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THE UNITED STATES NAVY

GUARDIAN OF OUR COUNTRY
The United States Navy is responsible for maintaining control of the sea
and is a ready force on watch at home and overseas, capable of strong
action to preserve the peace or of instant offensive action to win in war

It is upon the maintenance of this control that our country s glorious
future depends: the United States Navy exists to make it so

WE SERVE WITH HONOR
Tradition. valor, and victory are the Navy s heritage from the past To
these may be added dedication, discipline, and vigilance as the watchwords

of the present and the future.

At home or on distant stations we serve with pride, confident in the respect
of our country, our shipmates, and our families

Our responsibilities sober us. our adversities strengthen us

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

THE FUTURE OF THE NAVY
The Navy will always employ new weapons, new techniques, and

greater power to protect and defend the United States on the sea. under
the sea, and in the air

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

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

Never have our opportunities and our responsibilities been greater

Iv
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PREFACE

This training course is written for men of the U. S.
Navy and Naval Reserve who are interested in qualify-
ing for advancement to Electronics Technician, Third
Class. Combined with the necessary practical experi-
ence, this training course will aid the Electronics Tech-
nician striker in preparing for the advancement-in-rat-
ing examination.

The qualifications for Electronics Tecinicians are in-
cluded in appendix II. This training course contains
information on each examination subject; and, insofar
as it is practicable in a training course, information is
also included on each practical factor. Because exami-
nations for advancement in rating are based on these
qualifications, interested personnel should refer to them
for guidance. The LATEST qualificat ions for advance-
ment in rating should always be consulted.

The ET 3 training -ourse was prepared by the U. S.
Navy Training Publications Center, which is a field ac-
tivity of the Bureau of Naval Personnel. Technical
assistance was provided by the Bureau of Naval Per-
sonnel, the Bureau of Ships, and other Navy activities
cognizant of electronic equipment and the duties of
Electronics Technicians.
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READING LIST

NAVY TRAINING COURSES

Electronics Technician, 3, NavPers 10188-A
Basic Electricity, NavPers 10086
Basic Electronics, NavPers 10087
Basic Hand Tool Skills, NavPers 10085
Blueprint Reading and Sketching, NavPers 10077-A

OTHER PUBLICATIONS

U.S. Navy Safety Precautions, chapter 18, OPNav 34P1

USAFI TEXTS

United States Armed Forces Institute (USAFI) courses
for additional reading and study are available through your
information and Education Officer.* The following courses
are recommended:

B150 Review Arithmetic
B151 General Mathematics I
B152 General Mathematics II
C164 Beginning Algebra I
C165 Beginning Algebra II
C166 Advanced Algebra
C290 Physics I
C291 Physics II
B781 Fundamentals of Electricity
B885 Fundamentab? of Radio
B890 Radio Servicing and Repair I

"*Memhers of the United States Armed For-es Reserve ý,omponents.
when on active duty. are .ligibhe to enroll for t.SAFI coores, services.

and materials if the orders catlinw them to active duty specify a period oif

120 diays or more, or if thvy have been on active duty for a period of

120 days or more. rgardless of the time specified on the active duty
,rnre1rs."



PREPARING TO BE AN ET 3

THE ET'S PLACE IN THE NAVY

Upon deciding to strike for the rating of Electronics
Technician, you selected one of the most interesting and
challenging occupations available to men in the Navy.
The field of electronics has advanced so far in the last
few years that the Navy (as well as the country as a
whole) is almost completely dependent on it. This
makes the ET a key man in the Navy.

Because of the complexity of electronic equipment, the
Electronics Technician must have a good working knowl-
edge of the basic principles of electricity and electronics
as well as a working knowledge of practical mathematics
if he is to be effective in his maintenance work. Sources
of information on these subjects are listed later in this
chapter.

Other than the routine duties required of petty offi-
cers, your duty will be largely that of maintaining elec-
tronic equipment in top working order; this is a PRO-
FESSIONAL duty. Of course, certain bookkeeping chores
are involved; but these chores are a part of your over-
all duty of maintaining electronic equipment.

A knowledge of the content of Military Requirements
for PO 3 and 2, NavPers 10056 is essential to under-
standing your MILITARY duties. This publication (as



well as the Manual of Qualifications for Advancement in
Rating, NavPers 18068) lists the military requirements
for advancement to all pay grades.

PURPOSE AND SCOPE OF THE ET 3 TRAINING COURSE

Like other Navy training courses, this course is de-
signed to train a man for a particular job. It is de-
signed to help the ET striker advance to ET 3. How-
ever, it can only help the ET striker toward this goal;
the initiative and the effort must be supplied by the
striker himself.

This course is written to cover the EXAMINATION SUB-
JECTS and, in so far as practicable, the PRACTICAL FAC-
TORS of change No. 8 in the Electronics Ratings (group
I1l) of the Manual of Qualifications .for Adrancement in
Rating, NavPers 18068. These "quals" are included in
appendix II of this training course.

OCCASIONALLY, THERE ARE CHANGES IN THE QUALS, AND
IT IS THEREFORE NECESSARY FOR THE ET TO CHECK NAV
PERS 18068 TO BE SURE THAT HE HAS THE LATEST QUALS.

It is, of course, impossible for an ET to gain com-
plete familiarity with a piece of equipment simply by
reading about the equipment. The same is true of cer-
tain military duties. A certain amount of practical
experience is also needed. Therefore. a form is pro-
vided by the Bureau of Naval Personnel on which the
supervising officer can date and initial each practical
factor (professional and military) of the ET quals as
they are completed by the candidate for the next higher
rate. This form is called the Record of Practical Fac-
tors, NavPers-760 (ET).

IT IS VERY IMPORTANT TO USE THE RECORD OF PRACTICAL
FACTORS CORRESPONDING TO TIIE LATEST QUALS.

A very important booklet published annually by the
Bureau of Naval Personnel is Training Conursc. and
PIubli('"fionf. for Gencral Serrice Ratings. NavPers
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10052-E. The LATEST edition of this publication lists
current Navy training courses and other publications
that have been prepared for the use of all naval person-
nel concerned with advancement in rating examinations.S~Its use by examining authorities in preparing the pro-

fessional and military examinations for advancement in
rating, and its use by personnel preparing to take these
examinations are directed by BuPers Instruction
1430.7C.

Because of the great importance of training in the

field of electronics, certain information about training
facilities is given in this chapter. Other information is
contained in NavPers 10056. Also included are useful
reference material and a description of the most com-
monly used forms and reports. However, the bulk of
chapter 1 is taken up with brief descriptions of the vari-
ous types of electronic equipment with which the ET
will be working.

Chapter 2 deals with safety precautions that are nec-
essary in working on electronic equipment. The meas-
ures that must be taken to reduce hazards cannot be
overemphasized. Electricity is no respecter of persons
(except, of course, the careful ones), and the life you
save may very likely be your own.

Chapter 3 gives a brief treatment of equipment and
component nomenclature and designations. It is a great
help to the ET to be able to understand, at least to some
extent, equipment indicator letters and what they mean.
Stock numbers also will be used quite often, and some
insight into this system is extremely helpful.

The use of hand tools in electronics is treated in chap-
ter 4. Additional information on the use of hand tools
is included in Basic Hand Tool Skills, NavPers 10085.

An introduction to electronic installations methods and
procedures is given in chapter 5. The ET 3 will find
that his job is much simplified if he has a general knowl-
edge of the types and use of cabling, stuffing tubes and
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kickpipes, insulating and waterproofing materials, shock-
resistant mounts, filters, transmission lines, power sys-
tems, and so on.

Chapter 6 is an introduction to general maintenance
procedures. Maintenance may be classified as preven-
tive or corrective. Preventive maintenance is keeping
the equipment in such shape that it will give maximum
trouble-free service; corrective maintenance is getting
the equipment to operate again after it breaks down.
Some general procedures for repairing the various types
of electronic equipment are also given.

The practical application of test equipment is given
in chapters 7 and 8. It is, of course, impossible to de-
scribe all of the Navy's electronic test equipment in two
chapters of reasonable length. An attempt is made,
however, to describe typical instruments, in each gen-
eral classification, and the methods of using them in
making measurements. Additional valuable information
may be found in the latest edition of Handbook of Test
Methods and Practices, NavShips 91828A.

Naturally, a facility in the use of test equipment comes
with practice; and the candidate for ET 3 will do well
to use every opportunity to become familiar with the
use of all types of electronic test equipment.

You, as an ET striker, will find that Chapter 9
(Switches, Switchboards, and Switching Systems) will
have wide application in shipboard electronic systems.
In some instances, the switching systems used with elec-
tronic equipment are more difficult to understand than
the operation of the equipment itself. The simplified
approach in this chapter should afford an opportunity
for the striker to become better acquainted with switches
and switching systems.

Chapter 10 introduces the ET striker to sonar. In
general, the treatment is similar to Chapter 14 (Intro-
duction to Radar) of Basic Electronics, NavPers 10087.
Some of the latest sonar equipments are classified and
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cannot be described in this training course, but enough
basic information is given so that the student can gain
some insight into the operation of sonar gear.

Chapter 11 introduces the ET striker to radiac. He
is given a general idea of why radiac instruments are
needed in the Navy and how they operate. Much more
training is needed, however, before the ET is qualified
to repair or calibrate the instruments.

In Chapter 12, Common Operating Adjustments of
Electronic Equipments, the importance of knowing how
to make operating adjustments on shipboard electronic
equipments is emphasized. Operating controls include
starting and stopping the equipment, tuning it, select-
ing the operating frequency, gain control, intensity con-
trol, and so forth.

Examples are given for typical equipments in radio
communications, radar, and sonar.

TRAINING FACILITIES FOR ADVANCEMENT

Training facilities for advancement are adequately
covered in NavPers 10056. In any case, your Educa-
tional Officer can assist you in the matter of determin-
ing what is available in electronics training.

In general, good ET's are not in abundant supply and
if you have the ability and the willingness to learn, there
will be few obstacles to block your advancement in this
field.

It should be emphasized, to begin with, that however
interesting and challenging the field of electronics may
be, it is not the easiest field of endeavor that one may
choose. Nevertheless, the very fact that the subject is
interesting and challenging tends to spur the interested
technician on to overcome the difficulties.

Actually, the best way to increase your knowledge of
electronics is to sharpen your curiosity first-ask your-
self (and others) questions and then relentlessly ferret



out the answers. A great deal of reading is necessary
in the field of electronics. Answers to your questions
will eventually be found if you read diligently and with

comprehension.
Very early in your career in the field of electronics

it is extremely important to stick with the basic prin-
ciples until they become a part of your thinking. If
the basic principles are not mastered they will rise up
later to block the mental processes when you try to
understand electronic circuit operation, or, better, why
it does not operate.

Do NOT SKIP OVER THE FUNDAMENTALS: LEARN YOUR

WAY THROUGH THEM.

There are many definitions of training but the one
used by the Navy is difficult to improve upon, especially
because it involves directly ET strikers, like yourself.
The Navy's definition of enlisted training is:

"The fastest (most reasonable and economical) meth-

ods of making civilians into Navy men and Navy men
into expert seamen and technicians. The methods are
as broad and varied as the operations and activities
they support.

"The methods include precept and example, schools

and courses, books and training aids, drills and on-the-
.job instruction. As these are used to intelligently sup-
plement each other, and as they are taken all together
and applied to the training problems of each ship and
each man. they spell a 'total training' approach to the
Uecessities of teaching so many men, so many things-
quickly."

USEFUL REFERENCE MATERIAL

Electronics is one field in which there seems to be no
lack of general reference material. The main problem
is that of selecting the type of material suited to the
needs of the student or suited to the needs of a particu-
lar job.
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Reference material includes texts, handbooks, bulle-
tins, instruction books, and technical maintenance pub-
lications. Of course, the most useful reference mate-
rials are those that contain the desired information in
the most readily usable (and understandable) form.

Texts
There are several texts that you as a prospective ET 3

will find helpful. Certain basic Navy training courses
are necessary. They include Basic Electricity, NavPers
10086; Basic Electronics, NavPers 10087; Basic Hand
Tool Skills, NavPers 10085; Mathematics, vol 1, Nay v
Pers 10069-A (10069-B, when available): and Mathe-
matics, vol 2, NavPers 10070-A (10070-B, when avail-
able).

There is a tendency sometimes for a person to hurry
through the basic courses in order to get to the more
advanced courses. As an ET, you will find that unless
the basic principles are mastered first, certain blind
spots will develop that prevent a complete understand-
ing of circuit operation. As an example, if the techni-
cian is not thoroughly familiar with parallel circuits
(parallel resistors, capacitors, or inductors, or parallel
combinations of these elements), he will not be able to
visualize the effect on a circuit of the failure of one of
these elements. The same is true of series circuits. It
is therefore necessary for the ET to build his knowl-
edge of electronics on a firm base that includes an un-
derstanding of basic principles.

A great deal of effort is being made to tailor the basic
training courses and the ET courses to the specific needs
of the people who will study them. As new develop-
ments are made and new equipments become available,
these training courses will be revised and brought up to
date.

In addition to the Navy training courses that have
been mentioned, there are many good commercial texts
that may be used for reference material.
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Handbooks

Handbooks serve a very useful purpose in that they
present information about a particular field of work, or
about a particular type of equipment, in a practical form
that can be used by the technician in his everyday work.
One such publication is the Handbook of Test Methods
and Practices, NavShips 91828A (or the latest revision) ;
others are the Handbook of Naval Shore Station Elec-
tronics Criteria, NavShips 92675, and the Electronic
Test Equipment Handbook, NavShips 900,155.

Bulletins
One bulletin of great importance to the ET is the

Electronics Information Bulletin (EIB), NavShips
900,022A, published biweekly for naval electronics ac-
tivities. Of course, a complete file of these bulletins
should be maintained.

This bulletin lists field changes and changes that must
be made in instruction books and other publications that
are used in the maintenance of electronic equipment. It
also lists electronics publications that become available
and gives valuable suggestions for servicing electronic
equipment.

Although not called a bulletin as such, the Electronics
Maintenance Book (EMB), NavShips 900,000, includes
essentially the same information that was formerly con-
tained in three maintenance bulletins: RMB, CEMB, and
SB. For convenience, the EMB is comprised of several
volumes, covering general information of an electronics
nature in each major electronics field.

Instruction Books
Instruction books will very likely be the type that will

become most familiar to you as an ET 3, and to other
ET rates as well. Two copies of the instruction book
are normally supplied with each new equipment.

Instruction books are divided into several sections (or,
in a few instances, into several volumes). First, there



is a general description of the equipment, its purpose,
capabilities, and the necessary auxiliary equipment. Gen-
erally, the next section treats the theory of operation.
This section is extremely important and should not be
skimmed over lightly. If the ET has acquired the proper
background in electricity and electronics, the theory sec-
tion of the instruction book should not cause him much
trouble.

Other sections of the instruction book include instal-
lation, operation, preventive maintenance, corrective
maintenance, and parts list. Some instruction books
include Stock Number Identification Tables (SNITS), a
very useful part of the book.

"Installation and Maintenance Manuals
( A very valuable source of information is the Elec-

tronic Installation Practices Manual (EIPM), NavShips
900,171. Composed of many separately bound chapters,
this manual provides information on desired or standard
methods of making electronic installations.

Another valuable source of information is Shipboard
Antenna Details, NavShips 900,121(A). This publica-
tion is likewise composed of several separately bound
chapters, and is intended to serve as a source of infor-
mation for those concerned with installing and main-
taining ship antennas.

Of course, one of the most important and useful man-
uals available to the ET is the Bureau of Ships Manual.
Two of the chapters that are of primary interest to the
ET are chapters 6 (Inspections, Records, Reports, and
Tests) and 67 (Electronics).

RECORDS AND REPORTS

Material History

The Bureau of Ships Manual (chapters 6 and 67)
states that each activity engaged in the operation of
electronic equipment shall maintain suitable cards for

9
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recording the results of inspections of equipments as
well as any tests and field changes made. The manual
states further that the material history, composed of
cards filed in loose-leaf binders, supersedes the ma-
chinery history and hull repair books formerly required
aboard ship. Such cards as the Machinery History Card
(NavShips 527), Material History Card-Electrical (Nay
Ships 527A), Electronic Equipment History Card (Nav
Ships 536), and Hull History Card (NavShips 539)
form the basis of the ship's material history. (ET's are
responsible for NavShips 536 only.) The purpose of
these cards, when properly used, is to provide a com-
prehensive record of the items concerned. They are
kept up to date and available for inspection at all times
and are integrated into preventive maintenance pro-
grams such as the Current Ships Maintenance Project
(CSMP).

The maintenance history cards that the ET 3 should
be especially familiar with are described in the following
paragraphs.

ELECTRONIC EQUIPMENT HISTORY CARD (NAVSHIPS

536).-Because this card is the basic maintenance his-
tory card for electronic equipment, it is discussed in
detail. It provides for recording failures and other in-
formation pertaining to electronic equipments. A sepa-
rate card is filled in for each equipment and major unit
on board. If additional cards are required for an equip-
ment they are added behind the original card in the
binder. All cards for a particular equipment are trans-
ferred with the equipment when it is removed from
the ship.

The heading of the card should be typed, but entries
on the body of the card may be either typed or written
in ink or indelible pencil. The following instructions
should be followed closely in filling in the form, a sam-
ple of which is shown in figure 1-1.

Equipment Model Designation: All letters and num-

10
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Figure 1-1.--Electronic Equipment History Card (NavShips 536).

bers should be included to indicate the specific model.
For instance, AN/ARC-1 should not be entered as AN/
ARC or ARC-1.

Equipment Serial Number: This number is taken
from the equipment nameplate. If an over-all equip-
ment number is not available, the serial number of the
major unit is listed for the entire equipment. When it
is definitely established that an item does not bear a
serial number, an asterisk (*) is entered in this space.
Cards are made up for each unit of an electronic equip-
ment and placed together in the folder. For example, on
the AN/SPA-SA the Azimuth-Range Indicator is listed
as IP-97B/SPA-8, the Power Transformer as TF-129/
SP, and the Power Supply as PP-560A/SP.

Card Number: The number in this space is "1" for
each card in the original file. As additional cards for a
specific equipment are filed, they are numbered con-
secutively.

Contract Number: The complete contract number in-
cludes all letters and numbers as given on the equip-
ment or unit nameplate.



Date Installed: This space refers to the date the
equipment or unit was instaned. It the installation re-
quirecs several days, the date ot completion is the ciate
entered.

Installing Activity: This space is for the name of the
activity that actually instailea tne equipment.

Box Number and Location: On ships with integrated
parts system this space may be left blank, unless for
some reason the equipment is not included in the sys-
tem. Otherwise, the appropriate box number (and lo-
cation) is entered in this space.

instruction Book on Board: Check this space only
when the final instruction book is received. If only the
preliminary book is on board, this space should not be
checked. EIB carries notices of the availability of final
instruction books.

Date: Enter here the date of failure, field change, or
other work involving maintenance or repair.

Nature of Trouble: External evidence of the equip-
ment trouble is entered in this column and should be
described in detail. Whenever a field change is made,
the field change number and title are also shown in this
column in addition to the entry required on the Record
of Field Changes (NavShips 537).

Cause of Failure: This column is most important.
Describe how the trouble Was traced and what correc-
tive measures were taken. Give detailed information.
Note peculiarities and weaknesses. The clearer the in-
formation in this column, the more valuable it is to the
ship, the Bureau of Ships, and the manufacturer. The
information in this column, and that reported on the
Defense Department Electronics Failure Report, DD787,
assists in the production of better and more reliable
equipment.

Some activities may wish to record in this column
such information as the name and rate of the person
actually doing or supervising the work, the man-hours
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consumed, and the signature of the Division Officer.
Such entries are optional.

Name of Part: List here the names of the parts in-
volved in the failure.

Circuit Symbol: Record here the symbol designations
of the parts that failed, as shown in the instruction
book.

Navy S. ,ck Number: This space is for the standard
Navy stock number (FSN, if available), including all
prefix and suffix letters, exactly as given in the instruc-
tion book, or preferably the SNITS list.

Life Hours: Enter here the estimated life of the part.
To obtain this figure, use the machinery history cards,
readings of elapsed time meters that total the operating
time of the part, or any other available data.

