6. When relay C relests. its 10 and 11 contacts break.
removing the shunt from the AC winding of relay and
allOwing it to operate full?

810 - I. During seizure the selector places ground on the C2 lead
ofthe _applique_ circuit, operating the N relay:

810 - 2. During an NOD call, _contacts I and 2 of relay A3
transmit the pulses to the trunk circuit.

810 - 3. Miring an NOD Call. the low resistance ground at lead
C2 marks this circuit busy to other local. selectors.

810 - 4. When the called party answer during an NOD _call.
battery from the trunk circuit is placed on the SIDS lead.
operating relay 52.

811 - I. There are three possible sets of dirty contacts: 5 and 6 of
relay B.f. I and 2 of the rotary switch cam switch (MR).
or_l and 2 of the motor magnet interruptersAMM).
Burnishing the dirty_set of contacts will clear the trouble: ;

811 - 2. The A2 relay is not" operating because contact 23 and 24
of relay R or contacts I and 2 of relay S2 are dirty.
Fitirnishing- the _dirty contacts will clear the trouble.
Contacts I and 2 of relay A3 could be shorted, but dirty
contacts are more probable

811 - 3. This trouble has to be_a broken wire in the bank multiple
or a cold solder joint at the C2 lead. Replacing the wire or
moldering the bad joint will clear the problem:

811 - 4. Thetro_uble here is that the ON3 did not operate, because
the ON2 relay released immediately. Replacing capacitor ,

CI should solve the problem.

812 - I. With the trunk circuit idle, the K I relay (ASC unit) is
operated in the SF unit.

812 - 2. During an NODtall. the condition of the M lead changes
from ground to battery. causing relgy K I to release and
removing the 600-, an idle line

as
from the

XMIT side of the outgoing line as Well:as the 2.600-Hz
tone.

812 - 3. When 2.600-Hz tone is not received from the distant end.
the K I relay of the SF_ unit (control unit} operates.
placing ground on the E lead to the trunk: thii operates
the trunk circuit relay E.

812 - 4. Diode CR3 is in the path that operates the K I relay in the
SF unit (osc unit):

813 - I. A VF line amplifier consists of two identical circuits. A

constant
transmit am_plifier cecei ve amplifier circuit:

813 - 2. The impedance netw tends- O form a tO
impedance so that. regaidless of the position of R2 and
R4, the input impedance remains almost constant.

813 - 3. The low-pass filter restricts the bandwidth to that of the
normal voice band.

814- I. Either resistor_ RI6 or diode CR3 are bOn, preventing
the K I relay from operating. Replacement of the bad
component should clear the-trouble.

814 - 2. The reason there isn't a 600 -ohm termination across the
transmit side of the line is one of two things: (I) resistor
RI9 has burned out in a short or contacts of the K 1 relay
(osc unit) are open and (2) replacement of the resistor, if
bad. or replacement of the mercury relay, if the contacts
are open. should cure the trouble.

814 - 3. The trouble is probably that resistor R36 is open and
needs to be replaced.

1/4.

CHAPTER 3

815 - I. The purpose of the noise and balance test line circuit is to
test a line for return loss and singing. as well as
transmission measurement.

815 - 2. The reverse battery test line circuitis used for testing the
supervisory functions of the PABX trunk circuits and
interface equipment.

815- 3. the purpose ol-tha.end ;Alice loop around test circuit is
to make circuit_ stability and loop around (receive and
transmit loss) tests. 5.,
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815 - 4. The connector access number of the noise and balance
test line circuit is 41.

815 - 5. The end office loop around circuit provides 3
terminations: (I) 10 seconds of open circuit line
termination, with I second of 900-ohm 2-microfarad line
termination; (2) 10 seconds of short circuit linetermination; and (3) 900-ohm 2-microfarad linetermination.

816 - I: Dining release of the noise and balance test line circuit.
ON contacts I and 2 provide for th-e self-interrupted
return of the rotary switch to the home position.

816 - 2. If Z wiring option were used in-place of Y wiring option.
the termination would- he. 4 mf and no resistance.

816 - 3. Tube terminals 7 and 1 of a conducting T1 tube provide
the low resistance bridge across the line to cut off ringing
in the connector.

816 - 4. The 48 volts superimposed on the ringing current causes
the tube TI to conduct.

817 4 1. The termirwion provided to the connector_by the reverse
tatterytesfirne circuit during seizure is 2,000-ohis and 2
mf.

817 - 'i. The D relay operates first from ground on the C wiper of
the connector:

817
I

During the second ringing cycle the A relay reoperates=
closing a path to relay B. Contacts 9 and 10 of relay B
close a path to the rotary switch; this operates but does
not step.

817 - 4. Contacts 2 and 3 of relay D provide the ground to
operate the rotary switch the third time.

817 - 5. The G relay operates wtien the rotary switch r ases_for
the _third time and steps to the third contact. It rates
to the ground at contacts 2 and 3 of the operated rela

817 - 6: Relay E must be operated in order for dial tone to be
returned to the connector. Relay E operates when relay, F
is operated and when the rotary switch releases moving
its wipers to contact 9:

818 - I. The end office loop around test circuit enables the
AUTOVON technician to make one-way and two-way
transmission test _on each access line without the
assistance of the _PABX attendant. '

818 - 2. The line termination to AUTOVON, when.the connector
switches through to terminal 1. is 900 ohm 2 microfaradS:
when it switches through to terminal 2 the termination is
900 ohm 16 microfarads.

818 3. During a stability- test.- the TI relay releases every time
that the rotary switch TS is in the home position and its
ON contacts 3 and 4 are not made.

819 - L Connector terminal No. 2 is used to establish known dB
loss.

819 2. The 1,00041z lest tone Ls transmitted at 0 dB.
819 - 3. Resistors R5 through R9 do not affect the 1,000-Hz test ,

tone when Hie dB loss is being established. because relay.
TI contacts 4B and 5B are open.

820 - I. During the loop around test. the ring of terminals I and 2
are connected by contacts 5B and 6B and 5T and 6T of
relay T1 attth contacts 5 and 6 of relay LAC, The tip if
terminals I and 2 arc connected by comae 2B B
and 2T and 3T of relay TI and contacts 2 rid 1 of relay
LAC. Terminal I must be accessed prior to anal 2 to
perform the loop around test.

820 2. Rotary switch TS interrupter contacts I and 2 provide
the ground that allows it to step automatically to the
home position.

