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PREFACE

This book is written for Radiomen of the United States Navy and
Naval Reserve who are studying for advancement in rating to RM1
or RMC. Study of this text shouldbe combined with practical experience,
with review of other applicable Navy Training Courses, and with a
study of pertinent communication doctrinal and procedural publications
and equipment technical manuals.

Those who work in communications know how fast procedures and
equipment evolve, so you may find yourself working with equipment
different from that described in this training course.

This book is revised from time to time. Between revisions, some
obsolescence may be unavoidable. For this reason it is suggested that
the student with access to official communication publications use
them as much as possible in his study.

As one of the Navy Training Courses, Radioman1 and C was prepared
for the Bureau of Naval Personnel by the Training Publications Division,
Naval Personnel Program Support Activity, and was reviewed by the
U. S. Naval School, Radiomen, Class B, Bainbridge, Maryland.

Portions of chapter 6 are used by permission of the American Tele-
phone and Telegraph Company and the Automatic Electric Company.

First edition 1950
Reprinted with major changes 1954
Revised 1958
Second edition 1963
Revised 1966
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READING LIST

NAVY TRAINING COURSES

Radioman 1 & C, NavPers 10229-D
Radioman 3 & 2, NavPers 10228-D
Basic Electricity, NavPers 10086-A
Basic Electronics, NavPers 10087-A

OTHER NAVY PUBLICATIONS
ACPs (effective editions) 121, 122
DNCs 5, 14, 26
NWP 16

Department of the Navy Security Manual for Classified Information,
OpNavInst 5510.1B

Handbook of Test Methods and Practices, NavShips 900,000.103

Bureau of Ships Technical Manual, chapter 67 (9670)

USAFI TEXTS

United States Armed Forces Institute (USAFI) courses for additional
reading and study are available through your educational services
officer (or training officer or division officer, as applicable)*. A partial
list of correspondence courses applicable to your rate follows.

Number Title

D 290 Physics I

D 291 Physics II

B 890 Radio Servicing and Repair I
B 891 Radio Servicing and Repair II

*Members of the United States Armed Forces Reserve components,
when on active duty, are eligible to enroll for USA FI courses, services,
and materials, if the orders calling them to active duty specify a period
of 120 days or more, or if they have been on active duty for a period of
120 days or more, regardless of the time specified in the active duty
orders.
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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




CHAPTER 1

ADVANCEMENT

This training course is intended to help you
meet the professional qualifications for advance-
ment to Radioman First Class and Chief Radio-
man.

Whether you are inthe Regular Navy or Naval
Reserve, this text must be completed satisfac-
torily before you can advance to RM1 or RMC.
It is recommended that you study this opening
chapter carefully before beginning intensive
study of the remainder of this course.

REWARDS AND RESPONSIBILITIES

Advancement in rating brings you increased
rewards as well as increased responsibilities.
The time to start looking ahead and considering
the rewards and responsibilities of advancement
is right now, while you are preparing for
advancement to RM1 or RMC.

By this time, you are well aware of many
of the advantages of advancement in rating:
higher pay, greater prestige, more interesting
and challenging work, and the satisfaction of
getting ahead in your chosen career. Also,
you probably have discovered that one of the
most enduring rewards of advancement is the
personal satisfaction you find in developing your
skills and increasing your knowledge.

The Navy also benefits by your advancement.
Highly trained personnel are essential to the
functioning of the Navy. Each advancement in
rating enhances your value to the Navy in two
ways. First, you become more valuable as a
technical specialist in your own rating. Second,
you become more valuable as a man who can
supervise, lead, and train others and thus make
far-reaching and long-lasting contributions to
the Navy.

The extent of your contribution to the Navy
depends, in large measure, upon your willing-
ness and ability to accept increasing responsi-
bilities as you advance in rating. When you

assumed your RM3 duties, you began to accept a
certain amount of responsibility for the work
of others. With each advancement in rating you
accept greater responsibility in military matters
and in the professional requirements of the
Radioman rating.

You will find that your responsibilities for
military leadership are about the same asthose
of petty officers in other ratings. The reason
for this parallel is that every petty officer is a
military person before becoming a technical
specialist.

Although some broad aspects of military
leadership are included in this text, thetraining
course is not designed to give you extensive
information on military requirements for ad-
vancement to petty officer first or to CPO.
Material covering these requirementsisfoundin
Military Requirements for Petty Officer 1 & C,
NavPers 10057 and should be studied carefully.

TECHNICAL LEADERSHIP

Your responsibilities for technical leader-
ship are special to your rating and are directly
related to the nature of your work. The dual role
of operating and maintaining a ship’s communi-
cation system is a job of vital importance. It
requires an exceptional kind of leadership ability
that can be developed only by personnel who have
a high degree of technical competence and a deep
sense of personal responsibility. At this point,
let’s consider some of the broader aspects of
your growing responsibilities for military and
technical leadership—the direction and extent of
your responsibilities.

Direction of Responsibility

Your responsibilities will extend both upward
and downward. Officers and enlisted personnel
alike will expect you to translate generalorders
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given by officersinto detailed, practical, on-the-
job language that can be understood and executed
by even relatively inexperienced personnel. In
dealing with your juniors, it is up to you to see
that they perform their work properly. At
the same time, you must be able to explain to
officers any important needs or problems of
the enlisted men. :

Extent of Responsibility

Even if you are fortunate enough to have
highly skilled and well-trained radio personnel,
you still will find that training is necessary.
For example, you will always be responsible
for training lower rated men for advancement
in rating. Also, some of your men may be
transferred, and inexperienced or poorlytrained
men may be assigned to replace them. In such
a circumstance your skill and experience must
be brought into play to bring these men up to
Navy standards and to guide their professional
development. Chapter 13 of thistrainingcourse
should prove valuable in assisting you to fulfill
your training responsibilities.

WORKING WITH OTHERS.—As you advance
to RM1 and then to RMC, you will be taking
a greater part in planning for training in your
ship. At times this training will also affect a
large number of personnel not in your division
nor even in your department. It becomes in-
creasingly important, therefore, to understand
the duties and responsibilities of personnel in
other ratings. The more you know about related
ratings, the more complete and comprehensive
will be your training plans—especially those
requiring an interdivisional effort to achieve
their goals.

As your responsibilities for planning with
others expand, so also must your ability to com-
municate clearly and effectively. The basic
requirement for effective communication is a
knowledge of your own language. Always use
correct language in speaking and in writing.
Remember that the basic purpose of all com-
munication is improvement of understanding.
To lead, supervise, and train other men, you
must be able to speak and write in such a way
that they can understand exactly what you mean.

A second requirement for effective com-
munication in the Navy is a sound knowledge of
the ‘‘Navy way’’ of saying things. Some Navy
terms have been standardized for the purpose
of ensuring efficient communication. When a

situation calls for standard Navy terminology,
use it. :

Still another requisite for effective com
munication is precision in application of tech-
nical terms. A command of the technical
language of the Radioman rating will enable you
to receive and convey information accurately
and to exchange ideas with others. A person
who does not understand the precise meaning
of terms used in connection with the work of
his own rating is handicapped when he tries to
read official publications relating to his work.
He is also at a disadvantage when he takes
written examinations for advancement inrating,
Although it is always advisable for you to use
technical terms correctly, this practice is
particularly significant when you are dealing
with lower rated men. Sloppiness in the use of
technical terms is likely to be confusing to an
inexperienced man.

KEEPING UP WITH NEW DEVELOP-
MENTS.—-You are responsible for keeping up
with new developments within the Navy. Prac-
tically everything in the Navy is subject to
change and development—policies, procedures,
equipment, publications, systems, and so on.
As RM1, and even more importantly as RMC,
you must make every effort to keep yourself
informed about all changes and new develop-
ments that might affect your ratingor your work.

Some changes will be called directly to your
attention, but you will have to look for others.
Try to develop a special kind of alertness for
new information. Above all, keep an open mind
on the subject of new radio and associated
equipment. Open mindedness is especially im-
portant in the Radioman rating, because the
Navy, in an effort to keep parallel with modern
advances in communication development, is
experimenting constantly with new and different
high-speed communication devices. These new
developments often call for changes in pro-
cedures in handling message traffic and some-
times for changes in a complete system.

REQUIREMENTS FOR ADVANCEMENT

In general, to qualify for advancement, you
must—

1. Have a certain amount of time in grade.

2. Complete required military and profes-
sional training courses.

3. Demonstrate ability to perform all the
PRACTICAL requirements for advancement by
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completing the Record of Practical Factors,
NavPers 760.

4. Be recommended by your commanding
officer.

5. Demonstrate your KNOWLEDGE by pass-
ing a written examination based on (a) military
requirements for advancement and (b) profes-
sional qualifications for advancement in the
Radioman rating.

Advancement in rating is not automatic.
Meeting all the requirements makes you eligible
for advancement, but it does not guarantee your
advancement. Some factors that determine which
persons actually will be advanced in rating are
(1) scores made on the written examination,
(2) length of time in service, (3) performance
marks, and (4) quotas for the rating.

Remember that requirements for advance-
ment may change from time to time. When
preparing for advancement, and when helping
lower rated men prepare for advancement,
check with your division officer or training of-
ficer to make sure you have the latest require-
ments.

To prepare for advancement, you need to be
familiar with (1) military requirements and
professional qualifications given in the Manual
of Qualifications for Advancement in Rating,
NavPers 18068; (2) Record of Practical Factors,
NavPers 760; (3) appropriate Navy Training
Courses; and (4) any other material that maybe
required or recommended in Training Publica-
tions for Advancement in Rating, NavPers 10052.
These materials are discussed later in this
chapter.

RADIOMAN RATING

You have been a Radioman long enough to
realize the importance of your rating to the
Navy. Radiomen, along with Radarmen, Signal-
men, and Electronics Technicians, are essential
members of the operations department team.
A former CNO, speaking of the operations
department’s task of providing external com-
munications, operating the CIC, and repairing
electronic equipment, assessed the significance
of the operations department in these words:

‘““The effectiveness of the many
changes taking place in ships, in equip-
ment, and in weapons rests more and
more heavily upon the capability and out-
put of the operations department. The
men who man, maintain, and give effect

to the components of the operations de-

partment exert a preponderant influence

upon the quality of the ship’s total capa-
bility.”’

In addition to sea duty billets, Radiomen
are assigned to shore duty at communication
stations in the United States and at overseas
bases. Radiomen are also assigned as instruc-
tors in Radiomen schools. Other important
billets are at the Naval Examining Center, Great
Lakes, where Radiomen assist in preparation of
fleetwide advancement examinations, and at the
Training Publications Division, Naval Personnel
Program Support Activity, Washington, D. C.,
where Radiomen prepare andrevise Navy Train-
ing Courses and other training materials.

SCOPE OF THIS TRAINING COURSE

Before studying any book, it is agoodidea to
know its purpose and scope. Following are some
pointers you should know about this Navy
Training Course.

e It is intended to aid the Radioman in
performing professional duties and to assist in
preparing for advancement to petty officer first
and chief petty officer.

e It must be completed satisfactorily be-
fore you can advance to RM1 or RME, whether
you are in the Regular Navy or Naval Reserve.

e It is not designed to give you information
on military requirements for advancement to
PO1 or CPO. Before taking the examinationfor
advancement, be sure you study Military Re-
quirements for Petty Officer First and Chief,
NavPers 10057.

Professional (technical) Radioman qualifica-
tions used as a guide in preparing this training
course are promulgated in the Manual of Quali-
fications for Advancement in Rating, NavPers
18068. Because your major purpose instudying
this training course is to meetthe qualifications
for advancement to RM1 or RMC, it is urged
that you obtain and study a set of current
Radioman quals.

This training course includes information
that is related to both the KNOWLEDGE factors
and PRACTICAL factors of qualifications for
advancement to RM1 and RMC. For developing
skill in practical factors, though, remember
that no training course can take the place of
actual on-the-job experience. The Record of
Practical Factors, NavPers 760 should be
utilized, whenever possible, in conjunction with
this training course.
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SOURCES OF INFORMATION

It is essential that you have an extensive
knowledge of references to consult for detailed,
authoritative, up-to-date information on all
subjects related to military requirements and
professional qualifications of the Radioman
rating.

A few of the publications discussed here are
subject to change or revision fromtimetotime—
some at regular intervals, others as the need
arises. When using any publication that is kept
current by means of changes, be sure your copy
has all official changes entered in it.

BUPERS PUBLIC ATIONS

The BuPers publications described here
include some that are absolutely basic for anyone
seeking advancement in rating. Some, although
nonessential, are extremely helpful.

Quals Manual

The Manual of Qualifications for Advance-

3. Written examinations for advancement in
rating contain questions relating to the practical
factors and the knowledge factors of BOTH
military requirements and professional qualifi-
cations.

A special form, known as the Record of
Practical Factors, NavPers 760, is used to
record satisfactory completion of practical
factors, both military and professional, listed
in the Quals Manual. This form is available
for each rating. Whenever a person demon-
strates his ability to perform a practical
factor, appropriate entries must be made in
the Date and Initials columns. As RM1or RMC,
you often will be required to check thepractical
factor performance of lower rated men, and
report the results to your supervising officer.
To facilitate record keeping, group records of
practical factors are often maintained aboard
ship. Entries from the group records must, of
course, be transferred to each individual’s
Record of Practical Factors at appropriate
intervals.

Because changes are made periodicallytothe
Quals Manual, new forms of NavPers 760 are

ment in Rating, NavPers 18068 gives minimum
requirements for advancement to each rate
within each rating. The Quals Manual lists the
military requirements applicable to all ratings,
as well as the professional or technical qualifi-
cations that are applicable to each rating.

The Quals Manual is kept current by means
of numbered changes. Because changes are
issued more frequently than most Navy Training
Courses can be revised, the training courses
cannot always reflect the latest qualifications
for advancement. When preparing for advance-
ment, therefore, you should always check the
LATEST Quals Manual and its LATEST changes
to ensure that you know the current requirements
for advancement in your rating.

When studying qualifications for advance-
ment, remember that—

1. The quals arethe MINIMUM requirements
for advancement to each rate within eachrating.
If you study more than the required minimum,
you naturally will have that much advantage
when you take the written examinations for
advancement in rating.

2. Each qual has a designated rate level—
third class, second class, first class, chief.
You are responsible for meeting all quals
specified for advancement to the rate level to
which you are seeking advancement AND all
quals specified for lower rate levels.

provided when necessary. Extraspace is allowed
on the Record of Practical Factors for entering
additional practical factors as they are published
in changes to the Quals Manual. The Record of
Practical Factors also provides space for re-
cording demonstrated proficiency in skills that
are within the general scope of the rating but
are not identified as minimum qualifications for
advancement. Keep this provision in mind when
you are training and supervising lower rated
personnel. If a mandemonstratesproficiencyin
some skill that is not listed in the Radioman
quals but falls within the general scope of the
rating, report this fact tothe supervising officer
so that an appropriate entry canbe made for that
man.

The Record of Practical Factors should be
kept in each man’s service record, and it should
be forwarded with his service record to his
next duty station. Each man should also keep
a copy of the record for his own use.

Training Publications for Advancement
in Rating

Another vital publication for anyone pre-
paring for advancement in rating is Training
Publications for Advancement in Rating, Nav-
Pers 10052. It lists required and recommended
Navy Training Courses and other reference
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material to be consulted or studied by personnel
working for advancement in rating. This publi-
cation is revised and issued once each year by
the Bureau of Naval Personnel. Each revised
edition is identified by aletter after the NavPers
number. When using this publication, be sure
you have the most recent edition.

The required and recommended references
are listed by rate level in NavPers 10052. You
are responsible for all references at lower rate
levels, as well as those listed for the rate to
which you are seeking advancement.

Navy Training Courses that are marked with
an asterisk (*) in NavPers 10052 are MANDA-
TORY at the indicated rate levels. A mandatory
training course may be completed by (1) passing
the appropriate Enlisted Correspondence Course
based on the mandatory training course, (2)
passing locally prepared tests based on informa-
tion given in the mandatory training course, or
(8) in some instances, successfully completing
an appropriate Navy school.

Notice that all references listed in NavPers
10052 —whether mandatory or recommended—
may be used as source material, at the appro-
priate rate levels, for written examinations.

Navy Training Courses

Navy Training Courses are written for the
specific purpose of helping personnel prepare
for advancement in rating. Some courses are
general in nature and are intended for use by
more than one rating. Others (such as this
one) are applicable to a particular rating.

Navy Training Courses are revised from
time to time tobringthemuptodate. A revision
of a Navy Training Course is identified by a
letter after the NavPers number. You can tell
whether a Navy Training Course is the latest
edition by checking the NavPers number and
the letter after the number in List of Training

Manuals and Correspondence Courses, NavPers
10061.

Three Navy Training Courses are specially
prepared to present information on military
requirements for advancement. These courses
are-

e Basic Military Requirements, NavPers
10054.

e Military Requirements for Petty Officer
3 & 2, NavPers 10056.

e Military Requirements for Petty Officer
1 & C, NavPers 100517.

Each of the militaryrequirements coursesis
mandatory at the indicated rate levels. In
addition to giving information on military re-
quirements, these three books contain a good
deal of useful information on the enlisted rating
structure; how to prepare for advancement; how
to supervise, train, and lead other men; and how
to meet your added responsibilities as you
advance in rating.

Some of the Navy Training Courses that may
be useful to you when you are preparingto meet
the professional qualifications for advancement
to RM1 and RMC are discussed briefly in the
following paragraphs. For a complete listing
of Navy Training Courses, consult List of Train-
ing Manuals and Correspondence Courses, Nav-
Pers 10061.

Mathematics, Vol. 1, NavPers 10069 and
Mathematics, Vol. 2, NavPers 10071 are two
training courses that may be helpful if you need
to brush up on your mathematics. Volume 1,
in particular, contains basic information needed
for using formulas and for making simple com-
putations. Information in volume 2 is more
advanced.

Correspondence Courses

Most Navy Training Courses and Officer
Texts are used as the basis for correspondence
courses. Completion of a mandatory training
course can be accomplished by passing the cor-
respondence course that is based onthe training
course. You will find it helpful to take other
correspondence courses, as well as thosebased

on mandatory training courses.

Other BuPers Publications

Additional BuPers publications that you may
find useful in connection with your responsibili-
ties for leadership, supervision, and training
include Manual for Navy Instructors, NavPers
16103 and Naval Training Bulletin, NavPers
14900 (published quarterly).

NAVSHIPSYSCOM PUBLICATIONS

A number of publications issued by the Naval
Ships System Command will be of interest to you.
Although you do not need to know everything
given in the publications mentioned here, you
should have a general idea of where to find
information in these publications.
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BuShips Technical Manual

The Bureau of Ships Technical Manual, Nav-
Ships 250-000 is the basic doctrine publication
of the Naval Ships System Command. The
Manual is kept up to date by means of quarterly
changes. All copies of the Manual should have
all changes made in them as soon as possible
after changes are received.

Beginning with the quarterly changes dated 15
July 1963, NavShips beganto renumber individual
chapters in the BuShips Technical Manual ac-
cording to the Navy-Marine Corps Standard
Subject Classification System. Under this sys-
tem, all chapters of the Manual will eventually
be part of the 9000 series, which identifies ship
design and ship’s material subject groups.
When all chapters are renumbered to conform
to the 9000 numbering system, old chapter
numbers will be eliminated. In the meantime,
you should consult the sheets in the front of the
first volume of the Manual, which cross-
reference the new numbering system and the
old. Some of the Manual chapters remain in
their old positions, so the new and the old
numbers have a definite relationship to each
other. For example, old chapter 67 will in time
be renumbered as 9670, and old chapter 48 will
be renumbered as 9480. Some chapters, how-
ever, will be moved to new locations, and will
also be renumbered; in these instances there
is no clear relationship between the old num-
bers and the new. For example, old chapter
96 has been moved to a new location and is
now renumbered 9006.

The following chapters of the BuShips Tech-
nical Manual, identified by both old number
and new number, are of particular importance
to you.

Chapter Number Title
old New
2 9001 Publications and Plans
6 9004 Inspections, Records
and Reports
67 9670 Electronics
69 9690 Electrical Measuring

and Test Instruments

It should be noted that you may see some
chapters of the BuShips Technical Manual re-
ferred to in various Navy publications by either
the old chapter number or the new chapter

number, depending upon which number was in
use at the time of writing. If you have trouble
locating the chapter by the number given,
check the cross-reference sheets in the front
of the first volume of the Manual.

Naval Ship Systems Command
Technical News

The Naval Ship Systems Command Technical
News, a monthly technical publication, contains
current unclassified information on the work
and problems of NavShips and its field activities.
The magazine is particularly useful because it
presents information that supplements and clari-
fies articles in the BuShips Technical Manual,
and because it contains data on new equipment,
policies, and procedures.

Manufacturers’ Technical Manuals

Manufacturers’ technical manuals, furnished
with most electronic units and many types of
equipment, are valuable sources of information
on operation, maintenance, and repair. Manu-
facturers’ technical manuals for radio and as-
sociated equipment usually bear NavShips num-
bers.

Electronics Information Bulletin

The Electronics Information Bulletin, (EIB)
NavShips 900,022A is a biweekly authoritative
publication containing advance information on
field changes, installation techniques, mainte-
nance notes, beneficial suggestions, and technical
manual distribution. A file of all EIBs should
be kept available for handy reference.

Electronics Installation and
Maintenance Book

The Electronics Installation and Maintenance
Book (EIMB) (formerly EMB), NavShips 900,000
provides subordinate policies, installation,
maintenance standards, and procedures required
to implement the policies of chapter 67 of the
BuShips Technical Manual. The EIMB consists

of several volumes covering each major elec-
tronic field.

TRAINING FILMS

Training films available to naval personnel
are a valuable source of supplementary informa-
tion on many technical subjects. A selectedlist
of training films that may be useful to you is
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given in appendix I of this training course.
Other films that may be of interest are listed
in the United States Navy Film Catalog, Nav-
Weps 10-1-777. This catalog, published in
1966, supersedes three earlier publications:
the former catalog with the same title but
numbered NavPers 1000-A; the Supplement,
NavWeps 10-1-772; and the Navy Classified
Film Catalog, NavPers 10001-A.

When selecting a film, note its date of
issue listed in the film catalog.

As you know, procedures sometimes change
rapidly. Thus some films become obsolete
rapidly. If a film is obsolete only in part, it
may still have sections that are useful, but it is
important to note procedures that have changed.
If there is any doubt, verifycurrent procedures.




CHAPTER 2

COMMUNICATION PLANNING

Communications is the link by which an op-
erational commander directs his forces, re-
ceives instructions from his superiors, and
keeps them informed of the local situation. It
must, therefore, be a two-way street affording
reliability, speed, and security needed for suc-
cessful conclusion of any given task. Before
this end can be attained, however, the ways and
means by which it is to be accomplished must
be known. The communication annex of an op-
eration order or operation plan conveys this
knowledge.