Date DD787 Mailed: (This column was formerly
headed "Date NavShips 383 Mailed.") Record the date
the DD787 was mailed to the Bureau of Ships.

RESISTANCE TEST RECORD (NAVSHIPS 531).-This card,
shown in figure 1-2, provides for recording the insu-
lation resistance of a unit or circuit. It is inserted in

[RADIO RAO-3 SYo Am,- *1 + CAS,1 4 Amt PATCOICOND I
OLI. YAl FES AR APR MAY 7-VO*' __-__ ' '.] ! TI •TP' • ~rrr T F-TTIir---

o .~I .. . ..

0 Cove^ RastAT[e.

Figure 1-.-2--esistanc. Test Record (NovShlps 531).
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the material history binder adjacent to the applicable
equipment history card. The lower part of the card
may be used to indicate under what conditions the read-
ings are to be taken-what is to be disconnected, how
much of transmission line is included, etc. Also, it is
sometimes convenient to multiply the scale by 10 for
antennas because their reading should be 200 megohms
and the card goes only to 100 megohms. If this is done
it should be so noted. Keep in mind that some antennas
are short circuited as far as cl-c is concerned.

ELECTRON TUBE PERFORMANCE RECORD (NAVSIIlPS

538).-The p-rformance of service-life-guaranteed tubes
is recorded on this card. In general, such tubes are not
used aboard ship. The cards, however. may be used at
the ship's discretion for any large or expensive tubes
for which it may be desirable to maintain separate rec-
ords, When used, the cards are inserted in the binder
adjacent to the equipment history card for the equip-
ment in which the tube is installed. If the tube is trans-
ferred the card is transferred with it. Upon failure of
the tube the card may be destroyed after the DD787
(described later) has been completed and forwarded to
the Bureau of Ships.

REnORD OF FIELD CHANGES (NAVSHIPs 537).-Field
changes made to any portion of an electronic equipment
are recorded on this card, which is filed in the binder
adjacent to the history card for the equipment to which
the change is applicable. Completion of field change
information is also entered on NavShips 536.

This record is of paramount importance. Without
modifications, an equipment may be dangerously out of
date and subject to numerous serious difficulties. With-
out a record of field changes it is difficult to determine
what modifications, if any, have been made. The in-
formation recorded on these cards is essential for rou-
tine maintenance, for troubleshooting, and for ordering
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maintenance parts that belong to the improved equip-
ment.

Figure 1-3 shows the Record of Field Changes (Nav-
Ships 537). The spaces for equipment model designa-

tion, serial number, date installed, and card number are
filled in by typing or writing with ink or indelible pen-
cil. The official name or Navy type number (or other
official identification) of each component affected by a
field change is shown parenthetically after the title of a
change.

0

Figuie 1-3.--Record of Field Changes (Novghips 53]71

The columns headed "No .... .. Title ,i - ('ange,"

and] "Authority for Change" are compi.,', mierical
ordler for all changes affecting a Spi'L•' ,iuipment.
Fivld changes affecting gziv,(,n equipments ai-v listed in
the, Elrl'ottoiis Ma inh'nan,', Book (EM11). Space is
providhed on the record to indicate these changes by
using, numbers corresponding to the numbers shown in
this book. The Electronics Inforniation Bulletin (EIB)
also lists field changes and is also the, authority% for
making the changes.
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RECORD CARD-PLAIN (NAVSHIPS 532).-The purpose
of this card is to provide for recording any desired sup-
plementary information. It is inserted in the binder
adjacent to the card that it supplements.

Current Ship's Maintenance Project
The purpose of the CURRENT SHIP'S MAINTENANCE

PROJECT (CSMP) is to provide a current record of main-
tenance, modifications, and repairs to be accomplished
by ship's personnel or during availabilities. The CSMP
is composed essentially of the following three cards:
Repair Record (NavShips 529), which is blue; Altera-
tion Record (NavShips 530), which is pink; and Record
of Field Changes (NavShips 537), which is white. As a
repair is required, or an alteration or field change au-
thorized, the applicable card is filled in and filed in the
material history binder adjacent to the appropriate his-
tory card. Being of distinctive colors, the cards readily
indicate outstanding work as the binder is examined.

With the exception of the Record of Field Changes,
when work is completed, notations to this effect are
entered on the material history card, and the applicable
CSMP cards are removed from the binder and placed in
a "completed work" file. Completion of field changes are
entered on the history card, NavShips 536.

Repair Record Cards and Alteration Record Cards are
retained for a period of 2 years after the work noted
thereon is completed and entries made in the material
history. After the 2-year period, these cards may be
destroyed at the discretion of the Commanding Officer.
When ships are decommissioned or placed out of service
during this period, the cards are retained on board.

Electronic Equipment History Cards and Records of
Field Changes remain with the equipments referred to
on the cards. If the equipment is transferred, these
cards are transferred with it.
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Electronics Performance and Operational Report
(NavShips 3878)

This report also is important to the Bureau of Ships

because it furnishes first-hand information on equip-

N.ments under actual operating conditions. It is not re-
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quired on all electronic equipments. The EMB lists the
equipments for which this report is required and gives
detailed information on the correct method for com-
pleting NavShips 3878.

"Figure 1-4 shows an Electronics Performance and
Operational Report. The space under general remarks
should be filled in with care. In this space should be
indicated any information not included elsewhere on the
form, such as detailed information on any unusual trou-

ble cncountered in operation; exceptional maintenance
required; and suggestions for improvement in design,
tests, and new applications. The forwarding of sug-
gested improvements is not to be construed, however, as
authority to modify the equipment in any way; nor does
the forwarding of this report eliminate the requirement
for forwarding the Electronics Failure Report (DD787)
for each failure of electronic equipment regardless of
whether or not an operational report is submitted. De-
tailed instructions for filling out this report is given in
Chapter 1, Section 3, of the EMB (change 9, January
1956).

Electronics Failure Report (DD787)

Because it is extremely important that the Bureau of
Ships be informed promptly of all failures of and defi-

.ciencies in electronic equipments, systems, components,
parts, and tubes, one of the reports most frequently
required of the ET is the Electronics Failure Report.

This report serves several excellent purposes. It (1)
provides the Bureau with a comprehensive presentation
of the over-all performance of electronic gear, (2) points
out the weakest parts of any particular equipment, and
(3) forms the basis on which to procure maintenance
parts. Because new models (or modifications of old
models) are usually in some stage of development,
prompt receipt of failure reports enables the Bureau to
initiate immediate corrective action to eliminate similar
or related deficiencies in subsequent production.
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Reported failures are tabulated on IBM cards, and

regular summaries are made to show at a glance the
number and types of failures of any part of any equip-
ment.

The importance of reporting failures and their causes
cannot be too highly stressed, particularly if failures
occur under actual operating conditions. The reports
are to be filled in completely and in conformity with the
instructions accompanying the card. Many reports re-
ceived by the Bureau are valueless because they do not
give the essential information required by the form or
because the information given is incomplete. When in-
dicating the model or type of equipment, include all
significant nomenclature, letters, and digits. A sepa-
rate DD787 is required for each failure. It is important
that accuracy of the entry describing the reason(s) for
the failure be verified.

This failure report is shown in figure 1-5. Every
necessary detail must be supplied to give a clear picture
of the failure-description, cause, corroctive measures,
and approximate life. This is the way all failure reports
should be made if they are to be of value to the Bureau.
Instructions are included in Chapter 1, Section 3 of the
EMB.

Normally, duplicates of failure reports are not required
except in the case of certain electron tubes and crystals.
Another exception includes shore stations from which
the cognizant maintenance yard requires a copy.

Failure reports on electron tubes must be filled in
with the same care given any other failure report to
ensure accuracy and completeness. Failure report forms
are to be submitted for all tubes that fail in storage,
handling, installation, or operation, including tubes used
in BuAer and BuOrd electronic equipments. In case of
other reported electronic failures, tube failure reports
are used by the Bureau of Ships to compile the causes
and rates of failures, both of which influence the design
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of tubes and equipment and the number of replacement
tubes allowed. Failures due to own gunfire should be
so designated.

The form (DD787) carries no security classification.
Classified military information, including, in some cases,
the operating frequency, is therefore not to be included
on this form.

All electron tubes received by a ship, station, or other
using activity should be examined immediately upon
receipt for obvious breakage, defective packing, or signs
of rough handling; and electrical tests should be con-
ducted if feasible. All large or expensive tubes should
be checked for filament continuity, shorted elements,
and loss of vacuum. When possible, tubes should be
checked by operation in an equipment socket under rated
operating conditions. Failure reports are then com-
pleted and forwarded to the Bureau for all tubes re-
ceived in defective condition.

Equipage Stock Card and Custody Record

Tools and portable test equipment are equipage for
which custody signatures are required. They are listed
on Equipage Stock Card and Custody Records (NAV. S.
and A. form 306), which are signed by the Operations
Officer when he receives them from the Supply Officer.
The Electronics Material Officer (EMO) signs the cus-
tody record cards when he receives the tools and test
equipment from the Operations Officer. The EMO then
becomes responsible for them. He, in turn, issues them
to the ET's. A memo receipt for equipage is signed by
each ET when he receives a piece of equipment from
the EMO, and the ET, in turn, becomes responsible to
the EMO for the equipage.

All equipage is inventoried once a year. The inven-
tory is completed within the first quarter of the fiscal
year and within thirty days after the date it is started.
The Equipage Stock Card and Custody Record (not to
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be confused with Ship Electronics Installation Record,
N&vShips 4110) is used in making the inventory. The
ET's may be called upon to assist the EMO in making
this inventory, which consists of checking to make sure
that the items listed on the Custody Record are in the
department.

Additional information on NavShips 4110 can be
found in Reporting Electronic Eqvipment Installations,
NavShips 900,135(B). Briefly, the ship electronics in-
stallation record system utilizes NavShips Form 4110
for reporting the electronics equipment installations
aboard a ship as of a certain date. The form is pre-
pared and distributed by the Bureau of Ships from data
submitted by ships and activities. The data is punched
into IBM cards from which NavShips 4110 is printed.
NavShips 4110 is used for budgetary, procurement, dis-
tribution, and installation planning.

USES OF ELECTRONICS ABOARD SHIP

Electronics Defined

ELECTRONICS is the science and technology that is con-
cerned with devices involving the emission, behavior,
and effect of electrons in vacuums, gases, and semi-
conductors.

ELECTRONIC MATERIAL, from a military point of view,
generally includes those electronic devices employed in
the field of detection and tracking (underwater, sea,
land. and air), recognition and identification, commu-
nication, aids to navigation, weapons control, and elec-
tronic countermeasures. In every case, electronic de-
vices are understood to include the nonelectronic com-
ponents required to complete their individual opera-
tional efficiency, such as power supplies, hoist mecha-
nisms, antennas. etc., but to exclude associated non-
electronic equipment in certain over-all systems.

In the remainder of this chapter, brief descriptions of
the various shipboard electronic equipments are given.
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However, those equipments covered in other chapters of
this training course and in Basic Electronics, NavPers
10087 are merely mentioned here. The purpose of this
brief summary is to give the prospective ET 3 an over-
all view of the equipments that he may be called upon
to service as he becomes more familiar with electronic
equipment.

Electronic equipment is rapidly being improved upon,
and therefore much of the equipment discussed in the
following paragraphs will eventually become obsolete.
However, equipments are not replaced suddenly just as
soon as new equipments are designed. Before large
numbers of new equipment are installed, extensive tests
and evaluations must be made; this takes time. There-
fore, although a piece of equipment may be on the way
out it may still be used on certain ships for a consider-
able length of time.

Communications Equipment

Communications equipment may be classified in a gen-
eral way as transmitters and receivers, the principles of
operation of which are treated in Basic Electronics,
NavPers 10087. Both transmitters and receivers are
classified further according to the frequency range that
they cover, or the power output in the case of the trans-
mitter. Of course, the transmitter and its companion
receiver must be capable of being tuned to the same
frequency. The following shipboard communication
equipments are frequently used aboard Navy vessels.

TRANSMITTERS.-The TBL (7 to 13) operates in the
175-kc to 600-kc (LF-MF) range and also in the 2-mc
to 18.1-mc (MF-HF) range; it is capable of CW. MCWV.
or voice operation at 200, 100, and 50 watts, respectively.
The standard installation includes speech input equip-
ment and one or more remote radiophone units.

The TBK (7 to 20) operates in the 2-mc to 18.1mc
(MF-HF) range. The output is .500 watts on CW only.
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The AN/SRT (14, 15, 16 series) operates in the
0.3-me to 26-mc (MF-HF) range on CW at 100 or 500
watts, and are described in chapter 12 in connection
with common operating adjustments of electronic equip-
ments.

The TED series operates in the 225-me to 400-mc
(VHF/UHF) range on telephone only; the TDZ also
operates in the same frequency range on telephone or
MCW.

RECEIVERS.-The AN/SRR (11, 12, and 13) operate
in the 14 kc to 32 mc (VLF-LF-MF-HF-VHF) range.
These sets are designed for general' application in all
types of vessels of the U. S. Navy. Circuits are pro-
vided for the reception of four classes of emission-
Al (CW), A2 (MCW), A3 (telephony), and F1 (fre-
quency-shift) in the appropriate bands. Because of the
versatility of these equipments, table 1, which lists some
of the details, is included. These receivers are described
in chapter 12 as typical examples of common operating
adjustments of electronic equipments.

TABLE 1

RADIO RECEIVING SETS AN/SRR 11, 12, AND 13

Frequency Type of Intended Use
Model Covered Emission Received

AN/SRR-11 14 kc-600 kc Al, A2, F1 LF shipboard com-
munication service.

AN/SRR-12 0.25 mc-8 me Al, A2, AS, Fl MF shipboard com-
munication service.

AN/SRR-13 2 mc-32 mc Al, A2, A3, Fl HF shipboard com-
munication service.

The AN/URR (13 and 35) operate between 225 mc
and 400 mc (portions of the VHF/UHF bands). They
are designed to receive A2 and A3 transmissions on
naval vessels or at naval air and shore radio stations.
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The AN/URR-27 performs essentially the same func-
tions, except that it covers only a portion (150 mc to
190 mc) of the VHF band.

The RDZ is a general-purpose VHF/UHF receiver for
S3voice reception. It may be used on naval vessels or at

naval shore stations. This receiver may be operated
locally or controlled remotely to tune to any of 10 pre-
set crystal-controlled channel frequencies within its tun-
ing range. Several remote stations may be employed.

Other receivers are the RBA, the RBB, and the RBC.

Radio Teletype Terminal Equipment
A brief description of radio teletype systems used

aboard naval vessels is necessary before a description
of the individual components can have any real meaning.
More of the details are given in chapter 13 of this train-
ing course; also, the prospective ET 3 can obtain much
valuable general information on the subject from the
November 1955, April 1956, and September 1956 issues
of the Bureau of Ships Journal. As a matter of fact,
much of the information contained in the next several
paragraphs is condensed from these issues.

The Navy uses two radio teletype systems afloat. One,
the TONE-MODULATED system for short-range operations,
is similar to the familiar AM radio. The other, the
CARRIER FREQUENCY-SHIFT (CFS) system for long-range
operations, is similar to standard FM radio.

TONE-MODULATED SYSTEM.-The tone-modulated sys-
tem is illustrated in figure 1-6. The teleprinter (TTY)
sends out a signal consisting of direct-current, on-and-
off pulses. An "on" or "current" interval is called a
MARK or MARKING impulse. An "off" or "no-current"
interval is called a SPACE or SPACING impulse.

The marks and spaces, designated as M and S in fig-
ure 1-7, are generated in various code groups of five
units each. The group shown in figure 1-7 is for the
letter "H."
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Figure 1-6.-Tone-modulated system.
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Figure 1-7.-Teletype code group.

A knowledge of the specific groupings is incidental to
a basic understanding of the operation of the radio tele-
type system. The important thing to know is that the
succession of direct-current "marks" and "spaces" in
fixed-timed intervals conveys both intelligence and syn-
chronization from one teleprinter to another.

To transmit messages by the tone-modulated system
(fig. 1-6, A), a teleprinter, a tone terminal, and a trans-
mitter are needed. The teleprinter sends out a direct-
current signal of marks and spaces, and the signal is
changed to either of two audio tones in the tone termi-
nal. The tones may be 500 cycles for a space and 700
cycles for a mark. The transmitter impresses the audio
tones on the carrier and sends out an amplitude or tone-
modulated carrier wave.

To receive messages with the tone-modulated system
(fig. 1-6, B), a radio receiver, a tone converter, and a
teleprinter are needed. The tone-modulated carrier wave
enters the receiver, which extracts the signal intelli-
gence and sends the audio tones to the tone converter.
The converter changes the audio tones into direct-
current mark and space pulses for the teleprinter.

In practice, the same tone terminal is used for both
the sending and the receiving circuits because it con-
tains both a transmit "keyer" unit and a receiver "con-
verter" unit.
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Figure 1-4.---r-rquency-shift system.
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FREQUENCY-SHIFT SYSTEM.-The frequency-shift sys-
tern is illustrated in figure 1-8. At the transmitting
end of this system (fig. 1-8, A) are a teleprinter; a
frequency-shift keyer unit, which is built into the newer
transmitters; and a transmitter (XMIT). In some older
systems, the keyer unit is a separate piece of equipment.

When the teleprinter is operated, the direct-current
teleprinter mark and space signals are changed by the
keyer unit into frequency-shift intervals. The frequency-
shift intervals are transmitted as carrier frequency-shift
signals. The carrier shift is very small compared with
the frequency of the carrier; it may be of the order of
850 cycles.

On the receiving side of this system (fig. 1-8, B) are
a receiver, a frequency-shift converter, and a teleprinter.
When the carrier frequency-shift signal enters the re-
ceiver, it is detected and changed into a corresponding
frequency-shifted audio signal. The audio output of the
receiver is fed to the converter, which changes the fre-
quency-shifted audio signal into the direct-current mark
and space teletype signals. The tone converter in the
tone-modulated system is similar to the carrier fre-
quency-shift converter in the frequency-shift system.

BASIC RADIO TELETYPE SYSTEM.-When the carrier
frequency-shift system (long range) is combined with
the tone-modulated system (short range), several more
pieces of equipment are needed-a TELETYPE PANEL, a
POWER SUPPLY, a SWITCHING CONTROL, a TRANSMITTER
SWITCHBOARD, and a RECEIVER SWITCHBOARD, as illus-
trated in figure 1-9.

The teletype panel is capable of handling six channels.
or "loops." The power supply furnishes the direct "loop-
ing" current for all teletype direct-current signals. Lo-
cated at the teleprinter is the switching control, which is
used to select the desired system. The transmitter and
receiver switchboards are used to integrate the radio
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Figure 1-9.--4aslc radio teletype system.

teletype systems with other communication systems on
board ship.

As has been stated, the tone-modulated system andI the carrier-frequency-shift system are integrated to
fo~rm one teletype system in shipboard communications.

The tone-modulated system is used only for short-range,
or "line-of-sight," communications in the UHF band.
Manmade and atmospheric static and signal fading are
not major problems in this band, and no special equip-
ment to counteract these effects is needed.

The freouency-shift system, used in the LF to HF
bands, i: ti best way to send the rapidly keyed signals
of the ,el& p'ewriter over long distances. Fading and
interfe,,... are sometimes major problems in these
bands.

Because a single r-f carrier usually does not fade
simultaneously in areas separated by more than one
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wavelength, and because fading of carriers of different
frequencies usually does not occur simultaneously at the
same point, the Navy has taken advantage of this situa-
tion by the use of two methods of DIVERSITY RECEPTION.

(See fig. 1-10.)
In SPACE DIVERSITY reception one signal is transmitted,

and this signal is received by two receivers. Antennas
for these receivers are separated by a distance greater
than one wavelength. The outputs of the receivers are
fed into two frequency-shift converters and then into a

i A

SHIP AT SEA TRANSMITTING
00 • ON SINGLE FREQUENCY

SHORE STATION

@ / TRANSMITTING ON DIVERSE

FREQUENCIES TO SHIP AT SEA

SHORE STATION

Figure I-l0.-Oiversity reception.
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COMPARATOR, which selects the best signal for the tele-
typewriters.