821 - I. The VTVM, kwith respect to AUTOVON interface
equipment. is Tked to measure decibels and voltage.

821,- 2: 7 he control signal venerator is used primarily to cheCk
the indialing capability of interface equipment without
the assistance of AUTOVON switch personnel

821 3. The electronic counter is used to measure frequency.

.4.*-
' .
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821 - 4. The signaling test set has a meter which tells You the
speed of the pulses beingreceised by sour equipment and
at what percentage of make and break the pulses allow
You to adjust bias control- of the SF signaling set:

821 - 5. The CSG allows you_ to _test your trunkS indial and
outdial capabilities with help from the distant end. while
the signaling test set requires people at both ends.

821 - 6. The audio oscillator produces the tones necessary for
testing and aligning the interface equipment.

822 - 1. A type I, operational check. PMI is to be used to check
the output of the DTMF keyset. The use of an electronic
counter is used to check the period of specified
combinations of depressed buttons and a VTVM .to
check signal output level. You would take this approach.
since no other position is complaining of a similar
problem, andatie DTMF keyset is the most logical source
of trouble. If you should find a problem in the keyset.
then you should perform a type 2 PMI and align it as
necessary.

822 - 2. A tvm 2 PMI (alignment and adjustment) must _be
performed. You will use an audio oscillator and a
VTVM..as well as the test leads-and terminating plugs, as'
outlined in the tech order. This is the only logical
approach to take.

823 - I. To _adjust the precise tone_ supply yoU will need an
49 electronic_counter and VTVM.

823 - DTMF keYSet.
823 - 3. SF signaling set.

CHAPTER 4

824 - I. Trunk plant and distribution plant.
824 - 2. By solid lines, w y beinterspersed with rectangles

which ;eines nholes. '.. f.
824 - 3. Undergroun ables are those inst igl through conduits.

buried cables ateplanted directly to the ground _

824 - 4. Aerial cables al4 represented by sold lines: buried cable
is represenhod by broken lines.

825 - 1. 01 to 99. -'L.
825 - 2. With the main feeder number plus a 2-digit suffix.
825 - 3. Cable pairs designation.
825 - 4. By the letter T and the building number.
825 - 5. They are marked on the map "TELCO."

826 - I. Series inductance and shunt capacitance._
826 - 2. Size of the wires and center-tocenter distance between

the wires.
826 - 3. Shunt conductance or leakage.
826 - 4. Resistance and senes inductance.
826 - 5. Maximum power transfer occurs when the impedance of

the receiver, source, and the line are all matched.
826 - 6. Loading coils are added to transmission lines to increase

series inductance of the line, This in turn. reduces both
attenuation and frequency distortion.

.J27 HUM.
827-2. Impulse.
827 - 3 Crosstalk.
827 - 4. Noise_ to ground.
827 5. Crosstalk._
827 -.6. White and impulse noise.
827 - 7: By using shielded cross connects.

828 - I. None,
828 - 2. FrequencN.
828 - 3. None
828 - Frequency and phase
828 - 5. Reduced
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CHAPTER 5 831
831

- 2.
- 3.

829 - 1: AN PSM -2 :\: 831 - 4.
829 - 2. Idle channel noise test. 831 - 5.
829 - 3. Station ground resistance test. 831 - 6.
829 - 4. Impulse noise test. 831 7.

829 - 5. FrequenC% respome test. 831 8.

829 - 6. DC _loop resistance. 831 9.

829 - 7: HP236A and HP355513: 831 -

830 - 1. Cable map. 831 -
830 -2. 3. '
830 - 3. Idle channel noise test. impulse noise test, find frequency 832 - I.

response test. 832 - 2.

830 - 4. Cable number and pair number. 832 - 3:

830 - 5. When different gauge cable is spliced into cable paired 832 - 4.

being tested. 832 - 5.
832 - 6.

831 - I. Operator E handcrank generator. 832 - 7.

AU OAFS. AL 184104611100

98.

Short together.
Discharged.
15 minutes.
50 slBrn.

ohm.
Just range -,artett_rintii the s do:

Test OS-dilator HP 236A.
Grounding electrode or station ground.

0idBrn
Ilhd 4 dBrn
Hi 84Brrt
If cable N19ded or nonloaded.

Good.
Good.'
YeLdess than 90 hits.
15 Hi hits, 15 minutes at "2 dEitrie.
Nbiie le,;e1 is greater than 40 dEirne.
10 percent; 20 percent.
5.
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IIMTAILLING NOTES.

- EQEIPMENT LEASES THE FACTORY BIKED
FOR !I106-011114 ()Errs" IN '400 OHM OFFICE .
ADD WIRING "G".

IT - IV _STATIONS, _DO NOT DRIECTLY _DUEL IP/WAND
NOR-OUTWARD IATTINDANT HANDLES ALL
TRAINEJED CALLS/ IN FIGURE IA REMOVE
WIRING

II -HOMO-A- W-LSED-WITH_EQUIPMENT_NOT
MADE IN Tar uNiTrarrAILE OF AMERICA.
YOU MAY NAVE TO REMOVE ALL 4 STRAPS--
III. U2. 13. U4.

1$ - *MIN FIGURE 2A IS EQUIPPER -HUT INCOMING
SELECTOR IS NOT MEW IN FIGURE _IA.
REMOVE STRAPS "B" AND ADO STRAPS 'A"
DISCONNECT AND INSULATE TEE WIRE AT
RELAY PIS APJUNG 45. AND THE *IRE AT
RELAY INS SPRING II IN FIGURE 2A
DISCONNECT AND INSULATE THE %IRE AT
RELAY M II:114. COIL TERMINAL. AND THE

ME AT RELAY DE SPRING 4.

103 WHEMIW15460-A IS_CABLED DIRECTLY TO
NEARS! 14-1150429-A CM EQUIVALENT wITI4-
OUT CAMEL OR SICRIAL_CIRC OLT. REMOVE
AIRINGS 'e* 'N" AND ADD MIRING '0"
TIM GROUND POTENTIAL DIFFERENCE
BETWEEN UNITS MUST RE NEGLIGIBLE.

VI

C0Am 2.0._ to trI
Plow. a

rK.1 i4 matMONO

ISMIYISMO 111010

- WHEN REPEATING COIL PER FIGURE RC
CIRCUIT-R-15497 OR-EQUIVALENT 13
SPECIFIED._ OMIT STUBBINCE F 1i G.
AND ADD M (RING "AE-.