PLANNING

Before formulating the communication plan
itself, some preliminary planning must be done
to decide what information it should include.
The communication planner must know, for in-
stance, the following data:

e Task and purpose of the mission, so he
can decide the types and quantity of circuits
that are necessary.

e Types of ships, aircraft, and/or troops
assigned, so he can determine the command and
tactical radio nets that will be required.

o Type and amount of each unit’s equipment,
and number of Radiomen and their rates, so he
can determine the type and number of circuits
they can handle. To carry out the assigned
task, he may have to ask for more equipment
and personnel.

e Physical characteristics of operational
area should be obtained, if possible, in order to
know long-range circuit requirements and most
suitable frequencies.

The foregoing requirements are but a few of
many aspects that must be considered by the
communication planner. When writing a com-
munication plan, Naval Operational Planning,
NWP 11 should be used as a guide.

BASIC PROBLEMS

In communication planning, three basic prob-
lem areas exist. They are (1) flexibility in
meeting command requirements, (2) operating
limitations, and (3) protecting communications.

Flexibility

The commander of a naval operation or-
ganizes his forces principally to attain its ob-
jectives as effectively and efficiently as possi-
ble. Communications must provide him the
means for directing and redirecting his forces
so that he can take advantage of every favorable
opportunity offered by the enemy and be able to
meet any enemy threats. He must be able to
reorganize his forces to do different jobs than
those originally assigned, and communications
must be equal to any situation.

As an example of the flexibility just de-
scribed, if a certain task unit within a task force
should be the anti-air warfare (AAW) unit, and
the enemy made a full-scale submarine attack
too large for the present antisubmarine (ASW)
unit to handle, the commander might want to
divert some ships from the AAW unit and put
them under operational control of the ASW unit
commander. For this changeover to take place
smoothly and without complications, ships that
are diverted must be able to shift without diffi-
culty to ASW circuits. To meet this demand the
communication plan must be flexible.

The task force commander must be in con-
stant contact with his task group and task unit
commanders. Also, task group and unit com-
manders must be in constant contact with their
units and with individual ships. Ships within a
unit must be in constant contact with eachother.

All necessary circuits needed for the opera-
tion must be included in the communication
plan, which must be arranged in such a manner
that it can be easily read and understood. Too
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many circuits could cause confusion and tax
communication facilities of participating ships
and units. For these reasons care must be
taken, when writing a communication plan, to
meet the flexibility that a task force must have.

Operating Limitations

Communications must meet the demands of
the task organization and contribute to its tacti-
cal effectiveness. Conversely, overall plans for
the operation must be compatible with communi-
cations that can be provided. Three main areas
that impose limitations on communications are:
(1) selection of radiofrequencies, (2) availability
of equipment, and (3) availability of personnel.

Usually the choice of frequencies allocated
to an operation is limited because of the con-
stant heavy load placed on the frequency spec-
trum. From the allocated frequencies, the
communication planner makes his selection on
the basis of the purpose of the operation,
geography of the area, seasonal and solar in-
fluences. on frequency performance, and equip-
ment available.

The communication planner should consider
the capacity of each command in drafting its
communication plan. He must therefore have
available information concerning equipment and
personnel aboard each command.

Although certain frequencies may be desira-
ble for use, the planner must ensure that ade-
quate equipment is available before he makes
his selection. Because of time limitations,
availability of equipment in a forward area, and
space needed for installation, additional equip-
ment may be out of the question.

Often, availability of communication person-
nel is limited. This limitation must be consid-
ered when the communication planner assigns
circuits and makes guardship arrangements for
individual commands.

Each command must organize its communi-
cation department so as to handle assigned

workloads as efficiently as possible. Work ca-
pacity of the department and of individual per-
sonnel must be considered. When a command
makes up its watch bill, care should betaken so
that each position is filled by a qualified man.
If training is needed to fill any positions, it
should be inaugurated before commencing the
operation.

Protecting Communications

Inasmuch as most communications of any
operation are handled by radio circuits, pro-
tection of these circuits is a prime factor in
planning. They must be protected against enemy
interception or interference. Some methods
used for these purposes are authentication, used
to determine authenticity of a transmission;
codes and ciphers to provide crypto security;
use of on-line cryptodevices that electronically
encrypt and decrypt messages astheyaretrans-
mitted and received; and imposition of radio
silence to shield movements of forces. The
communication planner should see that neces-
sary publications are available and that proper
overall training is given to the force in com-
munication security.

REQUIREMENTS

After preliminary planning is completed and
all communication aspects and considerations
are taken into account, the communication
planner establishes requirements for the oper-
ation. From information gathered from various
sources, he makes a preliminary outline for
the communication plan. Data considered are
capabilities and facilities of participating com-
mands, estimates resulting from staff studies,
and information received from DNC on facilities
and services available within the Naval Com-
munication System.

The outline for the communication plan should
include four basic requirements. They are—

1. Command primary and secondary com-
munications. From this requirement comesthe
primary and secondary command nets the com-
mander uses to contact his own forces, com-
manders of other forces, and the command he
comes under.

2. Communications for logistic and other
service and support activities. These circuits
are for administrative and supply traffic torear
echelons and supporting activities.

3. Tactical communications. These circuits
are used to interconnect various groups and
units engaged in the same type of activity, such
as air defense and shore bombardment.

4. Communication security, Provisions
must be made for protecting communications
discussed earlier.

From his outline and other information
gathered, the planner can formulate the com-
munication plan.
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OPERATION ORDERS

Operation orders (OpOrders) are directives
issued by naval commanders to subordinates
for the purpose of effecting coordinated execu-
tion of an operation in the immediate or near
future. These directives are prepared in ac-
cordance with a standard approved form, as set
forth in NWP 11, Naval Operational Planning.
Common understanding between individual serv-
ices and, in larger aspect, between different
Allied Nations is basic to successful combat.
The approved format is designed to reduce to a
minimum any areas of possible misunderstand-
ing.

An operation order usually consists of abasic
plan made up of the heading, body, and ending,
and detailed procedures (in the form of enclo-
sures) called annexes and appendixes as neces-
sary. The basic plan is kept concise, and con-
tains only those details necessary for a clear,
overall picture of the operation. Annexesthem-
selves may be brief or protracted. They often
have appendixes and tabs to elaborate on the
many details to be considered in a large and
complicated tactical operation.

Among subjects that properly may be dis-
cussed in annexes are battle plans, search and
rescue communications, intelligence, logistics,
anti-air warfare, and antisubmarine warfare.
This list is not all-inclusive, however.

Amplifying information that is inappropriate
for inclusion in the annex may be prepared as
an appendix to the annex. In the same way, ap-
pendixes may be amplified by preparation of
tabs to an appendix. Each one is given a name
descriptive of its contents. Appendixes are listed
at the end of the annex to which they belong.
Tabs are listed at the end of their governing
appendix.

DIFFERENCE BETWEEN OPERATION
PLANS AND OPERATION ORDERS

An operation plan (OpPlan) is a directive for
carrying out operations extending over a large
geographical area and usually covering a con-
siderable period of time. Ordinarily an OpPlan
is based upon, and therefore restricted by,
various appropriate assumptions. It is pre-
pared well in advance of animpendjng operation,
and includes information concerning the time it
will become effective. This information may be
included in the plan, or it may state merely that
it will become effective when signaled by ap-
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propriate authority. The OpPlan is the instru-
ment upon which subordinate commanders base
directives to their commands covering specific
tasks assigned.

An operation order (OpOrder) is preparedin
a prescribed form, similar in most respects to
an operation plan. It is issued by a commander
to his subordinates to effect coordinated execu-
tion of a specific operation. It directs that the
operation be carried out. No assumptions are
included and, unless otherwise stated, the Op-
Order is effective from thetime and date signed.

Rarely in peacetime—and only infrequently
in wartime—is the shipboard communicator
called on to use anoperation plan, although much
of his daily routine in handling messages and
circuits is part of the communication plan. On
the other hand, almost all coordinated operations
experienced in the daily life of a sailor are
carried out as the result of OpOrders.

HEADING

Figure 2-1 is a sample heading of an opera-
tion order. Attheright, below the classification,
is the title of the issuing headquarters. Omitted
from the illustration is the copy number, It
would be required on each copy of the directive
if joint or combined operations have involved,
or for plans and orders concerning only U. S.
Navy forces if the document were classified
higher than Confidential, Each copy would bear
a different number, and a record of disposition
must be maintained.

SECURITY CLASSIFICATION

Fourth Fleet

TG 47.5 and ComCarDiv 1
YORKTOWN (CVS 10), Flagship’
Norfolk, Virginia

DTG 311200R, October 1965
Message Ref: 0059/65

Operation Order
ComCarDiv 1

No. 52-65

Time Zone: Use time zone plus 5 (ROMEO)
for operations,

50.2
"Figure 2-1.—=Operation order heading.
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The issuing headquarters title is preceded
by titles of higher echelons considered neces-
sary to ensure proper identification. The name
of the flagship (or headquarters, if on shore)
must be included as shown. The geographical
location of the issuing commander is listed; or,
if at sea, latitude and longitude. The date-time
group of the signature, including zone descrip-
tion, appears next. Unless stated to the con-
trary in paragraph 3x of the order, the DTG is
the effective time of the order. A message ref-
erence number is the originator’s serial number
for identification. It is used for in-the-clear
message acknowledgment of the order. A mes-
sage reference number should contain no indi-
cation that it is associated with a planor order.

Underlined words Operation Order appear to
the left. This identifying title is sufficient when
only one service takes part. If more than one
service participates, such descriptive words as
Joint Army-Navy Operation Order might be
used.

Immediately below the directive designation
is the short administrative title of the originator
and the serial number of the directive. Each
commander serializes his OpOrders consecu-
tively throughout the calendar year.

Pertinent references, if applicable, arelisted
next; for example, REFERENCES: NWP 20,
NWP 16(A). None were necessary in the exam-
ple, so none are shown.

The time zone to be used in the operation is
then included, as in figure 2-1.

BODY

The body of the OpOrder consists of thetask
organization, five numbered paragraphs, and
acknowledgment instructions. They are illus-
trated in figure 2-2.

In the task organization listing, each para-
graph is lettered alphabetically beginning with
the small letter a. Each subdivision of the
commander’e entire force to be assigned a task
is listed separately with its designated task
name (Heavy Unit, Screen Unit, etc.), followed
by the name of the ship or administrative title
of the officer in command of the force, group,
unit, or task element.

Because an individual ship often is assigned
several different tasks to perform during various
phases of an operation, it is common for a ship
to be listed under several subheadings of the
task organization.
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Five Numbered Paragraphs

Paragraph 1 covers the situation. Here the
commander sets forth only so much of the gen-
eral situation as enables all his subordinates to
understand the background of a planned opera-
tion. A history of preceding events is not de-
sired. All information is brief and to the point.
In addition, paragraph 1 always contains three
lettered subparagraphs (a, b, and c).

Subparagraph a relates to enemy forces. In
a wartime situation, this topic reflects the best
intelligence estimate of what the enemy has
available. If information is so extensive that it
is ineffective in this location, a separate annex
may be written, and in the subparagraphastate-
ment such as ‘‘See Annex ’’ is included.
If none (as in peacetime), a statementtothis ef-
fect is made; this section cannot be left blank.

Subparagraph b concerns friendly forces. It
refers only to friendly forces not listed in the
task organization. Information on friendly forces
is always brief and restricted to that required
for proper coordination of operations.

Subparagraph c is forlisting attachments and
detachments. Included here are any forces that
will join or be detached from the force as the
operation progresses; if none, this information
is so stated. If a ‘‘Schedule of Events’’ annex
contains this information, reference to that an-
nex is sufficient. (To repeat, none of the three
subparagraphs may be omitted or left blank.)

Paragraph 2 states the mission, which either
may have been assigned by higher authority or
deduced from his instructions. In effect, para-
graph 2 contains the most important information
in the directive. Often it is the first item to be
read by a subordinate upon receipt of the docu-
ment. It consists of the tasktobe accomplished
and the purpose for accomplishing it, separated
by the phrase ‘‘in order to.’”” By reading the
mission paragraph, each subordinate should be
able to understand what is to be done and why.
No other place in the operation order gives such
a concise statement of the intent of the operation.

Paragraph 3 is the execution paragraph.
Opening with ‘“This force will,”’ it sets forth, in
concise terms exactly what the overall organi-
zation is to accomplish.

In succeeding subparagraphs, beginning with
letter a, tasks assigned to elements of the or-
ganization are prescribed in detail. Letters a,
b, ¢, and soon, identify additional subparagraphs
describing tasks assigned each unit of a force.
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Task Organization:

a. 47.5.2 Heavy Unit
YORKTOWN (CVS 10) RADM R. M. P,
1 CVS
PLATTE (AO 24) CAPTE. C. R.
1 AO
b. 47.5.3 Screen Unit
DesDiv 152 CDR B. D. W.
4 DD
c. 47.5.4 Anti-Air Warfare, Coordination Unit
DesDiv 153 CDR W, C. M.
4 DD

1. SITUATION. ComNavAirLant Notice 03360 of 16 February 1965 scheduled an opposed
ASW/AAW coordination sortie on 4 November with ComCarDiv 1 as OCE and OTC. This
OpOrder covers the conduct of the sortie.

a. Enemy Forces: None
b. Friendly Forces: None
c. Attachments and Detachments: None
2. MISSION. On 4 November 1965 conduct a combined opposed ASW/AAW coordinated

sortie exercise from Narragansett Bay in order to train assigned units in antisubmarine
warfare and AAW coordination.

3. EXECUTION. This force will conduct a combined opposed ASW/AAW coordination
sortie exercise from Narragansett Bay on 4 November 1965.
a. Heavy Unit - Sortie in accordance with Annexes ALFA and DELTA.

b. ASW Screen Unit - Sortie in accordance with Annexes ALFA and DELTA, and
protect heavy unit from submarine and air attack.

c. Anti-Air Warfare Unit-Coordinate anti-air warfare of the sortie group in
accordance with Annex GOLF.

x. Coordinating Instructions.

(1) This operation order is effective for planning on receipt and for operations
commencing 4 November 1965.

(2) Search and rescue in accordance with CINCLANFLT OpOrder 1-65, NWP 37,
NWIP 23-6, and Annex HOTEL. Submarine Search and Rescue Plan in accordance with
COMSUBLANT OpPlan 27-65 (SUBMISS-SUBSUNK) and Annex HOTEL.

4, ADMINISTRATION and LOGISTICS. Administration and Logistics in accordance with
existing instructions.

5. COMMAND and SIGNAL.
a. Communications in accordance with Annex CHARLIE,
b. Use zone time plus 5 (ROMEO).
c¢. Commander Carrier Division 1 in USS YORKTOWN (CVS 10) is OCE and OTC.
d. Commander Destroyer Squadron FIFTEEN in USS PUTNAM second in command.

Acknowledgment Instructions:

Units listed in Task Organization acknowledge receipt of this directive by message
using message reference number.

Figure 2-2.—Task organization and the five numbered paragraphs.

12
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An additional subparagraph, ‘‘Coordinating In-
struction,’’ follows, identified by letter x. Here
are listed items of information to more thanone
task subdivision as well as instructionsrelating
to security, cooperation, duration of events, and
the like. If the directive is to become effective
at some time or date besides the date-time
group in the heading, this fact is statedin coor-
dinating instructions.

Paragraph 4 is for administration andlogis-
tics. Necessary arrangements and procedures
for accomplishing the mission are set forth in
this paragraph. As in other paragraphs of the
basic plan, it is permissible to refer toa logis-
tics annex if one is appended. Or, as often hap-
pens in comparatively small local training op-
erations, refer simply to existing instructions.

Paragraph 5 is the command and signal
paragraph. As used here, signal means com-
munications. Contained in this paragraph are
all special features of command. These features
include designation of the officer second in
command, and also the location of the com-
mander and his second in command. Addition-
ally, division of responsibility among various
commanders is clarified, and the communication
plan is describeg or, customarily, the communi-
cation annex is referenced. A complete annex
and one or more appendixes are necessary—even
for routine operations down to the divisionlevel
of destroyer operations—because the problem of
communications is so enormous and vital.

Acknowledgment instructions usually are in-
cluded, but are not required. An acknowledg-
ment means that the directive was received and
is understood.

ENDING

The ending of the OpOrder includes the sig-
nature, list of annexes, distributionlist, authen-
tication, and security classification.

To make it effective, the directive requires
the signature (fig. 2-3) of the commander. It
appears below the acknowledgment instructions,

R. M. P,
RADM, U. S. Navy
Commander Task Group 47.5 and

Cominander Carrier Division ONE

50.6
Figure 2-3.—The OpOrder—=Signature.
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to the right side of the page, over his rank and
command title. For OpOrders and OpPlans
concerning United States Navy units only, oper~
ational and administrative titles are added. The
commander signs the original OpOrder and each
annex, appendix, and tab.

The security classification must appear on
the top and bottom of each page of the directive.
Below the signature are listed appended an-
nexes (fig. 2-4), each designated by capital let-
ters. Each appendix and tab to the various an-
nexes are included in the list also.

A distribution list (fig. 2-5) is insertedafter
the list of annexes. For comparatively short
distribution lists, each addressee is listed as
part of the basic plan. For longer lists (this
practice is usual in all but the simplest direc-
tives), the distribution list may be a separate
annex. The number of copies each addresseeis
to receive is indicated. If some are to receive
all but certain portions, the deleted part is so
indicated. Administrative titles are used in the
distribution list, because tactical titles might
serve to compromise the directive as well as
cause mailing delays.

COMMUNICATION ANNEX

In addition to paragraph 5 of the basic direc-
tive, the most important portion of the OpOrder
(for communication personnel) is the eommuni-
cation annex. Purpose of the communicationan-
nex is to give information on communications
that is too extensive to be included in the basic
operation order.

Customarily, the communication annex ijs
designated Annex C (fig. 2-6). The heading and
ending of the annex are identical to those of the
OpOrder. The numbering of paragraphs in the
communication annex follows the numbering of
related matters in NWP 16 that aretobe ampli-
fied or modified.

In the communication annex for a combined
operation, usually no reference is made to NWP
16 because not all Allied Nations have accessto
that publication.

The amount and type of information found in
a communication annex depend on thepurposeof
the plan or order and onthe missionof the com-
mand for which it is being made.

Types of information that mav be found in
communication annexes are radio checks. call
signs and address groups, frequency plans. dis-
tress communications, guardship lists, exercise
communications, visual communications, au-
thentication, and broadcast shifts. This list is
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SECURITY CLASSIFICATION

ANNEXES

O >
!

N ™=
|

Time Schedule
Navigation Instructions
Communications

APPENDIX I — Frequency Plan
APPENDIX II — Aircraft Communications

Tab A

Tab B

APPENDIX III — ASW Circuits

Antisubmarine Warfare Plan

Air Strike Plan

APPENDIX I — Strike Schedule

Friendly Air Schedule

Anti—Air Warfare Plan .

APPENDIX I — Picket, CAP, and Strike
Control assignments

APPENDIX II — AA Coordination Plan

Safety

Reports

Disxibution

SECURITY CLASSIFICATION

50.7

Figure 2-4.—Table on annexes.

not all-inclusive, however. Each of thesehead-
ings is numbered according to the numbering of
associated paragraphs in NWP 16.

Appendixes

An appendix amplifies portions of annex ma-
terial much the same as an annex amplifies a
basic directive.

Figure 2-7 is an example of Appendix I (Call
Sign List) to Annex C of the OpOrder studied in
this chapter. The heading and ending are the
same as the annex it appends.

Column 1 lists commands within the task
group. Columns 2 and 3 give the letter call
sign and voice call sign, respectively. These
three columns are the only ones necessary in
the call sign list. In this example columns 4
and 5 are added to give further information.
Column 4 shows call letters of the ship, occu-
pied by varipus commanders. Column 5 liststhe
task group or task unit of which each command
and ship is a part.

Any headings mentioned as being in the an-
nex could be made into appendixes if sufficient
information warrants.

Tabs

When necessary to amplify a portion of an
appendix, a separate page is added as a tab.
Appendix II (Frequency Plan), shown in figure
2-8, is broken down into tabs. Figure 2-9isa
condensed surface frequency plan designated
Tab A. Possibly tab B (not shown) could be the
aircraft frequency and channelization plan.

Numbering

Annexes are designated serially by capital
letters; appendixes, serially by Roman numer-
als; and tabs, serially by capital letters. Thus,
a tab might be referred to as TabC to Appendix
IV to Annex W. Pages ofthebasic directive are
numbered serially starting with Arabic numeral
1; pages of annexes, serially by annex letter
followed by page number, as C-2. Appendix
pages are numbered by adding the Roman nu-
meral in the appropriate place; for example,
C-II-1 is page 1 of appendix II to Annex C. Tabs
add the capital letter, as appropriate, after the
Roman numeral.

14
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SECURITY CLASSIFICATION

Operation Order
ComCarDiv 1 No. 52-65

Distribution List

CNO
CINCLANTFLT
COMAIRLANT
COMSUBLANT
COMCRUDESLANT
PRES NAVWARCOL
COMONE
COMNAVBASE NPT
COMDESFLOT TWO
COMCARDIV 1
COMDESRON 15
USS DUPONT

USS PUTNAM

USS KEITH
USSHENLEY

USS AULT

USS WALDRON

USS HAYNSWORTH
USS JOHN W. WEEKS
USS YORKTOWN

Authenticated:

H.P.R.
LT, U. S. Navy
Staff Secretary

Fourth Fleet

TG 47.5 and ComCarDiv 1
Yorktown (CVS 10), Flagship
Norfolk, Virginia

DTG 311200R, October 1965
Message Ref: 0059/65

ANNEX ZULU

Distribution

10
10
2

NN NN

3 (less Appendix I to Annex ECHO)
1 (less Appendix I to Annex ECHO)
3 (less Appendix I to Annex ECHO)

(less Appendix [ to Annex ECHO)

[V T RV TRV VU

R.M.P.
Radm., U. S. Navy
Commander Task Group 47.5 and
Commander Carrier Division ONE

SECURITY CLASSIFICATION

Figure 2-5.—Distribution list as an annex.
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SECURITY CLASSIFICATION

Fourth Fleet
TG 47.5 and ComCarDiv 1
YORKTOWN (CVS 10), Flagship
Norfolk, Virginia
DTG 311200R, October 1965
Message Ref: 0059/65
Operation Order
ComCarDiv 1 No. 52-65

ANNEX CHARLIE

Communications

113. EFFECTIVENESS

1. Communications in accordance with NWP 16(A), and appropriate Joint, Allied,
and Navy Department Publications. NWP 16(A) is effective throughout as applicable to
the existing situstion unless modified or amplified by this Annex. The numbering of
paragraphs herein follows the numbering of related material in NWP 16(A). The inter-
pretation as to the applicability of a specific article is a function of the command
concerned.