In FREQUENCY DIVERSITY reception, two or more iden-
tical signals are transmitted on different frequencies.
Two receivers, two converters, and a COMPARATOR are
used, as in space diversity. The receiving antennas need
not be separated. As a matter of fact, a separation of
one wavelength in the lower frequency bands involved
might present a problem aboard ship.

For the tone-modulation system (higher frequencies),
the transmitter may be the TED and the receiver may
be the AN/URR-13; for the carrier frequency-shift sys-
tem (lower frequencies), the transmitter may be the
AN/SRT-14, and the receiver may be the AN/SRR-11,
12, 13 system.

A basic teletype system employing diversity reception
is illustrated in figure 1-11.

TIME-DIVISION MULTIPLEX.-As used by the Navy on
teletypewriter circuits, time-division multiplex is the
tram mission of the intelligence of several teletypewriter
circuits on a time-sharing basis in a character-by-char-
acter sequence. Figure 1-12 is a block diagram of the
system.

Information is fed into the multiplex equipment si-
multaneously from four teletypewriters. The same in-
formation is then transmitted from one multiplex equip-
ment to the other in a time sequence with one character
from each channel at a time. The receiving multiplex
equipment then distributes the information to the proper
teletypewriter circuits at telegraph speed.

Four characters are therefore transmitted over a sin-
gle circuit during the time ordinarily required by one.

Facsimile Equipment
Facsimile equipment is used to transmit still images

over an electrical communications system. The images,
called pictures or copy in facsimile terminology, may be
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/ Figure 1-1 2.Time-division multiplex.

weather maps, photographs, sketches, typewritten or
printed text, or handwriting. The still image serving
as the facsimile copy or picture cannot be transmitted
instantly in its entirety. Three distinct operations are
performed. These are (1) scanning, (2) transmitting,
and (3) recording.

PRINCIPLE OF OPERATION.--The SCANNINTG oneration is
that of subdividing the picture in an orderly manner
into a large number of elemental segments. This proc-
ess is accomplished in the facsimile transmitter (fig.
1-13) by a scanning drum and photocell arrangement.

The picture to be transmitted is mounted on a cylin-
drical scanning drum, which revolves at a speed of 1
revolution per second and travels along a lead screw at
the rate of 12.5 inches in 20 minutes. (The lead screw
has 96 threads per inch.) Light from an exciter lamp
illuminates a small segment of the movinq nicture and is
reflected by the picture through an aperture to a photo-
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Figure 1-13.--Facslmile transceiver TT-1($1/tXC-- transmitting block diagram.

cell. During the transmission of a complete picture, the
light traverses every segment of the picture as the drum
slowly spirals past the fixed lighted area.

At any instant, the amount of light reflected back to

the photocell is a measure of the lightness or darkness
of the tiny segment of the picture that is being scanned.
The photocell transforms the varying amounts of light
into varying electrical signals.

The fork oscillator unit develops an output voltage
(MODULATION VOLTAGE) that is applied across the bridge
modulator. The frequency of this voltage is 1800 cycles.
When the bridge is balanced (photocell dark), the output
voltage is zero. When the amount of light falling on

the photocell varies, the resistance of the cell varies.
This action unbalances the bridge and produces an out-
put voltage that varies in amplitude with the variations
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in light. Thus, the 1800-cycle voltage is amplitude mod-
ulated in the bridge modulator.

The modulated signal is amplified in the voltage ampli-
fier, the proper level is established in the gain control,
and the signal is further amplified in the power amplifier
before going to the radio circuits.

The fork oscillator unit, besides furnishing the car-
rier signal to the photocell bridge modulator, also sup-
plies an 1800-cycle signal to the amplifier for the ex-
citer lamp. This output keeps the exciter lamp at con-
stant brilliancy. The fork oscillator output also supplies
an 1800-cycle output to the synchronous motor amplifier.
The output of the amplifier is used to operate the syn-
chronous motor that drives the scanning drum at con-
stant speed.

Electrical signals RECEIVED by the facsimile receiver
(fig. 1-14) are amplified and serve to actuate a record-

----------------------------------------------.. 
- ---V• - ----------------------

L . . . . . . . . . .. . . . . . . . . . . . . . .

----- ---------------------------------------- a

W III', -E.

figure 1-1 4.-loceving block dlagram, Facsimile Transceiver TT-1 /TXC-1.
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ing mechanism that makes a permanent recording (seg-
ment by segment) on recording paper on a receiver
drum similar to the one in the facsimile transmitter.
The receiver drum rotates synchronously with the trans-
mitter drum. This action continues until the complete
original picture is reproduced in its entirety. The re-
cording mechanism may reproduce photographically with
a modulated light source shining on photographic paper
or film; or, the recording mechanism may reproduce
directly by burning a white protective coating from spe-
cially prepared black recording paper.

Synchronization is obtained by driving both receiving
and transmitting drums with synchronous motors oper-
ating at exactly the same speed.

Framing (orienting) the receiver drum with respect
to the transmitter drum is accomplished by transmitting
a series of phasing pulses just before a picture trans-
mission is to begin. The pulses operate a clutch mecha-
nism that starts the scanning drum in the receiver so
that it is properly phased with respect to the starting
position of the scanning drum in the transmitter.

A start motor mechanically coupled to the synchro-
nous motor serves to increase the synchronous motor
speed above synchronism during the starting period
after which it coasts down to synchronous speed when
operating on 1800-cycle power.

The facsimile signal from the radio receiver circuit is
attenuated at the gain control, then amplified in the volt-
age and power amplifiers. The power amplifier output
drives either the recording lamp for photographic re-
cording, or the recording stylus for direct recording.

Another circuit from the power amplifier transmits
phasing pulses to the phase amplifier, which operates
the phase magnet and clutch during the phasing process
just before each picture transmission.

The fork oscillator serves a single purpose on receiv-
ing. It generates an 1800-cycle signal, which is amplified
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to operate the synchronous motor at the same speed as
the motor in the transmitting transceiver.

BASIC SHIPBOARD SYSTEM.-Present radio facsimile
transmission is accomplished by the carrier frequency
shift (CFS) method (with a 400-cycle shift), which
uses a standard radio transmitter and receiver.

Radio facsimile terminal equipment (fig. 1-15) at the
TRANSMITTER consists basically of a facsimile transceiver
TT-41( )/TXC-1B, which generates an 1800 cycle am-
plitude modulated tone frequency in accordance with the
black, white, and contrasting shades of the picture that
is being scanned. The audio signal is fed to a keyer
adapter, KY-l4(A),/FX, where it is converted to a d-c
voltage. This voltage is used to control the output of
the frequency shift keyer, KY-75,'SRT. The output of

CV-172( "/U RD-92( )/UXFE EGUNCI Y FACSIMILE

CONVERTER RECORDER

CV-172
1  

, RU921 I AR
RECEIVER FREQUENCY FACSIMILE

SHIFT RECOR.ER
CONVERTER

A

TRANSMITTER FREQUENCY AY.4 ( /X
C. SM IFT " EYER

MEADAPTOR

T- ,TC -t IL

TRAMSMI TTR MD-16LU UX
MODULATOR PF--f ()S TPL-

Figure 1-15.-Typical shipboard radio facsimile systems.
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the keyer frequency modulates the r-f carrier of a c-w
transmitter.

Radio modulator MD168/UX is used between a
TT-41 (B) /TXC-1B transceiver and an A-3 equipped
transmitter. The modulator converts the 1800-cycle,
a-m signal from the facsimile transceiver to constant
amplitude fm or fs, which varies at frequencies between
1500 and 2300 cycles. This frequency variation is suit-
able for connection to an A-3 radio transmitter. This
method is known as audio frequency shift (AFC) trans-
mission.

To RECEIVE either CFS or AFS, a model RBB or RBC
receiver is used with a CV-172( )/U frequency-shift
converter. The CV-172( )//U frequency-shift converter
changes the audio output (varying between 1500 and
1800 cycles) from the receiver back to an 1800-cycle, a-m
signal suitable for operation of a facsimile recorder
RD-92 (A) /UX.

The facsimile signal is fed to or from the transceiver
by way of a receiver switchboard similar to SB-82iSRR
used in the teletype system illustrated in figure 1-11.

Single Sideband

Single sideband (SSB) communication systems are
becoming increasingly important in Navy applications.
The reasons for this will become apparent after the fol-
lowing brief discussion of the principles of SSB.

In order to understand what is meant by SSB trans-
mission, the student should review the first several pages
of Chapter 8 of Basic Electronics, NavPers 10087, which
discuss conventional amplitude modulation (AM), or,
more briefly, "A3" or "Voice." Because of the increased
use of SSB, conventional amplitude modulation is some-
times referred to as double sideband (DSB) to distin-
guish it from single sideband (SSB).

BANDWIDTH.-The amount of r-f spectrum required to
transmit the desired intelligence is called BANDWIDTH.
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For conventional DSB voice transmission, a bandwidth
of about 6 to 7 kc, plus separation on either side to
prevent interference between adjacent channels, is nor-
mally required.

DETECTION.-In the DSB system the carrier is heter-
odyned with the two sidebands at the second detector
of the communication receiver. The two separate, but
identical, audio signals are recovered and combined in
the audio system of the receiver. In principle, these
two identical sidebands add in phase to produce usable
a-f intelligence.

SUPPRESSED CARRIER.-The r-f carrier may be elimi-
nated by using a balanced modulator in one of the early
r-f stages of the transmitter so that the sidebands are
produced, but no pilot carrier will be present. A simpli-
fied circuit of a balanced modulator is shown in fig-
ure 1-16.

Z-

MODULATING C- z

SIGN L iii:
r C+z

(C 4 --- 0 (n, zJ

Figure 1-16.-1.alanced modulator.

The carrier is applied with the same magnitude and
instantaneous polarity to both grids of the push-pull cir-
cuit, and is therefore canceled in the output. The modu-
lating signal, however, produces opposite in3tantaneous
polarities at the grids of tubes A and B; the sideband
components are likewise of opposite phase and appear
in the output. If only one sideband is to be transmitted,
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a suitable filter may be used to pass the desired sideband
and suppress the other. That is, when speech is fed into
the transmitter the carrier itself does not appear in the
output. What appears at the output is sideband energy
or "talk power."

TRANSMITTING SSB.-If one of the two sidebands is
"filtered" or "phased out" before it reaches the trans-

mitted power amplifier, the intelligence can be trans-
mitted on the remaining single sideband. All of the
power is then transmitted in one sideband, rather than
being divided between the carrier and the two sidebands
as in DSB. For example, in DSB (for 100 percent

CONVENTIONAL AM
(DOUBLE SIDEBAND) CARRIER

LOWER SIDEBAND UPPER SIDEBAND

w (CARRIER FREQUENCY MINUS (CARRIER FREQUENCY PLUS
MODULATION FREQUERM MODULATION FREQUENCY)

_-

REQUIREDO
BANDWIDTH

FREQUENCY

SINGLE SIDEBAND, SUPPRESSED
CARRIER

REQUIRED
BANDWIDTH

LU

0_J ,I IIi
FREQUENCY

Figu.re 1-17.-Comparison of DSB and SSB bandwidths.
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modulation), when the output power is 150 watts, 100.
watts is contained in the carrier and 25 watts in each
of the sidebands. In SSB, all of the power is put into
one sideband.

Thus, theoretically, a radiated power of 25 watts at
the transmitter employing SSB is equivalent to a radi-
ated power of 150 watts at the transmitter when DSB
is used. Equally important, the bandwidth required for
a SSB voice circuit is approximately half that needed
for DSB (see fig. 1-17).

RECEIVING SSB.-The SSB receiver must have rigid
frequency stability, much more so than when DSB is
used. The SSB receiving station has the problem of
furnihhing an artificial ca'rier, because the SSB signal
does not have a carrier against which the sideband sig-
nals can be heterodyned in the receiver (during the de-
modulation prccess) to produce useful audio signals.

Normally, the artificial carrier is furnished by a beat-
frequency oscillator in the receiver. This method of
carrier reinsertion is not to be confused with those com-
mercial SSB transmitters that transmit a residual (not
totally suppressed) carrier signal, so that automatic fre-
quency-control equipment may be used. Such is the type
used in the Navy's fixed shore installations.

It is necessary that the SSB transmitter have the same
high order of stability as the receiver. The transmitter
and receiver must not drift apart more than a very few
cycles for quality voice reception.

ADVANTAGES OF SSB.--In DSB, if the sidebands are
n't received in the proper phase (due largely to multi-
pith skywave propagation conditions), the signal is
fizzuv, distorted, and sometimes quite loud. However,
with the suppressed-carrier type of SSB, this problem is
greatly reduced.

There is, as has been stated, an increase in effective
power because all of the power goes into the single side-

42



band, which carries the useful voice intelligence. The
power gain in the SSB system is from 6 to 9 db over
the equivalent DSB system. (For a discussion of deci-
bels, see Chapter 8 of Basic Electronics. NavPers 10087.)
The SSB transmitter provides about 6 db of gain, and
about 3 db of gain results from the narrow-band, single-
sideband receiver.

Essentially the number of available channels are dou-
bled when SSB is used. Doubling the number of chan-
nels in the 2 to 30-mc range is especially important in
fleet communications.

In some voice DSB communications systems the car-
rier remains on the air during periods when modulation
is absent. If one station transmits while another (hav-
ing nearly the same carrier frequency) is on, the result
is interference (squeals).

In SSB, with voice break-in, as soon as the individual
stops speaking into the microphone, "talk power" in the
sideband leaves the air so that interference is reduced.
A ship may enter the network as soon as the "talk
power" leaves the air. Even when two stations trans-
mit at the same time, a receiving station can read
through the interfering station the same way you are
able to choose one conversation from several going on
around a conference table.

Navigational Equipment

Navigational equipments include a variety of elec-
tronic gear, each serving one or more specific purposes.
Included among these equipments are radio direction

finders, radar direction finders, radio compass equip-
ments, radio and radar beacons, loran (LOng RAnge
Navigation), and others. Only brief descriptions of the
various equipments are given in this chapter. A more
detailed treatment of these equipments is included in
the ET 2 training course.

RADIO DIRECTION FINDERS.-Before the development
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of radar and loran, radio direction finders provided the
only electronic means of obtaining a position at sea. A
ship entering port or steaming along the coast near a
radio direction finder (RDF) station had two ways of
obtaining a radio fix.

By the first method a ship would contact, by radio, an
RDF station and request a position. The ship then
transmitted a series of signals, and two or more RDF
stations took bearings on these transmissions. By tele-
phone or some other means all RDF stations sent their
bearings to the designated control station, which plot-
ted them on a geographical chart. When the exact lo-
cation of the ship was plotted by the crossing of the
various RDF bearings, the control RDF station trans-
mitted this information to the ship.

By the second method a ship would take several bear-
ings as rapidly as possible on several radio beacons or
radio stations of known geographical location, or on a
single beacon or station of known location, allowing, in
the latter case, from 10- to 30-minute intervals between
bearings. The ship would then plot lines through these
bearings. The intersection of the lines would locate tlhe
ship. The plotting of these bearings would give a fix
that was more or less accurate, depending on the accu-
racy of the bearing and their angle of "cut."

The first method, utilizing RDF stations, is more ac-
curate and rapid. However, in some instances the sec-
ond method had to be used because only one radio sta-
tion was available.

The RDF (for strictly navigational use) finds little
shipboard app!ication today, although it is used to some
extent in air navigation. Other devices, however, are
very rapidly replacing the RDF, even in aircraft.

One of the main uses of RDF today is in the location
of personnel afloat in liferafts or lifeboats, as long as
they have a radio transmitter on which ships or planes
can take bearings.
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Essentially, the radio direction finder is a sensitive
receiver to which a directional (loop) antenna is con-
nected. Range information is not obtained with just
one bearing alone. By taking bearings on at least two
"transmitters a position can be obtained.

Many older shipboard direction finders operated in the
low-and medium-frequency bands because in these fre-
quency ranges the bearing accuracy was increased.
However, many of the newer special-purpose RDF
equipments operate in the VHF, UHF, and SHF bands.
One of the uses of these equipments is to enable the
operator to obtain bearings on intercepted radio and
radar signals of unknown origin.

RADIO COMPASS EQUIPMENT.-Radio compass equip-
ment finds its greatest present-day usage in aircraft.
With a network of radio beacons covering much of the
earth's surface, the radio compass is essentially a radio
direction finder that automatically indicates the plane's
bearing at all times and thus helps the pilot to maintain
his course and to locate his position. Where the beamed
energy from the beacons cross, it is possible for the
pilot or navigator to fix his position with considerable
accuracy.

Ground-station radio beacons transmit either continu-
ously or at automatically scheduled times; the pilot
merely tunes his compass receiver to the frequency of
the stations listed in the area through which he is pass-
ing. Indicators automatically show relative bearing in-
formation with respect to the station being received.

SECTOR BEACONS.-In military aDplications, aircraft
Pre muided to carriers and shore bases by means of
homing beacons located on the carrier or base. The
sectnr beacon is a snecial tvne of homing beacon. It
transmits a directional beam from a rotating arrav that
is coded differently in various sectors of its angular
sweep.

Each sector has a different code letter so that a pilot
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can read the code to determine his approximate bearing
with respect to the homing beacon.

The Navy makes use of the Model YG and Model YE
homing-beacon transmitter equipments. A suitable re-
ceiver in the airplane receives the signals from the
sector beacons. These transmitters are designed pri-
marily for installation on aircraft carriers, but may be
used on other vessels or at air stations.

Figure 1-18 illustrates the radiated signals that may
originate in the YG transmitting equipment. The com-
bination of letters may be changed daily or hourly for
purposes of security. The shaded areas in the pattern
illustrate that the identification signal is transmitted at
certain angular displacements rather than continuously.

TACAN.-Tacan, an abbreviation of TACtical Air Nav-
igation, is being placed in operation by the U. S. Navy
and the U. S. Air Force. It is rapidly replacing the

• i !T...SM• ...

figure I-18.-Radiated signal sectors of the YO transmitter.
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sector beacons discussed in the preceding section. Civil-
ian airports will also use this equipment.

Tacan is an electronic navigation system with which
an airplane pilot can instantaneously and continuously
read the distance AND bearing of a fixed ground station
or shipboard transmitter. It is one of the newest elec-
tronic aids to air navigation.

Because the beacon system has an azimuth accuracy of
only 150, a slow data rate, and no range information, it
falls far short of postwar military requirements. The
present tacan system resulted from the huge develop-
ment program in which the Bureau of Ships joined to
produce a highly accurate system of position finding that
could be used tactically.

Tacan is a polar-coordinate system in which a ship or
station installation of an AN/URN-3 (or the improved

MAGNETIC
NORTH
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model, AN/SRN-6) transmitting set and an airborne
AN/ARN-21 transmitter-receiver indicator gives bear-
ing and distance information to an aircraft pilot, as in-
dicated in figure 1-19.

In each aircraft that has the AN/ARN-21 the pilot
can read on an azimuth indicator the position of the
transmitting source in degrees of magnetic bearing from
his aircraft. Also, the distance in nautical miles to the
same reference point is registered in front of him as a
numerical indication very similar to that of an automo-
bile odometer (mileage indicator). In figure 1-19, the
aircraft is 106 miles from the carrier and the ship is
on a magnetic bearing of approximately 2300 from the
aircraft.

To provide a continuous navigation service through a
large area, such as the continental United States, the
system contains 126 selectable channels. As in televi-
sion channel assignments, no two stations within inter-
ference distance of each other should be on the same
channel.

The pilot can switch channels (as easily as he switches
channels on his TV set) to select any tacan transmitter
within maximum range that best suits his flight path.

To aid the pilot in his identification of a particular
transmitter, the transmitter automatically transmits a
three-letter tone signal in International Morse Code every
37.5 seconds. The aircraft receiver converts the signal
to an audible tone that is heard in the pilot's headset.

Two frequencies are employed, as indicated in figure
1-20. One frequency (Y) is used for transmissions to
the aircraft and another frequency (X) is used for
transmission from the aircraft. The surface-to-air fre-
quency carries bearing and range intelligence as well as
station-identification information. The transmission
from the aircraft-to-surface unit is required to trigger
the distance-measuring system.

When the pilot closes the proper switch on his set
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Figure 1-2.•--Dual-frequency transmission.

control, his receiver-transmitter radiates a series of
range interrogation pulses (frequency X).