COMM eau,.11Co... nos JAN Sle
rjeEt.:* 11:.".1OZ When Corgat "I"

....41.01. OM./111- ....SLOW Ase11--,
COACIIsc

MILL SWIM

,-.01Lth,C e111C,41.

ED 2 F;31.
-4-0
AIMS go* Mr Cr ZOO "t°.k So

COLS

opoutS I

Co 00.-
70- ..V woo. 7 1.190, ,ccomsi

glANIMAIC TURING, NOTES:

- CONTACTS "X' MAKE FIRST

It*- ISSUES I-II. ALL DIODES *ERE FU-1029-DF
ISSUES 12 LATER. ALI. DIODES NOT OTHER-
A ME SPECIFIED ARE ED-ICUS-M.

- STRAPS-±AA-". "AC-. 'i.AD-NORMALLY_PRO-
VIDEll TO CNTAIN REQUIRED PERCENT
HREAK. ADD ORS UT STRAPS "AA" '.All
=AC "- OR REQUIRED. EACH 2000
0.1bLiAIFECTS THE_pERVENT BREAK
APPROXIMATELY 121-211

FACTORY CONNECTS STRAPS-"U1-. -U3".
--B4*,* and -11- (NOTE ?M.

- FACTORY OMITS WIRING "G"

- FAcToittcotetEcTs STRAP -FT* UNLESS
FIGURE IA IS SPECIFIED.

- FACTORY OMITS STRAP '1C" IF FIGURE 6A
IS SPECIFIED.

I - ENSORDERING FIGURE 25A ONLY.
THE FOLLOWING DIODES MX JLOCATED
ON-TERMINAL BOARD ASSEMBLY
D-35532 -AL C RI TO CR24 IN Premons
1 TO 24: CR41 to CR45 P4 POSTTRHIS
25 TO 29; AND CR5I IS IN POSITTON 30

EOM=
0140ER A4 g-351172 Ets 56A

PRECEDENCE

IP

1441r A,Vj
TWIG

BUS Ta

TO-
FIGS
JA

SA
BL

HI*

AA's ga- ____Ho
A

0
TNSI _ IL FIG 6A

"17201S OILY

y wow FIG SA

MAINTENANCE AND OPERATION NOTES:

90 -PTIATITI_PT MOAMAR/1TX BE ALEIUSTED
THE FIELD TO NA Vi THE FOLLOWING

RELEASE INTERVALS. RELAY PT-2110
MILLNECOWEILIEUNDIUM RELEASE_TIME.
RELAY SR-240 MILL33ECON00 = 20 MS
RELEASE TIME.

11 - wrrs "SIMPLIFIED" 'Eau) CpiCurr.
USUALLY ATTENDANT-CAN DIAL OR
TOUCH-CALL 711./I0 7TRUNICAREAR)
PLUG (ONLY). AND IT "TRUNIG, (REAR)
PLUG It MED IN FIGURE JK2'
.17.1EISIDUCTINOOft TRotttraACk_

ATTENDANT NEED NOT LEE "DIAL- JACK'.;;

WILIN_IIMPL Unit) CORD IRCUIT'S
___*TRUNIC. (REAR) PLUG HAS SEEN USED

WA/4MM CALLER. _SO 'sTAT( ON"
ZFRowr)_ WAX _MUST DIE USED IN FIGURE
AO "TERMINATING OR TRW' JACK.
ATTENDANT DtALs TOUCH -CAilll
THILILANOTHER CORD CIRCUIT'S "TRUNK"
(REAR) PLUG IN FIGURE JKS "DIAL- JACK:

13-ATTENIWINT_ELQ5 ANSWERS D HOMO-A
WITH SIMPLIPIED CORD CIRCUITS "TRUNK"

CALL-N-TO RE EXTENDED
UNE. LACKINDIXAL JACK._

'CHANGE CORDS" BECAUSE
"TIMELIC7 (REAR) CORD.

i.
64,au6Px'ZIWA.

92 - NOT CONNECT TEST LAMP OR TEST
RECEIN ER TO TERMINAL 7_OF TIMERS
TI AND T2. AS_ THE LOW RESISTANCE
OF TEST LAMP OR TEST RECEIVER
WILL INTERNALLY DAMAGE TIMER.

664

TERNS, NOT
AL ARTS USED

ca

TS

FIG. 6A
p0001111104. MOAT

(TALE Al

LO_ HI
/s

nao
C/N

TO
FIG
IA

a
DI Il I

0

S
_

1%

I IL II

Ra

RI

K 2
SG) 1"

Rsa

ENGINEERING NOTES:

j-/E
B

.t/

ROC gpc PIA JKI
OR ./K4

TO FIRS0 It.

R30 _

9 PR/

161744411V

,;11,
S
"49:1:7A

NOT
US

51 ENGINEER SHALL SPECIF_I_ FIGURES _
PER TABLES A_A_NR_b -SEE FIGURE AA
AND AB FOR TYPICAL CIRCUIT LAYOUT.

52 - FIGURE IA NORVALLy NIRED WITH C
STRAP FOR -US IC'OF THIS CIRCUIT WITH
LENKURT CARRIER TYPE 45 OR ECRIVA-
LENT OR CX DX SIGNALING FACILITIES
ENGINEER SHALL INSTRUCT THE DISTALLFR
TO CUT "C:' STRAP AND ADD 'D" sTRA P
WHEN THIS CIRCUIT IS USED WITH I.ENE URT
CARRIER TYPE 33 OR EQUIVALENT

53 - FIGURE IA NORMALLY WIRED MITE "Y"
STRAPS ENC.INVER SHALL INSTRUCT
THE INSTAI.LER TO CUT Y STRAP
WHEN USED WITH FIGURES 4A OR-5A

54 - FIGURE IA_NORATALLI WIRED WITH "X'
STRAP. ENGINEER SHALL INSTRUCT

- TIM INSTALLER TO CUT ;. STRA P
WHEN USED WITH FIGURES 3A. 1A. SA.
OR IA. (SEE -NOTE ?I

55 - FIGURE IA NORMALLY WIRED WITH
"W" STRAPS. ENGINEER .SHALL INSTRUCT
TRE_INSTALLER TO CUT "W" STRAP WHEN
USED WITH FIGURE ?A.

56 - *-REXINCINSIGSELECToR IS,NOT
PROVIDED. ENGINEER SHALL - INSTRUCT
INSTALLER TO CONNECT 'Ns"WIRINO
114 FIGURER IA AND3A 4A_ORSA.