410. CALL SIGNS AND ADDRESS GROUPS

1. The call signs for CTG 47.5 and TG 47.5 are effective for use commencing
040600R.

2. Call signs will be those regularly assigned to participating units. (See
Appendix I to this Annex.)

619. FREQUENCY PLAN
1. Radiofrequency plan is contained in Appendix II to this Annex.

2. Surface force frequency plan is contained in Tab A to Appendix II.
3. Aircraft frequency plan and channelization is contained in Tab b to Appendix II.

810. EMERGENCY, DISTRESS, AND COMBAT SCENE OF ACTION COMMUNICATIONS.

1. Distress communication guard assignments are prescribed in Appendix II of
this Annex.

2. Ships or units not in company shall maintain a continuous split-phone guard on
the distress frequencies prescribed.

3. Combat scene of action and ASW incident communications shall be as pre-
scribed in Appendix II of this Annex.

R. M. P.
RADM, U. S. Navy
Commander Task Group 47.5 and
Commander Carrier Division ONE

Authenticated:

H. P. R.
LT, U. S. Navy
Staff Secretary

SECURITY CLASSIFICATION
A s

50.9
Figure 2-6.—Communication annex.
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SECURITY CLASSIFICATION

Operation Order
ComCarDiv 1 No. 52-65

Fourth Fleet
TG 47.5 and ComCarDiv 1
YORKTOWN (CVS 10), Flagship
Norfolk, Virginia

DTG 311200R, October 1965
Message ref: 0065/65

APPENDIX I TO ANNEX CHARLIE

CALL SIGN LIST

Command Call Sign Voice Call Aboard TG/TU
CTG 417.5 A5BC JETSTREAM NWKJ
TG 417.5 C7FG GLOBEMASTER
CTU 47.5.2 B6DE STARFIRE NEJQ
TU 47.5.2 D8HI MOONGLOW
CTU 47.5.3 E9JK SUNFISH NWKJ
TU 47.5.3 F@LM BLUESTAR
CTU 47.5.4 G4NO GREENSEA NHXO
TU 47.5.4 H3PQ BROADSIDE
COMCARDIV 1 XYAC HIGHBROW NWKJ CTG 47.5
COMSERVRON 3 STCO LIGHTSIDE NEJQ CTU 47.5.2
COMDESRON 15 DLHU BEESTING NHXO CTU 417.5.4
COMDESDIV 152 XDBY OVERBOARD NHXO TU 47.5.4
COMDESDIV 153 OSBR CHANGEOVER NTIR TU 47.5.3
DUPONT (DD 941) NTIR PACEMAKER TU 47.5.3
PUTNAM (DD 175%7) NHXO GOGETTER TU 47.5.4
KEITH (DD 241) NXDO WANDERER TU 47.5.3
HENLEY (DD 762) NHXW FASTENER TU 47.5.3
AULT (DD 698) NTWR STICKPIN TU 47.5.3
WALDRON (DD 699) NTEX FROGMAN TU 47.5.4
HAYNSWORTH (DD 700) NJTA DRAGSTER TU 47.5.4
JOHN W. WEEKS (DD 701) NHEK LOWBOY TU 47.5.4
YORKTOWN (CVS 10) NWKJ HONEYCOMB CTU 47.5.3
PLATTE (AO 24) NEJQ OILSLICK TU 47.5.2

R. M. P.

Authenticated:

H. P. R.
LT, U. S. Navy
Staff Secretary

RADM, U. S. Navy
Commander Task Group 47.5 and
Commander Carrier Division ONE

SECURITY CLASSIFICATION

Figure 2-7.— Appendix I—call sign list,
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SECURITY CLASSIFICATION

Fourth Fleet

TG 47.5 and ComCar Div 1-
YORKTOWN (CVS 10), Flagship
Norfolk, Virginia

DTG 311200R, October 1965
Message Ref: 0065/65

APPENDIX II TO ANNEX CHARLIE
FREQUENCY PLAN
1. All frequencies in accordance with JANAP 195(F) and as assigned by ComFourthFlt.
2. Frequency shifts as necessary controlled by the circuit net control station.
3. Surface frequency plan is contained in Tab A to this Appendix.

4, Aircraft frequency plan and channelization is contained in Tab B to this Appendix.

5. Radio checks will be conducted at 020800R, 031500R, and 040700R on all circuits
in consecutive order.,

R. M. P.
RADM, U, S. Navy
Commander Task Group 47.5 and
Commander Carrier Division ONE

Authenticated:
H. P. R.

LT, U, S. Navy
Staff Secretary

SECURITY CLASSIFICATION

N N

50.134
Figure 2-8.—Appendix II—-frequency plan.
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SECURITY CLASSIFICATION

Operation Order

ComCarDiv 1 No, 52-65

Fourth Fleet

TG 47.5 and ComCarDiv 1
Yorktown (CV 510), Flagship
Norfolk, Virginia

DTG 311200R, October 1965
Message Ref: 0059/65

TAB A TO APPENDIX II TO ANNEX C

SURFACE FREQUENCY PLAN

Circuit Use Desig. Freq. | Emission| CTG | Screen {:1;;; AAW |Picket Remarks
TG M & W(P) Pickets may secure
! (PRITAC) C3.54 | 3186 v N X X X X | when in station
ASW Common C3.7B
2 | (SURFACE-AIR) | ©% 324.1 v N X X X X
TG CIC (P)
.SF .
3 (PRI CI) C3.5 345.8 v N X X X X
4 SAU TAC PRI (4) C3.15D | 283.4
5 SAU TAC PRI (B) | C3.20L | 389.8 v X See Appendix IV
6 SAU TAC PRI (C) C3.5D 315.2
7 TG Common c3.5C | 442 cw N L L L L | Al Air Safety Net,
if required
SAU CI (A) C3.14A | 148.68
9 SAU CI (B) C3.14D | 134.46 \% X See Appendix IV
10 SAU CI (C) C3.14] | 158.04
X — Guard
N — Net Control
L — Listen
R.M.P.
Radm., U. S. Navy
Commander Task Group 47.5 and
. Commander Carrier Division ONE
Authenticated:
H.P.R.

LT, U. S. Navy
Staff Secretary

SECURITY CLASSIFICATION

50.10

Figure 2-9.—Tab A—frequency plan.
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CHAPTER 3

COMMERCIAL TRAFFIC

Naval communications do not compete with
privately owned and operated commercial com-
munication companies. By terms of the Com-
munication Act of 1934, however, the Navy is
authorized to use its radio stations for reception
and transmission of press messages andprivate
commercial messages between ships, between
ship and shore, and between shore stations and
privately operated ships whenever privately
owned and operated stations are incapable of
meeting normal communication requirements.

Instructions contained in DNC 26 cover the
handling, by U. S. naval communications, of all
commercial communications, including official
Government traffic involving tolls, and unofficial
traffic involving and not involving tolls. These
instructions are based upon the International
Telecommunications Convention, Geneva, 1959,
and the telegraph regulations (Geneva revision,
1958) annexed thereto; the Communication Act
of 1934, as amended; rulesandregulations of the
Federal Communications Commission; and
Western Union Telegraph Company tariff books.

WORD COUNT SYSTEMS

As a means of collecting fees for expense
incurred whenhandling commercial communica-
tions, the Navy uses two systems of wordcount.
Domestic word count applies to domestic mes-
sages and is based on domestic rules and regula-
tions. International word count is used for
radiotelegrams and international telegrams, and
is based on international rules and regulations.

Domestic telegrams are messagesoriginated
at and addressed to points on shore within the
continental United States, Canada, Mexico,
Alaska, or Saint Pierre-Miquelon Islands, and
transmitted in domestic form by wire or radio
over all or part of its route.

A radiotelegram is a message originating in
or intended for a mobile station, transmitted
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over all or part of its route by radio com-
munication channels of the mobile service.
International telegrams are messages originat-
ing at or destined to points except the con-
tinental United States, Canada, Mexico, Alaska,
or Saint Pierre-Miquelon Islands. Both radio-
telegrams and international telegrams are
drafted in international form.

A detailed explanation of both word count
systems is given in DNC 26, hence is not
repeated here. Many examples in DNC 26
illustrate the rules effectively, showing how
representative words and groups are counted
differently according to their location in a mes-
sage address, text, or signature.

COMMERCIAL TRAFFIC CLERK

Each Navy ship, station, or activity au-
thorized to handle commercial traffic or to
receive personal messages for transmission
via naval communications has a commercial
traffic clerk. He is designated in writing by
the commanding officer. AnexperiencedRadio-
man is selected for this task, although usually
not the senior Radioman aboard.

The commercial traffic clerk handles all
commercial traffic funds. He is not required
to be bonded unless DNC sodirects. A summary
of duties of the commercial traffic clerk fol-
lows.

1. Maintain a complete file of all com-
mercial messages accepted for transmission.

2. Keep a complete file of all incoming
commercial messages and all official Govern-
ment messages, received from other sources
than naval communications, for abstracting
purposes.

3. Maintain and dnderstand all instructions
and materials concerned with handling com-
mercial traffic, such as rate sheets, bulletins,
publications, and forms.
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4. Collect proper charges and safeguard
funds collected and in his custody.

5. Prepare prescribed reports on time and
forward them to the communication officer
for review.

The commercial traffic clerk performs his
duties under supervision of the communication
officer. All reports or other correspondence
addressed to the Commanding Officer, U. S.
Navy Finance Center (Code FC), Washington,
D. C., or to the Chief of Naval Operations (DNC)
are prepared for the commanding officer’s
signature.

COMMERCIAL TRAFFIC FUNDS

The commandant of a naval district or com-
manding officer of a ship, station, or activity
establishes the maximum amount of naval com-
mercial traffic funds permitted to accumulate
in the possession of the commercial traffic
clerk. Unless approved by DNC, however, this
sum cannot exceed $100. Accumulated funds
must be deposited at least weekly with the supply
officer or disbursing officer. Only such amount
is retained as is needed to make change.

When required for remittance, funds so de-
posited must be made available to the com-
mercial traffic clerk by U. S. Treasury check,
payable to the order of U. S. Navy Finance
Center, Washington, D. C. or Western Union
Telegraph Company, as appropriate.

Commercial traffic funds are kept separate
and independent from other funds. Records
are required to be inspected at least once a
month by an auditing board. If practicable, this
board includes as members the communication
officer and supply officer. Their inspection
includes verification of the cash balance and a
complete audit of all accounts, including veri-
fication of rates used.

Reports of inspections are retained for 2
years if no irregularities are indicated. Rec-
ords are subject to call for the original copy
by CNO (DNC) or Commanding Officer, NAV-
FINCEN Washington. Any report of inspection
showing irregularity must be forwarded to
NAVFINCEN Washington, via official channels,
with endorsements to show what action, if any,
has been taken or is recommended.

Whenever the commercial traffic clerk is
relieved, a special inspection and audit must be
made. The report is forwarded to NAVFINCEN
Washington. - If the commercial traffic clerk
is relieved and no replacement is nominated

21

immediately, commercial traffic funds are re-
tained in custody of the supply officer or assist-
ant for disbursing.

Neither the communication officer nor the
naval postal clerk is authorized to handle com-
mercial traffic funds.

USES OF COMMERCIAL TRAFFIC FUNDS

Expenditures of commercial traffic fundsare
authorized for the following purposes:

1. Money order fees.

2. Postage (asnecessary)tomail reports, or
for mailing class D messages when originator
requests delivery by mail.

3. Registration fees where the commanding
officer determinesthatregisteredmail isneces-
sary to protect or ensure delivery of the reports.

4. Refund of charges paid on non-Govern-
ment messages when delivery cannot be made
owing to causesnot consideredthe responsibility
of the sender.

An exchange-for-cash U. S. Treasury check
may be used in preference to a money order.
Use of these checks is a protection to the com-
mercial traffic clerk, because, in case of loss,
a second original can be issued without neces-
sity of filling a bond.

All such expenditures must be reported in
detail on the statement of account form sub-
mitted with a message abstract.

Commercial traffic funds cannot be used for
such purposes as taxi fare, messenger service,
special delivery, or telephone toll calls.

ABSTRACT FORMS

The word ‘‘abstract’’ refers to the series of
report forms used for tabulating, reporting, and
accounting for variouscategoriesof commercial
traffic handled by naval communications. Three
forms are utilized in reporting commercial
traffic. Each one is illustrated and described
later in this chapter. Following are the form
numbers and titles, plus a brief rundown of
classes of traffic reported on each.

1. NavCompt Form 2132, U. S. naval com-
munication service abstract (fig. 3-1): This
form replaces NavCompt Forms 2063, 2064,
and 2066. It is used for—

a. All class D messages, including those
by radiotelephone, originated by a naval ship.

b. All class D messages received and de-
livered on board or relayed by a naval ship.
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RAVCOMPT FORM 2132 (8-64)

©)

U.S. NAVAL COMMUNICATIONS SERVICE ARSTRACT

NAVCOMPT 2101.2

I
NOTE: Report all messages sent and received inciuding those to and |
from foreign stations. Submit the original report, two message |
copies, original and one copy of *Statement of Account,”’ |
JOURNAL VOUCKER NO. (NAVCOMPT FORM 2.65)0&5” personal messages and remittance |
payable to Commanding icer, by the fifth of each month. F
detailed instructions refer to DNC 26(A). B ”"GE—-—/——“—-——/—”GESl
NAME OF SHiP/STATION/ACTIVITY FOR MONTH OF COMMUN ICATION OFFICER (Signature} COMMAND ING OFF ICER (Signature) |
) a.B. 5).6‘?_»1’.{ |
USS OVERSEAS DD/23 EPTEMBER A. 8. COOK LTJG, USN D. E. FAIRLY CDR, USN

TRANSMITTING DATA COASTAL TOLLS DUE CONNECTING CARRIER TOTAL '
DATE (Use call letters| DO | NUMBER |  OR AMOUNT DUE REMARKS i

SRS OFF ICE OF only) NOT OF SHIP OR OR

R TINAT
NO. ORIGIN ADDRESSEE DESTINATION ReCE 1vED| SENT USE | WORDS |STATION CASH EXTENS ION |
SENT | REC'D FROM T0 CHARGE REMITTED

(1) (2) (3} (a) (5) (6) (7) (8) (9) {10) {11) (12) | (13) | (14) | (15) | (16) | (17) | (18) | {19) (20) (21) |
|
1D} 2 USS OVERSEAS | AMCON CAIRO ,EGYPT SUK /o .33 |
CHRISTCHURCH :
2D 4 N.Z. CooK U.S.S OVERSEAS |NPM 14 1183 '
3D S5 |AUCKLANDN.Z| WITTIG USS.OVERSEAS(Z L P 22 |2.87 |
I
4D| /O USS.0OYERSEAS| AMCON AUCKLAND,N.Z.. ZLPpP /e /.60 |
|
B i
'
|
|
— I
!
|
]
|
!
T
t
|
|
|
i
1
|
1
|
3
1]
|
I
TOTAL  $ i
Ll

D 3 1 NVINOIAVY



€2

TOLLS DUE NAVY

/1]

213371

Figure 3-1.—U.S. naval communication service abstract, NavCompt Form 2132.
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c. All class D messages originated, re-
ceived, forwarded, or delivered by a naval
station or activity.

d. All class A and B messages (including
official radiotelephone messages) transmitted
by a naval ship direct to a domestic or foreign
commercial shore radio station.

e. All class A and B messages received by
a naval ship direct from a commercial shore
radio station.

2. NavCompt Form 2065, statement of ac-
count (fig. 3-2): This form is required when
forwarding remittances for class D private
commercial messages, press messages, and
radiophotos, and for class D messages entitled
to class E privilege. Itisnotrequired for class
E messages.

3. NavCompt Form 2067, abstract of class
E messages (fig. 3-3): This form is used by
both ships and shore stations originating class
E messages involving tools, and class D mes-
sages entitled to class E privilege.

Abstract forms and message copies com-
prising commercial traffic reports must be
retained on file by the commercial traffic
clerk for a period of 24 months.

SERIAL NUMBERS

For identification and accounting purposes,
all commercial traffic handled by naval com-
munications is assigned serial numbers. These
numbers are known as SRS numbers. They
are in addition to regular station serial numbers
normally assigned. The SRS numbersarenever
transmitted with the message. They are written
or typed on each commercial message and are
listed on commercial abstract forms for identi-
fication and accounting.

Each commercial message handled (including
paid service messages) must be assignedan SRS
number by each ship or station participating
in its disposition. As a result, the same
message bears a different SRS number at each
station handling it.

Additional information concerning specific
uses of SRS numbers appears later in this
chapter.

Naval communication stations and the Naval
Station Guantanamo Bay assign SRS numbers
consecutively up to 10,000. All other Navy
activities and ships assign SRS numbers con-
secutively, on a monthly basis, commencing
with number 1 each month.

A capital letter (called a suffix) is added
to the SRS number to identify the class of com-
mercial message reported. When service mes-
sages concerning a message are sent, they are
given the SRS numbers of the message to which
they refer, succeeded by letter ‘‘a’’ for the
first service, ‘‘b’”’ for the second, and so on.
A group of suffix letters, together with an ex-
ample of each, is given inthe accompanyinglist.

Class of message Suffix letter =~ Example
A A SRS 1A
B B SRS 2B
D (radiotelegram) D SRS 3D
D (press) P SRS 4P
D (radiophoto) R SRS 5R
D (entitled to G SRS 6C
class E
privilege)
E E SRS TE
E (Christmas H SRS 7H
greetings)
Service message SRS 7Ea

REPORT SYMBOLS

The Comptroller of the Navy has assigned
NavCompt report symbols to commercial com-
munication reports to aid in handling, auditing,
and accounting for these reports. Report
symbols consist of the word NavCompt followed
by a number. For example, NavCompt 7210-1
is the Statement of Accounts report. Other
report symbolsare givenin separate discussions
of each message class. The appropriate report
symbol must be placed on envelope or cover
when forwarding commercial traffic reports.
It should also appear on the abstract form it-
self. More than one report symbol may be used
on one abstract form.

RESPONSIBILITY FOR REPORTS

Commercial traffic reports are required
whenever commercial messages involving tolls
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STATEMENT OF ACCOUNT @

(NAVAL COMMUNICATIONS)

NAVCOMPT 7210~

NAVCOMPT FORM 2065 (REV. 8-64) "REFGRT FOR THE MONTH GF
TO: COMMANDING OFFICER. U.S. NAVY FINANCE CENTER (CODE FC)., WASHINGTON, D.C. 20390
REPORTING ACTIVITY (SHIP OR STATION) DATE FORWARDED
.SS. OVERSEAS DD 123 | SEP. GG
INSTRUCT I ONS

1. Forward in duplicate with remittance to Navy
20390 for
Class "D" and Class "D" entitled to "E" privilege

Finance Center, Washington, D.C.

2. Naval Commercial Traffic Funds shall be forwarded by
exchange-for-cash U.S. Treasury check when possible.

traffic. 3. For further instructions refer to DNC-26.
RECE I VED AMOUNT PAID OUT AMOUNT
CHARGES ON MESSAGES FILED 2 ) REFUNDS S BRE
DURING THE CURRENT MONTH 3 5 KNS
LXK
0%
FEDERAL TAX COLLECTED / 0 MONTH ERROR NOTICE RS
DURING THE CURRENT MONTH REFERENCE NUMBER R RARHN
COLLECTIONS ON MESSAGES PREVIOUSLY o
REPORTED ON WHICH NO CHARGE OR A KRR %
SHORT CHARGE WAS MADE X s
oNTH ERROR NOTICE %3 ”-I:: S &
S
REFERENCE NUMBER X X ‘“:: X o
REPLY PAID VOUCHER NUMBERS
REMITTANCE HEREWITH: 2_4{. 20
CHECK OR MONEY ORDER NUMBER
284552
DATED / /
DRAWN ON
TOTAL AMOUNT RECEIVED $ 2420 TOTAL AMOUNT PAID OUT $ 24 (20

TOTAL AMOUNT RECE!VED MUST EQUAL TOTAL AMOUNT PAID OUT

FOR USE BY REG{ONAL ACCOUNTS OFfICE ONLY

I certify this is a true statement of all moneys received and

(Conmercial Traffic Clerk)

¥

CERTLFICATION:

disbursed by me this month for the Naval Commercial Traffic Fund "
of th%s commar}d, Class "D" Traffic. Tbere is forwarded herewith -] G. H. Isaly RMI
a remittance in the sum recorded on this form. . USN
(Signature)
REVIEWED: (Communications Officer) FORWARDED: (Commanding Officer)
. B. D. E. Fairly CDR USN
A. B. Cook LTJG . USN E irly .
(Signature) (Signature)
D-10504

Figure 3-2.—Statement of account, NavCompt Form 2065.
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NAYCOMPT FORW 2067 (REV. 8-64) * U.S. NAVAL COMMUNICATION SERVICE NAVCOMPT 21011
Abstract of Class “E” messages S— SHEET MO
To: Commanding Officer, .S, Navy Finance Center (Code FC), Washington, D.C. 20390 ‘[ SE PTEMBER
NAE GF ALTiv COMAUN 1 CAT1ONS CE71Cighy (S, COMMAND 110G OFF (£ s 4
Uss OVFRSEAS pPD/23 %?CookLTJGUSN 55 FanrlyCDR USN
T T
It I d .
SRS NC. i 0ATE | ADDRESSEE DEST INAT I ON % ) el e CREDIT o
t {Call Letters ToLLS TAX
i
S5E | 2 JONES MOREHEAD CITY,N.C., | N©S /15 | /.29 /29
6 E |)Oo ! TAYLOR ELLWOOD CITY,PA. [NSS /0 | )08 /08
7 E |/2 | CUNNINGHAM BERKLEY , W.VA. NSS 8 |/./3 /13
8E | /8 | TURNER WALTHAM, MASS. NSS /12 | /)29 /.29
CERTIFICATION (Commercial Traffic Clerk)
I certify this is a true statement of all moneys received and disbursed by TOTALS 4'7? — £.79
me this month for the Naval Commercial Traffic Fund of this Command, CLASS "E"
Traffic. There is forwarded herewith a remittance of § TOTALS BROUGHT FORWARD FROM SHEET NO.
6.
SIGNATURE: G. H. Isafly oare: /) SEP, 66 GRAND TOTAL 4_ . 7 7
50.20

Figure 3-3.—Class E message abstract, NavCompt Form 3067,

are handled by a ship or station during any
calendar month. Monthly traffic reports, con-
sisting of an abstract form, message copies,
a remittance, and a statement of account, are
mailed to the Commanding Officer, U. S. Navy
Finance Center, Washington, D. C. Ships must
mail their traffic reports by the 5th day of the
month; shore stations by the 10th,

If a ship or station has not handled any
class D or class E traffic during any calendar
month, a negative report is not required.
A statement is required, however, on the first
line of the first class D or class E abstract
submitted for any subsequent month; for ex-
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ample, ‘““‘No class D (or E, as approprlate)
traffic handled during the month (s) of

Class A and class B messages are reﬁled
only by those shore stations and activities desig-
nated in JANAP 117 as commercial refile
activities. Their reports must be forwarded
direct to CNO within 10 days after receipt
and verification of the commercial communi-
cation carrier’s refiled traffic billing. Nega-
tive reports to CNO are required of these
stations for any month in which no class A or
class B messages are refiled.