The interrogation pulses are detected by any ship or
station that is oj -- ting on the same channel. The

pulses cause the transmitter to radiate a response, which

is a series of pulses on frequency Y.
When the reply signal is received in the aircraft, it is

fed to range circuits that determine the time that has

elapsed during the round-trip of the two signals. Other

circuits convert the time difference to equivalent dial

indication in miles.
Bearing information is radiated continuously on fre-

quency Y. The AN/URN-3 transmitter is keyed by

3600 pulse pairs a second, of which 900 pulse pairs are

used for a reference signal (discussed later) and the
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remaining 2700 are used as range interrogation re-
sponses or random filler pulses. The filler pulses arE
emitted during the idle periods between the other pulses.

All pulses have equal amplitude when they leave the

transmitter; and they emerge from the fixed ver-

tical conical antenna still at equal amplitude (see fig.
1-21, A).

A single parasitic antenna properly spaced from the

omnidirectional conical antenna causes the resulting
field-strength pattern to approximate a cardioid. The
parasitic antenna rotates about the fixed conical an-

tenna at 15 revolutions a second. Therefore, the cardi-
oid pattern moves 3600 in azimuth 15 times a second.

At point X, for example, on figure 1-21, B, an ob-

server with a recording field-strength meter will detect

a radio-frequency signal whose strength varies as the

parasitic antenna is rotated. The recorded signal
strength appears as a 15-cycle sine wave, as shown in
figure 1-21, D and E. Similarly, a suitable detector cir-

cuit in the aircraft receiver will sense the sine-wave

variations of the pattern as it sweeps past the aircraft.

However, the information can be useful only if some
point of the rotating pattern can be referenced in azi-

muth simultaneously at both the airplane and the AN/
URN-3 transmitter. The reference is established by a

burst of specially timed pulses from the AN/URN-3 at

the instant the pattern is moving through the position

shown in figure 1-21, C. At this same moment, point

M on figure 1-21, C, is a point of maximum rate of

change of increasing signal strength.
On the signal strength vs time graph (fig. 1-21, D

and E) M is the zero point of the sine wave.
To an aircraft at position P on figure 1-21, C, the

reference burst of pulses would be received at the same

instant the aircraft receiver was detecting the signal

strength denoted by P on figure 1-21, D and E. This

point is about 1350 away from the zero point, M, of the

so
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15-cycle sine-wave signal. As long as the aircraft re-
mains at the position angle, P, the reterence signal will
always be detected 135u out of phase with (or away
from) the zero point, M.

"Other airborne tacan receivers at various points in
azimuth about a tacan transmitter will detect the refer-
ence burst of pulses at a difference point or degree on
the 15-cycle signal.

The phase-measuring circuits of the airborne tacan
receiver detect and measure the time difference to the
zero point on the 15-cycle signal. The phase difference
is then converted and used to position mechanically the
azimuth indicator pointer.

To get a more precise bearing determination, an ad-
ditional modulating signal of 135 cycles is used in a
manner similar to the 15-cycle modulation signal. The
135-cycle modulation is produced by a set of nine more
parasitic antennas properly spaced and rotated about the
central conical radiator at 15 revolutions per second.

The 135-cycle modulation provides the vernier (or
more accurate) bearing data. It is somewhat similar
in purpose to the 36-speed synchro operating with the
single-speed synchro. The 36-speed synchro furnishes
3600 of phase shift for every 100 of rotation of the
single-speed synchro. Similarly, by the use of 135-cycle
modulation of the tacan signal, 3600 of electrical phase
shift is provided for every 40' of azimuth (1,4 x 3600)
to create the extremely high bearing accuracy of the
system.

The details of the operation of this equipment may
be obtained from the instruction book (NavShips
92348) when it becomes available. Additional infor-
mation is included in the August 1957 issue of the
Bureau of Ships Journal, from which the information
given is condensed.

LoRAN.-The loran system was designed to provide a
means of obtaining navigational fixes by using low-
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frequency radio signals. The word LORAN is a combi-
nation of the first letters of the words LOng RAnge
Navigation. With loran, accurate fixes (locating one's
position) can be obtained at much greater distances
from transmitting stations than is possible with con-
ventional radio direction finding. During the day, over
sea water, fixes are possible up to 700 nautical miles
from the loran transmitting stations. During the night

/S! ~LEFT-HAND
,BRANCH

I RIGHT-
\ HAND

j i ,, / BRANCH

A B

Figure 1-22.-,,inciplo of lom ran ted.111*
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when sky waves are utilized, satisfactory operation may
be obtained up to 1400 miles.

A loran fix compares favorably in accuracy with a
•,• celestial fix and it has certain advantages. It may be

used as well in a heavy fog as in clear weather, and the
readings can be made rapidly at any time.

The principle of loran is based on the difference in
time required for pulsed radio signals to arrive from a

pair of synchronized transmitters. Loran transmitters
are installed on shore several hundred miles apart. The
principle of loran is illustrated in figure 1-22. If in
part A, stations A and B are pulsed simultaneously, the
two pulses arrive at any point on the center line at the
same time. This is evident from the geometry of the
figure; and an observer, with the proper receiving equip-
ment, could tell if he was on this line.

Suppose, however, that an observer is located closer
to station A than to station B. Then the pulse from
station A will arrive at his location before the pulse
from station B. Assume that the time difference is
800 14s, as shown in part B. There are many points at
which the receiving equipment will indicate a time dif-
ference of 800 As; these points lie on a hyperbola. Con-
necting the points where the time difference is the same
forms a line of constant time difference, or hyperbolic
line of position. This line (solid curved line) forms the
LEFT BRANCH of the hyperbola. It is concave toward
station A.

If the observer knows that he is closer to station A
than station B and that the time difference is 8001,s, he
still does not know this exact position on the hyperbolic
line of position.

Assume now that the observer is nearer station B
than station A and that the time difference between the
arrival of the two pulses is 800s. The line of constant
time difference is then the righthand branch of the hy-

54



r

perbola, and appears as the dotted curve in figure
1-22, B.

(Stations A and B are the foci of the hyperbola.) If
the pulses from the transmitters are identical, the ob-
server has no way of telling which pulse arrives first.
He then cannot determine on which branch of the hy-
perbola he is located. This difficulty is overcome, and
at the same time the measurement made by the ob-
server is simplified by delaying the pulsing of one of
the transmitters by an amount that is more than one
half the pulse-recurrence interval from the other sta-
tion. For example, the interval between a pulse from A
and the next pulse from B is always made greater tharn
the interval between the B pulse and the next A pulse.
Thus the navigator can tell that the pulse followed by
the longer interval is always from station A.

From tie foregoing explanation is follows that many
lines of position may be obtained. By selecting several
time differences for a given pair of stations, the result
is a family of hyperbolas like those shown in figure
1-23, A. In figure 1-23A the pulses from both trans-
mitters are identical and no time delay is introduced as
indicated by zero on the center line.

In actual practice, one station of a loran pair (fig.
1-23B) is designated the master station. It establishes
the Pulse Repetition Rate (PRR). The second, or slave
station, receives the pulses of the master station and
transmits its own pulses delayed in time but in synchro-
nism with the master pulses. The time delay between
the transmission of a pulse from the master station and
the arrival of this pulse at the slave station depends
chiefly upon the DISTANCE between the stations. This
delay is caused by transit time.

After the pulse arrives at the slave station, there is a
time delay of one-half the pulse-repetition period. This
delay is necessary because of the two-trace method of
cathode-ray-tube presentation at the loran indicator.
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In addition to these two delays, another delay, called
the CODING DELAY, is added. The sum of the three de-
lays is called the ABSOLUTE DELAY. The absolute delay
is the time between the transmission of a pulse from
the master station and the transmission of a pulse from
the slave station. The absolute delay in figure 1-23, B,
is 3000 /s, as indicated on the center line.

The PRR is different for different pairs of stations
to enable the operator to identify the pair to which the
receiver is tuned. There are four loran channels, num-
bered 1 through 4, corresponding to carrier frequencies
of 1950, 1850, 1900, and 1750 kc, respectively. The
BASIC PRR is either 25 cps (the LOW, or L. rate) or
33V. cps (the HIGH, or H, rate). A third basic recur-
rence rate of 20 cps (the SPECIAL, or- S, rate) is not in
operational use, but is provided in new equipment to
allow for expansion of the loran system.

The basic pulse recurrence rates are subdivided into
SPECIFIC PRR. The specific low PRR is from 0 through
7, corresponding to 25 through 257, pulses per second
in steps of %, of a pulse per second. The specific high
PRR is from 0 through 7, corresponding to 331ý, through
341/9 pulses per second in steps of '/,, of a pulse per

second.
To establish his position, the loran operator must

have the proper loran charts, as well as the proper re-
ceiving equipment. A loran fix is the point of inter-
section of two lines of p'osition. Two pairs of trans-
mitting stations, or one master and two slave stations,
are needed to establish the lines of position necessary
for the fix. One pair of stations act as foci for one
family of hyperbolas. The second pair of stations act
as foci for another family of hyperbolas. As has been
stated, a fix is the intersection of two hyperbolas, one
from each family.

Figure 1-24, illustrates how a fix is obtained by using
only one master and two slave stations. This is accom-
plished by causing the master station to transmit two
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distinct sets of pulses. The double-pulsed master station
transmits one set of pulses at the PRR of the pulse
transmitted by the first slave station and the other set
of pulses at the PRR of the pulses from the second slave
station.

Lines of position are identified by a letter and several
numbers. The letter represents the basic PRR-Low
(L), high (H), or special (S). The first number repre-
sents the channel (1 through 4), or carrier frequency;
the second number denotes the specific PRR; and the
last number is the time difference in microseconds. For
example, 2L 6-2500 indicates channel 2, which is 1850
kc; a low basic PRR of 25 cps; a specific PRR of 6,
corresponding to 25%j6 cps; and a time difference of
2500 1•s.

Loran charts for use aboard ships and aircraft are
published by the U. S. Navy Hydrographic Office.

Radar Sets
An introduction to radar is given in Chapter 14 of

Basic Electronics, NavPers 10087. Some representative
radar sets are listed in the following paragraphs.

The SG-6b radar is a shipboard radar originally de-
signed for surface and zenith scanning. The special
dual antenna allows the operator to choose either sur-
face search for targets on or slightly above the water
or zenith search for aircraft approaching overhead.
Targets are presented on the screens of a range scope
and on the screens of the various repeaters, for exam-
ple, the VJ.

The AN/SPS-6c radar is a shipboard radar designed
for long-range search and is capable of detecting both
aircraft and surface craft. Detected targets are indi-
cated on a range indicator and on as many as four PPI
indicators such as the VK, AN/SPA-4, AN/SPA-8, or
similar types. Of course, with switchboards or other
coupling devices the number of repeaters that may be
used is unlimited.
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The AN/SPS-4 radar is an improved version of the

SG-6b radar. It operates at a lower frequency than the
SG-6b and at a higher power output.

Radar Set AN/SPS-8 is a high-power, shipboard,
height-finding radar system, designed for fighter aircraft
direction. It presents target height, slant range, bear-
ing, and beacon information on remote radar repeaters,
Navy Model VK Plan Position Indicator (PPI) and
Navy Model VL Range-Height Indicator (RHI).

Radar Repeaters
In the early days of radar, indicators were a part of

the console of the radar itself. However, with the in-
crease in numbers and purposes of radar sets aboard
ship remote indicators (radar repeaters) became neces-
sary.

At the remote indicator, a selector switch permits the
operator to select any one of the shipboard radar pres-
entations for viewing. The output of the radar receiver
is fed through an electronic network, which is separate
from the main indicator circuit, and therefore the range
scale used at the repeater does not have to be the same
as that used at the main (console) indicator. A typical
switching network is treated briefly in chapter 9 of
this training course.

Because repeaters represent an important part of the
ET's work, some typical repeaters are described briefly
in the following paragraphs.

AN/SPA-8A REPEATER.-The AN/SPA-8A Repeater
may be used to display information from a variety of
shipboard radars. When used with such radars, the
PPI will be ship centered unless off-centering is intro-
duced. Views of the top and front panels are shown in
figure 1-25, A.

Provision is made on the indicator for an electronic
cursor and range strobe. The electronic cursor appears
on the PPI as a sharp, bright line whose direction may
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be set by the BEARING CURSOR control. The range strobe
IS a Ul'lt, pVjUL ULaL nway ve nivveu aiong tue cursor by

the RANGE STROBE control. nange ana bearing may De
read directly irom counters. inis iniormation is made
available in two syncliro cnannels ior transmission to
remote points.

This repeater can be designed to be used as a part of
the airborne early warning (AEW) system. This sys-
tem extends the range of standard shipboard radar by
carrying the search radar in a high-flying aircraft ana
relaying the radar information back to the ship for
presentation on the ship's indicators.

Two indicators, one for tracking and one for use as a
final indicator, may be used aq a pair to display such
relayed information. When •. A with the AEW sys-
tem, the presentation on the tracking indicator will be
AEW plane centered. The final (or repeat) indicator
may present a display that is centered about the AEW
plane, own ship, or any other point that is tracked on
the tracking indicator. Ordinarily, in AEW applica-
tions, own ship will be tracked, thus causing an own-
ship-centered display to appear on the final indicator, as
illustrated in figure 1-26.

The display features may be listed as follows:
1. EXPANSION OF DISPLAY-The indicator is provided

with a continuously variable sweep-speed control (rub-
ber range control), permitting exact selection of the
most useful range for any particular condition. It is
often desirable to observe the radar display by the use
of a short-range sweep. Close scrutiny of a target is

permitted by expanding the display, and, if necessary,
off-centering the display so as to keep the target on the

screen. A fully expanded sweep yields a display in

which the detail is limited by the radar, rather than by

the PPI.
2. MANUAL OFF-CENTERING--The indicator is equipped

with manual off-center controls, which permit displace-
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Figure 1-26.-Ships presentation of AEW radar.

ment of the entire picture so that any target within a
250-mile range may be brought to the center (or any
other region) of the display.

When using an expanded sweep, only a small portion
of the area being searched by the radar is presented on
the PPI. This small area may or may not include the
particular desired target. To bring a desired target on
the indicator, or to prevent the target from passing from
view, manual off-centering may be introduced. By the
use of both the expanded sweep and the manual off-
centering, a remote target may be observed on a short-
range display.

3. DRA OFF-CENTERING--The indicator has a synchro
channel for receiving off-centering information from the
ship's dead reckoning analyzer (DRA). This informa-
tion is mechanically fed into the manual off-centering
system of the indicator. DRA off-centering has the
effect of cancelling the effects of own ship's motion,
thereby presenting a stationary display. Such a display
will show all targets, including own ship, moving in
their true courses, and land masses will be fixed.
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4. OFF-CENTER COUNTERS--There are two pairs of off-
center counters (north-south and east-west) on the in-
dicator. The counters show (in miles) how far the pic-
ture has been shifted from its centered position by the
use of the off-center and the DRA.

5. TRACKING STROBE-When the AEW track strobe is
used, a bright spot, known as the TRACKING STROBE, will
appear on the display. This strobe may be moved about
at will by means of the tracking controls, and may be
caused to follow (track) any target that appears on the
PPI. Synchro information regarding the position of
this strobe can now be furnished to remote points, speci-
fically to a final (or repeat) indicator.

6. ELECTRONIC CURSOR-When the AEW track cursor
is used, the origin of the bearing cursor on the indica-
tor is not fixed at any point, but may be moved about
so as to permit range and bearing to be taken between
any two targets. When used in this manner, synchro
data regarding the position of the origin of this roving
cursor may be supplied to a final indicator just as though
tracking were being performed with the tracking strobe.
(Only one indicator at a time can be used for tracking.)

7. AEW OFF CENTERING-When an indicator is used
as a final AEW repeater, a synchro channel is switched
in for receiving off-center information from the track-
ing synchros of a tracking indicator. With such infor-
mation, the location of the tracking strobe (or origin of
the roving cursor) on a tracking indicator suitab]N wired
to this indicator, will determine the location of the ori-
gin of the electronic cursor on the final indicator.

As many as five final indicators may be used with
one tracking indicator without requiring auxiliary
equipment.

AN/SPA-4A REPEATER.-The Range-Azimuth Indica-
tor AN/SPA-4A (fig. 1-27, A) displays information
supplied by any one of the ship's radar systems, pro-
vided the pulse repetition rate of the radar system is
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Figure 1-27.-Rader repeater AN/SPA-4A.

between 60 and 3000 pulses per second. The informa-
tion is displayed on a 10-inch cathode-ray tube PPI.

The PPI sweep is rotated in synchronism with the
associated radar antenna by means of a servo system.
The cursor sweep can be rotated by a hand crank to any
desired radial location. A spot of light (the range
strobe), appearing on the cursor sweep may be super-
imposed on any target in the PPI display. The loca-
tion of the range strobe may be changed by rotating
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either the range hand crank or the bearing hand crank
or both.

The range and bearing of the range strobe (and
hence, the position of a particular target) is registered
on mechanical counters. This information may also be
repeated at remote points throughout the ship.

VF REPEATER.-The VF-1 repeater is of the precision
type having two radarscope indicators. The PPI-scope
has ranges of 4, 20, 80, and 200 miles. The B-scope
presents any selected area of the PPI, 401 by 2 miles, in
an enlarged form.

A true-bearing compass ring is integrated with the
bearing circle of the PPI, and therefore either true or
relative bearings may be read directly.

VG REPEATER.-The VG repeater is of the projec-
tion type used to provide an enlarged projected image
of the radar picture on a horizontal glass screen. The
tube is of very long persistence, and a target image will
remain on the screen for a minimum of about 5 minutes.
Air and surface plotting may be done directly on the
plotting surface of the VG series equipment. This equip-
ment is now obsolete.

VJ REPEATER.-The VJ series of repeaters is used
extensively throughout the Fleet, and is the primary
indicator for radar equipments that do not have master
PPI units-such as the SG-6 and the AN/SPS-6.

Under normal conditions, the electrical information
received from the master radar is presented on the PPI
screen in the form of a circular map, the center of
which represents the location of the radar antenna. The
scale of the map (pattern) is determined by the setting
of the range switch. The scale markings indicate in
miles the actual distance represented by the radius of
the pattern.

When the installation includes a special delay unit, a
movable range ring, manually controlled and coupled to
a range counter calibrated in yards and miles, is pro-
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vided for determining target ranges. By making the
movable range ring bisect the chosen target on the PPI

screen, the target range may be read directly in yards
or miles on the range counter.

VK REPEATER.-The VK repeaters have been improved
S5through a series of changes. The VK-5 functions as a

standard PPI repeater, off-center PPI repeater, or ex-
panded off-center PPI repeater. It may be used on
shore, shipboard, or submarine. It presents AEW (air-
borne early warning) and DRA (dead reckoning ana-
lyzer) information and designates selected targets to
remote PPI repeaters.

Target ranges may be estimated with fixed range

markers or with a dial-controlled range ring. Target
bearing may be measured on a dial around the rim of
the PPI presentation with the aid of a mechanical cur
sor, or it may be measured with either a screen-cen-
tered, display-centered, or wandering electronic cursor.

Off-center presentation may be used to increase the

effective screen area and to display targets from AEW
aircraft or a DRA relay receiver. The start of the PPI
sweep may be shifted off center in any direction by
manual means to locate the observer's ship on the cen-
ter of the PPI screen. After initial off-centering, dis-
plays are automatically off-centered in AEW or DRA
operation.

VL REPEATER.-The VL-1 repeater is a remotely con-
trolled range-height indicator designed to repeat infor-
mation obtained from any standard Navy height finding
radar system. The scope displays patterns within ranges
of 20, 40, 70, and 140 miles (the ranges can be changed
to 20, 40, 100, and 200 miles, if desired).

The screen display forms a roughly rectangular area,
with the trace originating at the lower left-hand corner
of the display. Targets appear as bright spots on the
screen. Height is shown vertically, and range is shown
horizontally.
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L, operation, four equally spaced electronic range
marks appear on the screen as bright, curved lines (arcs
of concentric circles) associated with each range. These
lines appear on their respective ranges as 5-, 10-, 20-,
and 50-mile range markers.