ST - FIGURE-4A-NORMALLYIN IAV4ITH "S-
AND 7T7 STRAPS-_ ENGINEE. SHALL
INSTRUCT THE INSTALLER TO CUT r
/TRAP-A NOGROUR-D -KIM- WHEN-CORD
CIREDITJ4-71422 QR EQUIVALENT IS
USED: UNSTATION TIIRE-CORD DIALING .

IS itscuttiett Cu/ "S" STRAP.
58 - FIGURE rA NORMALLY_WIRED_WEIR :"PR"

STRAPS AS SHOWN -ON ALL RID AND ENID
aNLLS. FIRST -DIGIT -ALMA VS-STEPS-SWITCH
sum MAIIX CALLS _PRIORITY 11F ANY).
0E4 04C01ING PRIORITY CALLS TOA CALLED
STAT/ON THA-TIS BUSY OR-DOES-NOT ANSWER
(WITHIN_12 To ISSECONDSI. THE CALL
DIVERTED TO _PRECEDENCE ATTENDANT.

59 - FIGUROIANORMALLY_ WIRED WITR-ar
-'.STRAP FOR IIATTERY SEARCHING SELECTOR
-ACCESS. -ENGINEEFISHALLINSTRUC-T THE-

.,,,ZINSTALLER TO CUT 711,V STRAP WHEN THIS
CIRCUIT IS ACCESSED NIT ABSENCE OF
GROUND SEARCHING SELECTORS.

;4.44..-,FIGURES IR. AND 5A NORMALLY WIRED
` -WITH AL! MS FROM -MORES J I. JX2

TEERUNATECUON TERMINAL L1.- ENGINEER
SHALL INSTRUCT THE INSTAL R TO WIRE
ALE- LEAD- FROM -- FIGURE -7A TERMINAL LI.
WHEN ANSWER OF RECALL _L AL IS Tte.
APPEAR AT RECALL POSIT

61 - FIGURE IANORMALLY_WIRED WITH
STRAP. ENGINEER SHALL INSTRUCT ,

INSTALLER -TO CUT "TY" STP.A P WHEN USED
WITH FIGURE 5A.

62 - ORDER PRINTS> H-850615-A FORTArOsAER'S
FILES.

36251 05 $03 7606 Foldout 31..Tw1>I PABX Wterface, trunk circuit.
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1

VOLTAGE AND RESISTANCE CHART. CONTROL, UNIT

TEST POINT
RnISTANCE

1011111)

VOLTIVDC

N AND 91 LEADS
AT GND

_._

N AT GND N QPE
MAT -44 VDC MAT GND

_ _N-OPEN-
MAT ;41__VDC

Q1 E M =Ea
Q1 BASE

Q1 COLLECTOR

Q2 EMfTTER

Q2 COLLECTOR

Q3 EMITTER
Q4 EMITTER

Q4 BASE

Q4 COLLECTOR
Q5 COLLECTOR

96 11062
Q6 ebELECTOR
Q7 EMITTER
437 BASE

COLLECTOR
QS BASE

GIS COL LEETOR

21 PIN 2 *
?P1 _PIN i

Z1 PI 10

2 1 PIN 12
_ .

21 PIN 9 '

Z 1 PINT

21 PIN 8

21 PIN 6
Q8 BASE

QS COLLECTOR .
Q10 BASE .

Q10 COLLECTOR
Q10 EMITTER

QI I BASE

gi 1 COLLECTOR

E I PIN 11 V. ¶
E 1 .PIN 4 " ..:

JUNCTION R AND C13

It

0.9K .
1 MEG

10. 5K

2.2K
2.2K
1.6K
7.5K
3.8K
5.3K
2.1K
2.9K
7.2K
0.15K
6.3K
I. 6K

4. -OK

1.3K
4. OK_6.70)
5.4K 1

'5.5K
"WW1_ 5.-5K

ICHAV) 3. 1K

"Mkt) 5. OE
MCW1 4.7K

3.2K

12K

8.6K
4.7K

IC 714

2.2k
0:23X.
2.13K

1.32(
0.65K

1.6K

21K

'

-

;0.411

-1.0
-8.1

-16.5
- 17.1'-
-US. 4

-0.84
-17.2
-0.7

-16.8
-17.0
-0.42
-0.66
-0. 44

-0.08
-17.8
.16.6
.13.3
-15.2
.15.2

:17.2

-17.0

-17.0

-13.3
-16.3
-17.0
-1.1_
-0.45
-0.43
-0.23

-46.0

-17.2
-17.2

9,-v.

-0.115

-1.0
-B. I

-11. o

-16.5
-17.2
-1E.4
-8.4

-17.2
-0.7

-17. 0

-17.2
-0.425
-0.66
-0.44
-0.06

-17.6
-16.9
-13.5

. -15,2
-15.2

-17.2;

-17.0

-17.1

-13.5
-16.5
-17.3
-1.1"
-0.85
-0.83
-0.23

-46.0
-12.8
- if z
-17.

M

-0.85
-1.0
-4,1
-8.0

-1 ..TTT

.`-.. -7.8
-4.4

:14,3
.42,3
-24.6
-17.2
-0.58
-0.01

-16.3
-0:75
.45.5 .

-14.0
- O. 2

-16.9 '.
S. q_

13.

:15. 4

"MVO-I8,-0
1 (Ccw) -13.5

-17.0
-17.0

-.0.01
-0.01

- -18.6 f
-2.5

A -..-!1 -2.75
: 4,, 4

-fr4
-17,,2

4sigiti

.' -1.0141f.)

-8.0
. IC 5

-17.2 '
-7. 8

78.4
V -16,5

-12,3
-24.6
-0.02
-0.511_

-:0.90
-16.5

_ .
-O. 75

-0.5
-14.0
-1 7.2

6
41

9

-16.9
.

-13. 5

-15.4

(CW) -16.-0
MC 9/1- 13.5

-17.0
-17.0
-0.01
-0.01

-18.6
-2.5
-2.9
-2.15

-12.8
-17.2

. -17.2

33'

Foldout ba.



3.