Considerable time may elapse before NAV-
FINCEN Washington is billed for commercial
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messages. In extreme cases concerning mess-
ages sent to foreign radio stations, involved
international paperwork may take more than a
year before NAVFINCEN Washington finally
gets the bill., X NAVFINCEN Washington then
finds that the message has not been reported,
that office must check with the originating ship
before payment can be made. This procedure
takes additional time, and may be hard to do
after so much time has elapsed—the origina-
tor’s message files may have been disposed
of already, and responsible personnel trans-
ferred, discharged, or retired. Thus, it is
readily apparent that incorrect or incomplete
reports can lead to complications.

Not all commercial traffic reports are sent
to NAVFINCEN Washington. Later portions
of this chapter explain which reports are sent
to NAVFINCEN Washington and which ones go
elsewhere.

COMMERCIAL ABSTRACTING

This section is devoted to a more detailed
discussion of message classes and methods
of commercial abstracting.

Of the five classes of messages, class C
messages are not involved in commercial ab-
stracting, thus they are not mentioned further.

CLASS A AND CLASS B MESSAGES

Class A and class B messages are official
U. S. Government messages. Class A mes-
sages consist of official messages of the De-
partment of Defense. Class B comprises
official messages of U. S. Government de-
partments and agencies besides the Depart-
ment of Defense. Both classes are treated
together in this section because of similarities
in handling, abstracting, and accounting.

Both class A and class B messages are
prepared in joint form for transmission over
military circuits. Detailed coverage of proce-
dures for handling messages over military
circuits are provided in Radioman 3 & 2.

Class A and class B messages requiring
commercial refile must always carry an ac-
counting symbol to denote the Government de-
partment or agency responsible for payment
of commercial charges. When filed with a
domestic communication company, the account-
ing symbol is preceded by the Government in-
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dicator GOVT. This indicator appears twice
in each message, once after the check and
again as the first word in the address. In
messages sent to or via foreign communica-
tion companies, the Government indicator is
changed to US GOVT.

HANDLING OVER COMMERCIAL
COMMUNICATION SYSTEMS

When it is necessary to file or refile a
class A or class B message with a commercial
communication company, the following rules
apply.

1. When filed directly with a commercial
communication company by an originator out-
side the continental United States, or destined
to an addressee outside the U. S., messages
are sent via the nearest U. S. military com-
munication facility serving the area in which
originated.

2. Provided either originator or addressee
is not served by military communications,
messages may be filed or refiled directly with
Western Union without further transmission
on military circuits. This rule applies when
charges for delivery to an addressee are the
same as (or less than) suchcharges for delivery
from a designated commercial refile point,

3. When refiled by a shore station within
the continental U. S. and addressed to a point
in the United States, Canada, Mexico, Alaska,
or Saint Pierre-Miquelon Islands, domestic
form with domestic word count is used. The
point of actual origin is added to the signature.

4, When refiled by a shore station in the
continental U. S. and addressed to points out-
side the United States, Alaska, Canada, or
Mexico, international form and word count
are used. The point of refile is treated as
the point of origin; point of actual origin is
added to the signature.

5. When filed or refiled by a shore station
outside the continental U. S., international form
and word count are used. The point of file
serves as point of origin, or point of refile
is the point of origin, and point of actual
origin is added to the signature.

6. When a message in joint form must be
sent through a commercial communication sys-
tem for further transmission by a military
system, the message in joint form—complete
with heading—is embodied in the text of the
commercial message.
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¢. When transmitted direct by a Navy ship
to a commercial shore radio station, interna-
tional form and word count are used.
The following example shows the form for
a GOVT NAVY message as transmitted by a
ship to a shore station for refile with a com-
mercial communication company.
NSS DE NMWW-
T -
R-291646Z-
FM USS GOODSHIP-
TO JOHN QDOE 1014 BEACHTREE LANE
ERIE PA
NAVY GR12
BT
YOUR LEAVE EXPIRES ON BOARD AT
NORFOLK VA
0745 6 AUG 66
BT
K
The preceding message would be com-
mercially refiled in the following form.
(Chargeable words are underscored.)
CK 12 WASHINGTON DC 29 JULY 66
515PME
GOVT NAVY
JOHN Q DOE
1014 BEACHTREE LANE ERIE PA
YOUR LEAVE EXPIRES ON BOARD AT
NORFOLK VA - o
0745 6 AUG 66
COMMANDING OFFICER
USS GOODSHIP

ABSTRACTING

Class A and B messages transmitted direct
1o a commercial shore radio station by a Navy
ship must be reported on NavCompt Form2132.
(See tig. 3-1.)

This monthly report, under symbol NavCompt
2101.2, must be forwarded to both CNO (OP-
09B1C) and U. S. Navy Finance Center, Wash-
ington. Two copies of all messagesarerequired
with each report. No remittance is made;
settlement of accounts is the responsibility of
CNO/DNC. Reports from ships must be mailed
by the 5th of the month after handling.

Incoming class A and B messages received
by Navy ships direct from commercial shore
radio stations are reported on NavCompt Form
2132. Other requirements are the same as for
outgoing messages, explained earlier.

Naval shore stations designated commercial
refile activities in JANAP 117 are required to
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submit monthly reports of all class Bmessages
and all class A messages (except accounting
symbol GOVT NAVY) refiled with commercial
communication companies. A speedletterreport
is made, and doesnot utilize any of the NavCompt
forms mentioned previously.

Reports are mailed direct to the Chief of
Naval Operations (OP-09B1C), within 10 days
after receipt and verification of the commercial
communication company’s traffic billing. A
speedletter report must contain the following
information in the order indicated.

1. Month and year of report (e.g., AUG
1966).

2. Inclusive class A (less GOVT NAVY)
and class B message serial numbers reported
(as SRS 1A through 26A, 12B through 23B).

3. Commercial company and tolls (less
GOVT NAVY) billed and verified (e.g., Western
Union $25.12, RCA $31.70, Mackay $32.15).

4, Number of commercial traffic words
(less GOVT NAVY) refiled with each company
(e.g., Western Union 120, RCA 94, Mackay 102).

5. Total number of commercial traffic words
(less GOVT NAVY) refiled during calendar
month (as 316).

The speedletter report must be accompanied
by two copies of each message reported.

One copy must be in the military form in
which received, arranged in SRS number order,
on metal file fasteners, between cardboard
covers, and in groups of 100 or fewer mes-
sages. Its cover must be labeled to indicate
type of traffic, name of reporting station, and
month and year of commercial refile.

The second copy of each message must be
in the commercial form in which refiled, seg-
regated into packets according to accounting
symbols.

Both message copies must bear complete
transmission data, and include the following
information in the lower right corner:

1. SRS number (e.g., SRS 23B).

2. Accounting symbol (e.g., INT).

3. Commercial company and city where
refiled (as Western Union, WASHDC).

4. Commercial service indicator (e.g., NL).

5. Commercigl check (e.g., CK 40).

6. Commercial charges (e.g., $1.25).

7. Date and time of refile (as011300Z/AUG).

Copies of service messages relating to
commercially refiled class A and B messages
must be forwarded with a copy of message to
which they pertain,
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RESPONSIBILITY FOR PAYMENT

A reporting activity does not collect toll
charges nor send remittances when forwarding
class A and B messages reports. In brief,
payment for class A and B messages refiled
with commercial communication companies is
effected according to the ensuing explanation.
For class A and B messages transmitted by
Navy ships to commercial shore stations, CNO
is responsible for settlement of accounts. Be-
cause bills submitted by commercial companies
often contain amounts for other classes of
messages, however, initial payment is made by
NAVFINCEN Washington. Charges for class A
and B traffic are then billed to CNO by NAV-
FINCEN Washington. In turn, CNO bills other
Government agencies responsible for originat-
ing their class A and B messages involving toll
charges. Thus naval communications is re-
imbursed for non-Navy messages handled.

Payment is handled differently for class A
and B messages refiled with commercial com-
panies by shore stations. Commercial com-
munication companies bill a refile activity
directly. The refile station verifies the monthly
billing, certifies it as official U. S. Govern-
ment traffic, and forwards the certified billing
(with supporting message copies), for payment,
to the local disbursing office ofthe NAVFINCEN
serving the area in which refiling activity is
located.

CLASS D MESSAGES

Class D messages are non-Government
(private-commercial) messages handled by
naval communications that were received or
sent via commercial communication companies.
Class D messages include—

1. Commercial (private) messages.

2. Commercial (private) messages entitled
to class E privilege.

3. Press messages.

4. Radiophotos.

Class D messages are always in commercial
form. Handling of class D traffic by Navy
ships and stations usually is suspended or
curtailed in wartime.

Each category of class D messages is dis-
cussed in greater detail in the remainder of
this section.
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COMMERCIAL (PRIVATE) MESSAGES

Any naval ship at sea, or in a port that
has inadequate or unreliable commercial com-
munication facilities, is authorized to file class
D commercial (private) messages. This same
authorization extends to overseas shore stations
at locations where adequate and reliable com-
mercial facilities do not exist.

Only three shore stations are presently
authorized to handle commercial ship-to-shore
and shore-to-ship traffic. These authorized
shore stations are NavCommStasBalboa, Guam,
and Kodiak.

In the following example of class D com-
mercial messagesininternational form, charge-
able words or groups are underscored. An
explanation of component parts is given at the
conclusion of this message example.

PCH DE NMWW NR1 INTL USS GOOD-
SHIP/NMWW CK26

12 1430

BT MP BT

LOUIS COLBUS

69 EASTTHIRTYSIXST

NEWYORKCITY

BT

SELL. TEN SHARES COMPTOMETER
AND TWENTY SHARES PULLMAN
BUY SIXTYSHARESMAGNAVOX ALL
AT MARKET ADVISE TRANSACTION
DATE BT FORD COX AR NMWW K

After the call and station serial number in
this example appears the international ab-
breviation INTL. Next is the office of origin,
USS GOODSHIP, followed by her call sign.

The check (CK26) consists of the number
of chargeable words in the address, text, and
signature. (Remember that chargeable words
are underscored in this example.) In a com-
mercial message such as this one, the date and
local time of filing are always given in two
numeral groups, with the date separated by a
space from the four-digit hours and minutes
group.

The message address contains the paid
service indicator MP in addition to the name
and address of the addressee. This particular
paid service indicator (MP) means that the
sender requests delivery of his message to the
addressee in person, not by mail or telephone.
More than a dozen different service indicators
are authorized; DNC 26 carries the complete
list. As shown in this message example, the
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paid service indicator is the first word of the
address, it is counted as a chargeable word,
and is included in the CK.

After the text is the sender’s name, called
the signature. Although the signature is not
obligatory, when given it is chargeable and is
separated from the text by prosign BT.

Prosign BT in this message example has
many appearances. This prosign separates the
preamble from the paid service indicator, paid
service indicator from the rest of address,
address from text, and text from signature.
Prosign BT is never counted or charged in
the CK.

Charges and Accounting

Charges to be collected from the sender
by the commercial traffic clerk for class D
messages include the following specific in-
stances.

1. Charges that accrue to land radio sta-
tions.

2. Charges that accrue to the ship radio
station.

3. Charges for service over landlines or
cable, if any.

4. Relay charges of any intermediate land
or mobile radio station.

5. Charges, if any,
requested by a sender.

for special service

RATE REQUESTS

The International Telecommunications and
Radio Conferences held at Geneva in 1959
authorized shipboard stations to make inquiry
without cost to coastal stations concerning
proper rates for messages for which they donot
have necessary information. Because Navy
ships are not issued commercial tariff books
used for computing charges for class D mes-
sages, it is necessary to send a rate request
(QSJ or service message) to determine charges
on each message. Operating signal QSJ (pre-
ceded by INT for military usage, or followed by
IMI when operating with commercial stations)
means ‘‘What is the charge to be collected per
word to including your internal telegraph
charge?’ As a reply QSJ means ‘‘The charge
to be collected per word to including my
internal telegraph charge is.______ francs.”

Examples of rate requests are not shown
in DNC 26. Two examples are given here.
The first one shows the procedure observed by
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Navy stations on point-to-point circuits. Trans-
missions from a Navy ship to a commercial
shore station constitute the second example of
a rate request.

In point-to-point circuit operation between
military stations, the total charge for a mes-
sage is given in United States dollars. Con-
sider the following teletypewriter message,
originated at Kwajalein and sent to Honolulu
for commercial refile. Note how the operator
added INT QSJ at the end of the message.

RR RBHPU

DE RBHPV (@9

KWAJALEIN CK13 15 #745

POLAROID CORP

CAMBRIDGEMASS

REFERENCE YOUR WIRE MARCH 3
DELAYED SHIPMENT
K6732 PERMISSIBLE

TRATEXCO. INT QSJ

15/19452

After computing charges, the operator at
Honolulu replied with the following service
message:

RR RBHPV

DE RBHPU 58

ZNR

R 1529312

BT

UNCLAS. YOUR @@#9/15@745 COML CHGS
TWO DOLLARS FORTYSEVEN
CENTS. NAVYCHGSSEVENTYEIGHT
CENTS.
TOTAL PLUS TAX

BT

15/2¢312

Accordingly, the commercial traffic clerk
at Kwajalein collected the following charges
from the sender:

Commercial charges  $2.47
Navy charges .18
3.25

10% tax .33
Total $3.58

A transmission by a shipboard operator to a
fureign commercial shore station forms the
second example of a rate request. Commercial
charges in international communications are
quoted per word in gold francs or centimes
(100 centimes = 1 gold franc). The gold franc
is an international monetary unit used by all
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member nations in the International Telecom-
munications Union. Rate of exchange with
United States currency is 3 gold francs per
U. S. dollar.

Assume that NHDY has a 10-word class
D message for an addressee in Rotterdam.
After establishing communications with foreign
commercial station PCH, the Radioman trans-
mits:

PCH DE NHDY QSJ ROTTERDAM IMI K Station
PCH replies:
NHDY DE PCH QSJ ROTTERDAM CC 48 LL
17.5 CTMS K

Station PCH’s reply has the following mean-
ing: CC (coastal charge) represents charges
that accrue to the land radio station; LL
(landline) is the charge for service over land-
lines or cable; CTMS is an abbreviation for
centimes.

According to the preceding explanation,
charges for this message to Rotterdam are57.5
centimes (40 + 17.5), or 0.575 franc, per word.
For NHDY’s message of 10 chargeable words,
the total charge to be collected from the sender
is 5.75 francs (0.575 x 10). This amount, con-
verted to U. S. dollars at the 3 for 1 rate ex-
plained previously, would be $1.92 (5.75 francs
+ 3).

An important point to remember when ob-
taining rate requests from commercial stations
is to be sure that the operator includes all
charges due his station: his station charge,
plus any landline or cable charge, relay charge,
or charges for special service requested by
the sender. This reminder is mentioned here
in discussing class D messages, but it applies
as well to all classes of messages involving
commercial refile. Operators sometimes fail
to include all these charges in their QSJ, yet
include them in their company’s billing. This
problem causes no end of difficulty to NAVFIN-
CEN Washington in settling the account. It may
test an operator’s patience and tact inovercom-
ing language barriers on a radiotelegraph cir-
cuit, That commercial charges are computed
accurately in most instances attests to ths
ability and commonsense of radio operators, both
Navy and commercial.

Copies of all QSJ exchanges must be for-
warded to NAVFINCEN Washington, with the ser-
ies of messages to which they pertain.
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Abstracting Class D Messages

Class D messages are reported on Nav-
Compt Form 2132, Whenever class D mes-
sages originate in own ship or station, money
paid by senders must be forwarded with the
abstract. The Treasury check or money order
used for a remittance must be made payable
to the U. S. Navy Finance Center, Washington,
D. C. Actual transfer of funds between naval
communications and commercial communica-
tion companies is made by NAVFINCEN Wash-
ington.

A complete class D message report con-
sists of the—

1. Abstract (NavCompt Form 2132).

2. Copy of each class D message.

3. Statement of account, NavCompt Form
2065.

4, Remittance.

Special attention is directed to the necessity
of reporting all class D messages handled
(whether charges are involved or not), together
with any QSJ or service message exchanges.
Ships sometimes mistakenly fail to report
class D messages received over Navy cir-
cuits, Failure to make these reports often
results in financial loss to the Government.
Such failure to make the required report of
either sent or received messages usually re-
sults in needless correspondence and delay in
settlement of accounts.

Message copies forwarded with an abstract
must be legible and complete, including full
transmission or receiving data. Duplicates
must be retained in ship or station files for
at least 12 months. Message copies forwarded
and duplicates retained in files must show any
discrepancies in counting chargeable words;
an explanation of delays exceeding 1 hour be-
tween receipt and transmission in relaying, or
between filing time and transmission time;
charges collected, if any; and other pertinent
information deemed appropriate.

In communications with naval or merchant
ships, be sure to indicate the call sign, on both
abstract and message copy, immediately after
name of ship. A fractionbar (/) separates the
ship’s name and call sign.

CLASS D MESSAGES ENTITLED
TO CLASS E PRIVILEGE

Occasionally, because of the location of
addressees, naval personnel are unable to send
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a message in class E form, even though mess-
age contents comply in all respects with pro-
visions for class E messages. In other words,
the addressee will be at a geographical location
other than the continental United States; for
example, Hawaii, Puerto Rico, Panama, Japan,
or Europe.

A category of messages known as ‘‘Private
commercial message (class D) entitled to class
E privilege,’”’ has been established with the view
of making available to such personnel a modi-
fied version of class E message. Particular
care must be taken in handling this category of
message, and accounting for it, to ensure that
it is not combined and reported with regular
class E traffic.

Class D messages entitled to class E priv-
ilege are handled in international form as
shown in the message example at the conclusion
of this explanation. For identification purposes,
each message carries the symbol COMLE as
the first word of text; COMLE is counted and
charged for as one word. Following is an
example of a class D message entitled to class
E privilege.

NSS DE NMWW-

T-

R-2771949Z

BT

USS GOODSHIP/NMWW CK21 27 1500 BT

MRS J V KELLY

CARIBE HILTON HOTEL

SAN JUAN PR

BT

COMLE MOTHER AND I WILL MEET
YOU THURSDAY IN CHICAGO BT
JIM

e,

Handling this type of message by naval
communications is without charge. The sender,
however, has to pay charges incurred by com-
mercial refile at San Juan. To determine the
amount, the ship must send a rate request by
QSJ or service message. Charges must be
ascertained and paid before transmission of
class D message.

An exception to the foregoing rule applies in
a class D message entitled to class E priv-
ilege destined to an addressee on the island
of Oahu, Hawaii. Such a message is delivered
by the refile activity at Honolulu by phone or
other means not involving commercial refile.
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The message is written up and handled as a
class E message free of toll charges and, as
such, is not included in the commercial traffic
report. This exception does not apply to
messages destined to Hawaiian islands other
than Oahu. Commercial refile is required,
however, resulting in toll charges, abstracting,
and accounting.

Abstracting

Ships and stations originating class D mes-
sages entitled to class E privilege are required
to submit monthly reports under report symbol
NavCompt 2101-1 covering all messages origi-
nated. For this report, NavCompt Form 2067
is used.

Reports of class D messages entitled to
class E privilege are comprised of the follow-
ing forms:

1. Abstract, NavCompt Form 2067,

2. One copy of each message, showing
complete transmission data. A related rate
request (QSJ or service message) must be
attached to the message.

3. Statement of Account, NavCompt Form
2065, in duplicate.

4, The remittance, made payable to U. S.
Navy Finance Center, Washington, D. C.

An additional monthly report is required
of shore stations effecting commercial refile
of class D messages entitled to class E priv-
ilege. For this report, NavCompt Form 2132
is the proper form. If the shore station also
handled ‘‘regular’’ class D traffic during the
month, the two reports can be combined.

PRESS MESSAGES

In peacetime, the Navy frequently grants
permission for duly accreditednewsreportersto
go to sea in Navy ships for the purpose of
reporting naval operations and activities. In
such instances reporters usually are authorized
to file press messages on board. The same
privilege may be extended at isolated overseas
bases where commercial communication fa-
cilities are unavailable.

Three examples of press messagesillustrate
the message form. The first example shows an
international form press message from a Navy
ship to a commercial shore station.
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Z1LB DE NMWW NR 1
INTL USS _GOODSHIP/NMWW CK 145 16
1430 BT
PAGE 1/50 BT
PRESSE BT .
YOMIURI PRESS TOKYO BT
(FIRST 46 WORDS OF PRESS TEXT
WHICH, ADDED TO SERVICE IN-
DICATOR AND 3 WORDS OF AD-
DRESS, MAKE 50 WORDS IN PAGE
1) BT
NR 1 USS GOODSHIP 1430 PRESS PAGE
2/50 BT (NEXT 50 WORDS OF PRESS
TEXT) BT
NR 1 USS GOODSHIP 1430 PRESS PAGE
3/45 BT (REMAINING 44 WORDS OF
PRESS TEXT AND ONE WORD OF
SIGNATURE BT
TSUBOKAWA BT K
Note the page identification in the pre-
ceding message example. A radiotelegram of
more than 50 words is transmitted in pages
of 50 words. The page number is separated by
a slant sign from the figure indicating number
of words. Included in the first page are the
paid service indicator, PRESSE (used only in
international cqmmunications), and the words
in the address. Each succeeding page is
identified as in the example.

The next example shows a domestic/com-
mercial form press message with Navy heading
for transmission to a continental Navy shore
station for refile with Western Union to an
addressee in the continental United States.

NSS DE NMWW -

T -

R-252130Z

BT

CK 95 DPR COLLECT USS GOODSHIP/
NMwWW

25 JUL 1962 415 PME VIA WESTERN
UNION BT

DPR COLLECT

NEW YORK JOURNAL AMERICAN

220 SOUTH STREET NEW YORK BT

TSUBOKAWA BT K

In the preceding press message the domestic
service indicator DPR (day press rate) is used
instead of the international indicator PRESSE
(in the first example). Indicator DPR is for
all press messages to or from a continental
Navy activity and handled commercially by
Western Union. As appropriate, DPR is fol-
lowed by COLLECT, as in this example, or
PAID.
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The third example is of a press message for
an addressee outside the continental United
States transmitted to a Navy shore station.
The message is in international form but has a
Navy heading added for handling over Navy
circuits.