The height of a selected target is measured by means
of a mechanically controlled electronic height marker
appearing as an approximately horizontal line across
the scope screen. The height line is raised or lowered
by a handwheel until it intersects the bright spot rep-
resenting the selected target. The height of the target,
in feet, is then read from a height counter.

STABILIZATION DATA SET.-Stabilization Data Set
AN/SSQ-14 is a vital link in establishing a stabilized
antenna platform. It supplies a synchro signal indica-
tion of the angular displacement of the ship's deck with
respect to the horizontal as the ship pitches and rolls.
Two gyro units, one associated with pitch and the other
with roll, are mounted on a horizontal platform with
their output axes vertical. The outputs of these gyro
units, with their associated servo loops, maintain this
platform in a horizontal position. The pitch and roll
angular correction is sent to the desired destination (the
system that keeps the radar antenna stabilized, for ex-
ample) by means of transmitting synchros geared to the
pitch and roll axes of the stabilized platform.

Sonar Equipment

Chapter 10 of this training course is an introduction
to sonar. The following paragraphs list some of the
typical sonar equipment used by the U. S. Navy.

Sonar Set AN/SQS-10 is a typical scanning sonar set.
It provides a continuous display of acoustic reception
in all directions and an audio response from any desired
single direction.

Sonar Set AN/UQC-1B is a single-sideband, sup-
pressed-carrier, receiver-transmitter designed to provide
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underwater communication between submarines and sur-
face ships at ranges up to 12,000 yards, or beyond, un-
der favorable conditions.

Model NMC-2 Sonar Sounding Equipment measures
ocean depths in fathoms by projecting a signal ver-
tically toward the ocean bottom and measuring the
elapsed time before the return of the echo. This equip-
ment is being replaced by the AN/UQN-1B.

The QDA Target Depth Determining Equipment is
designed primarily for ins'tallation on naval ships to
determine the depth of submerged objects, such as sub-
marines, by receiving the sound range reflections of
directed underwater pulses at preset angles of the pro-
jector. It also permits listening to sounds from pro-
pellers and other sources. The QDA equipment is nor-
mally associated and operated with the horizontal range
type of echo-ranging equipment that is equipped with
the maintenance of close contact (MCC) feature.

Model OKA Sonar Resolving Equipment is designed
for use aboard naval vessels equipped with both azi-
muth echo-ranging and depth-determining sonar equip-
ments. Some of the functions it performs for and with
the other equipments are:

1. It records the audio output of the azimuth echo-
ranging equipment in a manner such that target range,
measured along the sound-ray path, may be directly
read from a chart.

2. It computes the vertical component of the velocity
of sound and delivers this factor as a variable frequency,
controlling the speed of the depth-d&termining equip-
ment recorder stylus, thereby enabling that apparatus
to measure true target depth.

3. It computes the horizontal range of the sonar tar-
get and provides this factor as a continuous graphical
record from which the time for release of a barrage in
an antisubmarine attack may be determined.

The AN/SQS-4 system is the one currently being used.
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IFF Equipment

THE NEED FOR IDENTIFICATION EQUIPMENT.-The age-
old problem of distinguishing a friend from an enemy
in warfare was greatly increased when radar and air-
craft came into combat use. Radar indicates the pres-
"ence of possible targets (both sea and air) at much
greater than visual ranges. Therefore, some method,
other than visual recognition, must be used to properly
identify the "target" as early as possible so that appro-
priate action may be taken.

As deadlier and faster aircraft have been developed,
the identification problem has become more acute. With
modern high-speed aircraft the captain of a ship can-
not afford to wait until approaching aircraft are iden-
tified by visual means before he prepares his ship for
battle. If the aircraft cannot be identified as friendly,
he must assume that they are enemies and take steps
to intercept them as far away as possible.

An electronic system has been developed that permits
a friendly craft to identify itself automatically before
approaching near enough to threaten the security of
other naval units. This electronic system is called ap-
propriately enough, identification, friend or foe, or IFF.
In practice, the "foe" part of the name could be omit-
ted because the foe does not carry the proper identifying
equipment, and therefore he is identified by his lack of
identification rather than by his identifying signals.

The IFF system consists basically of a pair of special
transmitter-receiver units. One set is aboard the friendly
ship and the other is aboard the friendly unit (ship or
aircraft). Because space and weight aboard aircraft
are limited, the airborne system is smaller and lighter
(and requires less power) than the shipboard transmit-
ter-receiver. The airborne equipments are automatic
and do not operate until triggered by a signal from a
shipboard unit.

IFF systems are designated by MARK numbers. In
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order to avoid confusion between IFF systems and fire-
control systems, the IFF mark number is a Roman nu-
meral (Mark III) ; whereas, the fire-control number is
an Arabic numeral (Mark 29).

THEORY OF OPERATION.-The IFF system operates as
•.,• follows: An air-search radar operator sees an unidenti-

fled target on his radar scope. He turns on the IFF
transmitter-receiver, which transmits an INTERROGATING,
or "asking," SIGNAL to the airborne transmitter-receiver.
The interrogating signal is received by the airborne unit,
which automatically transmits a characteristic signal
called an IDENTIFICATION SIGNAL. The shipboard system
receives the signal, amplifies it, and displays it on the
radar scope, or on a separate indicator scope. When the
radar operator sees the identifying signal and identifies
it as the proper one, he knows that the aircraft is
friendly.

However, if the aircraft does not reply when interro-
gated, or if it sends the wrong identifying signal, the
ship must then assume that the target is an enemy, and
defensive action must be taken.

TYPES OF IFF EQuIPMENT.-Early IFF equipments
comprised (1) the interrogator-responsor, and (2) the
identification set (transponder).

The interrogator-responsor performs two functions:
transmits an interrogating signal, and receives the reply.
The transponder also performs two functions: receives
the interrogating signal, and replies automatically to

the interrogating signal by transmitting an identifying
signal.

TYPES OF INTERROGATION.-The two types of interro-
gation are DIRECT and INDIRECT. The interrogation

is direct when the interrogating signal that triggers the
transponder is a pulse from the radar equipment. The
interrogation is indirect when the interrogating signal
is a pulse from a separate recognition set operating at
a different frequency from that of the master radar.
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Early IFF systems used direct interrogation. How-
ever, direct interrogation proved unsatisfactory because
the transponder was required to respond to radars that
differed widely in frequency. Therefore, the later IFF
systems make use of indirect interrogation within a spe-
"cial frequency band reserved for IFF operation.

SECURITY ASPECTS.-Due to the security classification
of current IFF systems, specific equipments and methods
of operation are not included in this training course.

Countermeasures
Countermeasures (CM) may be classified generally as

electronic or nonelectronic. There are further classifica-
tions such as radio countermeasures (RCM), radar coun-
termeasures (Rad CM), and active and passive counter-
measures. However, for the purpose of a brief descrip-
tion of countermeasures, this section of the chapter treats
the subjects under the two general headings: electronic
countermeasures and nonelectronic countermeasures.

In any case, countermeasures are employed to prevent
the enemy from using his radar and communications
equipment effectively, to produce false signals on enemy
receivers, and to prevent the enemy from using counter-
measures on our own radar and communications equip-
ment (this is counter-countermeasures, or CCM).

ELECTRONIC COUNTERMEASURES. -Electronic counter-
measures (ECM) may be classified as ACTIVE or PASSIVE.
Passive ECM is merely the use of r-ceiving equipment
to intercept enemy radar or radio transmissions. Active
ECM is the use of additional transmitting equipment that
may be used to jam the enemy transmissions.

In order to use countermeasures most effectively
against an enemy radar, as many as possible of the
following characteristics should be known about the
enemy radar facility: (1) the frequency, pulse width,
pulse-repetition frequency, and peak power of the trans-
missions; (2) the receiver bandwidth and the time con-
stants of the receiver coupling circuits; (3) antijamming
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features; (4) amount of shielding; (5) type of indicator;
(6) antenna beamwidth; (7) types of scan; and (8) use
of the radar.

Likewise, in order to use countermeasures most effec-
tively against enemy communications systems, the fol-
lowing information is needed: (1) the frequency of
transmissions, (2) type of modulation, and (3) receiver
bandwidth.

"Some of the foregoing information is obtained by
analyzing the enemy transmission, and the other infor-
mation may be obtained by examining captured equip-
ment.

Special equipment has been developed for use in
analyzing r-f transmissions. This equipment includes
SEARCH RECEIVERS, which search the various frequency
bands for the various types of emissions; PANORAMIC
ADAPTERS, which measure the frequency, strength, and
type of modulation of a transmission in a selected band
of frequencies; and PULSE ANALYZERS, which measure
the pulse rate and width. The pulse analyzer and the
panoramic adapter are used with the search receiver.

NONELECTRIC COUNTERMEASURES.-Units called COR-I NER REFLECTORS are used to present strong echoes to
enemy radars. When suitably placed, they return strong
echoes that appear to the enemy radar operator as a
large naval force. Corner reflectors have other valuable
uses also. For example, they can be used on liferafts
to better enable friendly search radars to locate them.

ROPE was the code name for long streamers of alumi-
num foil. This foil, cut in lengths of about 400 ft., was
dropped by aircraft that had flown within range of an
enemy radar. The twisting and turning of the foil as
it fell presented many different effective lengths to the
enemy radar. Some of these lengths were highly reso-
nant at the frequency of the radar, and therefore ap-
peared as strong target signals.

WINDOW was the code name for short strips of alumi-
num foil. The foil was cut to slightly different lengths
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so that it caused strong reflected signals at the frequency
of the enemy radar. The strips were packaged and
dropped over enemy territory. While fluttering to the
ground, they presented a multitude of targets to the
enemy radars. Thus, enemy search and tracking radars
followed the strong echoes presented by the window and
could not be made to track on the lesser echoes presented
by the aircraft.

DECOYS consist of a wide variety of devices. Some of
the most effective are balloons towing strips of aluminum
foil. These strips, which vary in length, present strong
reflections over a fairly wide band of frequencies. Other
decoys are aircraft towing streamers of foil. Corner
reflectors might also be considered decoys.

The RADAR PREDICTION DEVICE (RPD) also proved to
be a very effective countermeasures device during World
War II. The RPD was simply a relief map of the enemy
territory with a flashlight bulb at the location of the
enemy radar set. The shadows cast by mountains or
other features of the terrain indicated weak or blind
spots in the enemy radar beam. When a blind spot was
found, aircraft used it to advantage in making the
approach.

ANTIJAMMING MEASURES.-Antijamming measures, or
counter-countermeasures (CCM), are used to reduce the
effect of enemy jamming on our own equipment. In re-
ceivers some of the most important CCM devices are
special filters that pass only the most important parts
of echo signals, thus rejecting as much of the jamming
signal as possible. In the transmitters, a great many
radar equipments have tunable magnetrons whose fre-
quency may be varied at intervals to prevent an enemy
jatnming transmitter from locking on the radar signal.

Radlac Equipment

Radiac equipment is becoming increasingly important
in the Navy, and many ET's are being trained in the
repair and calibration of this type of gear. The term,
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RADIAC, is derived from the words, Radio, Activity, De-
tection, Identification, And Computation.

Chapter 11 of this training course covers some of the
basic operating principles of the more common types of

Sradiac instruments. Some typical equipments used by
the Navy are also described.

QUIZ

1. Other than the routine duties required of petty officers, what is
the PROFESSIONAL duty of the ET?

2. Why is it necessary for the ET to check the Manual of Qualifi-
cations for Advancement in Rating, NavPers 18068, before pre-
paring for advancement in rating examination?

3. How will the ET be hindered in his work if the basic principles
of electricity and electronics are not mastered?

4. The RMB, the CEMB, and the SB have been combined into what
publication?

5. What two chapters of the Bureau of Ships Manual are of special
interest to the ET?

6. What is the basic maintenance history card for electronic equip-

ment?

7. What card provides for recording the insulation resistance of
a unit or circuit?

8. Which record card will indicate to the ET the modifications that
have been made on an electronic equipment?

9. What three cards make up the current ships maintenance
project?

10. Which report furnishes first-hand information on electronic
equipment under actual operating conditions?

11. Which report provides the Bureau of Ships with a presentation
of the over-all gear, points out the weakest parts of any particu-
lar equipment, and forms the basis on which to procure main-
tenance parts?

12. The Navy uses two radio teletype systems afloat. Which system
is used for (a) short-range operations and (b) long-range oper-
ations?

13. In space diversity reception, how far apart are the receiver an-
tennas spaced?
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14. What three distinct operations are performed ini facsimile com-

munications?

15. How is synchronization obtained in a facsimile system?

16. Why is there an increase in effective power of SSB transmission
over DSB transmission?

17. In radio compass equipment, what information is supplied to the
pilot by means of indicators?

18. What navigational information is supplied to the pilot of an
airplane equipped with tacan?

19. Besides range and bearing intelligence, what information is sup-
plied by the surface-to-air frequency in the tacan system?

20. In the tacan system, what is the function of the frequency
emitted by the aircraft transmitter?

21. In figure 1-23, what is the purpose of the 3,000-#s delay in a
loran system?

22. The absolute delay in a loran system is the sum of what three
delays?

23. What types of information are presented by the AN/SPS-8
radar?

24. What is the purpose of manual off centering in the AN/SPA-8A
repeater?

25. What is the effect of DRA off centering on the AN/SPA-8A?

26. In the AN/SPA-8A system, what information is indicated on
the off-center counters?

27. What is the purpose of Stabilization Data Set AN/SSQ-14?

28. What type of information is presented by Sonar Set AN/
SQS-10?

29. What basic components make up an IFF system?

30. What two functions are performed by an IFF transponder?

31. What information is needed in order to use countermeasures
most effectively against enemy communications systems?

32. What is the function of panoramic adapters?

33. What countercountermeasures device is often used in receivers
to pass only the most important parts of echo signals and thus
to reduce the effect of enemy jamming?
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ELECTRONICS SAFETY PRECAUTIONS

INTRODUCTION

Nothing in the ET training program can be more im-
portant to the individual ET than his own personal safety
and the safety of his shipmates. Because this is such
a personal matter, its importance should be obvious. In
few other fields of work is the expression, "carelessness
kills," more appropriate.

Electronic circuits are potentially dangerous even when
the technician uses a great deal of care in his service
work. The danger, however, varies inversely with the
effectiveness of the safety precautions. Theref ore,
proven, recommended safety precautions must be used.

The accidental electrocution of an Electronics Techni-
cian aboard an icebreaker points up a WARNING and a
PRECAUTION.

WARNING: When working on live equipment, watch
what touches your body as well as what you touch with
your hands.

The Electronics Technician in question was working
on a TBM radio transmitter. While he was reaching
into the equipment his body touched a coil having a
potential of 2000 volts, carrying over two amperes. His
elbow then touched the bulkhe~ad, completing what was
for the victim a fatal circuit.
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PRECAUTION: Learn artificial respiration. If you know
it, it may save your shipmate's life. If he knows it, it
may save your life.

In this particular case, another technician present
when the victim was electrocuted did not know how to
give artificial respiration; and it was not given until a
doctor arrived.

In cases of electric shock, artificial respiration must

be given IMMEDIATELY to do any good. For example,
power linemen are told to start artificial respiration
before lowering the victim from the pole to the ground.
This procedure saves valuable time.

Instructions for giving artificial respiration are in-
cluded in the Standard First Aid Training Course,
Navpers 10081.

Much material has been written on the subject of
safety precautions; and much has been written espe-
cially for the benefit of electronics personnel.

All electronics personnel must become thoroughly fa-
miliar with United States Navy Safety Precautions,
Opnav 34P1, including the latest changes; they should
pay special attention to chapter 18. All electronics per-
sonnel must likewise become familiar with Chapter 67
of the Bureau of Ships Manual, NavShips 250,000, in-
cluding the latest changes; they should pay special atten-
tion to part 12 of chapter 67.

Additional information that will be of value is con-
tained in Electric Shock, Its Cause and Prevention, Nay-

Ships 250-660-42; Chapter 1 of the Electronic Installa-
tion Practices Manual, NavShips 900,171, and in some
issues of the Bureau of Ships Journal--for example, the
July 1955 and the May and August 1957 issues. Many
issues of the EIB also include safety information-for
example, No.'s 312, 406, 416, and 429.

Some of the information ccntained in the following
paragraphs is condensed from the previously mentioned
references.
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PERSONAL PROTECTION

The technician must not work on electrical (or elec-
tronic) equipment when his hands or clothing are wet.
He must not wear loose or flapping clothing or clothing
with exposed zippers or metal fasteners when working
on electronic equipment. The same is true of rings,
wrist watches, bracelets, and similar metal items. An-
other very important item is the matter of shoes. Thin-
soled shoes and shoes with metal plates or hobnails must
not be worn when work is being done on electronic
equipment.

No work must ever be done on live circuits regardless
of the magnitude of the voltage except in case of emer-
gency. Under emergency conditions when work must be
done on live circuits, every precaution must be taken to
prevent accidental grounds. Rubber gloves must be worn
and properly insulated tools used; the deck must be
covered with an approved insulating material; and at
least one other person must be present at all times. All
persons must be thoroughly familiar with approved
methods of rendering first aid and artificial respiration.
Specific instructions pertaining to work on live circuits
are contained in Chapter 18 of United States Navy
Safety Precautions, OpNav 34P1.

Danger signs and suitable guards must be provided to
prevent personnel from coming in accidental contact
with high voltages. Danger signs must also be used to
warn personnel servicing electronic material aloft against
the possible presence of explosive vapors in certain loca-
tions and against the POISONOUS EFFECTS OF SMOKE AND

STACK GASES.
According to OpNav 34P1, on all circuits where the

voltage is in excess of 50 volts, and where the deck or
walls are of metallic construction, the worker must be
insulated from accidental grounding by the use of ap-
proved insulating material. Whenever work of a nature
other than electrical is performed in the vicinity of ex-
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posed electrical circuits, suitable insulating barriers must
be provided to prevent accidental contact with the cir-
cuits. Dry wooden stools or platforms are used to pre-
vent the possibility of contact between the workmen's
shoes and a wet or damp floor.

Other protective measures include (1) covering metal
tool handles with rubber insulating tape; (2) ensuring
that fuse boxes are securely closed except when work is
being done on them; (3) checking the resistance between
the metal bases, frames, and so forth of electronic equip-
ment and ground at regular intervals and after repair
work has been done; and (4) being sure that safety
devices such as interlocks, overload relays, and fuses are
not altered or Jisconnected except for replacement (no
safeguard circuit is to be modified without specific au-
thority).

In connection with insulating metal tool handles with
rubber insulating tape, it is also necessary to insulate the
shanks of certain screwdrivers (particutarly those used
inside electronic equipment) with insulating sheaths.
Only %/16 of an inch of the blade need be exposed. Where
it is not practicable to tape or otherwise insulate a sur-
face, electricians' insulation varnish may be used.

There are certain special precautions against electric
shock that must be taken. Certain pieces of equipment
(for example, brushes, dusters, and brooms) not gener-
ally considered to be conductive can be dangerous, and
the necessary precautions must be taken. Sufficient illu-
mination is very important, and so is keeping one's atten-
tion directed to the work being done. Do not trust
equipment insulation to protect you from high voltage
when work is to be performed, and keep alert to the
possibility of accidental grounds or shorts.

In working on live circuits, exercise as much care with
low voltages as with high voltages; and never take a
shock intentionally from any voltage regardless of how
small it may be.
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GENERAL ELECTRONICS SAFETY PRECAUTIONS

Because of the constant use of radio aboard ship the
following precautions for radio-frequency circuits should
be observed: (1) Energized high voltage output circuits

- should not be broken except when absolutely necessary
and authorized by a qualified officer; and (2) when other
transmitting equipment is in use at the same installation
or close by, ET's should be on the alert to prevent shock,
burns, or other injury to personnel due to energy picked
up from adjacent antennas or equipment (certain cir-
cuits may have to be grounded for safety reasons).

Electronic detonators or igniters, electrically fired
rocket motors, and electric fuzes (ordnance) must not
be located in the same compartment with or be exposed
within 5 ft of any exposed electronic transmitting appa-
ratus, or exposed antenna, or antenna lead aboard ship
or at a shore electronics activity. No danger due to r-f
potentials exists with detonators of any type while they
are in a properly covered metal container.