VOLTAGE AND RESISTANCE CHART. VF -03C UNIT

, TEST POINT

0
RESISTANCE

(OHMS)

_VOLTS DC
_

N AND M- LEADS
_AM GNP

N AT-GED--
_244 AT -41 VOC

-I4OPEN__
M AT GND

_ N -OPEN
MAT ,411 VDC

Q I EMITTER

Q1 BASE

Q I COLLECTOR
r

Q2 EMITTER , .,

Q2 BASE

Q2 COLLECTOR

Q3 EMITTER

Q3 BASE

QS COLLECTOR

Q EMITTER
i
Qi BABE

Qi COLLECTOR

Q5 EMITTER

.
Q5 BASE

Q5 COLLECTOR

. I. 7*
2IC

1.75K

35K

22E

27IC

7. 5K

8. 5K

SOK

4K

- 2. 71C

3.; 8K

1 (CW 1 2. 4K

1 (CCW) 2. OK

f (CW) I2K

1. (CV/W) 3K

1 (CW) 1. 5K

1 (CCW) 2. OK

1.5K

f ICW) 2. 5K

1 (CCW) 2. OK

0.2K

I5K '

I ..75E

.

D.

A,

.. .

-2. 96

-3.2

-17.0
_ _
0. 0

O. 0

-15. 5

-46.0

-45. 5

-44.0

-0.68

-0. ae

-46.0

-.3. s

-3.4

.

-16. 7 .

-17.3

,

*
-3.3

-13.5

-17. 3

-3.0

-3.3

-17.2

-43.0
...

-37. 5

-37.1

-46.0 +

-0:08

-46.0

1.s. _,

It
:3.-.4,%

-.
_I,T..i' '

11. 7

-17.1

-16.7

:J.V
-111g4

-17:3

-3. 0

-3.2

-17.0

0.0
-.

O. 0

-15. 5

, 0..0
, 1

0.70

-1. I

-0.96

-3.3

-3.4

-16.77

-17.3

-

-15.5

-17.3

-3.0

-17.2

-43.0

. -37. 5

-37. I

-46.0

-46.0

-45. 8

-0.70

-1. I

-0. 96

-3. 3

.

-16. 7

-17. 3

-I6-. 7

-3.3 ...-

-17.9

-17.3

'Q8 EIffiTE

-,-3,-"r.. ''.'

A, .

CTOR

JUNCTION (13 AND 119

PIN 3

NOTES

ALL MEASUREMENTS TAKEN WITH RESPECT TO GROUND JPI)

2. ICW) AND ((CW) INDic KAT MEASUREMENT IS TAKEN WITH RCV LEVEL CONTROL R24
ROTATED FULLY C rOR COUNTERCLOCKWISE. RESPECTIVELY.

6170

rolaouf 6 b.

b35



( W111

0,4 4.

r.01
fr

Vla

O weal o au.%
0 f.C., 00.1. ,,11.
O ',MY, ".11 0.4111

1::=1., 1010
SAL ,..4/.06. .

.644'14.,:!.. M.A.. .
4 jP.

.11

41'amrs A-

44. Aso,.
gal M ...am

.
-7...

Foul 601 signaling set, k diagram.

Ipe"I .._'.7.r. ' CS"_.-

e-Z4 ,
...,,^,r

" 1



1

op.

YUI.TAI;1 AND NLASTAKE CHANT

11N111111

yl
. .

1.1A4

yi mart.

oil:6111c 1.91

W 1lAhl

0, 1 MIT 11.11

W 11111

tj) WHIP

ft11 (.1014

VULTS DC
111.110TAKE

10111111_- --
.1 1

.1 1

111

.11,1

11 1

.11

,1

.1 0

01450

110

Iwo

iwo

Iwo.;

goo

10

1400

41 HAS! , 1 1 00110

44 imartH .1 1 itii

ot I 1 ChM 11 5 1100

45 !IAA II S Iwo

I 111[11 11 I 1101

tj0 11014 .3 1 SOO

1 14111411 .11

yr. CoLlICTuN 1 0 , ; 1100

01.1. MT 1111111 MTN TS TAIO PI WITH 1113PECT to cuouwu

M0

two

iS

m0

00

3

m0

m0

04011.1 - 14

672

SI

4w
OMIT

.

IOU LIMI ,Cu
ALT

AS
T

Nil 743

-I

0

0 0

Seifl

_4W
XMIT

(Tr

TERM SET

10

A4 ATI

L_4_

10111A-100,... low
11114-100.. 2 MIK

0 1

0T.

4

1



4VIL

XMIT CT
liNi

414

.244

GAO

-4W

RCV CT

loan

0 0

0

1,1 Als
LA. su

0

Tv_ 400,

ma AI

100A,

Lig
T111

435 41

150 tw 40.2

-A34

-244

100 (II
130.314

707411-

iM11

120

1 204)

(.4

1 It" 1P146i-

CSj' (g 16014

o4 PONT

2N10

Nu OFF

-130-

Cii

00.20v

TO

.244

(A.
m4313

AMP

1,2
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Multiple Choice

(800) What services are available to automatic voice network
subscribers?

a.

b.

c,
d.

Four-wire; data transmission, and off-hook.
Data transmission; off-hook, and conferences.
Off-hook, conferences; and_four-wire.
Conferences, -four-wire, and data transmission.

2. (800) A dual-tone multifrequency (DTMF) oscillator provides -

A. a 2600-Hz tone to mark trunks
b. the precise tone forpraemption.
c. the tones for network inward dialing (NID);
d. four low-frequency and four high-frequency tones.

3. (801) The purpose of the interface equiRme8nt and related circuits is,.to

interconnect

(AUTOVON)

a; AUTOVON circuits with PABX circuits;
b. AUTOVON equipment with the-networks.-
t; CONUS circuits with overseas networks:

:d. AUTOVON ringing current to PBX telephones.

(802) When the handset of an AUTOVON 4-wire telephone is lifted (off-hook), the
_

a. M-leadis 48 volts- positive., d. E-lead has a negative potential;

b. E- and M-lead are both positive. d.-,P (4-lead- has a negative potential.

A

1802). With the_handset of the four4dre telephone^in'the cradli, what potential
marks the PABX bask trunk circuit idle to the single frequency (SF) signaling
set?

a. Battery on E-lead.
b. Ground:on E-lead:

c. Ground on M-lead.
d. Battery on M-lead._

(802) In the on-hook condition; the SF signa3, ng unit

a. plates ground on the 'M-fead.:
b. places battery -on -the M-lead.
c. sends 2600 Hz to the AUTOV N switch. _

d. sends 2600 Hz to the basic runk

7. (803) -Refer-to foldout 3. Figure 2A is normally Wired
circuit so that the CONUS AUTOVON can be. used to complete

ti

with the basic trunk

a. SWBH,-,precedence ;outgoing calls.

b. PN/D-Calla.

d. NID dallS.
NOD calls.