NPM DE NMWW-

T-

P-1620452

BT

USS_GOODSHIP/NMWW CK 145 16 1435
BT

PAGE 1/50 BT

PRESSE BT

(PRESS MESSAGE TEXT DIVIDED INTO
PAGES AS IN FIRST EXAMPLE) BT

TSUBOKAWA BT K

Abstracting Press Messages

Ships and stations handling press mes-
sages are required to submit monthly reports.
Press messages are reported on NavCompt
Form 2132,

The SRS serial numbers assigned to press
messages use the suffix letter P after the
number; for example, SRS 116P. Remember
that SRS numbers are used for message iden-
tification in abstracting and accounting only.
They are never transmitted.

Press message abstracts, accompanied by
message copies and remlttances are for-
warded to U. S. Navy Finance Center, Wash-
ington. Remittances are by Treasury check
or money order, made payable to U. S. Navy
Finance Center, Washington. Reports from
ships are due in the mail by the 5th of the
month after handling; from shore stations, by
the 10th.

RADIOPHOTOS

Radiophoto transmission is between Navy
facsimile units only. Exceptions to this rule
must be authorized by CNO.

In addition to official Navy pictures and
graphic material, including those for general
distribution to news associations, Navy radio-
photo services may be authorized for trans-
mission of commercial pictures. Commercial
pictures are of two classes: (1) those for gen-
eral distribution to newspapers and news as-
sociations, and (2) exclusive commercial pic-
tures filed by correspondents and addressed
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specifically to newspapers or news associations
to which they are accredited,

Exclusive commercial pictures are the only
ones for which the Navy charges for handling.
Thus they are the only ones requiring abstract-
ing and accounting,

Exclusive commercial pictures are ab-
stracted in the same manner as press mes-
sages, They also are reported on the same
NavCompt form. Abstracts forwarded to NAV-
FINCEN Washington should be mailed by the
5th of the month from ships, by the 10th from
shore stations, and must be accompanied by a
copy of each exclusive commercial picture
transmitted and received.

For exclusive commercial pictures, SRS
numbers are followed by the letter R; for
example SRS 24R.

Normally, charges for exclusive commer-
cial picture transmissions are not collected
at the time of transmission. Accounting neces-
sary for settlement of Navy charges due is
performed by NAVFINCEN Washington, If the
sender desires, however, charges may be col-
lected in advance of transmission. In such an
instance the remittance and statement of ac-
count are included in the report.

CLASS E MESSAGES

Class E messages, as defined earlier inthis
chapter, are personal messages. Part of the
leading Radioman’s job is to restrict the routing
of such messages so as to keep them personal.
Subordinates should be instructed that under no
circumstances are they allowed to divulge the
contents of class E messages to any unauthorized
person,

On board ship, incoming class E messages
normally are received on the fleet broadcast.
They are typed on a regular message form and
routed only to the communication officer and
addressee. Usually the addressee is called to
the communication office to accept delivery. A
personal message concerning death, serious
illness, or injury is routed to the chaplain for
delivery to the addressee. If the ship has no
chaplain, the message is routed first to the
captain or executive officer.

Class E messages are handled free of
charge by naval communications. The only
complication concerning class E messages is
that most of them have to be refiled with
Western Union because of the location of the
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addressee with respect to the sender. This
procedure ‘involves toll charges that must be
paid by the sender, and accounting andabstract=-
ing by the commercial traffic clerk.

Class E messages were illustrated and
described in Radioman 3 & 2. To narrow the
present discussion, those class E messagesthat
are free of toll charges are eliminated. In
general, these are personal messages handled
between ships, and from ship-to-shore, shore-
to-ship, and shore-to-shore, when both origina-
tor and addressee are outside the continental
United States and in the same ocean area. Out-
bound class E messages also are eliminated
from this coverage. Outbound class E messages
are originated in the United States and addressed
to naval personnel aboard ships or overseas
bases. The originator of such amessageusually

'sends a Western Union telegram (he can also

use mail) to one of four refilepointsfor outbound
class E messages. Depending on the location of
the addressee, theserefilepointsare NavComSta
San Francisco, Washington, Norfolk, or Newport,
When an outbound class E message arrives at
one of these refile stations, the sender already
has paid Western Union for transmission from
point of origin to refile point. The refile station
places the message on an appropriate fleet
broadcast or overseas circuit, for which there
is no charge. No accounting or abstracting are
necessary because the Navy handled no money
whatsoever.

This treatment of class E messages is con-
fined to those originating aboard ship or over-
seas bases addressed to persons within the
United States. These inbound class E messages
are subject to toll charges because the refile
station must transfer them to Western Union
for delivery to the addressee.

Naval communication activities authorized

to receive and commercially refile class E
messages with Western Union are the following:

NavSta Charleston

NavSta Key West

NavCommSta Newport

NavCommsSta Norfolk

NAS Whidbey Island, Wash.

NavCommsSta San Diego

NavCommSta San Francisco

NavCommSta Washington

All of the activities listed are authorized to
refile class E messages from ships. Only the
last two, San Francisco and Washington, can
refile from overseas bases.
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ABSTRACTING CLASS E MESSAGES

All ships and stations originating class E
messages involving toll charges must submit
monthly reports under report symbol NavCompt
2101-1. All reports are mailedtothe Command-
ing Officer, U.S. Navy Finance Center, Wash-
ington, D.C. Ships must mail their class E
traffic report by the 5th of the month after
handling; shore stations, by the 10th.

Class E message reports consist of three
items. They are—

1. Abstract, NavCompt Form 2067.

2, One copy of each class E message han-
dled, showing complete transmission data.

3. Remittance necessary to cover com-
mercial tolls of all class E messagesreported.
Remittance must be in the form of an exchange-
for-cash U. S. Treasury check, U. S. postal
money order, or American Express money
order. (Cash, postage stamps, or personal
checks are not allowed.)

Remittance covering class E messages ad-
dressed to the continental United States, and
refiled for final delivery by Western Union
Telegraph Company, must be made payable to
Western Union Telegraph Company, Washington,
D.C. Make sure that only those funds due
Western Union Telegraph Company are included
in the check or money order made payable to
that company.

Details for Preparation

When filling in the class E abstract form,
messages are arranged in groups according to
shore stations to which messages were ad-
dressed for refile with Western Union. If there
was a considerable volume of messages, a sep-
arate sheet must be used for eachrefile station.
For reporting only a few messages, a single
sheet will suffice, but be sure to leave a blank
space of at least three lines to separate the
groups of refile stations.

Copies of class E messages must be ar-
ranged and attached to the abstract form in the

35

exact order of listing on the abstract. This re-
quirement will probably cause SRS numbers to
appear out of order, but cannot be avoided.

In listing messages on the abstract, use
only the last name of addressees. City of
destination can be abbreviated.

Be sure that only class E messages destined
for refile with and final delivery by Western
Union Telegraph Company are included in the
class E message report.

CLASS E RATES

Rate tables for class E messages list toll
charges applicable from each refile station to
each state (except Alaska and Hawaii) and the
District of Columbia. Rate tables are given in
DNC 26; they are not repeated here.

In determining rates to be charged for class
E messages, the following procedures are ob-
served.

1. Count number of words to be charged.
This count includes all words in text and all
matter in the signature except name and rank
of sender.

2. Consult schedule of rates for city at
which message will be refiled with Western
Union.

3. Applicable rate appears opposite listing
of state in which destination of message is
located. In these rate schedules amount shown
is the rate for a full-rate fast telegram of 15
words or less. A separate table is given for
determining rates for each additional wordabove
the 15-word minimum charge.

4, If message is to be sent as a day letter
(deferred day service) or a night letter (over-
night service), determine 15-word full rate as
outlined in the preceding step, then refer to
separate table of day letter and night letter
rates. Its rates correspond to the full-rate
charge determined previously. It shouldbe noted
that the minimum charge for a day letter or night
letter is for 50 words, and that additional words
in excess of that minimum are charged for in
groups of five words—not by individual words.




CHAPTER 4

U.S. COMMUNICATION SYSTEMS

United States communication systems are in
a continual state of change. Newer and better
types of equipment constantly are being devel-
oped and introduced. Communication systems
change accordingly so that newer equipment can
be put to use effectively. All these changes are
necessary to keep communications flexible in
order to provide a speedier and more reliable
type of communications for the forces and ac-
tivities they serve.

This background sketch concerning U. S.
communication systems must be kept in mind
while studying this chapter.

NATIONAL COMMUNICATIONS SYSTEM

The objective of the National Communications
System (NCS) is to provide all necessary com-
munications for the President and the Federal
Government—at all times and under all condi-
tions. Such conditions may conceivably range
from a normal situation tonational emergencies
and international crises, including nuclear at-
tack. The system is developed and operated so
as to be responsive to a variety of needs of
national command authorities. It must be capa-
ble of meeting priority requirements under all
emergencies. To obtain survivability of essen-
tial communications in all circumstances, the
system must possess necessary combinations
of hardness, mobility, and circuit redundancy.

The Secretary of Defense is executive agent
for the NCS. It encompasses assets of the De-
partment of Defense, State, FAA, NASA, and
Federal telecommunications systems managed
by General Services Administration.

The NCS has designed and is continually
improving the necessary technical and proce-
dural standards and establishing the necessary
degree of interconnection required to integrate
its several elements. Such assets as just men-
tioned. are thus ensured of being utilized effec-
tively to serve national needs in emergencies.
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DEFENSE COMMUNICATIONS

The Defense Communications System (DCS)
is under the operational and management direc-
tion of the Defense Communications Agency
(DCA). It is an agency of the Department of
Defense (DOD). Within the DCS the chain of
command is from the Secretary of Defense,
through the Joint Chiefs of Staff (JCS), to the
Director, DCA.

The Defense Communications System com-
prises all worldwide, long-haul, Government-
owned and leased, point-to-point circuits, ter-
minals, control facilities, and tributaries of the
three military departments, as well as other
Department of Defense activities.

DEFENSE COMMUNICATIONS AGENCY

The DCA consists of a Director, a Deputy
Director, a headquarters establishment, and
other subordinate units, facilities, andactivities
as are established by or specifically assigned
to the agency. Guidance to the Director, DCA
is furnished by the Secretary of Defense or by
the Joint Chiefs of Staff, by authority anddirec-
tion of the Secretary of Defense.

The DCA has established and operates a
communication control complex consisting of a
requisite number of operational control centers.
The objective of this complex is to accomplish
the mission of the DCA. The mission of the
DCA is to—

e Ensure that the Defense Communications
System (DCS), as established, will be improved
and operated so as to meet the long-haul, point-
to-point, telecommunication requirements of the
Department of Defense and other governmental
agencies as directed.

e Provide technical support to the National
Military Command System.

e Be the strong focal point for continuing
integration of space and ground elements of the
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communications satellite systems to meet DOD
requirements.

The organization of the Defense Communica-
tions Agency is shown in figure 4-1. This chap-
ter is concerned with the function of only those
offices and activities that pertain to Radiomen.

MILITARY COMMUNICATIONS-
ELECTRONICS BOARD

The mission of the Military Communications-
Electronics Board (MCEB) is to—

e Achieve coordination on military
communications-electronics matters among
DOD components, between DOD and other Gov-
ernment departments and agencies, and between
DOD and representatives of foreign nations.

e Provide DOD guidance and direction in
those functional areas of military
communications-electronics for which the
MCEB is assigned responsibility,

e Furnish advice and assistance, as re-
quested, on military communications-
electronics matters to the Secretary of Defense,
Joint Chiefs of Staff, military departments, and
other DOD components.

The MCEB dis composed of the following
members, supportedby a permanent secretariat:
Director, DCA—Chairman;

Chief Signal Officer, U. S. Army;

Director, Naval Communications, U. S. Navy;

Director of Command Control and Communica-
tions, U. S. Air Force;

Chief, Communications-Electronics, Headquar-
ters, U. S. Marine Corps;

Director for Communications-Electronics, Joint
Staff;

A representative of the Director, National Se-
curity Agency.

Under the policies anddirection of the Secre-
tary of Defense and the Joint Chiefs of Staff,
acting under the authority and direction of the
Secretary of Defense, the MCEB must—

1. Assemble military frequency require-
ments.

2. Develop common procedures for inter-
service coordination and allocation of frequen-
cies.

3. Allocate and coordinate the use of emis-
sion frequencies.

4. Prepare and promulgate assignments and
changes in assignments in call signs, address
groups, and routing indicators.

5. Determine format, assignment of printing
responsibilities, and distribution of
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communications-electronics publications, ex-
cept those communication security publications
that are the responsibility of other DOD ele-
ments.

6. Establish joint and coordinate allied
communications-electronics operating methods
and procedures.

7. Establish joint and coordinate allied
principles and procedures for obtaining com-

patibility and standardization of
communications-electronics systems and
equipment.

8. Develop joint operation characteristics
for communications-electronics systems and
equipment.

9. Provide DOD membership to appropriate
allied technical panels and working groups.

10. Provide studies, reports, and recom-
mendations in the fields of electronic warfare,
electronic navigational aids, recognition and
identification, communications security, and
cryptography.

11. Develop and implement procedures for
participation in the DOD Electromagnetic Com-
patibility Program, as required.

12. Develop and process the DOD position
for negotiation with representatives of other
nations on communications-electronics matters
for which the MCEB is responsible.

13. Provide advice and assistance to DOD
components in the communications-electronics
field on such matters as may be proposed and
considered appropriate for MCEB consideration.

14. Perform such other duties as may be
assigned by the Secretary of Defense or Joint
Chiefs of Staff.

COMMUNICATIONS SATELLITE
PROJECT OFFICE

The Communications Satellite Project Office
(CSPO) provides the focal point for continuing
integration of all elements of communications
satellite systems to meet DOD requirements of
the Defense Communications Satellite Program
(DCSP). It gives technical direction, and con-
tinuously reviews the execution and progress of
approved programs.

The CSPO ensures that Director, DCA and
cognizant elements of the Office of Secretary of
Defense, Joint Chiefs of Staff, and military de-
partments are informed promptly and adequately
regarding the status of the communications
satellite program, as well as any actions taken
or recommended.
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NATIONAL MILITARY COMMAND SYSTEM

The mission of the National Military Com-
mand System (NMCS) is to—

e Provide the means for carrying out stra-
tegic direction of U. S. military forces.

e Ensure that technical elements of the
NMCS can survive any attack, and can function
effectively in any environment that may prevail.

e Provide the basis for a unified national
survivable communication system,

The NMCS is that complex of the worldwide
military command and control system consisting
of facilities, equipment, doctrine, procedures,
and survivable communications provided spe-
cifically for use by national command authori-
ties.

National Military Command System
Support Center

The mission of the National Military Com-
mand System Support Center (NMCSSC) is to
support the NMCS and such other elements of
the Department of Defense as are necessary to
carry out the functions enumerated.

1. Provide direct automatic dataprocessing
support for operating command centers of the
National Military Command System (NMCS) as
directed.

2. Prepare and disseminate appraisals and
analyses of attack hazards and vulnerabilities of
forces and resources worldwide—friendly, en-
emy, and allied.

3. Prepare promptly, at the outset of hos-
tilities, and on a continuing basis, assessment
of nuclear damage to all forces and resources
essential to executing DOD responsibilities.

4, Perform such other appropriate tasks as
may be assigned, including (but not limited to)
technical and computational support of joint war
gaming.

5. Conduct a development program designed
to improve performance of tasks enumerated in
preceding steps.

6. Assist in technical system design of the
NMCS.

DEFENSE COMMERCIAL
COMMUNICATIONS OFFICE

The Defense Commercial Communications
Office (DECCO) is responsible for procurement,
accounting, and payment for leased private line
communication facilities within or emanating
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from the United States for the Department of
Defense and other Government agencies as di-
rected by the Secretary of Defense.

The DECCO ensures that the Federal Gov-
ernment receives the best possible rates for
commercial communication facilities leased to
meet department, office, and agency require-
ments, It develops and provides to the depart-
ments, offices, and agencies basic costs and
contingent termination liabilities of existing
leased commercial communications for finan-
cial plans and budget estimates. Also, DECCO
performs all leasing actions with U. S. com-
mercial communication carriers for approved
NATO circuit requirements.

DEFENSE COMMUNICATIONS
ENGINEERING OFFICE

The twofold mission of the Defense Com-
munications Engineering Office (DECEO) is (1)
to translate approved plans into projects or
tasks for improving, expanding, and moderniz-
ing DCS and (2) toprovide management direction
over implementation.

Some of the functions of DECEO are to—

e Provide engineering services and assist
DCA in determining configuration of the DCS,
and give systems engineering assistance to the
DCA staff.

e Develop system implementation plans and
furnish requisite management direction over
their execution. These plans include—but are
not limited to—guidance andcriteriafor funding,
phasing, scheduling, site selection, site prepara-
tion, construction engineering, equipment fabri-
cations, installation, test, system checkout, ac-
ceptance, maintenance, training, and logistical
support,

e Develop and/or approve technical specifi-
cations for systems, subsystems, and equipment
for integration into and utilization within the
DCS to include detailed analysis of operational,
economical, and technical tradeoffs.

e Exercise management direction over and
monitor all procurement, including requestsfor
proposals, contractor selection, and contract
award, as assigned for execution by DCA in
support of DCS.

DCA OPERATIONS CENTER COMPLEX
Operational direction of the DCS is accom-

plished through a complex of communication
centers., Functions and tasks associated with
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operations centers are to tabulate, assemble,
store, and display information on current con-
ditions of system components; allocate channels
and circuits to meet requirements of authorized
users; and perform continuous system analysis
and such other tasks as are necessary. The
principal objective of the operations center sys-
tem is to assure the greatest possible respon-
siveness of the DCS to the needs of its users.

Communication operations centers receive
and process performance data based on hourly
and spot reports made by various DCS report-
ing stations on networks, circuits, channels,
and facilities of the DCS, Thesereportsprovide
a knowledge of the status of the DCS at all
times. The operations centers know of the traf-
fic backlogs, if any; conditions of circuits;
status of installed equipment at some 200 switch-
ing centers throughout the world; and the status
of channels allocated to various users. With
this knowledge and that of alternate route capa-
bilities between any two points, spare capacity,
and radio propagation conditions, the operations
centers restore elements. and reallocate chan-
nels according to needs and priorities of users.

Figure 4-2 shows the geographical areas
and locations of the Defense Communications
Agency Operations Center Complex. The DCA
Operations Center Complex consists of Defense
Communications Agency Operations Center
(DCAOC), in Arlington, Va., Defense Area Com-
munications Operations Centers (DACOC), and
Defense Regional Communications Operations
Centers (DRCOC).

Defense Area Communications Operations
Centers serve Alaska at Elmendorf AFB; CONUS
at Fort Carson, Colorado; Europe at Camp
DesLoges, France; and Pacific at Kunia, Hawaii.

Defense Regional Communications Opera-
tions Centers serve the Far East at Camp
Drake, Japan; Labrador at Goose Bay AB,
Labrador; Middle East Africa, in the middle
east; Panama at Corozal, C. Z.; South East
Asia at Clark AB, P. L; South East Asia Main-
land at Saigon, Vietnam; Spain, Italy, and Africa
at Torrejon AB, Spain; and the United Kingdom
at Croughton AB, England.

Defense Communications Agency
Operations Center

The Defense Communications Agency Oper-
ations ,Center (DCAOC) exercises operational
direction over all elements of the DCS through
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Area Communications Operations Centers. It
provides communication status information as
required by the Joint Chiefs of Staff. The
DCAOC maintains and displays the status of the
worldwide DCS.

Internally, DCAOC consists of four major
elements. These elements are input devices, a
computer, displays, and control facilities. Input
devices are standard teletypewriter machines
used for the reception of Operational Immediate
status messages from various reporting stations
in the system. These status messages consist
of information concerning the state of readiness
of circuits and facilities comprising the DCS.
Such messages include outage information, de-
lays in transmission resulting from traffic back-
logs, and important users affected by trouble in
the system. Status information from teletype-
writer messages is fed into an electronic com-
puter previously programed with a data base
consisting of a detailed inventory of system re-
sources and operating rules. Current status
information interacts on the data base in the
computer to display, automatically, key infor-
mation on electronic display boards. These
displays reflect the current status of the sys-
tem, showing whether conditions are good,
marginal, or poor. One of the electronic dis-
play panels is an edge-lit map of the world. It
is 8 feet high and 15 feetlong. This panel shows
the changing status of the system’s major trunks
and stations.

Information presented on display panels cov-
ers the full range of data required to analyze
intelligently this worldwide communication sys-
tem. Included in this information are trunk
status, assignment, and availability of individual
circuits, station status, and the scope, priority,
and quantity of message backlog. When displays
indicate a need for operational instructions to
correct problem areas, the system supervisor
issues instructions by telephone or teletype-
writer message to the appropriate activity. The
control area contains a series of operator con-
soles. Through these operator consoles the
watch supervisor can obtain and display addi-
tional detailed information from the computer
to assist in decision making,

Area Communications
Operations Centers

In addition to the DCAOC, there are four De-
fense Area Communications Operations Centers
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(DACOC). These control centers are subordi-
nate to the DCAOC and report to it. They ex-
ercise operational direction and supervision of
DCS components in their geographical areas in
the same manner that the DCACO covers the
entire world. The Pacific DACOC is located in
Hawaii; European DACOC at Camp DesLoges,
France; Alaska DACOC at Elmendorf AFB,
Anchorage; and Continental U. S. DACOC at
Fort Carson, Colorado. Within the DCS,
DACOC-CONUS increases the span of system
control, and provides an alternate capability for
DCAOQOC activities during emergency situations.

Establishment of these DACOCs provides
control facilities that permit the DCS in their
particular areas to be responsive to changing
needs of area commanders. Although DCAOC
has extensive computer capability, the degree of
automation for Area Operations Centers is
based chiefly on day-to-day, close control
requirements.

Each of the four DACOCs is furnished tele-
typewriter and telephone circuits for status re-
porting, coordination and control, and adminis-
tration.

Regional Communications
Operations Centers

Subordinate to Area Communications Opera-
tions Centers are eight Regional Communica-
tions Operations Centers. Regional Communi-
cations Operations Center Far East (RCOC FE),
Regional Communications Operations Center
Southeast Asia Mainland (RCOC SAM) and Re-
gional Communications Operations Center
Southeast Asia (RCOC SEA) report to Area
Communications Operations Center Pacific
(ACOC PAC). Regional Communications Oper-
ations Center Middle East and Africa (RCOC
MEA), Regional Communications Operations
Center Spain Italy and Africa (RCOC SIA), and
Regional Communications Operations Center
United Kingdom (RCOC UK) report to Area Com-
munications Operations Center Europe (ACOC
EUR). Regional Communications Operations
Center Labrador (RCOC LAB) and Regional
Communications Operations Panama ([RCOC
PAN) report to Area Communications Opera-
tions Center Continental United States (ACOC
CONUS). In the Alaska ACOC area, there is no
RCOC.