Capacitors are potentially dangerous. Before an ET
touches a capacitor, which is connected to a deenergized
(or which is disconnected entirely), he must short-circuit
the terminals to make sure that the capacitor is com-
pletely discharged. A suitably insulated shorting stick
should be used for this purpose.

The diagram of one type of shorting stick is illustrated
in Chapter 1 of Electronic Installation Practices Manual,

NavShips 900,171. It is reproduced in figure 2-1.
The primary function of the shorting stick is to pass

the discharge current from a capacitor through the
ground wire to ground, NOT through the body of the
person discharging the capacitor. The hook enables the
technician to fasten the stick to the high-voltage termi-
nal so that it can serve as an added protection while
work is in progress. It is necessary, of course, to con-
nect the ground clamp to ground BEFORE using the hook.

Some shore stations have provided a shorting stick
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Figure 2-1.-Diagram of short~ng stick.

at each transmitter enclosure. In each case it is so
placed that the technician must remove the shorting stick
before he can gain access to the equipment.

No person should reach within or enter energized elec-
tronic equipment enclosures for the purpose of servicing
or adjusting, except when prescribed by official appli-
cable technical manuals and then not without the imme-
diate presence and assistance of another person capable
of rendering aid in an emergency.

When the ship is in dryclock, the electronic equipment
on board may be energized only with the permission of
the docking officer.

COMMON SAFETY FEATURES IN ELECTRONIC EQUIPMENT

The ET should be aware of the safety features that
are generally included in electronic equipment. There is
a tendency on the part of design people to p~ay more
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attention to safety measures when the equipment is to
be used b.- unskilled persons than when it is to be used
by skilled persons, but there is always the possibility
that an accident will happen to a skilled, but unalert
person. This is a matter to keep in mind; and the ET

"N must remember that safety devices cannot always be
counted upon to function.

Some of the common safety features are interlock
switches, bleeder resistors, current-limiting resistors, in-
sulated controls, and power-line safety devices.

Interlock Switches

The interlock switch is ordinarily wired in series with
the power-line leads to the electronic power supply unit,
and is installed on the lid or door of the enclosure so as
to break the circuit when the lid or door is opened. A
true interlock switch is entirely automatic in action; it
does not have to be manipulated by the operator.

Multiple interlock switches, connected in series, may
be used for increased safety. One switch may be in-
stalled on the access door of a transmitter, and another
on the cover of the power-supply section. Complex inter-
lock systems are provided when several separate circuits
must be opened for safety.

Because electronic equipment may have to be serviced
without deenergizing the circuits, interlock switches are
so constructed that they can be disabled by the techni-
cian. However, they are generally located in such a
manner that a certain amount of manipulation is neces-
sary in order to operate them.

Bleeder Resistors

A bleeder resistor is often connected across the output
terminals of high-voltage d-c power supplies. It is used
to bleed the dangerous charges off the filter capacitors
because a high-grade filter capacitor can maintain its
charge for a long period of time.
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The bleeder current is an added drain on the power
supply, but the system is designed to withstand this
additional burden.

In some equipments where large, high-voltage capaci-
tors cannot be effectively shunted by bleeder resistors,
the technician must discharge these capacitors before
working on the high-voltage circuits. For this purpose
special shorting sticks are used.

The technician must keep in mind the possibility that
the bleeder resistor may burn out and thus become use-
less as a protective device. Filter capacitors must be
discharged as a matter of routine when repair work is
to be done. Do not depend on the bleeder; it is merely
an added protection.

Current-Limiting Resistors

A current-limiting resistor is often connected in series
with the output lead of a high-voltage circuit to limit the
current (actually, the terminal voltage) to a safe value
when a short-circuit or an accidental contact occurs.
One example is the 1-megohm resistor in the output cir-
cuit of high-voltage power supplies. Accidental contact
loads the circuit in series with the resistor, and most of
the high voltage is developed across the resistor instead
of across the person making the accidental contact. Bear
in mind that a very small current through the body may
be fatal. Extreme caution should be exercised at all
times when working on live circuits, regardless of the
magnitude of the voltage.

Insulated Controls

Metal knobs, dials, switches, and adjustment screws
are generally used only in equipment of the "cold chassis"
type; they are not used with a-c/d-c devices.

Even when insulated knobs are used, short setscrews,
which do not extend beyond the recessed opening in the
knob, are used to prevent the operator's fingers from
coming in contact with a possible live circuit. As an
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added precaution, a spot of sealing wax or coil dope is
added to fill in the open end after the setscrew is tight-
ened.

Rheostats and potentiometers in high-voltage circuits
are placed far enough back of the panel to permit an
insulated shaft coupling between the device and the con-
trol knob. Common examples are the focus, intensity,
and beam-centering controls of an oscilloscope.

Power-Line Safety Measures

Only approved line cords in good condition should be
used. Such cords must be protected with insulating
grommets at the point where they pass through the
chassis or panel.

In addition to the external fuses, equipments are usu-
ally supplied with one or more internal fuses.

GROUNDING OF EQUIPMENTS AND COMPONENTS

Use of Grounded-Type Plugs and Receptacles
Navy specifications for portable tools require that the

electric cord for such tools be provided with a distinc-
tively marked ground wire in addition to the conductors
for supplying power to the tool. The end of the ground
wire within the tool must be connected to the tool's metal
housing. The other end must be connected to a positive
ground. For this ground connection, specially designed
grounded-type plugs and receptacles, which automatically
make this connection when the plug is inserted in the
receptacle, must be used.

Portable tools not provided with the grounded-type
plug, and miscellaneous portable electric equipments,
which do not have a cord with a grounded conductor and
grounded plug, must be provided with a 3-conductor cord
and with a standard Navy grounded-type plug. The
ground wire must be connected to a positive ground, and
the total resistance from the tool enclosure to the ground
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to which it is connected must not exceed a small fraction
of an ohm.

Because the ET is responsible for the portable power
tools assigned to his division, he must be familiar with
the Bureau of Ship's approved methods of installing
plugs and cords. The methods are spelled out in detail
in Article 60-27 of the Bureau of Ships Manual. The
following information is condensed from this article.

All 115-volt or 230-volt single-phase a-c and all 115-
volt or 230-volt two wire d-c electrically operated equip-
ment now on board ship that does not have a cord with
a grounding conductor and grounded plug, and all such
equipment subsequently issued to the ship without a cord
that has a grounding conductor and grounded plug
should be provided with a three-conductor flexible cable
with standard Navy grounded plug, type D-2-G, shown
on Bureau of Ships plan 9-S-4440-L. The three-con-
ductor flexible cable should be type SO or ST color coded
black, white, and green, as listed in the Navy Stock List
of General Stores, group 61.

All 115-volt 3-phase electrically operated portable
equipment now on board ship or subsequently issued that
does not have a cord with a grounding conductor and
grounded plug should be provided with a type FHOF
four-conductor flexible cable color coded black, white,
red, and green, with standard Navy grounded plug, type
EEE-125, shown on Bureau of Ships plan 9-S-4861-L.

The length of the cord for portable tools should be
25 feet. The green conductor should be used for the
grounding conductor.

Extreme care must be exercised to see that the ground
connection is made correctly. If the grounding con-
ductor (green), which is connected to the metallic equip-
ment casing, is connected by mistake to a line contact
of the plug, a dangerous potential will be placed on the
equipment casing. This might easily result in a fatal
shock to the operator. To guard against this danger,
the connections must be tested after they have been made,
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as outlined in Bureau of Ships Manual, chapter 60, arti-
cle 60-27. The tests consist largely of ohmmeter and
megohmmeter checks to make certain that the leads are
connected properly and that a good ground is assured.

Grounding Electronic Equipment Cases

Ungrounded electronic equipment cases create an un-
necessary hazard and frequently produce electronic in-I terference. All missing ground connections must be re-
placed, and all ground connections must be checked with
an ohmmeter.

Grounding Workbenches
Special precautions must be taken to ground work-

benches (when used for the repair of electronic equip-
ment) by providing two or more ground straps sym-
metrically placed at diagonally opposite corners or posts,
using low-resistance flexible braid securely welded or
bolted to steel deck or bulkhead. After completing the
grounding of the bench, it is tested with a low-reading

ohmmeter for positive grounding. Positive ground will
be indicated by a low meter reading.

PRECAUTIONS AGAINST ACCIDENTAL ENERGIZING

Securing Switches

When electrical equipment is to be worked on, it must
be disconnected from the source of supply by opening
main or branch supply switches, circuit breakers, or cut-
outs so as to completely eliminate the possibility of cur-
rent flowing to the equipment. Switches, circuit break-
ers, or cutouts opened for this purpose must be secured
in the open position and must have tags attached. Only
the individual placing the tag may remove it and re-
energize the circuit. Specific instructions are given in
United States Navy Safety Precautions, OpNav 34P1,
chapter 18.
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Induced Voltages

The use of electronic equipment in the frequency range
of 30 megacycles and below will cause voltages to be
induced in the standing rigging and other portions of
the ship's structure, which, under certain conditions, are
considered hazardous. Operation in the frequency ranges
above 30 megacycles is not considered hazardous in this

, respect. The voltages caused by resonant circuits set up
in a ship's structure or rigging will cause shock to per-

sonnel, or produce open sparks when contact is made or
broken-for example, when the circuit is opened, or
when metallic objects make contact with the structure.

Although there are too many variables to give even an
approximation of the voltages that may be encountered,
the following examples are cited: (1) Excessive r-f
pickup from ship antennas has been noted on smokestack
guys, davit head spans, and the like; (2) a similar high-
frequency pickup has been observed on board ship, par-
ticularly carriers, when the length involved in reeling
in or paying out wire cable and wire hausers becomes
resonant to the emitted frequency; and (3) it has been
discovered that flammable liquids may be ignited in close
proximity to an energized radar antenna if the liquid
is in a metal container or near metal objects.

PRECAUTIONS WHEN WORKING ON ANTENNAS

Personnel should keep clear of r-f fields of exposed
antennas. Under no circumstances should personnel
approach closer than 1 foot to a radio antenna unless
it is definitely established that the antenna is not ener-
gized.

Specific instructions covering working aloft are given
in Section 3, Chapter 18, of United States Navy Safety
Precautions, OpNav 34P1, a portion of which is included
in the following paragraphs.

"Before any work may be done aloft, authorization
must be obtained from the commanding officer. (The OD
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usually gives permission for the commanding officer.)
While antennas are energized by radio transmitters, men
shall not be permitted to go aloft except by means of
ladders and platforms rendered safe by grounded hand-
"rails or similar structures. Before sending men aloft,
except as noted previously, the commanding officer shall
direct the communication watch officer to secure the
proper transmitter in order to render safe this area,
and shall notify the engineer duty officer that men will
be working in a prescribed area aloft in order that the
engineer duty officer may take the necessary precautions
to prevent the boiler safety valves from lifting (these
are vented up the stack). Until he has received a report
from the communication watch officer that the proper
transmitters are secured, the commanding officer shall
permit no man to go aloft. After the work has been
completed, a report shall be made to the commanding
officer, and his authorization must be obtained before
the circuit is again energized."

"Radar and other antennas which rotate or swing
through horizontal or vertical arcs may cause men work-
ing aloft to fall. Therefore, the motor switches which
control the motion of these antennas shall be locked open
and tagged before men are permitted to ascend or go
within reach of them."

In connection with antennas it is extremely important
to maintain a safe distance (perhaps hundreds of feet)
in the field of an antenna of a high-powered radar set.
At least one instance has been reported in which an ET
was fatally burned internally when he stood briefly in
front of an energized high-powered radar antenna.

Under no circumstances should a person look into a
waveguide of a radar set when the power is on. It is
well to realize, too, that X rays are generated at the
surface of cathode-ray tubes. At voltages of 20,000 volts
or less, the glass is a shield. Above 20,000 volts the glass
is progressively a poorer shield as the voltage goes up.
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Looking directly at a 30,000-volt projection cathode-ray
tube is definitely dangerous, especially at a short distance
(2 ft).

PRECAUTIONS WHEN HANDLING ELECTRON TUBES

Cathode-Ray Tubes
The use of larger cathode-ray tubes has increased the

danger of implosion, flying glass, and injury from high
voltage. The danger is greatly reduced if the tubes are
properly handled. If they are handled carelessly, struck,
scratched, or dropped, they can very well become an
instrument of severe injury or death. The following
precautions should be taken: (1) Goggles should be worn
to protect the eyes from flying glass particles, (2) suit-
able gloves should be worn, and (3) no part of the body
should be directly exposed to possible glass splinters
caused by implosion of the tube. (The coating on some
tubes is poisonous if absorbed into the blood stream.)

Cathode-ray tubes must not be unnecessarily exposed
to possible damage. When a tube is being unpacked, it
should be removed from the packing box with caution,
taking care not to strike or scratch the envelope. Insert
it into the equipment socket cautiously, using only mod-
erate pressure. When the tube must be set down, it is
important that it be placed on a clean, soft padding. If
special tube-handling equipment is available, it should
be used according to instructions.

Radioactive Electron Tubes
Electron tubes containing radioactive material are

listed in Section 7, Chapter 1, Change 9 (Jan 1956) of
EMB. Future contracts negotiated by the Electronic
Supply Officer for the tube types listed in the reference
EMB will provide that the tubes be tagged: "Radioac-
tive-Do Not Handle Broken Tubes" and "Do Not Re-
move From Cartons Until Ready For Use."
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Poisoning from radioactive materials in the subject
electron tubes may be of three types.

1. AsSIMILATION-Eating, drinking, or breathing ra-
dium or radium compounds or absorbing them through
cuts. Radium-bearing dust, which may be present in
certain tubes, is dangerous in this respect.

2. BREATHING RADON-Radon is a tasteless, odorless,
colorless gas that is given off by radium and radium
compounds at all times. When breathed into the lungs
it may cause severe injury.

3. RADIATIoN-Radium and radium compounds give
off harmful, invisible radiations that can cause danger-
ous burns.

Radium bromide is used in spark-gap, glow-lamp, and
cold cathode tubes. Radioactive cobalt is used in TR
tubes.

Glow lamps, cold cathode tubes, and TR tubes contain
from 0.01 to 1.0 micrograms of equivalent radium per
tube (see chapter 11). Spark gap tubes contain from
1.0 to 2.0 micrograms of equivalent radium per tube.

Radium bromide causes the formation of radon gas
within the tube envelope, and it is dangerous to inhale
this gas. Radium salts are cumulative poisons and, like
other radioactive concentrations, are extremely hazard-
"ous if injected anywhere into the human system.

PRECAUTIONS TO BE OBSERVED WHEN PAINTING
ELECTRONIC EQUIPMENT

Adequate ventilation must be provided for all enclosed
compartments in which painting is to be done. Exhaust
ventilators as well as power blowers should be used.
Blowers should be so arranged as to ensure rapid and
complete removal of all explosive, combustible. and/or
toxic vapors which may be present. Vapors must be
exhausted in such a way that they will not be sucked
into any of the ship's supply vents which may be run-
ning, or in any way contaminate other areas.
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Where paint vapors or fumes are known to be explo-
sive, any electrical equipment used in the vicinity of the
painting operations in enclosed compartments must be
of the explosion-proof type. Do not permit smoking or
allow any type of work that may produce flames or
sparks to be performed within the danger area.

Maintain good housekeeping practices and keep all
unnecessary objects and materials picked up and out of
the way. Particular attention must be given to rags,
sweepings, waste, etc., which may be paint-saturated or
contaminated. These materials must be placed in cov-
ered metal containers or buckets containing water.

The exits to the compartment in which painting is
being done must not be blocked in anv manner. Ade-
quate fire-fighting equipment must be at hand.

PRECAUTIONS IN USING SOLVENTS

Carbon tetrachloride is definitely toxic, actually about
four times as toxic as carbon monoxide, and serious acci-
dents have resulted from the improper use, storage, and
handling of this solvent.

A new solvent, methyl chloroform, has been approved
for cleaning electrical and electronic equipment. It is
now available from General Stores, and should be used
in place of the more dangerous carbon tetrachloride.

The Chemistry Branch of the Bureau of Ships initi-
ated the test program that resulted in the introduction
of the new solvent. The results of these tests were pub-
lished in the September 1957 issue of the Bureau of
Ships Journal.

Even though methyl chloroform is less toxic than
carbon tetrachloride, the solvent does present some haz-
ards to personnel, and the following precautionary note
is required on the container label:

"Caution-Use with adequate ventilation. Avoid pro-
longed or repeated breathing of vapor. Avoid prolonged
or repeated contact with skin. Do not take internally."
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The solvent may be applied by wiping, brushing, or
spraying. Methyl chloroform, like carbon tetrachloride,
will attack electrical insulating materials, particularly
the air-dried varnishes. Therefore contact time should
be limited.

SOME SAFETY RULES TO REMEMBER

1. Do not rely on safety devices such as interlocks and
high-voltage relays.

2. Do not work alone on high-voltage circuits.
3. Observe all warning signs.
4. Do not intentionally come in contact with an ener-

gized circuit.
5. Avoid working on energized circuits.
6. Do not smoke, eat, or drink while painting.
7. Remember that solvents are potentially dangerous.
8. Use a shorting stick for discharging capacitors.
9. Use approved fuse pullers.
10. The appearance of the work is a measurement of

the worker's ability; the same is true of the work space.
11. Remember that personnel may be killed or injured

by high-voltage equipment that is assumed to be off.
Take nothing for granted. Make certain that the power
is off by securing the power-line switch in the OFF
position.

12. Observe carefully the instructions about tagging
open switches. The following is quoted from Change
No. 16 (March 1957) of the Bureau of Ships Manual:
"When any electronic equipment is to be overhauled or
worked on, the main supply switches or cutout switches
in each circuit from which power could possibly be fed
shall be secured in the open (or safety) position and
tagged. The tags shall read 'This circuit was ordered
open for repairs and shall not be closed except by direct

4 order of ___. - ' (usually the person making, or
directly in charge of, the repairs). After the work has
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been completed, the tag or tags shall be removed by the
same person.

"When more than one repair party is engaged in the
work, a tag for each party shall be placed on the supply
switch. Each party shall remove only its own tag upon
"completion of the work.

"When switch-locking facilities are available, the
switch shall be locked in the open (SAFETY) position and
the key retained by the person doing the work so that
only he, or a person designated by him, can remove the
lock and restore the circuit."

13. Even after switches have been opened and tagged,
make an additional check at the equipment with a volt-
meter known to be in good working order to ensure that
the correct switch or switches have been opened.

14. Remember that aboard ship a person must exercise
the greatest precautio.a when working with electrical
circuits because of the metal structure (good ground),
dampness, and oftentimes crowded working conditions.
This does not mean that a technician should be less cau-
tious at shore stations. He should be cautious whenever
he works with electricity; but, in general, the chances
of being injured aboard ship are greater if the necessary
additional precautions are not taken.

15. Be thoroughly familiar with OpNav 34P1 (United
States Navy Safety Precautions), especially chapter 18;
and part 12 (change 16 or a later change) of Chapter 67
of the Bureau of Ships Manual. NavShips 250,000.
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QUiZ

1. How soon after a person is rendered unconscious by an electric
shock should artificial respiration be given?

2. With what two publications concerning safety must the ET
become thoroughly familiar?

3. What should the ET do with respect to rings, wrist watches,
bracelets, etc when he works on electronic equipment?

4. How must personnel be warned against the poisonous effects of
smoke and stack gases?

5. What safety precautions should be taken before an ET touches
a capacitor?

6. Who mey give permission to energize electronic equipment when
the ship is in drydock?

7. Name five common safety features included in electronic equip-
ment.

8. What is the purpose of a bleeder resistor?

9. Why should the technician NOT depend on the bleeder resistor
as a safety device to discharge filter capacitors in a power
supply?

10. What is the color of the conductor (used with grounded-type
plugs and receptacles) that is connected between the housing
of portable tools and a positive ground?

11. What test instrument is used to check the ground connections
of electronic equipment cases?

12. When switches, circuit breakers, or cutouts are opened and
tagged so that work may be done on the circuits, who is the
only one that may remove the tag and reenergize the circuit?