8:(808)Refertofoldout2;When'the_caning PABX subscriber is_dialing on an
AUTOVON NOD call;

a. relay C follows the dzal pulses.
b. the answer lamp on JK2 flashes withthepulses_
c. relays_B, ON and C remain operated during pulsing.
d. relay E sends the numerical information to the signal circuits.

6S1



9. (804) The seizure of the incoming selector on a network inward dialing (NID,

call is completed by the operation of

a.' relay IN. c. relay DE.
b ;' relay E. d. relay C.

10. (804) What,_prevents the first-digit received from AUTOVON from stepping
the incoming selector on an NID call? (.3

a. E contacts 6 and 7. . -C: DE contacts 5 and 6.
b. ES contacts 2 and 3. ' d. IN contacts 4T and 5T.

11. (804) If rotary switch access is used for the basic trunk circuit, the circuit
is marked busy by

a. a ground on C -lead. C: the absence of a ground on C-lead.
b. a gr9und on HU-lead. d. the absence of a ground on Hu -lead.

. 11' - ' . 4

12. (804) Refer to foldout 2. During an'IID callthe wink-start signa,on the
M-Iead is controlled .ty_

,,
. n

)
a; A cbtZacts, 5,and 6. c. DE contacts 5 and 6.
b. WK contacts 3'and4.: d. SD contacts 12 and 13.

,-----
. ..

-(--'

13. .004) Refer to foldout 3, figure 2A. The first digit on an NID call wills
pulse

-

:..

A ---

''.

''

a; relay A. c. incoming selector mechanism.
b. relay G.

4

? d. rotaryswit0 RS1.

14. (804) Refer to foldout 3. The first relay to operate on an NID call is

a. relay A.
b. relay E.

15. (8014) Refer to
ND call is

a; relay
b. relay ES. d. relay E.

16. f804)--When-the called party answers an NID call, relay SP in the tritk
operates from

a. the operation of c. the'called par.cy_hanIg up.
b. the operation of IN: d. reverse battery from he connector.

(804) When the called station answers an NID call, which relay operation -
covletes a circuit to the distant end equippent? ] '

a."Relay E. AC c.' Relay ESS.
b. Relay SP.. d. Relay SPS.

18. (805) Us,ing foldouts 2 and 3, what causes the-incoming selector to step in
response to'the first incoming digit?

foldout

relay IN.
relay JNP.

3. The relay that pulses the incoming selector on an

c. relay-DE.

a. Contacts 6 and 7..a relay E are shorted..i
b. Contacts 6 and 7 of reIay.E.are dirty. '*4

e. The 5-6 winding of t,he hybrid (trunk side) is;'open,
d. The 3-4 winding of-the hybrid (trunk side) is shorted

k
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19. (806) What relay'lights the_precedence busy lamp during a precedence outgoing
call from the attendant's cabinet? J .

a; PR:

b. AS.

c. SPS.
d. PSL.

20. J806) What relay provides an alternate-path to keep the precedencebusy lamp
lighted until the trunk is released at both ends from a PNOD call?

a. A.R.L c. PSL.

b; PR. d. PRY.

21. (806) . During a precedence' outgoing call from the sWitchboard; the'operate
path for the PT relay is through contacts

,,. a. 4,and 5 of relay SR. c. 8T and 9T of relay PSL.
b. 2 and 3 of relay ES. d. .3T and 4T of relay PSL.

.
.

...

22; (807) Which relay operation connects precedence ring babk tone to AUTOVON?

a;, Relay OP. c. Relay AR.
b. Relay P2. d. Relay AL. ,

23. (807) What isthe.period-of time that a precedence network
(PNID) call will be aiverted'if the call is unanswered? .'

. _

inward dialed

a% 12- Second start. S-second start.:
b. 27second start. d. 1.2-second start,-

24; (.1i07) The transfer of a. PNID call which is not answered will cause the
precedence

to

a, busy lamp to light constantly. c. )apswer lar'to flash at 120 IPM.
b; answer lamp to flash at 60 !PM. d. busylamp to flash at 120 IPM.

25. (807) ._What relay.acti..on changes the condition of the M-lead when the operator
first. disconnects from .a diverted PNID call?

a. A. releasing. c. AR operating-.
b. C operating. d. OP1 releasing.

26. (808) Refer to foldout 4; When the operator depresses button 8-on .the DTMF
keyset and only the high-frequency tone is transmitted; the probable Absei.
of troubleis that capacitor

a. Cl is snorted.
b; C2 is open; .

k,

27. (.809) Refer to foldout
selector?

5. What type

c. C4 is shorted..
57 is op0..

of pulsing is Aied to the incoming,

. Tone. c. -Ground;
,

. Loop. d. attery.
. .

28. (809) :What happens to:relaysA; 13,1'; and D if the calling arty hangs up
. .

first followingapNID call ?`

a. Reverse battery from the' Connector releases SP in H-7.5650;
,

b. A2 operates and restores the) circuit.
.- The A relay is:all that releases;

a. None of'-the above. _



_ 29. (810) Refer to foldout 5._ What means is used to seize circuit H-75690-

a. Tone.
b. Loop;

c. Hie resistance ground.
d. Battery.

30. (811) Using foldout 5, what would be the results if capacitor Cl in circuit
CRE-62081-B were open?

a, No calls would be processed.
b.1 ON2 would release too slowly.
c. No adverse effect on the circuit.
d. Circuit Could be seized before being release:

31. (812) In the receive section of the SF signal set; when relay K1 operatesi a

a. ground is placed on the E-lead to the trunk:
b. ground is-placed-on-the-M-lead to the trunk.
c. battery-is placed on the E-lead to the trunk;
d. battery is placed on the M-lead to the trunk..

32.- (813) Resistor R36 of the VF line amplifier provides

a. -24 volts DC.
b. -48 volts DC.

c. 600-ohm idle line termination.
d. 900-ohm idle line termination.

33- (814)i Refer to foldout 9. What is the probable cause of°a trouble if the
oscillator unit relay Ki in the SF unit fails to operate when\the trunk is
idle?

a. Diode CR3 is open. c. Resistor R16 is-shorted.
b. Resistor R15 is open. d. Dlode-6 CR3 is shorted;

34. (815) The access number normally assigned to the noise and balance test line
circuit is

a. 21. c. 31.

b. 22. d. 41.