Each RCOC takes care of the DCS within its
own region, according to its needs, and makes
status reports to the appropriate ACOC. The
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type and amount of automatic teletype and com-
puter circuits and equipment depend on the
needs of each particular region.

DEFENSE COMMUNICATIONS SYSTEM

The Defense Communications System (DCS)
combines into a single system those elements
that make up the Army’s STARCOM, the Navy’s
Tape Relay System, the Air Force’s AIRCOM-
NET, and the DCS AUTOVON and AUTODIN
systems. An organizational chart of these ele-
ments is shown in figure 4-3.

The Defense Communications Agency (DCA)
has operational direction over the DCS. This
direction is set up by policy coordination with
the commanders of each military service and
by operational coordination with the communi-
cation headquarters of each service.

CIRCUIT CONTROL

Each military service has command of—and
is responsible for—operation and maintenance
of its stations within the DCS. Each DCS sta-
tion operates under the circuit direction of a
designated communications operations center.

Circuit control and operation are the re-
sponsibility of each relay station. Most relay
stations usually have the necessary information
for alt-routing or setting up new circuits. They
normally handle these procedures without re-
questing help from DCA operations centers. If
a relay stationrequiresassistance inalt-routing
a circuit or message traffic, it can call on the
designated operations center for requisite data.
The operations center supplies the information,
but the relay station ensures that proper con-
nections are made. I required by the local
station, the operations center also provides co-
ordination with distance stations.

Each communications operations center, in
exercising operational direction of subordinate
DCS stations, issues message or telephone in-
structions when required. As opposed to ad-
ministrative messages entailing command and
policy matters, these messages direct actions
or request additional information calling for
operational responsiveness of the DCS station.
Normally, these messages require direct and
immediate action by technical or traffic control
elements of the DCS station. Messages involv-
ing operational direction are referred to as
operational direction messages (ODMs). These
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messages are identified by the month in which
originated, and are numbered serially from
010001Z January of each year. To illustrate,
DCA-PACIFIC ODM 4-112 means that the mes-
sage was originated in April and is the 112th
ODM of the year. Operational direction mes-
sages are released only by the system contro]
officer on duty in the operations center.

Each communications operations center
functions as a central source in its area for
technical and operational data on the DCS and
the service it provides. Military commanders,
DCS stations, DCS users, and local commercial
communication companies must coordinate com-
munication problems with the center in order to
furnish the most effective communication serv-
ice.

The chief of each Defense Operations Com-
munications Complex (DOCC) must make ar-
rangements to provide to senior military com-
manders served by his center the latest available
communication status. Current status, warning,
and long-term performance information on sta-
tions, facilities, networks, and the like, are pro-
vided, as required, to the military departments
for fulfillment of their responsibilities.

The chief of each area center must ensure
that the following functions are accomplished
within his assigned area. Coordination functions
indicated by an asterisk (*) may be performed
by certain communication activities designated
by the area center chiefs.

*DCS circuit coordination;
*DCS facility coordination;
*DCS network coordination;

DCS technical control;

DCS traffic control.

Effective control of each circuit, trunk, and
facility of the DCS is achieved only if responsi-
bility for each facet of the operation is clearly
under stood by all personnel concerned. To en-
sure better understanding, the DCAOC and each
DCA area center is encouraged to develop plans
for exercising control of each facility, trunk,
and circuit in the DCS within their assigned
responsibility. They also must distribute ex-
tracts to appropriate communication activities.

DCS REPORTING STATION REPORTS

Status information is required so that Di-
rector, DCA can maintain current information
on circuits, channels, and resources of DCS.

An individual DCS reporting guide is pre-
pared by the appropriate operations center for
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each DCS reporting and reported-on station.
These guides contain only such information as
pertains to preparing status reports by a re-
porting station.

A reporting station is a DCS stationrequired
to submit status reports in a prescribed format
and accomplish other specific functions.

A reported-on station is a communication
facility designated to have status reports sub-
mitted on it by a reporting station. Reports
concerning these stations are put in the same
form as though the reported-on station sub-
mitted the report.

Automatic data processing techniques are
the basis for producing reporting guides. In-
formation in the reporting guide is also pro-
gramed in the computer. Information from
status reports is fed into the computer, then is
compared against information from the report-
ing guide programed previously. Any differ-
ences in the status of circuits and message
traffic loads are shown automatically on the
display panels.

Reports by DCS reporting stations for DCS
operational direction are of two different forms:
automated format and narrative form. These
report forms fall into five categories. A de-
scription of various formats and categories
follows. .

Automated format: An automated format is
required on specified information so that the
ACOC automatic processing system can accept
data to be used for operational direction and
management of DCS.

Narrative form: The narrative form isused
independently of automated format reports or to
supplement them. Information submitted inthis
form is not processed by the computers. Voice
reports follow the general format for the nar-
rative form.

Regular reports: Regular reports are auto-
mated format reports of DCS performance that
do not require special reports. Narrative re-
marks may be added. A regular report is re-
quired only when reportable information was
not submitted by any other report category, and
then at such time intervals as to preclude the
information being unreported for more than 4
hours. An exception to this rule is the regular
formatted report required at the end of each
radio day.

Special reports: Automated format or nar-
rative reports of DCS status are called special
reports. They are required when facility or
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user service outage or restoral in special cate-
gories (normally related torestorationpriority)
is experienced. A special report is required
when transmission paths supporting one or
more priority 1 circuits sustain an outage, and
it becomes apparent to the reporting station that
circuit continuity cannot be restored within 10
minutes. The same requirement applies to any
outage of circuits in this priority group, if the
fact of outage is known but the cause and its
location are unidentified.

Emergency report: Narrative reports of
communication disruptions resulting from mali-
cious interference with communications are
known as emergency reports. An emergency
report is required in the following circum-
stances: (1) when any physical damage or threat
of damage occurs as a result of violence or
warfare; (2) instances of sabotage, or attempted
sabotage, to communication facilities; and (3)
jamming, or suspected jamming, of electronic
devices.

Recapitulation report: A recapitulation re-
port summarizes the current status of a station,
and is submitted upon request of a DOCC ele-
ment. A recapitulation report (recap) isacom-
plete summary of present status of areporting/
reported-on station in automated format. It
provides for summary correction to suspected
erroneous status indications at the ACOC. 1t is
not a substitute, however, for internal correc-
tions at the ACOC. Current outages or alloca-
tions, which began on the previous radio day,
are reported as beginning at 0001 Z of the current
radio day.

Correction report: A correction report is a
corrected version of a previously submittedau-
tomated format report. A correction report is
submitted by a DCS reporting station upon re-
quest of cognizant DOCC element or upon dis-
covery of a factual error in an earlier auto-
mated format.

DCS AUTOVON AND AUTODIN

The automated voice network (AUTOVON)
and automatic digital integratednetwork (AUTO-
DIN) systems are high-speed, fully automatic
systems. They are designed for passing voice
and teletype data over long distances. These
systems, which are an integral part of DCS, are
covered more fully in a later chapter.
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NAVY COMMUNICATIONS

Because you already should be familiar with
the Naval Communication System and its differ-
ent types of networks, Navy communications is
mentioned here only briefly.

For this chapter—whose purpose is to fa-
miliarize you with the Defense Communications
System, communications of other military serv-
ices, and how they all work together—the Naval
Communication System is broken down into two
groups: strategic and tactical.

Strategic communications cover a much
wider scope than tactical.

By means of strategic communications, all
forces are linked together on a worldwide net-
work. The Navy Tape Relay System falls into
this group. As explained previously, the Tape
Relay System is part of the Defense Communi-
cations System. Tactical nets are not a part
of DCS.

Tactical communications usually are limited
to a specific area of operations, and are used
to direct or report the movement of specific
forces. Some tactical nets are utilized only for
operational traffic; others may be used for op-
erational and administrative traffic. For in-
stance, the task force and task group nets and
air control nets ordinarily are employed only
for operational traffic. Ship-to-shore nets and
broadcast nets can serve both types of traffic.

U. S. AIR FORCE COMMUNICATIONS

Air Force communications (AIRCOM) is
organized into the Air Force Communications
Service (AFCS). Both AIRCOM and AFCS are
headed by the Director of Telecommunications.
Actual operation of AIRCOM and its elementsis
the responsibility of AFCS. Additionally, AFCS
develops and recommends practices and proce-
dures for operating the entire system.

AIRCOM

The AIRCOM comprises all communication
circuits and facilities—both leased and
Government-owned—employed by the Air Force
for transmitting intelligence to and between
ground installations, air, and aerospace ve-
hicles. Excluded are systems that are entirely
self-contained; they do not exchange intelligence
with AIRCOM, because they serve a single
weapon system.
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To understand the significance of the term
AIRCOM, you should realize that this intricate
communication system is composed of many in-
tegrated and related networks and facilities.
Component networks, although theyareoperated
independently, still are part of AIRCOM, and
are described separately here.

Elements of AIRCOM include (1) specific
support facilities 2) AIRCOMNET (3) AIROP-
NET (4) DCS AUTODIN (5) flight service net-
work (6) weather networks, and (7) USAF air-
ground communications network.

The types of interrelated circuits that make
up AIRCOM are functional and common-user
networks. A common-user network, for exam-
ple, is designed for common use of all Air
Force organizations and other authorizedusers.
All types of messages are handled in a common-
user network: command, operational, logistic,
and administrative. Primary common-user
networks of the Air Force are the AIRCOMNET
and AIROPNET. The USAF air-ground network
and flight service interphone network arerepre-
sentative of major command networks.

Functional networks are designed to handle
a definite type of traffic in a specific manner.
Included in this category are networks for con-
trolling aircraft in flight and for exchanging
weather information. Examples of functional
networks are the weather teletype and weather
facsimile networks.

STRATEGIC COMMUNICATIONS

Strategic communications normallyarelong-
haul, point-to-point, fixed-station, and trans-
portable facilities. Usually strategic communi-
cations support or significantly affect national
strategy.

Air Force Communications Network

The Air Force Communications Network
(AIRCOMNET) is used for passing official tele-
typewriter traffic on a global scale. It isa
common-user network, to which every Air
Force installation has access (if required). In
the Air Force, AIRCOMNET is the primary
means of communications, handling the vast
bulk of teletype traffic., Major and minor relay
stations, completely interconnected by quality-
controlled wire and radio circuits, are em-
ployed by AIRCOMNET. These relay stations
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serve assigned tributary stations within a given
area. Each relay station also acts as net con-
trol station (NCS) for tributary stations.

Support facilities and allocated channels of
AIRCOM are utilized by AIRCOMNET. The
AFCS operates AIRCOMNET relay stations and
some tributary stations, besides having overall
supervision of the network. Commands and
subordinate units operate AIRCOMNET tributary
stations. The AIRCOMNET is composed of the
CONUS and overseas portions,

Five automatic switching centers are in the
continental United States. Locations of these
five relay stations—two of which are called
gateway stations because they work directly
with overseas relay stations—are as follows:

Andrews AFB (near Washington, D. C.);
Atlantic overseas gateway station.
McClellan AFB (near San Francisco);
Pacific overseas gateway station.
Wright-Patterson AFB, Ohio.
Robins AFRB, Georgia.
Carswell AFB, Texas.
These five automatic switching centers are
leased from Western Union. Numerous tribu-
tary stations, operated in conjunction with relay
stations, provide communications with all Air
Force installations.

Automatic relay stations overseas are at
Fuchu, Japan; Hickam, Hawaii; Croughton,
England; San Pablo, Spain; and Siegelbach,
Germany.

Semiautomatic relay stations are located at
Kadena, Okinawa; Elmendorf, Alaska; and
Harmon, Newfoundland. Atthese semiautomatic
stations, messages received on typing re-
perforators are switched to the desiredoutgoing
channel by manually pressing a pushbutton on
the equipment panel. This action shifts the
messages directly to the desired channel with-
out manual retyping or other handling.

In addition to the foregoing automatic and
semiautomatic relay stations, other overseas
relay stations are equipped for torn-tape relay
operation.

Defense Communications System Element

The AIRCOMNET is the Air Force portion of
DCS. It is closely integrated with communica-
tion systems of other DOD services and agen-
cies. Like its counterparts, AIRCOMNET is
operated in support of DOD and Joint Chiefs of
Staff (JCS).
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TACTICAL COMMUNICATIONS

Within the Air Force, tactical communica-
tions are used mostly to handle the movement
of aircraft. For this purpose, different typesof
information are needed. These various types
are handled on separate networks, which pre-
viously were mentioned as functional networks.
Air Force tactical communication nets, as
pointed out earlier, are not a part of DCS.

Air Operational Network

The air operational network (AIROPNET) is
a worldwide teletypewriter network intercon-
necting all Air Force bases having a require-
ment for handling aircraft movement traffic.

Separate channels of AIRCOMNET relay
system are utilized by AIROPNET. (Separate
channels are discussed later in this chapter.)
This network provides rapid communications
between air traffic service facilities, flight
service centers, transport control centers, and
air operations agencies. Facilities of AIROP-
NET are used also by other military services.
The AIROPNET is utilized for transmitting
messages of the following types:

1. Aircraft emergency messages (distress,
urgency, safety).

2. Air traffic control messages (arrivaland
departure requests, changes in flight plans, and
the like).

3. Messages originated by aircraft or by
agencies having operational control of aircraft,
which require immediate action and pertain to
initiation, continuation, diversion, or termina-
tion of a flight.

4. Departure and arrival reports.

5. Transfer of radio guard.

6. Meteorological information or Notices to
Airmen (NOTAMSs), of immediate concern to an
aircraft awaiting departure or in flight.

Air-Ground Communications

The USAF air-ground communications net-
work is a worldwide system that provides the
link between ground stations and aircraft. Each
air-ground station 1is a tributary of an
AIRCOMNET/AIROPNET relay station. Air-
ground stations are air extensions of point-to-
point circuits operated by the Air Force in
AIRCOM. This network is not intended as a
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primary network of any one command. It is
available to all Air Force commands.

To meet requirements, chiefly in support of
SAC and MATS, a number of air-ground stations
are equipped with a patching capability. Such a
facility permits direct electrical connection of
air-ground voice channels into point-to-point
landline or radio channels. By this means,
controlling agencies can be put in direct voice
communications, ona worldwide basis, withtheir
aircraft.

Air Defense Communications

The purpose of Air Defense Command (ADC)
Communication networks is to provide com-
munication support for the primary mission of
the Air Defense Command/North American Air
Defense (ADC/NORAD). This mission encom-
passes detection, identification, interception,
and destruction of enemy-manned air weapons.
Within ADC, the types of communication net-
works, all of which are components of AIRCOM,
are—

1. Surveillance teletypewriter network.

2. Alert teletypewriter network.

3. Command teletypewriter network.

4. Telephone network.

Army, Navy, and Canadian elements that are
a part of the NORAD complexare also connected
by ADC circuits.

Seaward extensions of the ADC network are
supplied on both the east and west coasts of the
United States. For communications with picket
ships, airborne early warning aircraft, and
control units in the air defense system, HF,
VHF, and UHF radio is used.

Other Air Force Communications

Besides communication networks already
described, the Air Force has several additional
networks. These networks include—

1. Flight service interphone network.

2. Weather teletypewriter and facsimile
networks.

3. Air Materiel Command networks.

4, Military Air Transport Service (MATS)
communications.

5. Strategic Air Command (SAC) communi-
cations.

6. Tactical Air Command (TAC) communi-
cations.

Detailed descriptions of these additional net-
works are not given here.
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ARMY COMMUNICATIONS

Army communications are operated by the
Army Signal Corps, which is headed by the
Chief, Communications-Electronics. His re-
sponsibilities to the Secretary of the Army and
the Army Chief of Staff are equivalent to those
of DNC to SECNAV and CNO.

STRATEGIC COMMUNICATIONS

The present strategic Army communication
system, known as STARCOM (formed from the
underlined letters of the term strategic Army
communication system), is organized and op-
erated to transmit andreceive official messages
and other traffic for the Department of Defense,
Department of the Army, other military depart-
ments, and other agencies of the Government.

Most of the STARCOM system is under the
management and operational control of the
strategic Communications Command (STRAT-
COM). The long haul point-to-point system of
STARCOM is part of the DCS.

The relay station at Fort Detrick, Maryland
(near Washington) is the net control station for
STARCOM and exercises operational control
over the system. Operational control includes
adherence to prescribed procedures, monitor-
ing, circuit discipline, emergency routing, and
determining priority in restoration of inter-
rupted facilities.

STARCOM CONUS Portion

Within the continental U, S. portion of STAR-
COM are three primary relay stations. The
stations are located at Fort Detrick, Md., Fort
Davis (near San Francisco), and Fort Leaven-
worth, Kansas. These three relay stations
complement one another’s capabilities so that
destruction or partial loss of one can immedi-
ately be compensated for by the other two.

The relay station at Fort Detrick is the
largest automatic switching station inthe STAR-
COM system. It can handle more than 275,000
messages a day. It has long-distance radio,
cable and wire channels to provide teletype-
writer, voice, data, and facsimile services
throughout the United States and to vital overseas
locations. Fort Detrick relay also serves as
gateway station to Europe and the Caribbean.
Fort Davis is the gateway station to the Pacific
and Far East,

48

In addition to the three major relay centers,
relay stations are located at Seattle, New York,
Atlanta, Fort Houston, and Fort Bragg.

STARCOM Overseas Portion

The overseas portion of STARCOM is com-
posed of a series of strategically spaced relay
stations.

Major relay stations are in Japan; Oahu,
Hawaii; Asmara, Ethiopia; and Pirmasens, Ger-
many. Other relay stations are in Okinawa,
Taiwan, Korea, Canal Zone, France, Germany,
Turkey, and Italy.

Location of these overseas stations is dic-
tated chiefly by the worldwide deployment of
troops. Multichannel teletypewriter circuits
connect the Department of the Army COMCEN
in Washington with the Continental Army Head-
quarters. Tributary circuits reach out to all
Army installations and other Government agen-
cies, as required. Facilities of the overseas
portion consist of fixed point-to-point radio and
wire, and cable circuits. These circuitfacilities
are used with such equipment as single side-
band, electronic time division multiplex, auto-
matic and semiautomatic teletypewriter relay
equipment, and high-speed tape reproduction
equipment.

TACTICAL COMMUNICATIONS

Tactical communications within the Army
usually starts at the theater level, downthrough
the field armies, to the Army Corps, and to the
lower echelons in the field.

Theater Communications

The form and extent of the signal communi-
cation system are determined by the type of
command and the specific functional require-
ments. Because of the many differing operational
environments of eachlocale, the situationvaries.

The theater area communication system
(TACS) is a high-capacity, high-quality, multi-
means, multiaxis, integratedsignal communica-
tion network. Circuits constituting the system
extend forward from the theater rear boundary
into the field army areas, where they intercon-
nect with the field army area communication
systems.

SIGNAL LONG LINES COMMAND.,—The op-
erating element of the theater armyresponsible
for installation and operation of the TACS isthe
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signal long lines command. Elements of this
command are deployed throughout the theater
of operations, as required. These elements are
provided supply and maintenance support by the
logistical command in whose area the elements
are located.

The signal long lines command consists of a
headquarters and headquarters company, plus
construction and operating units, as required.
Requirements are dictated by the mission and
organization of the theater of operations, area
of operations, theater plan of operations, theater
troop composition and dispesition, indigenous
facilities, and enemy capabilities.

Field Army Communication System

The field army communication system or-
ganization is composed of the field army area
communication system, communication systems
ot the subordinate corps, area communication
systems of divisions, and other communication
facilities of units integral to the field army.

FIELD ARMY AREA COMMUNICATION
SYSTEM.—The field army area communication
system is installed by signal troops assigned to
the field army. Rasically, the field army area
communication system is composed of area sig-
nal centers interconnected by trunk circuits
under centralized control. Each area signal cen-
ter is assigned a geographical area for opera-
tions. The size of this area isdeterminedby the
location, disposition, and communications-
electronics (COMMEL) requirements of the
supported forces. Some army area signal cen-
ters may be located within division areas. Each
signal center of the area system is intercon-
nected with at least two other signal centers to
provide alternate routing and to permit distri-
bution of the traffic load.

Command signal centers are established to
serve the echelons of field army headquarters.
Each command signal center is connected with
two or more area signal centers to provide
alternate routing of circuits and flexibility of
operations. Additionally, command signal cen-
ters may be directly interconnected when avail-
ability of facilities, distances, and other factors
permit,

To provide the field army access to the
TACS, theater army signal control centers are
located to interconnect readily with army signal
centers in the rear of the field army.

The field army messenger service is super-
vised and coordinated by the field army system
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control center for the systematic handling and
expeditious delivery of messages, correspon-
dence, and general distribution between the
users of the field army area communication
system. It consists of the messenger service
provided by the army signal battalion and by the
signal combat area battalions. It is integrated
with the signal messenger service furnished
by the corps and divisions.

Army Corps Communication System

The Army corps signal communication sys-
tem is installed, operated, and maintained by the
corps signal battalion. It provides direct com-
munications from corps headquarters to each
division, and from corps artillery headquarters
to each division artillery headquarters, and to
each artillery group attached to the corps.

The corps is not a fixed or permanent type of
organization. Essentially, it is a tactical head-
quarters. It is organized mainly to execute tac-
tical combat operations, normally as part of the
field army. This system, integrated with the
field army area communication system, provides
a high degree of flexibility required in signal
communications. The corps signal battalion is
approximately 85 percent mobile.

Army Communication Units

Different types of communication units are
made up to operate and maintain the communi-
cation systems. Some of these units are army
signal groups, army signal battalions, army
signal supply and maintenance battalions, sig-
nal communication center operation companies,
combat area signal groups, signal combat bat-
talions, and signal cable constructionbattalions.

COMMERCIAL COMMUNICATION
SYSTEMS

The first transoceanic submarine cable, laid
between Newfoundland and Ireland in 1858,
marked the beginning of international commer-~
cial telecommunications. Radiotelegraph serv-
ice between the United States and England
started in 1899. It was not until 1927, however,
that the first international radiotelephone circuit
was established between New York and London.
Since that time, telephone and telegraph facil-
ities have, of course, expanded greatly. Today,
almost every country in the world is linked to
another by such means.




RADIOMAN1 & C

U. S. TELECOMMUNICATIONS
FACILITIES

In the United States, telecommunication fa-
cilities are privately owned and operated. So.are
the industries supporting these facilities.