13. In what frequency range may hazardous voltages be induced in
the rigging or other portions of a ship's structure?

14. In what publication are specific instructions for working aloft
included?

15. Whnt may be the result of standing, even briefly, in the intense
field of the antenna of a high-powered radar set?

16. What three precautions (personal protections) should be taken
when cathode-ray tubes are handled?

17. What are the three types of poisoning that may occur as a result
of improper handling or exposure to radioactive electron tubes?
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18. How should rags, sweepings, waste, etc which may be paint
saturated or contaminated, be stowed?

19. How much more toxic is carbon tetrachloride than carbon
monoxide?

20. What are the requirements as to tagging open switch when more
than one repair party is engaged in work on an electronic equip-
ment?
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COMPONENT AND EQUIPMENT NOMEN-
CLATURE AND DESIGNATIONS

INTRODUCTION

Although an Electronics Technician is not trained to
be a repair parts Storekeeper, the more he knows about
the Storekeeper's work the better he will be able to lend
assistance, especially in the matter of selecting suitable
substitute parts (when it becomes necessary to use
them). Once an Electronics Technician understands the
significance of the stock number and how important it
is to be extremely accurate in submitting the correct
stock numbers when repair parts are ordered, he can
make the job easier both for himself and the Storekeeper.

Probably the most important phase of electronics sup-
ply is identification. There are at least 200,000 separate
items in the Electronics Supply System and the number
is rapidly increasing. The use of good (correct) stock
numbers is the key that opens the door to rapid and effi-
cient supply of electronic repair parts. To accomplish
the task of breaking down repair parts boxes and bin-
ning like items together, it is necessary to apply a stock
number to every item so that identical items may be
identified and binned together under one number no
matter who the manufacturer is.

Identification is of utmost importance on all levels. A
ship may have 100 percent of allowance aboard, but if
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the correct parts cannot be supplied to the technicians
when those parts are needed, the ship might just as well
not have repair parts. If the desired item can be iden-
tified on a requisition with a good stock number and a
proper description, the time lapse in receiving the mate-
rial will be appreciably lessened. The lack of a good
stock number on a requisition often results in extensive
and needless correspondence between the ship and the
supply activity with a resultant delay in receipt of the
required material.

Three types of identification numbers used in elec-
tronics supply are STOCK NUMBERS, CIRCUIT SYMBOL

NUMBERS and REFERENCE NUMBERS.

STOCK NUMBERS (formerly, Standard Navy Stock
Numbers (SNSN), but now being converted to Federal
Stock Numbers (FSN)) by which items are identified
within the Navy Supply System are used in all supply
actions. Available stock numbers and their associated
descriptions are used where applicable in the identifica-
tion, procurement, receipt, stowage, and issue of all
materials as well as in accounting records.

CIRCUIT SYMBOL NUMBERS are used in technical man-
uals (instruction books). They are code letters assigned
by the manufacturer of the equipment to designate parts
used in a particular circuit within the equipment. Cir-
cuit symbols are actually keys for identifying items in
the circuits, and, as such, are of extreme importance to
the technician. He must, of course, understand circuit
symbols before he can read schematic diagrams.

The Electronics Supply Office has compiled Stock Num-
ber Identification Tables (SNIT'S) that cross-reference
circuit symbol numbers, for a particular equipment, with
stock numbers. These tables are of great importance to
the ET because he will be working with them on prac-
tically every repair job involving a replacement.

A REFERENCE NUMBER may be a part, type, catalog,
drawing, stock, or specification number; or it may be a
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nomenclature designation that has been applied to an
item by a manufacturer or a Government agency.

Because of the great importance of identification num-
bers (stock, circuit symbol, and reference numbers), the
ET 3 must become generally familiar with them. A brief
"description of each is included in this chapter.

Component and equipment indicator letters should also
become familiar to the ET 3 because components and
equipments are "named" by means of these letters. Many
of the electronic equipments now employed by the Navy
use the NAVY MODEL LETTER SYSTEM, and a large number
of the more recent equipments use the JOINT NOMENCLA-
TURE SYSTEM (AN system). Both systems are explained
in this chapter.

Other designations, such as terminal designations, are
of great importance to the technician and are also in-
cluded. For information on designations (and detailed
descriptions) of r-f transmission lines and fittings the
ET may consult Armed Services Index of R. F. Trans-
mission Lines and Fittings, NavShips 900-102B.

STOCK NUMBERING SYSTEMS

Stock Number Identification Tables

Stock Number Identification Tables (SNIT'S) are a
relatively new device developed by the Electronics Sup-
ply Office (ESO). They serve a dual purpose. SNIT'S
are used to obtain the correct stock number for the re-
placement of a repair part in a specific electronic equip-
ment. They are also used to identify parts in the repair
parts boxes with a good stock number.

A SNIT is prepared for the parts list in the instruc-
tion book for a particular equipment. The SNIT lists
the circuit symbol number shown in the instruction book,
cross-referenced to the original stock number of the item
and the stock number of the preferred item of replace-
ment. When a repair part is ordered, the stock number
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listed under the "replacement" column in the SNIT list
is always used.

Federal Stock Numbering System
The new Federal Supply Classification (FSC) is de-

"signed to cover any item that may be needed by anyone
in the Government services. Although emphasis is given
to items commonly used by the military services, the
whole Federal Government and even some of our Allies
are expected eventually to use this system.

The Federal Stock Number uniformly consists of 11
digits. Take, for example, Federal Stock Number 5110-
288-8723. The first two digits (51) of the four-digit
classification, 5110, identify the broad GROUP of material
-in this case, HAND TOOLS. The second two digits, taken
in conjunction with the first two, indicate the CLASS
within the group. In this case, Class 5110 means hand
tools, EDGED, NONPOWERED. The remaining digits (288-
8723) are the Federal Item Identification Number, used
to complete the identification of the item-in this case,
WIRE STRIPPERS. To facilitate reading, the FSN is always
written with a dash after the fourth and seventh digits.

In order to adapt the FSN to use in the Navy Supply
System, cognizance symbols and fraction codes will be
used to prefix the stock number. Condition codes and
other special designations also will be used as required.
For example, Federal Stock Number 5110-288-8723 is
adapted to the Navy Supply System as G5110-288-8723.
The cognizance symbol, "G," indicates that the item is
general stores material under the control of the General
Stores Supply Office in Philadelphia. An "F" would in-
dicate BuShips controlled items of major electronic
equipment, and an "N" would indicate Electronics Sup-
ply Office controlled items of electronic repair parts.
Following the cognizance symbol there will be an addi-
tional letter. This is the fractional code letter.

The principal fractional codes are: F-fast, high quan-
tity demand; M-medium, medium-quantity demand;
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S-slow, slow-quantity demand; R-insurance, essential
item, unpredictable demand, long lead time, difficult to
procure.

To summarize, the stock number GS.5110-288-8723,
can be broken down as follows:

G S 51 10- 288-8723

Cognizance symbol '

Fraction code
Group
Class__
Federal item identification number

Standard Navy Stock Numbers

A Standard Navy Stock Number (now being converted
to FSN) is a number assigned by the Navy Material
Catalog Office. When Federal Stock Numbers are not
available, SNSN'S and their associated descriptions are
used in all cases (where applicable) in the identification,
procurement, receipt, storage, issue, and accountability
of all materials in the Navy Supply System.

There are four parts to a SNSN: a cognizance sym-
bol, a class designator, a group designator, and a stem
number. As an example of the formation of such a
number, we may analyze the stock number, N16-R-
51037-431. The "N" prefix indicates that ESO has in-
ventory control over the item; an "F" would indicate
Bureau of Ships control. The figure, "16," indicates the
class in which the item is included. The letter, "R,"
designates the group (resistors are included in this
group). The last portion of the number, the stem num-
ber, "51037-431," is the number that indicates the par-

4 ticular type of resistor being designated. In this case,
it is a fixed composition resistor with a resistance of 1.8
megohms, ±_5% tolerance and a rating of ½ watt.

To summarize, the stock number, N16-R-51037-431,
can be broken down as follows:
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N 16- R- 51037-431

Cognizance symbol
Class__
Group designator
Stem number

JOINT NOMENCLATURE SYSTEM (AN SYSTEM)

The Joint Nomenclature System (AN System) for
electronic equipment was adopted in 1943. The system
is designed to:

1. Be logical in principle so that the nomenclature type
numbers will be readily understood, and the operation of
the armed forces supply services will be facilitated.

2. Be flexible and sufficiently broad in scope to cover
present types of equipment and new types and uses of
equipment that will be developed in the future.

3. Avoid conflict with nomenclature at present as-
signed to the equipment used by the armed services.

4. Provide adequate identification on nameplates with
or without the name part of the nomenclature.

5. Provide a ready means of identifying equipment in
correspondence and other types of communication.

The system is designed so that its indicators will tell
at a glance many things that pertain to the item. For
example, it tells whether the item is a SET or a UNIT
and such other information as where it is used, what
kind of equipment it is, and what it is used for. (See
table 2.)

Set Identification

To explain the system, a typical example of set nomen-
clature, Radar Set AN/APS-2, is included in table 3.
Thus, Radar Set AN/APS-2 is a search radar set in-
stalled and operated in an aircraft.

Other equipments in the same category are the AN/
APS-4 and AN/APS-6. Another set of a different cate-
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gory is the AN/SRC-1 which, as indicated in table 3,
is a shipboard radio communications set for receiving
and transmitting.

TABLE 3

DESIGNATION FOR RADAR SET AN/APS-2

Radar2
Set AN/ A P S-

Item name A major See the designated column Second
as pre- equipment in table - equipment
scribed Airborne Radar Search in this

(col. 1) (col. 2) (col. 3) category
(col. 4)

To identify a set that has been modified, but which
still retains the basic design and is interchangeable with
the unmodified set, a modification letter is used (see
table 2, column 5). Thus, if Radar Set AN/APS-2 is
modified, it becomes AN/APS-2A. The next modifica-
tion would be the AN/APS-2B, and so on.

A special indicator (see table 2, column 6) is used
when the only change to a set is in its input power. For

J example, if the same basic design is kept but the input
power is changed from 13 volts to 26 volts, the letter,
"X," is added to the nomenclature, as AN/APS-2AX.
The second power input change would be identified by
the letter, "Y."

A special indicator (T) for training sets is also avail-
able and is used in conjunction with the other indicators
to show that it is a training set for a specific equipment.
Likewise, it may be used to indicate a trainer for a
special family of equipment. For example, the first
training set for the AN/APS-2 would be AN-APS-2T1.

The system also provides for identifying a series of
sets by the use of parentheses after the type number.
Thus, the AN/APS-2( ) refers to the AN/APS-2 set
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and all its modifications such as the AN/APS-2A, AN/
APS-2B, as well as its experimental versions such as the
AN/APS-2 (XB-1).

Experimental sets are identified by the use of the
development organization indicators (see table 2, col-
umn 6). A number is used to indicate a particular
developmental or reproduction model. Thus, the first
developmental model of the AN/APS-2 could be identi-
fied as the AN/APS-2 (XB-1), assuming, of course, that
the Naval Research Laboratory did the work.

Component Identification

So far, consideration has been given only to the indi-
cators used in SET nomenclature. Indicators for major
COMPONENTS of a set are now considered.

Components are identified by means of indicating let-
ters (which tell the type of component it is) (see table
4), a number (which identifies the particular compo-
nent), and finally the designation of the equipment of
which it is a part or with which it is used. For exam-
ple, the receiver for the AN/APS-2 would be identified
(see table 5) as follows:

TABLE 4

TABLE OF COMPONENT INDICATORS

Comp
Ind. Family Name Examples of Use

(Not to be construed as limiting
the application of the component

indicator)

AB Supports, Antenna ----- Antenna mounts, mast bases, mast
sections, towers, etc.

AM Amplifiers ------------- Power, audio, interphone, radio
frequency, video, electronic con-
trol, etc.

AS Antennae, Complex ----- Arrays, parabolic type, masthead,
etc.

AT Antennae, Simple ------ Whip or telescopic, loop, dipole,
reflector, etc.
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TABLE 4-Continued

Comp
Ind. Family Name Examples of.Use

(Not to be construed as limiting
the application of the component

indicator)

BA Battery, primary type___ B batteries, battery packs, etc.
BE Battery, secondary type- Storage batteries, battery packs,

etc.
BZ Signal Devices, Audible-_ Buzzers, gongs, horns, etc.

C Controls -------------- Control box, remote tuning con-
trol, etc.

CA Commutator Assemblies,
Sonar --------------- Peculiar to sonar equipment

CB Capacitor Bank -------- Used as a power supply
CG Cable Assemblies, R.F.__ R. F. cables, waveguides, trans-

mission lines, etc., with terminals
CK Crystal Kits ----------- A kit of crystals with holders
CM Comparators ---------- Compares two or more input

signals
CN Compensators --------- Electrical and/or mechanical com-

pensating, regulating or attenu-
ating apparatus

CP Computers ------------ A mechanical and/or electronic
mathematical calculating device

CR Crystals -------------- Crystal in crystal holder
CU Couplers -------------- Impedance coupling devices, direc-

tional couplers, etc.
CV Converters (electronic) - Electronic apparatus for chang-

ing the phase, frequency, or from
one medium to another

CW Covers ---------------- Cover, bag, roll, cap, radome,
nacelle, etc.

CX Cable Assemblies,
Non-R.F. ------------ Non-R. F. cables with terminals,

test leads, also composite cables

of R.F. and non-R.F. conductors
CY Cases and Cabinets ----- Rigid and semirigid structure for

enclosing or carrying equipment
D Dispensers ------------ Chaff dispensers

DA Load, Dummy --------- R.F. and non-R.F. test loads
DT Detecting Heads ------- Magnetic pick-up device, search

coil, hydrophone, etc.
DY Dynamotors ----------- Dynamotor power supply

E Hoists -------------- Sonar hoist assembly, etc.
F Filters--------------- Band-pass, noise, telephone, wave

traps, etc.
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TABLE 4-Continued

Comp
Ind. Family Name Examples of Use

(Not to be construed as limiting
the application ot the component

indicator)

FN Furniture------------ Chairs, desks, tables, etc.
FR Frequency Measuring

Devices ------------- Frequency meters, tuned cavity,
etc.

G Generators, Power ----- Electrical power generators with-
out prime movers. (See PU and
PD,)

GO Goniometers ----------- Goniometers of all types
GP Ground Rods ---------- Ground rods, stakes, etc.

H Head, Hand, and Chest
Sets ---------------- Includes earphone

HC Crystal Holder --------- Crystal holder less crystal

"HD Air Conditioning
Apparatus ---------- Heating, cooling, dehumidifying,

pressure, vacuum devices, etc.

ID Indicators, Non-Cathode-
Ray Tube ----------- Calibrated dials and meters, indi-

cating lights, etc. (See IP.)

IL Insulators ------------- Strain, stand-off, feed-through,
etc.

IM Intensity Measuring
Devices ------------- Includes SWR gear, field intensity

and noise meters, slotted lines, etc.
"IP Indicators, Cathode-Ray

Tube --------------- Azimuth, elevation, panoramic,
etc.

J Junction Devices ------- Junction, jack and terminal boxes,
etc.

KY Keying Devices -------- Mechanical, electrical and elec-
tronic keyers, coders, interrupt-
ers, etc.

LC Tools, Line Construction- Includes special apparatus such
as cable plows, etc.

LS Loudspeakers ---------- Separately housed loudspeakers,
intercommunication station

M Microphones ----------- Radio, telephone, throat, hand,
etc.

MA Magazines ------------ Magnetic tape or wire, etc.
MU Modulators ------------ Device for varying amplitude,

frequency or phase
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TABLE 4-Continued

Comp
Ind. Family Name Examples of Use

(Not to be construed as limiting
the application of the component

indicator)

ME Meters, Portable ------- Multimeters,volt-ohm-milliamme-
ters, vacuum tube voltmeters,
power meters, etc.

MF Magnets or Magnetic
Field Generators ----- Magnetic tape or wire eraser,

electro-magnet, permanent mag-
net, etc.

MK Miscellaneous Kits ----- Maintenance, modification, etc.,
except tool and crystal. (See CK,
TK.)

ML Meteorological Devices -_ Barometer, hygrometer, ther-
mometer, scales, etc.

MT Mountings ------------ Mountings, racks, frames, stands,
etc.

MX Miscellaneous ---------- Equipment not otherwise classi-
fied. Do not use if better indi-
cator is available

0 Oscillators ------------ Master frequency, blocking, mul-
tivibrators, etc. (For test oscil-
lators, see SG.)

OA Operating Assemblies __ Assembly of operating units not
otherwise covered

OC Oceanographic Devices-- Bathythermographs, etc.
OS Oscilloscope, Test ------ Test oscilloscopes for general test

purposes
PD Prime Drivers --------- Gasoline engines, electric motors,

diesel motors, etc.
PF Fittings, Pole ---------- Cable hangar, clamp, protectors,

etc.
PG Pigeon Articles -------- Container, loft, vest, etc.
PH Photographic Articles -_ Camera, projector, sensitometer,

etc.
PP Power Supplies -------- Nonrotating machine type such as

vibrator pack, rectifier, thermo-

electric, etc.
PT Plotting Equipments --- Except meteorological. Boards,

maps, plotting table, etc.
PU Power Equipments Rotating power equipment except

dynamotors. Motor-generator,
etc.
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TABLE 4-Continued

Comp
Ind. Family Name Examples of Use

(Not to be construed as limiting
the application of the component

indicator)

R Receivers ------------- Receivers, all types except tele-

phone
RC Reels ----------------- Reel, cable. (See RL.)

RD Recorder-Reproducers __ Sound, graphic, tape, wire, film,
disc, facsimile, magnetic, mechan-
ical, etc.

RE Relay Assemblies ------ Electrical, electronic, etc.

RF Radio Frequency
Component ---------- Composite component of R.F. cir-

cuits. Do not use if better indi-
cator is available.

RG Cables, R.F., Bulk ------ R.F. cable, waveguides, transmis-
sion lines, etc., without terminals

RL Reeling Machines ------ Mechanisms for dispensing and
rewinding antenna or field wire,
recording wire or tape, etc.

RO Recorders ------------- Sound, graphic, tape, wire, film,
disc, facsimile, magnetic, mechan-
ical, ctc.

RP Reproducers ----------- Sound, graphic, tape, wire, film,
disc, facsimile, magnetic, mechan-
ical, etc.

RR Reflectors ------------- Target, confusion, etc. Except
antenna reflectors. (See AT.)

RT Receiver and Transmitter Radio and radar transceivers,
composite transmitter and re-

ceiver, etc.
S Shelters --------------- House, tent, p 'tivs- shelter,

etc.

SA Switching Devices ------ Manual, imta-, 0.ý'T driven,
pressure opera1. ,t-

SB Switchboards ---------- Telephone, fire control, power,

panel, etc.

SG Generators, Signal ----- Test oscillators, noise generators,
etc. (See 0.)

SM Simulators ------------ Flight, aircraft, target, signal,
etc.

SN Synchronizers --------- Equipment to coordinate two or

more functions

ST Straps --------------- Harness, straps, etc.
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TABLE 4-Continued

Comp
Ind. Family Name Examples of Use

(Not to be construed as limiting
the application of the component

indicator)
T Transmitters ---------- Transmitters, all types except

telephone
TA Telephone Apparatus __ Miscellaneous telephone equip-

ment
TD Timing Devices -------- Mechanical and electronic timing

devices, range device, multiplex-
ers, electronic gates, etc.

TF Transformers --------- Transformers when used as sepa-
rate items

TG Positioning Devices ---- Tilt and/or Train Assemblies
TH Telegraph Apparatus_-_ Miscellaneous telegraph appara-

tus
TK Tool Kits -------------- Miscellaneous tool assemblies
TL Tools ----------------- All types except line construction.

(See LC.)
TN Tuning Units ---------- Receiver, transmitter, antenna,

tuning units, etc.
TR Transducers ----------- Magnetic heads, phono pickups,

sonar transducers, vibration pick-
ups, etc. (See H, LS, and M.)

TS Test items ------------ Test and measuring equipment
not otherwise included; boresight-
ing and alignment equipment.

TT Teletypewriter and
Facsimile Apparatus - Miscellaneous tape, teletype, fac-

simile equipment, etc.
TV Tester, Tube ---------- Electronic tube tester

TW Tapes and Recording
Wires --------------- Recording tape and wire, splicing,

electrical insulating tape, etc.
U Connectors, Audio and

Power -------------- Unions, plugs, sockets, adapters,
etc.