35. (815) When using_the reverse battery test line circuit, how long will the
continuous on-hook supervisory signal alarm after dialing access to' the reverse
battery test line circuit?

a. Off-hook for 5 1/2 seconds and on -hook for 2 ieconds,
b. Off-hook for 1 1/2 seconds and on-hook for 1/2 second.
c. Off-hook for 1 1/4 seconds and on-hook for 1/2,i second.
d. 120 /PM flashes;

36. (815) When using the end office loop around test circuit; how long will the
AUTOVON teohnician receive an open-circuit line termination during the stability
test?

a. 1 second. c. 10 seconds.
b. 5 seconds. d. 15 seconds.

37. (815) When the end office around test circuit is being used, the AUTOVON
technician must access connector terminal No. 1 prior to Connector terminal No. 2

to

a; make a stability test;
b. complete a loop around test.,

access the 1000-Hz tone supply;
d. establish the dB loss of the access line.

5 _
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38. (815) -When-using the end office loop around test circuit, AUTOVON 41.11 receive
short-circuit line termination during the stability test for

a. 1 second. c. 10 seconds.
b. 5 seconds. d; 15 seconds.

39. (815) What load' is used to terminate connector terminal No 2 when seized by
a technician to perform the loop around test?

a. 500-ohm, 2-microfarad. c. 900-ohm, 8-microfarad
b. 600-ohm, 4-microfarad. d. 900-ohm, 16-microfarad.

40. (815) What operates the off-normal springs of a rotary switch when the
wipers are at normal?

a. Off-normal cam lob.
b. Ratchet stop spring.

c. .Off-normal armature.
d. Off-normal lever arm.

41; (815). The completely automatic sequence of operation for the rotary switches
used in the special test circuits is controlled by

a. 60 IPM ground.
b; 120 1PM ground._
c. the rotary swi h interrupter contacts.
d. all of the abode

42.. (815) To complete a stability test, the'AUTOVON technician must access
connector terminal

a. No. 1 With the N4ess line of the known dB loss!
b. No 2 with the access line of the known dB loss.
e. No. l prior to connector terminal No. 2.
d. No. 2 prior to connector terminal No. 1.

.43. (815) Using the three-arm wiper arrangement on the rotary switches in the
special test circuits, the bank contacts are traversed by

a. one fourth revolution of the wiper assembly.
b, one third revolution of the wiper assembly.

4..ve.4 one half - revolution of the wiper- assembly.
d. one complete revolution of the wiper assembly;

44.= (815): The special test circuit that employs the one-arm wiper arrangement on
the rotary switch is

a. noise and balance test line circuit.
b.,: reverse battery test line circuit;
c. end office loop around test circuit.
d; ;line termination test.

45. (816) Refer -to foldout_6.__In_the noise and balance test line circuit, the
conduction of vacuum tube Tl simulates

a. tin-hdbk supervision.
b. ringing of the called party.

c: called party answering=
d. battery reversal.



k.

46. (816) , In the noise and balance Test line, circuit; the homing circuit for

rotary switch (RS) is opened by

a. TR contacts l-and 2. c. INT contacts 1 and 2.

b. INT contacts 2 and 3. d. ON contacts 1 and 2.

47. (817) In the reverse battery test line circuit, the operate path for rotary
switch (RS) during ringing current from theconnector is controlled by-

a. relay C.
b. relay A.

relay B.
relay D.

48: -(817) The reverse battery test line circuit is marked idle by

a. absence of ground on lead CN.__ c. (-) battery through relay D.

b. (-) battery through resistor R2. d. ground on lead C11:,

49. (817) Refer to foldout diagram 7. In the reverse battery,test line circuit,

relay A is operated by

a. DC, loop across tip and ring. c. shorted test jacks land 2.

b. ringini-current. d. negative battery on (+) line.

50. (817) Refer to foldPUt diagram 7. Dial tone is returned from the reverse

battery test line circuit

a. upon seizure -of the test circuit. c. during each on-hOoktignal.

b. after relay G Opei,atet d. during each off-hook signal.

51. (B18) The end office loop around test circuit is marked idle at connector
terminal No. 1 by

a. 75esistance battery through relay LAC.
b. resistance battery through relay CL1.
c. absence of ground..:
d. ground on the B lead.

52; (819)_ When establishing_ known dB loss:using the end office loop around test

circullt, the AUTOVON technician would measure the

a. ,resiatance of R-4.
b. capacitance of C-1 and C-5.
c. 100D Hz, 0-dB tone provided by the TTS-398.
d. total resistance of R9, R8, R7, R6, and R5.

53. (820) *Refer to foldout 10. Whenestablishing knOwn dB lottet and Using the
end Offide loop around test circuit, relay TT

a. is permanently operated:
b. holds through contacts 4T/3T of.CL2.
d; pulses from The C-lead. _

d. is operated for 10 seconds and released for 1 second.

54. (821) The test set Whichlihould be used to measure frequency is the

a. control signal generator.
b. 26A test set.

c. electronic test lamp.
d. electronic counter.

55; (821) When maintaining interface equipment, decibel levels are checked

a. with a vacuum tube voltmeter.
b. With a control signal generator;
c. with an electronic counter.
d. only during NOD calls.

7

6s



ds

56. (821) The vacuum tube voltmeter is used primarily: to measure

t

a. resistance and voltage. c. voltage and decibels;
b. current and decibels. d. decibels and resistance.'

(821) An audio frequency oscillator

produces tones. c. measures frequencies.
b. measures tones. d. produces square waves.

58. (821) To check the overall quality of a transmitted signal to andfroMthe
switching center; you would use

a. a transmission test set. c. an electronic counter.
b. a signaling test set; d. a vacuum tube voltmeter.;

59; (821) The electronic counter is used primarily to

a. count dial pulses. c. measure frequencies.
b. control counters. d. measure electronic voltage.

60. (822) What type of routine do you.perform when you wish check the frequency
of the single frequency (SF) signaling set?

a. Type 2. c. Operational, --,

b. Type 3. d.Alignmentandadjustent.

61. i(822) What test equipments are required to perform a type I PMI on the DTMF
keyset?

a. Audio oscillator-and-VTVM.
b. Electronic counter and VTVM.
c. Audio oscillator and test lamp.
d. Electronic counter and audio oscillator.

6S. (822) When performing _a type I PMI on. the DTMF keyset, the electronic counter
is set up to measure the

a. frequency of each tone. c. period of each tone.
b. level of each tone. d. voltage of each tone.