Telephone

Telephone facilities are provided by the
various operating subsidiaries of the American
Telephone and Telegraph Company, and by ap-
proximately 5300 . independently owned com-
panies that are members of the Independent
Telephone Association. The Bell Telephone
System, the name by which the AT&T is better
known, operates about four-fifths of the more
than 50 million telephones in the United States,
making it the largest telephone system in the
world,

Telegraph

Domestic telegraph service is furnished by
the Western Union Telegraph Company. Western
Union also operates an international submarine
cable network between the United States and
Europe, the United States and certain islands
in the Caribbean, and by relay over foreign
company facilities to South America.

Teletypewriter

The Bell Telephone System and Western
Union supply facilities for private line teletype-
writer service to industry and to the military
services. Western Union (along with AT&T,
Mackay Radio, Commercial Cables, and RCA)
operates a form of teletypewriter service to
London, and alsc press news channels.

Radiotelephone

The AT&T operates the major facilities for
overseas radiotelephone service. In certain
overseas and foreign areas, RCA Communica-
tions, the Radio Corporation of Puerto Rico,
and Tropical Radio Telegraph Company provide
radiotelephone service connecting with AT&T in
the United States.

Cable

Submarine cable facilities are provided by
Western Union and two subsidiaries of the
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International Telephone and Telegraph Corpora-
tion (IT&T). The subsidiary IT&T cable com-
panies are the Commercial Cable Company (op-
erating in the North Atlantic to Europe), and
the All America Cables and Radio Company
(operating in the Caribbean and the Atlantic and
Pacific Oceans to Central and South America).

International Landlines

International landlines are operatedby AT&T
and Western Union for telephone and telegraph
service, respectively, to Canada and Mexico.
Telephone service to Alaskais suppliedby AT&T
in the United States, via facilities of the Alberta
Government Telephone Company and the North-
west Communications System in Canada, and on
the Alaska Communications System (ACS) lines
in Alaska. Many private industries, such as
petroleum, railroad, airline, lumber, mining,
and shipping, operate private communication
facilities. Some of these facilities are quite
extensive and modern, such as the railroad
communication systems and the microwave
relay systems installed along petroleum pipe-
lines.

Radio Broadcast

The radio broadcast field is dominated by
four major networks, and is supplemented by
many regional networks for program relaying.
Comprising the four major networks are the
National Broadcasting Company, the Columbia
Broadcasting System, the Mutual Broadcasting
System, and the American Broadcasting Com-
pany. Member stations of these networks are
supplied with program material over the facili-
ties of the AT&T landlines. Television stations
associated with these networks have the video
portion of the program material relayed by
coaxial cable andmicrowaverelay systems. The
audio portion is carried over the regular radio
program networks.

BELL SYSTEM

Basically, the Bell System is made up of the
American Telephone and Telegraph Company
and a group of 21 closely integrated associated
telephone companies that own and operate tele-
phone plants in their respective geographical
territories. Each associated company there-
fore exists as a distinct corporate unit and is
separated along territorial and functional lines.
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Associated companies are not controlled by the
AT&T company but, like other associated com-
panies, have a license contract arrangement
with it, Included in the Bell System organization
are Western Electric Company, a manufacturing
and supply organization, and Bell Telephone
Laboratories.

AMERICAN TELEPHONE AND
TELEGRAPH COMPANY

The AT&T performs an important interstate
operating function through its Long Lines De-
partment, which owns and operates long-distance
lines interconnecting the 21 subsidiary operating
companies. Moreover, AT&T coordinates the
enterprise by planning and advising the associ-
ated companies on all phases of the business
through its staff of specialists.

BELL TELEPHONE LABORATORIES

Bell Telephone Laboratories is responsible
for all fundamental research and development
work of the Bell System. Laboratories are
composed of four chief development and re-
search groups. These groups work in close
cooperation, and the majority of the products of
the laboratories represent the work of all,
The continued ability of the Bell System to
provide high-quality service depends largely on
this organization. It isresponsible for anumber
of new developments in the field of communica-
tions and electronics.

WESTERN ELECTRIC COMPANY

The Western Electric Company is the manu-
facturing and supply unit of the Bell System.
Major functions of the company are manufac-
turing most of the apparatus and equipment,
purchasing and distributing most of the supplies,
and installing central office equipment. Western
Electric maintains close supply sources for the
operating companies at supply houses located
throughout the country. These facilities provide
a ready reserve of materials in the event of
disaster.

Through ownership of Western Electric, itis
possible for the Bell System to control adherence
to rigid specifications. A centralized supply
source also ensures the compatibility of the
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various systems. In large measure, Western
Electric is responsible for standardizing and
integrating the telephone network of this coun-
try.

DOMESTIC TELEPHONE FACILITIES

Supplying domestic telephone service is the
Bell System’s primary undertaking., With its21
operating companies, and through interconnect-
ing arrangements with the independent telephone
companies, the System furnishes domestic,
local, and long-distance telephone service to
over 50 million United States telephones. This
concentration of telephones is greater than the
rest of the world combined.

The Bell System has four methods for inter-
connecting U, S, cities.

1. Open wire: A single pair of conductorsis
used to carry one voice channel; with multi-
plexing systems, 16 channels per pair.

2, Multiple pair cable: Multiple copper
paired conductors transmit voice circuitsonthe
individual pairs, or up to 12 telephone channels
per pair with multiplexing systems.

3. Coaxial cable: Coaxial cable consistsofa
center conductor mounted within a concentric
tube. The usual coaxial cable has eight of these
tubes; six are for regular service, two for
spares. The most recent design of voice-
multiplex equipment enables each pair of tubes
to handle 1800 two-way telephone circuits (one
tube for each direction). A fully loaded coaxial
cable can therefore handle 5400 two-way tele-
phone circuits. Instead of the 1800 telephone
circuits, each pair can be used to send two
oppositely directed one-way TV channels and
600 telephone circuits. Thus, three pairswouid
carry six one-way TV channels (three in each
direction), plus 1800 telephone circuits, with
two coaxials held as spares.

4, Radio relay: Radio relay systemsrequire
towers at regular intervals (about 30 miles)
for relaying telephone, teletype, or television
signals from city to city. Carrier waves are
relayed from tower to tower by means of high-
gain antennas, coupled with extremely reliable
transmitters and receivers. Sensory units are
included within each station to detect faulty cir-
cuits, to inform maintenance crews of failure,
and to switch to standby equipment in instances
of outage. Radio relay stations handle at least
12 one-way communication channels, servicing
a total of 3000 telephone circuits or 10 one-way
television channels. Spare channels also are
provided for maintenance or emergency use.
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FOREIGN TELEPHONE FACILITIES

In addition to the telephone network covering
the United States, telephone service is available
to about 96 percent of the world’s telephones
through the overseas radiotelephone facilities
of the Bell System. These facilities connect the
United States with various parts of the worldvia
radio channels originating at terminals near
New York, Miami, and San Francisco. Con-
nection is made with the Alaska Communication
System of the Army at Seattle. Because the Bell
System operates only within the CONUS, radio-
telephone service is rendered in cooperation
with the appropriate operating company in each
country served.

The long-haul international radiotelephone
circuits of the world normally use single side-
band transmission. This feature results in
improved intelligibility with narrow carrier
bandwidths. More than 90 percent of the Bell
System’s direct radiotelephone circuits operate
with single sideband transmissions.

Voice Cables

Despite technical advances in electronics,
the reliability of communications over long-
distance high-frequency radiotelephone circuits
still leaves much to be desired. This deficiency
is particularly true of the paths from the United
States to northern Europe, where magnetic
storms sometimes interrupt communications to
some countries for hours at a time. A voice
cable between the continents of America and
Europe—under consideration for many years—
now is in service.

Selection of the route was an important part
of the construction plans for the North Atlantic
telephone cable. Consideration of the many
hazards led to the choice of a route from New
York to Newfoundland to Scotland. It is the
shortest practical route, is north of existing
radiotelegraph cables, runs through a minimum
of pack ice, and misses most of the trawling
grounds. Two cables are provided, one for
transmission in each direction. The main link
is about 1800 miles long; overall length is 2250
miles. From Newfoundland to Nova Scotia the
link runs underwater; but from Nova Scotia into
Portland, Maine, it uses a conventional radio
relay system.

The cable contains 36 voice circuits. To
provide adequate communications, underwater
repeaters are installed in the cable at intervals
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of about 40 miles. These repeaters have three
low-power vacuum tubes that can operate for
many years without attention. The cable itself
is designed to last at least 20 years without
attention.

Other underwater telephone cables inthe Bell
System include the Key West—Havana cable, two
cables between the United Statesand Alaska, and
the transpacific cable connecting mainland
United States with Hawaii. This2400-milecable
is similar in design and construction to the
Atlantic and Alaskan cables. The twin-cable
system is capable of carrying 36 simultaneous
conversations, and is the first underwater cable
to feature operator ‘dialing. The Hawaiian cable
substantially augments the 14 radio circuits
operating between the mainland and Honolulu.
This cable system isalsousedfor teletypewriter
service and for transmission of radioprograms,
but not television.

PRIVATE AND SPECIAL COMMUNICATION
FACILITIES

The Bell System has an extensive network
of private line telegraph facilities and TWX
circuits. Most of the press wires and a large
portion of the private line telegraph facilities
of large business houses, brokers, and Govern-
ment agencies are provided by the Bell System.
Over 4000 TWX circuits and over 4,000,000
miles of private line telegraph circuits are now
in service.

Among the special communication facilities
of the Bell System are the mobileradiotelephone
units. About half of these units are private
systems, and the balance connect to the regular
commercial telephone network.

Other special communication facilities in-
clude marine radiotelephone service, available
to ships on the high seas and small craft
operating in coastal and harbor waters and in
the Great Lakes.

The Bell System also has a nationwide net-
work of video channels that serve the television
broadcasting industry.

SECURITY AND MOBILIZATION PLANS

The entire communication industry is faced
with the problems of providing uninterrupted
service, despite natural or manmade disasters.
One of the best methods of assuring reliable
service is diversification of circuits. Inmodern
telephone facilities, diversification is realized
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by building new routes. As the United States
telephone networks spread, it became a simple
matter to route circuits between any two points
over separate lines. With the advent of possible
nuclear bombing of large cities, it is realized
that long-distance telephone facilities might be
seriously disrupted. Bypass and expressroutes
are now constructed to protect service from
interruption.

Alternate switching facilities now ensure that
intercity telephone traffic is not wiped out com-
pletely if enemy attack or natural disaster oc-
curs. Alternate switching centers, at con-
siderable distance from the main switching
centers, afford this protection. By use of this
alternate routing, the Bell System offers relief
for congested traffic situations in daily opera-
tions. This arrangement is working daily; it
is not a standby plan. Inother words, a sizeable
percentage of traffic in and out of a city is
handled by dispersed offices every day. Con-
sequently, in an emergency, no time would be
required to put them into service.

The matter of bypassing cities is important.
The Bell System, with its many alternate routes,
provides this capability in eight transcontinental
routes. Of this. number, four are open wire;
one is a cable equipped with the paired cable
type of long-haul carrier; another is of the
coaxial cable type; and finally, two radio relay
routes span the country from coast to coast.

As standby equipment, the Bell System has
available throughout the country 100 radio sys-
tems that can be used in emergencies. They
also may serve to bridge the gap that may have
occurred in wire lines or cable as a result of
disaster. Currently the Bell System is adding
newly designed portable equipment to its emer-
gency radio facilities. This equipment includes
portable aluminum towers that can be erected
within an hour where circuits suffer damage.

Trained personnel with large stocks of mate-
rial available to them are located in many
areas. All associated companies, as part
of their regular service provision, have de-
veloped plans for restoration of essential serv-
ice in emergencies.

INTERNATIONAL TELEPHONE AND
TELEGRAPH CORPORATION

The wide geographical extent and varied
activities of the International Telephone and
Telegraph Corporation are backedby experience
nearly as old as the electrical communication
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industry itself. Long a major supplier of tele-
phone and telegraph equipment overseas, the
IT&T system has expanded its research and
manufacturing activities in the United States so
that it now ranks among the leaders in elec-
tronics and telecommunications.

The IT&T supplied South America with its
fir st radiotelephone service to Europe and North
America, Europe with its first multichannel
commercial radiotelephone link and its longest
coaxial cable network, Belgium and Switzerland
with pioneer nationwide telephone dialing equip-
ment, and the world with its first commercial
microwave system.

IT&T Operating Subsidiaries

Telephone operating subsidiaries of IT&T
furnish telephone service in Chile, PuertoRico,
Virgin Islands, and to certain areas of Brazil
and Peru. Radio operating subsidiariesof IT&T
in Argentina, Bolivia, Brazil, Chile, and Puerto
Rico provide international radiotelegraph serv-
ice and, except in Puerto Rico, international
radiotelephone service as well.

AMERICAN CABLE AND RADIO CORP.-—
Principal subsidiary of IT&T is the American
Cable and Radio (AC&R) Corporation. It is the
largest American international telegraph sys-
tem, owning and operating both cable and radio
facilities. The AC&R was formed in 1940 upon
consolidation of the operations of three IT&T
affiliates—All America Cables and Radio, the
Commercial Cable Company, and Mackay Radio
and Telegraph Company.

A complete global communication service is
offered by AC&R for the use of Government
agencies, the general public, and the press. It
operates more than 80 international radiotele-
graph circuits, more than 15,000 miles of land-
lines, and approximately 48,000 miles of sub-
marine cable. Main types of service supplied
by AC&R are point-to-point, ship-to-shore,
radiotelephone, multiple-addressed press, and
telex. (The telex system enables a subscriber
to obtain a direct teleprinter connection to any
other telex subscriber merely by dialing as
one does with a telephone.) In addition to its
numerous branch offices and main operating
centers located in the gateway cities of New
York, San Francisco, and Washington, AC&R
maintains and staffs more than 140 overseas
traffic offices. Six powerful marine stations
are located on the Atlantic, Pacific, and Gulf
coasts of the United States. The system owns
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and operates a fleet of four cableships for laying
and repairing its vast cable network.

ALL AMERICA CABLES AND RADIO.—-The
IT&T affiliate, All America Cables and Radio,
was first to bridge the Americas with its sub-
marine cable, connecting the United States with
Mexico, Central America, and South America.
The company entered the radiotelegraph field
in 1929, establishing its first radio station at
Lima, Peru. Its radio network since has been
expanded to interconnect several other Latin
American countries, the United States, numerous
European countries, and the Far East. I also
owns and operates an international radiotele-
phone service in Ecuador, Peru, and the Virgin
Islands. Multiplexed circuits, both cable and
radio, provide the necessary channels for inter-
national telex and leased channel services. In
1960 All America commenced operation of 36
duplex telegraph channels in the Miami/San
Juan telephone cable. These outlets are for
message traffic, telex, leased teleprinter, and
data channels for private customer use.

COMMERCIAL CABLE COMPANY,—Subma-
rine cable service between North America and
Europe is maintained by the Commercial Cable
Company, another AC&R carrier. The company
owns six transatlantic cables, the first two of
which connected Nova Scotia with Ireland. From
these terminals the cables were extended to the
eastern United States and to several cities in
Great Britain, Later, the company extended
service to France, Belgium, and the Netherlands.
Two of the company’s six cables follow a south-
erly course from Nova Scotia to the Azores
before swinging northeast to Ireland. At the
Azores, the cables connect with foreign-owned
cables to Europe, Africa, and Asia.

MACKAY RADIO AND TELEGRAPH COM-
PANY.—The Federal Telegraph Company, pred-
ecessor of Mackay Radio, began operations in
1911 as a domestic radiotelegraph carrier on
the west coast. With initiation of service between
San Francisco and Honolulu in 1912, Federal
became the first American companytooperatea
successful transocean radiotelegraph -circuit,

Today, Mackay Radio owns and operates
powerful long-distance transmitting andreceiv-
ing stations on the east and west coasts of the
United States and in Honolulu, Manila, and Tan-
gier. Point-to-point telex and leased channel
services are provided, through these facilities,
between the United States and numerous coun-
tries throughout Eruope, the Middle and Near
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East, Africa, Latin America, the Far East, and
islands in the Pacific.

Mackay’s service to Latin America, con-
necting in some instances with foreigntelegraph
administrations, is further augmented through
integration of the company’sfacilities with those
of eight other AC&R and IT&T communication
companies that operate throughout this area.

Communication with ships at sea is effected
through Mackay’s six marine stations located
on the east, west, and gulf coasts of the United
States. The company also designs, manu-
factures, sells, rents, installs, and services
shipboard communication equipment and elec-
tronic aids to navigation.

OTHER IT&T SUBSIDIARIES.—In addition to
the commercial communication companies al-
ready described, the IT&T has several other
subsidiaries. These subsidiaries are located
in Argentina, Bolivia, Brazil, Chile, Peru, and
Puerto Rico.

RADIO CORPORATION OF AMERICA

The Radio Corporation of America (RCA)
was organized in 1919. 1Its creation was the
result of both a patent tangle and a desire that
American radio communications should not be
under foreign control. Beforeit was established,
the British Marconi Company tried to obtain
exclusive rights to radio equipment made by the
General Electric Company. Negotiations were
near completion when the U. S. Navy Department
voiced its objections to the owner ship of this and
other radio patents by a foreign interest. Thus,
RCA was organized, and immediately purchased
the assets and patent rights held by the British-
controlled American Marconi Company.

Within the next few years RCA established
direct radiotelegraph circuitsbetween the United
States and England, Hawaii, Japan, Norway,
Germany, France, Italy, Poland, and Sweden.
By 1937 RCA had long-distance high-frequency
circuits to Java, Indo-China, Hong Kong, and the
Philippines. To conduct the public radiotele-
graph business formerly taken care of by other
departments, RCA launched two subsidiaries—
Radiomarine Corporation of America, and RCA
Communications, Inc. Operations of RCAC are
confined largely to point-to-point service be-
tween land stations. Radiomarine Corporation
handles service to and from ships almost ex-
clusively.

Today, the RCA communication network is
made up of more than 250 radio channels. With
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them the companyprovidesradiotelegraph serv-
ice between the United States and 68 countries,
telex facilities to and from 45 foreign countries,
and radiophoto service with 45 foreign terminals,
Also the company operates the terminals of 14
radiotelephone circuits in the Pacific area,
affording broadcasters two-way programtrans-
mission with almost any point on the globe.
Extensive facilities for communications with
oceangoing vessels and ships on U. S. inland
waterways are also maintained by RCA.

The New York terminal of RCAC islinked by
microwave radio with remote transmitter and
receiver stationson Long Island. Together, these
installations constitute the east coast gateway
from which radio circuits fan out to reach 50
countries in Europe, Africa, the Middle East,
and South America. For communications with
transpacific points, the gateway is at San Fran-
cisco, with transmitting and receiving stations
at Bolinas and Point Reyes, California.

The RCAC operates its own international
communication facilities in Guam, Morocco,
Hawaii, Haiti, Puerto Rico, the Dominican
Republic, and the Philippines. Elsewhere abroad,
the distant terminals of RCAS circuits are
managed by local agencies, usually government-
owned.

The company has pursued a long-range
program of utilizing more efficiently its allocated
radiofrequencies. Through the use of frequency
and time division multiplex, radio circuits that
previously could provide a single radiotele-
typewriter channel of 60 wpm now carries as
many as 16 channels at 100 wpm. The additional
available channels provide for an increased
volume of traffic and make available such new
communication services as telex and leased
channel service.

WESTERN UNION TELEGRAPH
COMPANY

The Western Union Telegraph Company
started business in 1851, just 7 years after
Samuel Morse sent the first telegram. Over
the years, properties of over 500 other com-
panies have been acquired by Western Union
or merged with the company.

Western Union provides service through
more than 2000 offices and 20,000 agencies
across the Nation. Moreover, Western Union
owns, leases, and operates (or has arrange-
ments with connecting companies for operating)
a network of submarine cables. These cables
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make available communication for all of Western
Europe, the Middle East, and Central and South
America,

The introduction of fixedand portable carrier
telegraph terminals, electronic repeaters,
microwave systems, modern terminal equip-
ment, automatic switching centers, and other
modern transmission equipment has led to
highly reliable networks for public message
services and private wire (leased line) sys-
tems. In recent years, Western Union’s own
staff of engineers and scientists pioneered in
developing and installing modern telegraph
equipment. Nearly all the pole lines have been
retired, and the manual relaying of messages
has been eliminated. Western Union has 15
reperforator relay centers throughout the
United States. By means of this high-speed
switching system, telegrams are dispatchedand
relayed without manual retransmission.

Western Union owns over 4 million miles of
carrier-equipped telegraph circuits, including
560,000 miles of microwave radio circuits.
These channels are less subject to atmospheric
disturbances than other radio circuits. All
trunk circuits bypass major cities by approxi-
mately 30 miles so that the basic system should
be little affected in the event of disaster.

Aside from telephone andmessenger delivery
of messages, Western Union provides large-
volume users with direct teleprinter and fac-
simile connections. Teleprinter connections
from patrons’ offices direct to Western Union
afford a rapid method of pickup and delivery.
When the traffic volume warrants, patrons are
provided with direct connections to automatic
or semiautomatic reperforator switching cen-
ters. Approximately 20,000 customersare sup-
plied with teleprinters. Western Union also
furnishes to 37,000 customers a compact fac-
simile machine, calledDesk-Fax. Transmission
is made directly from typed or handwritten
copy, and reception is recorded on electro-
sensitive paper.

Telex, long used overseas and in Canada,
was introduced in the United States by Western
Union. This teleprinter direct dialing systemis
available in and between New York, Chicago,
San Francisco, Los Angeles, and 21 other major
cities in the United States, including Honolulu.

Commercial Departments

Western Union’s Government Contract Sales
Division handles the leasing of systems to
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Government and military organizations. It
also conducts the outright sale of equipment
and engineering services to all organizations.
A separate Private Wire Services department
has cognizance over leasing systems to com-
mercial companies.

Cable Facilities

Western Union’s cable system is the largest
of the North Atlantic cable facilities., Several
cables are leased from the Anglo-American
Telegraph Company of England on a long-term
basis. The balance, owned by Western Union,
include the world’s fastest telegraph cable as
well as those of the standard, nonloaded, ocean-
cable type.

All the nonloaded type now have installed
electronic amplifiers, increasing their capacity
about threefold. These transoceanic facilities
consist of seven cables between North America
and Europe, with a total capacity of 1950 wpm;
two cables to the Azores, with a capacity of
560 wpm; three to the West Indies, of 2178 wpm
capacity; and one to Barbados, with a capacity
of 104 wpm in each direction. Western Union’s
submarine cable system totals about 26,600
miles.