UG Connectors, R.F .-------- Unions, plugs, sockets, choke cou-
plings, adapters, elbows, flanges,
etc.

V Vehicles --------------- Carts, dollies, trucks, trailers, etc.
VS Signaling Equipment,

Visual -------------- Flag sets, aerial panels, signal
lamp equipment, etc.
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TABLE 4-Continued

Comp
Ind. Family Name Examples of Use

(Not to be construed as limiting
the application of the component

indicator)

WD Cables, Two Conductor__ Non-R.F. wire, cable and cordage
in bulk. (See RG.)

WF Cables, Four Conductor-- Non-R.F. wire, cable and cordage
in bulk. (See RG.)

WM Cables, Multiple

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

WS Cables, Single Conductor Non-R.F. wire, cable and cordage
in bulk. tSee RG.)

WT Cables, Three Conductor. Non-R.F. wire, cable and cordage
in bulk. (See RG.)

ZM Impedance Measuring
Devices ------------- Used for measuring Q, C, L, R or

PF, etc.

TABLE 5

DESIGNATION OF COMPONENTS

Radar Receiver R 7 /APS-2

Item name as From The 7th receiver The set it is used
prescribed table to which an "AN" with or is a part of

3 designation has
been assigned

Thus, the R-7/APS-2 is a receiver that is used with
or is a part of airborne radar search set No. 2. Another
receiver, such as the R-8/ARN-8, would be indicated by
the tables as a receiver used with or as a part of air-
borne radio navigation set No. 8.

To identify a component that has been modified but
which still retains the basic design and is interchange-
able physically, electrically, and mechanically with the
modified item, a modification letter is used, as on sets.
Thus, the R-7A/APS-2 would be a modified version of
the R-7/APS-2.
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Components that are part of or used with two or more
sets are identified in the usual way, except that after the
slant bar, there will appear only those indicators that
are appropriate and without a set model number. Thus,
a modulator that is part of or used with the AN/APS-2
and the AN/APS-6 might be identified as MD-8/APS.

NAVY MODEL LETTER SYSTEM

The assignment of a particular model letter to Navy
equipments depends on the primary function of the
equipment, such as receiving, direction finding, etc.
This system of assigning model letters is applicable to
all radio, radar, and sonar equipments and once learned,
makes easy the recognition and identification of all
Navy equipments.

In this system, the first letter indicates the basic pur-
pose of the equipment. These designations, which are
listed in table 6, are followed by another letter of the
alphabet to indicate the order in which designations are
assigned. Thus, TA was the first transmitting equip-
ment assigned, TB, the next, etc. When the alphabet
was exhausted, triple letters were used-for example,
TAA. The order of assignment was then indicated by a
change in the third letter. Thus, the model letter as-
signed after TAA was TAB. When the alphabet was
again) exhausted, a third series of model letters was
formed by changing the second letter to B-for exam-
ple, TBA, TBB -------- TBS --------. Incidentally,
TBS was popularly thought to mean "talk between
ships"; and this is actually the purpose of the equip-
ment, operating as it does in the VHF band. Numbers
following model letters indicate a modification of the
equipment or the award of a new contract. To indicate
a change in equipment after delivery has been made,
lower case letters are assigned.
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TABLE 6

NAVY MODEL LETTERS

Model
Letters Primary Function of the Equipment

A Airborne-used as a prefix to indicate airborne installa-
tion as: AR series-airborne radio receiving, etc.

B IFF

CX Commercial experimental

D Radio direction finding

E Emergency power

FS Frequency-shift keying

G Formerly aircraft transmitting (now superseded by
"A" series)

J Sonar listening (receiving)

K Sonar transmitting

L Precision calibrating

M Combined radio transmitting and receiving

MARK Fire-control radar

N Sonar navigational aids including echo sounding

0 Measuring and operator training

P Automatic transmitting and receiving

Q Sonar ranging

R Radio receiving

S Search radar
T Radio transmitting (includes combination transmitting

and receiving)

U Remote control (includes automatic keyers)

V Radar repeaters

W Combined sonar ranging and sounding

X Naval experimental

Y Navigational and landing aids

Z Navigational and landing aids (airborne) -superseded
by model Y series
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In sonar equipment, the first letter indicates the gen-
eral use of the equipment. The second letter of the

t "Q" series equipment designates the type of projector
used, as indicated in table 7.

TABLE- 7

NAVY MODEL LETTERS USED IN SONAR EQUIPMENT

Model Letters Type of Projector Used

QA Quartz steel
QB Rochelle salt
QC Magnetostriction
QD Depth determining (not echo sounding)
QG Magnetostriction-split-lobe type
QH Scanning sonar

TERMINAL DESIGNATIONS

The following information, condensed from Diction-
ary of Standard Terminal Designations for Electronic
Equipment, NavShips 900,186, will be helpful to ET's.

Terminal Boards

Terminal boards are marked with a three- or four-
digit number preceded by "TB." This marking is easily
identified by the technician. The first one or two digits
of the "TB" number represent the unit number in an
equipment. This number is assigned by the manufac-
turer in a logical order. The last two digits represent
the terminal board number in a unit, starting with 01,
02, 03 -------- 11, 12, 13 etc. Thus, a terminal board
marked TB1003 indicates the third terminal board in

the 10th unit of an equipment.
As an example, an equipment might be composed of

4 a transmitter, a receiver, and a power supply, with the
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transmitter having six external terminal boards, the
receiver four external terminal boards, and the power
supply two external terminal boards. The manufacturer
will then assign numbers to the units-perhaps 1 for
the transmitter, 2 for the receiver, and 3 for the power
supply. Figure 3-1 shows how the terminal boards
would then be marked.

T18 101 TB104

o02 T�2 TB0

Figure 3- 1-~mnlbadmrig

TB0 TBI032 T82040 I

SO OPOWER RECEIVER

O OSUPPLY ( UNIT#2)

( UNIT#3 )
TRANSMITTER

( UNIT4*1)

Figure 3-1.-Terminal board marking.

Terminal Marking

The marking of terminals on terminal boards indi-
cates a specific function for the following circuits: (1)
common primary power circuits, (2) ground terminals,
(3) common servo and synchro circuits, (.4) video cir-
cuits, (5) trigger circuits, and (6) audio circuits. The
breakdown of these categories into specific functions,
with the terminal designation of each, is listed in Nav-
Ships 900,186. These are RIGIDLY ASSIGNED DESIGNA-
TIONS.

Terminals whose functions do not fall under the cate-
gories listed are assigned designations by the equipment
manufacturer in accordance with NavShips 900,186.
These are MANUFACTURER-ASSIGNED DESIGNATIONS.
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Only those terminals that will be connected together
externally will have exactly the same designation within
any given equipment.

RIGIDLY ASSIGNED DESIGNATIONS.-Functional desig-
nations *for circuits in the previously listed categories
may be recognized by a one- or two-digit number pre-
ceded by a single or double letter (I and 0 are not used)
such as S1, S2, S11, SS11, etc. These designations are
stamped or engraved on the terminal board beside each
terminal, as shown in figure 3-2.

TB101 TB104

OSi 0$11

O$2 OSSlil
OS3 O$12

O$4 oSS12

OSS

OS6

Figure 3-2.--Designafions appearing beside terminals.

If the same function appears more than one time in
an equipment it is distinguished by the addition of a
letter or letters after the designation, beginning with
"A," as shown in figure 3-3.

If more than 25 sets of terminals have the same func-
tion in an equipment, the letter following is then dou-
bled (for example, SIAA). If these letters are used up,
combinations of letters (for example, SLAB) are used.

MANUFACTURER-ASSIGNED DESIGNATIONS.-These des-
ignations begin with a number rather than a letter, as
opposed to rigidly assigned designations.

When a "nonrigidly assigned" function is brought out
to a terminal, the manufacturer assigns 1A to the first
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TBIO1 'B102 TBI03

0SO 0 SOA 0 SOB
oSSO 0 SSOA 0 SSOB
OS] O SlA O SIB
O$2 O S2A O S2B
O$3 O S3A O S3B
O$4 O S4A 0 S4B
O$5 O SSA 0 S5B
O$6 O S6A 0 S6B

Figure 3-3.-Designating terminals of the some function.

such terminal and also 1A to the terminal that is to be
tied to this point. The designation, 1A, does not appear
again unless it is to be tied directly to either of the
terminals already marked.

As more manufacturer-assigned designations are used,
2A, 3A ------- 99A are used; then 1B, 213 ------- 99B
and up to lZ, 2Z -------- 99Z (omitting I and 0) are
used. If additional numbers are needed, the letters are
doubled or combinations of two letters are used.

Switching and Fusing Designations

Possible switching designations are illustrated in fig-
ure 3-4. If switch "S" is designed to be used with the
equipment, the markings would be as shown in part A.
If switch "S" is Government supplied, the terminals
would be marked differently, perhaps as 1A through 6A,
as illustrated in part B.

Order of Terminals on Terminal Board
All circuits of a given function on a terminal board

are grouped and arranged in a particular order. This
grouping applies for rigidly assigned and manufacturer-
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115 V AC/60-/10 UNIT#2

UNIT#I SWITCH S" DOUBLE POLE UNIT#3
- • DOUBLE THROWTB101 TB102 SWITCH TB103

INTERNAL Alo-.. AA I --oA1B

FUSE 1 2, .A2A -OA2B

2A AAB_ I 0AC

00INTERNAL 0 •--<,_2CIo

SWITCH

A MARKING OF MANUFACTURE-SUPPLIED SWITCH
AND DESIGNATED INTERNAL SWITCHING

SUPPLIED BY
115 V AC/60-/10 INSTALLING ACTIVITY

UNIT#1 SWITCH "S" DOUBLE POLE UNIT*2
INTERNAL T '' IDOUBLE THROW TB102INTERNAL SWITCHFUSE I A1,, ̂  I0A1.A._ -7

A2 2A , o__. 0 -,3A -oL A 11
I2, -.,,A AL21'

0 _ý0
INTERNAL I -€6 -' .. . . .ta

3 MARKING OF TERMINALS WHEN EXTERNAL SWITCH
IS NOT SUPPLIED WITH ECUIPMENT

Figure 3-4.---Possible switching and fusing designations.

assigned designations. Primary power circuits, unless
connected to a separate fuse block instead of a terminal
board proper, are the first connections on a terminal
board. Synchro/servo circuits are arranged in sequence
of reference or excitation. No particular position or
area of any terminal board is reserved for a synchro
function, but a logical order is illustrated in figure 3-5.

All circuits of each video, trigger, or audio function
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TB201(01 A1lO

115 VAC PWR Al Q
02 A2 0

0
REF <"R1 RO 0

R2 RRO 0
Si Ri Q

REL S2 R2 Q
BRG
OUT S3 R3 O

Sl R4 0S2 R5 O

S3 R6 0

0
RI ROA 0

REF

REL R2 RROA 0

BRG r Xý (S3 R4A QRAEL

RT S2 R5A 0

SI R6A 0

Figure 3-5--Functional grouping of terminals, showing prop.r order within
groups.
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will appear in sequence, each with its associated ground
where such ground is unique to that particular function.

Conductor Marking
On the conductor lead, at the end near the point of

connection to a terminal post, spaghetti sleeving is used
as a marking material and insulator. The sleeving is
engraved with indelible ink, or branded with identifying
numbers and letters by a varitype machine, and slid
over the conductor.

The order of marking is such that the first appearing
set of numbers and letters reading from left to right
will be the designation corresponding to the terminal to
which that end of the wire is connected. Following this,
there is a dash and then the number (without the "TB")
of the terminal board to which the other end of the
conductor is attached. There is another dash and then
the designation of the particular terminal to which the
other end of the wire is connected. For example, as-
sume that a conductor of a cable runs between units
Nos. I and 2 of an equipment. The terminal boards are
TB101 and TB201, and the terminals are designiated Al
on both terminal boards. Figure 3-6, A, shows the
order and method of marking spaghetti sleeving under
these conditions. Figure 3-6, B, illustrates conductor
marking between unlike terminals.

Lead Designations on Schematic Diagrams

Modern Navy receivers like the AN/SRR 11, 12, and
13 series are compartmentalized into assemblies and sub-
assemblies. All circuits to an assembly (with certain
exceptions) are disconnected when the assembly is lifted
from the chassis and connected when the assembly is
fitted into position. The individual subassemblies con-
sist of a subminiature electron tube and the circuit for
one stage. The subassembly plugs into an appropriate
socket of the assembly. The circuits terminate in con-
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UNIT-* SPAGHETTI TERMINAL BOARD----'--

T8101

Figure 3-.6.-.-Designating conductor marking between tem,,inals.

nector receptacles, as illustrated in figure 3-7. Each
terminal is identified by letter. Where connecting leads

merge into a single cable the identity of the individual

circuits is maintained by letter-number designation. For

example, the Out-Hi lead to terminal L of J126 is con-

nected through the matching connector receptacle plug-

jack arrangement to L of J253. The outgoing lead is

marked J254-B. This lead is marked at terminal B of

.J254 as J253-.L. Thus the outgoing lead is identified

with the letter-number designation of the connector in

which that lead terminates J254-B. At this termina-

tion the lead is identified with the letter-number desig-

nation of the connector in which that lead originates

(J253-L). This system facilitates servicing and t 1'ouble-
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0J

INPUT HI"I J12+ R.F.

SINPUTI -- Ii

B 4B F E HL A CJ

B.. K H L A

I 1 II , __ _ _ _ _ _ _ _

Figure 3-7.--"ustration of lead designations on schematic diagrams.

shooting. Simplified schematics can easily be developed
from this method of designating leads.

DESIGNATIONS FOR ATTENUATOR NETWORKS

Attenuator networks are illustrated in figure 3-8.
They are used to attenuate signal voltages, and in many
cases to effect an impedance match as well. The name
of the network appears just above the schematic dia-
grams in the figure.
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I I I I ýFI I'T __

Figure 3-8.-Attenuator networks.

A BALANCED Circuit is one in which both lines are at
equal potential above ground. An UNBALANCED circuit
is one in which one line is at ground potential.

WIRING COLOR CODE FOR ELECTRONIC EQUIPMENT

To aid in testing and locating faults in electronic
equipment, and in subsequent repair, the Department of
Defense has set up a military standard (MIL-STD-122).
which establishes a uniform wiring color code for all
military electronic equipment. This standard is used in
manufacturing and should also be followed in mainte-
nance practices when circuit changes and part replace-
ments are involved.
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The standard colors used in chassis wiring are listed
in table 8.

TABLE 8

WIRING COLOR CODE FOR ELECTRONIC EQUIPMENT

Circuit Color

Grounds, grounded elements, and returns -------- Black
Heaters or filaments, off ground --------------- Brown
Power supply, B plus ------------------------ Red
Screen grids ------------------------------- Orange
Cathodes ----------------------------------- Yellow
Control grids ------------------------------- Green
Plates ------------------------------------- Blue
Power supply, minus ------------------------ Violet (purple)
A-c power lines ----------------------------- Gray
Miscellaneous, above or below ground returns,

AVC, etc. -------------------------------- White
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QUIZ

1. What is probably the most important phase of electronics supply?

2. What are the three types of identifications numbers used in

electronics supply?

3. What are two purposes of Stock Number Identification Tables?

4. The Federal Stock Number uniformly consists of how many
digits?

5. What are the four parts in a Standard Navy Stock Number?

6. What does the SPS portion of Radar Set AN/SPS-8 nomencla-
ture designate?

7. What indicator letter is used to show that a piece of equipment
is to be used for training purposes?

8. How would the receiver for the AN/APS-2 be identified if it is
the 7th receiver to which an AN designation has been assigned?

9. What is the function of the first letter in the Navy model letter
system?

10. What is indicated by the terminal board marking, TB 1003?

11. What circuits are marked on terminal boards according to rigidly
assigned designations?

12. In general, what are the first connections on a terminal board?

13. What information may be obtained from the spaghetti sleeving,of a conductor lead near the point of connection to a terminal

board?

14. According to military standards, what is the wiring color code
for:
(a) Grounds, grounded elements, and returns?
(b) Power supply B+?
(c) Control grids?
(d) Plates?
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THE USE OF HAND TOOLS IN ELECTRONICS

INTRODUCTION

"Skill in the use of hand tools comes only with experi-
ence. However, much valuable background information
may be obtained from a study of the types, use, and care
of the tools commonly used by Electronics Technicians.

"f an ET is skilled he need not announce this fact;
the method by which he selects, handles, and cares for
hand tools does this for him. Good tools cost money,
but there is something in the feel of a good tool that
inspires a technician to turn out better work. This fact
alone justifies the additional investment needed to ob-
tain good tools. Of course, cheap tools become defec-
tive much more readily than quality tools. When qual-
ity tools are provided, it is only reasonable to give them

quality care.
There are several safety measures that should be

taken whenever the technician uses hand tools. One
of the most important is-do not be in too big a hurry
to get through; take enough time to be careful. Exces-
sive hurry is dangerous, and it often results in poor-
quality work. Other safety measures are (1) use a vise
or clamp to hold the work when a drilling or cutting
tool is used (avoid using the hand as a holding device)
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(2) use a guard over a grinding wheel, and goggles to
protect the eyes during grinding operations; (3) when
using a rest to grind parts or tools, place the rest close
to the grinding wheel; (4) do not scatter tools around
where someone can trip over them or where there is a
"chance of their falling on someone; (5) do not lay tools
in or on equipment during the course of your work,

replace them in the box or tool carrier when they are
not actually in use (the ship's roll and pitch or the jar
of gun fire may cause the tools to move and cause dam-
age to the equipment) ; (6) carry an inventory list of
tools in your tool box so that upon the completion of a
job you can check to see that no tools are left in, on, or
in the vicinity of the equipment; and (7) report all
injuries promptly.

Some general precautions are (1) do not throw hard-
ened steel tool files together because this will injure their
cutting edges, (2) do not use a wrench as a hammer,
(3) do not jam a piece of finished work in the jaws of a
vise (use aluminum or copper jaws when needed), and
(4) watch out for rust; it is the enemy of steel. Per-

spiration is corrosive; therefore, micrometers and gauges
should be wiped clean after use and a thin coating of oil
applied before they are put away.

The following treatment of the use of hand tools in

electronics work is necessarily brief. Much could be
said on the subject, but it certainly can be assumed that
the prospective ET 3 will have at least a general famil-
iaritv with the common tools of the trade.

A dditional valuable information may be obtained from
Chanter 3 (Hand Tools) of Electronic Installation Prac-
ft;rps Manual, NavShips 900,171. Good general informa-
t ion (not tied specifically to electronics) on the use of
hand tools is included in Basic Hand Tol Skills, Nav-
Pers 10085.

Some of the information contained in this chapter is
condensed from Unit Course Mechanic Learner-Radio
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put out jointly by the U. S. Army Signal Corps and the
U. S. Office of Education, various issues of the Bureau
of Ships Journal, and NavShips 900,171.

Table 9 lists the various hand tools commonly used in
e!ectronics work and gives the group number and part
"number where they may be found in the Navy Stock
List of General Stores.

TABLE 9

GROUP AND PART NUMBERS CORRESPONDING TO HAND
TOOLS FOUND IN THE NAVY STOCK LIST OF GENERAL
STORES

Group Part

Tool number number

Soldering equipment ------------------------ 34 3
Hand drills--------------------------- 51 2
Circle cutter and chassis punches ------------- 51 2
Files -------------------------------------- 51 2
Hacksaws ---------------------------------- 51 2
Wire strippers ------------------------------ 51 2
Hammers ---------------------------------- 51 3
Screwdrivers ------------------------------- 51 8
Wrenches ---------------------------------- 51 3
Pliers ------------------------------------- 51 8
Punches ----------------------------------- 51 3
Crimping tools ----------------------------- 51 8
Fuse pullers ------------------------------- 51 3
Portable electric drills ---------------------- 51 4

HAMMERS

Hammers are generally familiar to most people and
need not be illustrated here. The general types are the
claw hammer, the ball peen hammer, and the soft-faced
hammer. The ball peen hammer is used for setting riv-
ets, and the soft-faced hammer is used when work is
done on soft metals or other surfaces that may be easily
marred or dented. These hammers have faces of raw-
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