63. (823) The dual tone multifrequency (DTMF) keyset is normally aligned

a. monthly.
b. at the factory.

c. with the power turned off.
d. every two years.

64. (823) In order to properly adjust the precise tone supply, you would use
the VTVM and

a. DC power supply. c. DTMF keyset.
b. electronic counter. d. screwdriver.

65. (823) When adjusting'the VF line amplifier, you will need assistance from
personnel at

a other shops. c. the distant end;
b. the switchboard. d. the receiver site.

8



66. (823) Single frequency (SF) signalling units for your equipment are located '

in the

a. central office, if you are located in the states.
b;' AUTOVON switch. ___

c. tech-control facility, if you are located in the states:
d. central office if you are located overseas.

67. (824) What type. of cables are used to connect main feeder cables to distribu-
tion terminals?

-.-

Trunk cables., c. Distribution cables;
Feeder cables. d. Interlocal trunk cables.

68. (824) Which type of cable plant is leaSt susceptible to damage?

a. Buried. c. Underground.

b; Aerial; / d. Branch feeder.

69; (825) Which of the following symbols will never be found on an underground
cable record?

a. Central office. c. Manholes.
b. Cable number. d. All of the above.

70; (824) When using_a cable map what indicateS the difference between aerial and
underground cable?

Rectangles for manholes on underground cable.
Underground cable -is shown as a dotted line.
Circles for manholes on underground' cable.
Aerial cable is-shOwn as a dotted line;

c.

d.

71. (826) What unit is used to measure transmission loss?

a. Attenuation raion. c. Decibel.
b. Milliwatt. d. Volts.

72. (826) The characteristic "edance of a transmission line depends upon the

a; length of the line. _

b. load-placbd on the line.
c, internal impedance of power supply.
d. distributed constants of the line.

73. (826) What is the prinary reason for impedance matching?

a. Reduction of attenuation.
b. Provides for maximum pdrer dissipation.
c. Provides the most efficient circuit operation.
d. Gives a maximum transfer o power.

74. (827) Impulse noise can best be eliminated from cable circuits by

a. use.of line-amplifiers..
b. use of pressurization, _

c. careful maintenance of central office equipment.
d. shielding mechanical devices.

9
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75. (p27) ta13a44
nditio

a.. InductiveAcapAc 1,ve catpli

b. Diffe4ntial-voatageeen t Conductors.

c. Make441414;break cdntA tP,Iin switching, and signaling equipment.

d. MoistuiNerandAineraP'silis in damp cable.

76. (828) VA
l

ohe of the following conditions is a characteristic of .a
tte.

t likely result from which one of the following

frequencydistorted transmitted*ave?

Higb-frequency component-1s attenuated more than the low-freque
component . '°-,---,

b. Low-frequency component is atten ted more than the high-frequency
component. i

c. The low-frequency Component phase shift is less than the high-frequency
phase shift.

d. The phase shift is directly proportional for both fbeqwency components.
_ -

77. (829) What test equipment is required-to perform an insulation resistance
test?

a. AN/PSM2A. HP 236

b. AN/PSM6A. d.- HP 35

78. (829) The primary purpose for miking an impulse/noise test is to measure the

a. electric impulses at the transmitting end.
b; disturbances with abrupt changes andpfs ort_duration.
c. amount of eiectrical-noise present on th cable pair.

d. loss occurring because of feedover from ,nother souce,

79; (829) The purpose for making the idle cha nel noise test is to measure the

/ .

a; loss occurring because of feedover.
b. electric impulses at the transmitting end;
c. amount_of electrical noise present on the cable pair.

d- disturbances having abrupt changes of short duration.

80. (829)- What test equipment-is requireg for the frequency response test?

. Test oscillator and VTVM;

. Noise test set and AN/PSM-6.
c. Transmission and noise test se
d. Test oscillator and and noise set.

81. (830) What information' is nomalay extracted from ,a cable map_ to start a

performance test record? e
a; Length of cable. _

c. Gauge of cable.

b. Loaded or non - loaded. d; All of the above.

82. (830) Frequency response, id'e channel noise, and impulse noise tests results

are recorded on

a. AFTO Form 484
4 c. AFTO Form 494:

b. AFT0Jpp.o485. d. AFTO Form 3764
. S

83: (831) While setting u the impulse noise testi the reference level of
hits recorded will/be s t to read

a. 45 hits in 15' minute,. C. 30 high hits in 15 minutes.

P. 15 low hits in 15 mibutes. d. 30 high hits in 30 minutes.
?
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84; (881) What is placed at the distant frame or terminal for loaded cable

during an idle channel noise test?

a. Short. c. 600-ohm resistor.

b. Open. d. 900-ohm rsistor.
,

85. (831) What is the decibel reference level set at for the impulse noise test
(voice)?

a. 72 dBrn. c. 50 dBrn.

b. 58 dBrn. d. 90 dBrn.

86. '(831) When using transmission and noise measuring test set to check idle

channel noise, th ange switch is adjusted until the fluctuations of the meter

c. disappear
d, fall in mid-scale.

a. appear.
b. level off.

87. 31) When performing the frequency response test, the function switch of the
236A test set wi4Amr set to either 600 ohms or 900 ohms if the

a. transmission noise measuring set:is_set to 600 or 900 ohms.

b. expected attenuation is to exceed 10 dB;
c. cable is pressurized-
d. cable is loaded.

88. (831)--When performing the station ground resistance test; which lead; if any;
is connected to the grounding electrode?

a. Terminal 1. c. Terminal-3.

b. Terminal X. None of the above.

89. (831) When performing a station, ground resistance test; the galvanometer of
the vibroground test set indicates

a. dBrn values for transmission level measurements.
b. the imbalance between equipment ground and earth ground. -

c. if thAl..e is a grounding system for manmade and electronic grounds.
d: when the measuring system is balanced with the grounding electrode

resistance.

90. (832). Maximum acceptable count for impulse noise on data circuit is

a. 90 hits at 58 dBrnc in 30.minutes.
b. 15 hits at 59 dBrnc in 15 minutes.
c. .95 hite at 58 dBrnc in 30 minutes.
d. Ot hits at 72 dBrnc in 15 minutes.

91. (832) _When_analyzing frequency response.test results and'the loaded pair is
more than 10 percent off the standard:loss at 1000 Hz; -the pair may still be
acceptable if The measured loss is within 20-percent of the

c. measured facility loss.
d. total frequency loss.

a. total facility loss.
b: fect ve facility loss.

I
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