FEDERAL COMMUNICATIONS COMMISSION

The Federal Communications Commission
is the agency charged with regulating inter-
state and foreign commerce in communications
by wire and radio. Jurisdiction of the FCC
extends not only to private radio broadcasters
and to common telecommunication carriers
engaged in interstate and foreign commerce,
but to communication activities of State andlocal
governments as well,

The purposes of regulation by the FCC are
(1) to make available to the people of the
United States a rapid, efficient, nationwide,
and worldwide wire and radio communication
service, with adequate facilities at reasonable
charges; () for the national defense; and (3) for
the purpose of promoting safety of life and
property through the use of wire and radio
communications.

The FCC is not a part of any Government
department. It is a separate agency, created by
an Act of Congress (Communications Act of
1934), and reports directly to Congress. Form-
erly, jurisdiction over electrical communica-
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tions was shared by the Commerce Department,
Post Office Department, Interstate Commerce
Commission, and (later) the Federal Radio
Commission. With the Communications Act, all
supervisory and regulatory functions were as-
signed to the FCC.

The FCC is administered by seven com-
missioners appointed by the President and sub-
ject to confirmation by the Senate. One of the
commissioners is designated chairman by the
President. Not more than four commissioners
may be members of the same political party.
Except for filling an unexpired term, theterm of
a commissioner is 7 years. Organization of the
FCC is shown in chart form in figure 4-4.

In national and international communication
matters, the FCC cooperates with various
Government agencies. Included are the Depart-
ment of Defense, Departments of State,
Treasury, Interior, and Commerce, and other
users of radio in the Federal establishment. It
also cooperates with State regulatory com-
missions in matters of mutual interest.

The Communications Act applies toaill the 50
states, Puerto Rico, and other U. S.possessions.
Functioning within these areas, the FCC has 24
radio district offices, six suboffices, and one
ship office. Various monitoring stations also
are included in the organizational structure,
together with a field engineering laboratory.
Field duties include monitoring and inspecting
all classes of radio stations, examining radio
operators, making various radio measurements
and field intensity recordings, and conducting
related investigations. In addition to the fore-
going offices, there are three common carrier
engineering field offices. (A commoncarrierisa
company furnishing wire or radio communication
to the public for hire, with the exception of
broadcasters.) Because broadcasting stations
are not deemed common carriers, the FCC does
not regulate charges for program time. Even
though the Commission monitors broadcasts, it
has no power to censor radio or television
programs.

Licensing

Only a limited number of radio transmissions
can be on the air at the same time without
causing interference, hence the Communications
Act requires all non-Government radio opera-
tions to be licensed. Courtshaveheldthat radio
transmission anywhere within the United States
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Figure 4-4.—Organization of Federal Communications Commission.
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or its possessions calls for licensing both the
transmitter and its operator.

Although the FCC issues licenses to both
operators and transmitting stations, the Com-
mission collects no fee nor charge of any kind
in connection with this licensing, Whenthe FCC
issues a license, it first makes sure thelicense
will serve the ‘‘public interest, convenience, or
necessity.”” This standard governs the granting
of licenses. Because channels are limited and
are a part of the public domain, it is essential
that they be entrusted to licensees who have a
high sense of public responsibility, Thelicense
privilege is extended by the Communications
Act to citizens of the United States only, It is
denied to corporations wherein any officer or
director is an alien, or if more than a fifth of
the capital stock of the corporation is owned or
voted by aliens or their representatives.

Monitoring

One of the important functions of the FCC is
‘‘policing the ether.”” Monitoring is done by
field stations, which monitor transmissions to
see that they are in accordance with treaties,
laws, and regulations. There are 10 primary
monitoring stations and18 secondary monitoring
stations, If necessary, mobile equipment can
trace illegal operation or sources of inter-
ference. Monitoring stations also furnish emer-
gency directions to Government and civil air-
craft,

Periodically, the Commission inspectsradio
equipment on United States ocean vesselsandon
foreign ships calling at U.S. ports. The FCC
ascertains that radiotelegraph installations
comply with the International Convention for
the Safety of Life at Sea, and the shipboard radio
requirements of the Communications Act. About
14,000 such inspections are made each year.

FCC in Wartime

During World War II, the FCC cooperated
with the Air Force in maintaining a constant
vigil on the coasts, ready to close down radio
transmissions that might furnish bearings for
enemy aircraft. Withthe Office of Civil Defense,
it worked to guard vital communication facilities
against sabotage. The Board of War Communi-
cations, headed by the chairman of the FCC,
coordinated communication activities for emer-
gency purposes. The FCC established aforeign
intelligence service to monitor foreign broad-
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casts for the military services and other Gov-
ernment agencies. Its own radio intelligence
division policed the domestic ether and helped
furnish bearings to U, S. aircraft.

FCC Regulations Pertaining to Naval
Communications

The FCC has no jurisdiction over naval com-
munications. There are only two areas where
the FCC comes in contact with naval com-
munications: frequency monitoring, and licens-
ing of amateur radio stations aboard Navy ships
and stations.

Several FCC field stations police the ether
to make sure that commercial and amateur radio
station transmitters are on proper frequencies
and within specified tolerances. While checking
through the frequency spectrum, if monitoring
stations find that a Navy transmitter is not
operating properly or that a Navy circuit is
interfering with a commercial circuit, they
notify the Navy. In turn, the Navy notifies the
Navy communication station operating thetrans-
mitter so that corrective action can be taken.
When a Navy circuit interferes with a com-
mercial circuit, the problem can be resolvedby
cooperative efforts of both the FCC andthe Navy.

All amateur operators and stations are
licensed by the FCC. Many Navy ships and
stations operate amateur radio stations, with
approval from the commandingofficer of the ship
or station and CNO. Although these amateur
stations may be operated by Navy personnel and
on occasion use Navy equipment, they must be
licensed by the FCC. Regulations governing
licensing of amateur naval radio stations are
explained more fully in OpNav Instruction
2070.2G.

Emergency Broadcast System

The Emergency Broadcast System (EBS)has
been devised to provide the President and the
Federal Government, as well as State and local
governments, with a means of communicating
with the general public through non-Government
broadcast stations preceding, during, and after
an enemy attack,

ORGANIZATION.—The Emergency Broad-
cast System consists of broadcast stations
holding FCC National Defense Emergency Auth-
orizations (NDEA), facilities and personnel of
networks, and other groups engaged in com-
munications, as well as appropriate Government
agencies.
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Advisory committees have been set up on a
national, regional , State, and local scale. (See
fig. 4-5.)

The National Industry Advisory Committee
provides advice and assistance to the FCC in
technical programing, guidance, production, and
other operations of the facilities provided to the
EBS by networks and other broadcasters.

The Regional Industry Advisory Committee
maintains liaison with the appropriate Federal,
national, and State authorities withintherespec-
tive regions. Also, the committee establishes
such plans as may be required for coordinating
the regional EBS operations with those of the
appropriate State Industry Advisory Commit-
tees.

The State Industry Advisory Committees act
as liaison between State Civil Defense officials
and broadcasters. They operate a State net-
work capable of delivering State programing to
each NDEA station assigned to a designated
operational area within a State.

Local Industry Advisory Committees act as
liaison between appropriate Civil Defense of-
ficials and broadcasters. They are responsible
for continuous programing of their facilities.
All plans established by these committees are
subject to concurrence and approval by appro-
priate Federal Government agencies.

TESTS.— Periodically, closed circuit tests
are conducted of the national program distri-
bution channels, national program origination
facilities, and regional, State, and local pro-
gram source interconnecting facilities.

MILITARY USE OF
COMMERCIAL FACILITIES

The Department of Defense has made the
following statementregarding use of commercial
facilities:

It is impracticable to employ similar
concepts and standards in assessing mil-
itary and commercial communicationre-
quirements. In the development of com-
mercial facilities, expectedrevenue must
be a prime consideration. Military
communications, on the other hand, as
an essential element of command, must
first satisfy military needs, with economy
of force or funds an important but secon-
dary consideration. As a result of this
fundamental difference, it is impossible
for the military to enunciate a policy
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which will, under all conditions, pre-
scribe the specific degree to which it
will utilize or depend on commercial
communication facilities. Itisincumbent
on all military commanders, in com-
pliance with the basic principle of econ-
omy of force, to make maximum possible
use of all existing facilities available to
them, including commercial service. Be-
fore reaching a decision to employ other
than strictly military facilities, each
commander, based on the conditionspre-
vailing in his area, must weigh any ad-
vantages from the standpoint of economy
against the resulting effect on military
security and control, dependability of
service, and the rapid flow of military
messages. As general policy, therefore,
it may be statedthat the Military Services
will, whenever practicable, utilize com-
mercial facilities and service in the
interest of economy of force or funds,
provided that acceptable military stand-
ards of security control and service can
be maintained.

Use of Commercial Facilities
in the United States

During the early period in the development
of national communication systems, it was
necessary for the military services toconstruct
and operate their own communication facilities.
Today, extensive and dependable commercial
communication networks cover the length and
breadth of the United States. From the stand-
point of security, the risk normally involved in
partial military control of its communications
is considered as relatively low within the con-
tinental United States. This conditionisaresult
of (1) the close working relationship that exists
between the military services and the com-
mercial communication organizations, and (2)
the existence of adequate laws to permit prompt
Government operation and control if deemed
advisable in the national interest.

Under these conditions, the construction and
maintenance of completely separate communi-
cation systems within the United States for ex-
clusively military use would entail unjustifiable
outlay of funds, manpower, and equipment,
Military policy concerning use of commercial
facilities in the continental U. S. may, therefore,
be summarized asfollows: Within the continental
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United States, the military services, in estab-
lishing communication networks for the purpose
of interconnecting their various headquarters,
installations, and activities, will, by lease or
other contractual arrangement, utilize com-
mercial facilities and services when available
and feasible. An exception is where unusual
security or operational conditions arerequired.
Terminal facilities, including communication
centers and relay stations of these networks,
will be operated and controlled by the military
services.

Commercial Networks as a Source of Trained
Personnel for Military Service

In peacetime, the military services can
maintain only the nucleus of a wartime com-
munication system. It is also known that the
impact of a state of war or national emergency
on military communication systems is instan-
taneous, and can be met only through immediate
expansion of both trunkline and terminal facili-
ties.
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Modern communication facilities, although
extremely efficient, require a comparatively
long lead time in training operator sand mainte-
nancemen. Hence, in the critical periodbetween
the outbreak of hostilities and the time military
training programs can meet overall demands,
commercial systems of the United Statesrepre-
sent an important source of additional trained
communication personnel for military service.

Legislation now exists whereby, in time of
war or national emergency, the total tele-
communication resources of the Nation can be
placed at the disposal of the Government. To
this end, the military services encourage domes-
tic communication systems of the United States
to be as efficient and dependable as allowable
through sound engineering, reasonable economy,
and good operating practices. Their capacity
should reflect the ability to handle greatly
increased wartime traffic volumes. Many al-
ternate routings and types of facilities must
be available, consistent with the ability of the
commercial companies to realize a reasonable
profit from their investments.
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CHAPTER 5

ELECTRONICS ADMINISTRATION

A First Class or Chief Radioman probably
will be either fully or partially in charge of
operation and maintenance of radio equipment
in his division. This chapter discusses pre-
ventive maintenance and various records and
reports required of electronics installations by
the cognizant authority. Contributions of certain
of these records and reports to enforcement of
guarantees and to development of improved
equipment are also touched on in this chapter.
It describes various electronics reports, and
mentions certain publications and the manner in
which their proper use contributes to increased
equipment efficiency.

MAINTENANCE AND MATERIAL
MANAGEMENT

Maintenance of ships is divided into two
broad categories: preventive maintenance and
corrective maintenance. Preventive mainte-
nance consists of routine shipboard procedures
designed to increase the effective life of equip-
ment or forewarn of impending troubles. Cor-
rective maintenance includes procedures for
analyzing and correcting material defects and
troubles. The main objective of shipboard pre-
ventive maintenance is prevention of breakdown,
deterioration, and malfunction of equipment. If
this objective is not reached, however, the
alternative objective of repairing or replacing
failed equipment—corrective maintenance—
must be aécomplished.

Shipboard preventive maintenance programs
in the past have varied from one command to
another, resulting in various degrees of opera-
tional readiness. A relatively new, uniform
system of scheduling, recording, reporting, and
managing ship maintenance is now in use. This
system is called the Standard Navy Maintenance
and Material Management (3-M) System. It is
intended to upgrade the operational readiness of
ships.
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The 3-M System is not to be considered a
cure-all for all equipment and maintenance
problems. The system does, however, envision
a logical, efficient approach to these problems
by launching a forthright attack on electrical,
mechanical, and electronic disorders. More-
over, the system produces a large reservoir
of knowledge about equipment disorders, which,
when fed back to appropriate sources, should
result in corrective steps to prevent recur-
rences.

The 3-M System consists primarily of a
Planned Maintenance System (PMS), which pro-
vides a uniform system of planned preventive
maintenance; and a Maintenance Data Collection
System (MDCS), which affords a means of col-
lecting necessary maintenance and supply data,
suitable for rapid machine processing. A man-
hour accounting system, also called exception
time accounting (ETA), is installed intherepair
department of repair type ships in conjunction
with the MDCS.

Like any other system or program, the 3-M
System is only as good as the personnel who
make it work. The Radioman’s role in the sys-
tem, as RM1 or RMC, includes training lower
rated personnel in its use, as well as scheduling
and supervising maintenance. Generalinforma-
tion concerning all aspects of the system is
included in this chapter, but a leading petty
officer should keep abreast of all developments
and changes to the system. Details on the sys-
tem and changes related to it are available in
the Maintenance and Material Management (3-M)
Manual, OpNav 43P2. Other sourcesof informa-
tion include OpNav Instruction 4700.16, The
Naval Ship Systems Command Technical News,
and directives issued by type commanders.

PLANNED MAINTENANCE
SYSTEM OPERATION

Planning and scheduling of planned mainte-
nance is accomplished through the Planned
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Maintenance System (PMS). Additionally, the
PMS defines the minimum preventive mainte-
nance required, controls its performance, de-
scribes methods and tools to be used, and aids
in prevention and detection of impending casual-
ties. These factors should provetobe a definite
asset to the leading petty officer in forecasting
future material requirements and in properly
utilizing available manpower.

The planned maintenance system was devel-
oped to provide the means by which each ship,
each department, and each supervisor is enabled
to plan, schedule, and effectively control ship-
board maintenance. When PMS is implemented
aboard ship, it replaces Part II of POMSEE,
Preventive Maintenance Checkoff. Part I of
POMSEE, Reference standards and Performance
Standard Sheets, remains in effect,

In establishing minimum planned mainte-
nance requirements for each piece of equip-
ment, the Bureau of Ships Technical Manual,
manufacturers’ technical manuals, and appli-
cable drawings are critically examined. I
preventive maintenance requirements are found
to be unrealistic or unclear, they are modified
or revised before being incorporated into the
PMS.

It is possible that planned maintenance pre-
scribed in the PMS may conflict with that pre-
scribed in other documents such as the Bureau
of Ships Technical Manual. In such an even-
tuality, the PMS supersedes and takes prece-
dence over any and all documentation that may
be in conflict with it, All tests, inspections,
and planned maintenance actions should ulti-
mately be incorporated in the PMS.

The planned maintenance system is based
upon the proper utilization of planned mainte-
nance system manuals, maintenance require-
ment cards (MRCs), and schedules for ac-
complishment of planned maintenance actions.

PLANNED MAINTENANCE SYSTEM
MANUAL

The planned maintenance system manual
contains minimum planned maintenance re-
quirements for each component installed for a
particular shipboard department. A separate
section of the PMS manual is furnished for
each department. Manuals are compiled in-
dividually for each ship, thereby assuring a
tailored system. The Operations Department
Manual (OpNav 43P1) has a green cover for
electronics, and is kept in the operations
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office. This manual is used by the planning
officer and maintenance group supervisors to
plan and schedule maintenance for each group.
The manual contains a list of effective pages
and a section for each division or maintenance
group within the operations department. Each
divisional section contains index pages for
each system, subsystem, or component that
requires a planned maintenance action. These
pages are referred to as maintenance index
pages (MIPs). Each MIP gives a brief de-
scription of maintenance requirements and the
frequency with which maintenance is to be ef-
fected. The frequency code is as follows:
D-daily, W-weekly, M-monthly, Q-quarterly,
S-semiannually, A-annually, C-once each over-
haul cycle, and R-situation requirement (e.g.
100 hours of operation).

An index page also includes the rate(s)
recommended to perform a task, as well as
average time required. A sample maintenance
index page (OpNav 4700-3) is shown in figure

Manpower available for performing main-
tenance varies from one ship to another. For
this reason, information found on MIPs re-
garding rates recommended to perform a main-
tenance task and the average time required for
the task must have certain clarification. Main-
tenance tasks are actually performed by per-
sonnel available and capable, regardless of the
rating listed on the MIP. The average time
required, as listed on the MIP, does not take
into consideration the timerequiredtoassemble
tools and materials to do the maintenance ac-
tion nor the time required to clean the area and
put away tools at the end of the task.

That portion of the PMS manual containing
maintenance index pages applicable to equip-
ment under a specific division or maintenance
group is called the group maintenance manual,
A copy of the group maintenance manual, in
addition to the one in the departmental PMS
manual, is kept in each working space as a
ready reference to maintenance personnel.

MAINTENANCE REQUIREMENT CARD

The maintenance requirement card (MRC)
(fig. 5-2) defines a planned maintenance task
in sufficient detail so that assigned personnel
can perform the task with little difficulty.
Each maintenance requirement card lists the
rating of personnel recommended to perform
that particular task; safety precautions that
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‘System, Subsystem, or Component Reference Publications
R-390A/URR NAVSHIPS 93053
Radio Receiver
Bureoy Card Maintenance Requirement MR, Rate Man Reloted
Contrel No. Neo. Req'd. Hours Maintenance

CK |037CRG2! AS|BE78/ M] 1. Test the calibration oscillator. M-1 RM3 0.9 None

2, Test tuning system and signal
strength.

3. Test bandwidth and audio response.
4. Test limiter action.

CK|037CRG2{ A5{BE79| Q| 1. Test IF gain. Q-1 RM3 0.9 S-1
2. Measure overall receiver gain.
3. Test audio gain.

CK |037CRG2[ A5 {BE8O| S| 1. Measure receiver sensitivity. S-1 RM3 1.2 None

CK |037CRG2| A5 |BE81| S} 1. Clean and inspect the radio receiv- | S-2 RMSN 0.6 M-1

er.

CK |037CRG2{ A5 |BE82| A] 1. Lubricate mechanical tuning system. A-1 ETSN 1.0 Q-1, S-1
These maintenance cards were prepared
for this equipment in which the
following field changes have been
accomplished: 1 through 5
Of these, the following field changes
affect the maintenance actions: &, 5
New maintenance requirement cards and
maintenance index pages will be made
available as future field changes are
accomplished that affect the prescribed
planned maintenance.

MAINTENANCE INDEX PAGE

OPNAV FORM 4700-3 (4-64) BUREAU PAGE CONTROL NUMBER C-20/2-A5

98.171

Figure 5-1.—Maintenance index page.
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SYSTEM COMPONENT M.R. NUMBER
R390A/URR C-20
Communication & Radio Receiver M-1
Control VAINT. SIGNI-
FICANT NO.
SUB-SYSTEM RELATED M.R. RATES M/H

Radio Communication.

Systems I RM3 0.3
M.R. DESCRIPTION
TOTAL M/H:O 3
1, Check receiver operation, *
ELAPSED TIME:
0.3
SAFETY PRECAUTIONS
TOOLS, PARTS, MATERIALS, TEST EQUIPMENT
1. Headphones.
PROCEDURE
Preliminary Control Settings: o |
1. RF gain 5 fI
2. Function switch Cal -
3. BFO switch oN %
4, BFO pitch 0 g
5. Line gain 5 —
6. Line meter switch {410 Q
7. Local gain 5 -
8. Bandwidth 4 XC ol
9. Audio response WIDE QU
10.  AGC switch : MED, o
11,. Limiter switch OFF,
=
l. Check receiver operation: @
a. Connect headphones in receiver phone jack, turn _
megacycle change knob counter-clockwise until the first 2:
two counter digits read 00", ]
b. Turn kilocycle knob counter-clockwise until the >
last three digits read '"000", b
c. Turn ZERO ADJ, completely clockwise. s
d. Increase RF GATN to 10 (Cont.)
LOCATION 2

Procedure Continued

e. While listening in phones and observing carrier level
meter, vary kilocycle change knob for zero beat in phones
coincident with minimum deflection on line level meter.

f. Turn "ZERO ADJ.' maximum counterclockwise.

g. Turn "BFO PITCH" to +2. Beat note will be heard in
phones.

h. Turn megacycle change knob clockwise, one position
at a time from 00 to 31.

i. Observe carrier level meter while listening for
beat note in each position.

j. Carrier level should indicate a minimum of 10 DB
and beat note should be clearly audible in phones in each
position.

k. Return '"MC" change knob counterclockwise until
counters are again 00.

1. Turn kilocycle change knob clockwise until last three
digits of counter read 000,

m. Counters should read 00+000. This is equivalent to
1 MC.

n. Turn "BFO PITCH" control to "O" and RF gain to 5.

o. Repeat steps 1. c through 1. j.

W | sovv [evEou] oo | W3] oz %bod]

98.176

Figure 5-2.—Maintenance requirement card.
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must be observed; time, tools, parts, and ma-
terials required for the task; and detailed
procedures for performing the task. A com-
plete set of applicable MRCs is maintained in
each working space with the group maintenance
manual. A master set of all MRCs is kept on
file in the departmental office. If a card be-
comes lost, torn, or soiled, it can be replaced
by typing a duplicate card from the master set
or by ordering one through proper channels.

The maintenance requirement card is one of
the primary tools of the PMS system to be used
by personnel actually performing maintenance
tasks. Personnel assigned to maintenance tasks
must remove pertinent cards from the set
maintained in the working space; obtain stated
tools, parts, and material; perform the mainte-
nance requirement specified on the card; cor-
rect and report any deficiencies noted during
the performance of the maintenance require-
ment; and return the card to its proper place
after completing the task.

Maintenance requirement cards represent
minimum planned maintenance requirements
of the cognizant systems command. To meet
local conditions, each command has the pre-
rogative to increase minimum requirements.
If changes are of a continuing nature, recom-
mended changes in the system should be sub-
mitted to the cognizant systems command.

SCHEDULING PLANNED MAINTENANCE

Through the use ofa cycle schedule (fig, 5-3),
the planned maintenance system is designed to
simplify planned maintenance scheduling. All
required planned maintenance actions are pro-
gramed throughout the overhaul cycle of a ship.
Further, the system is flexible enough toreadily
accommodate any changes in a ship’s employ-
ment schedule. Cycle schedules contain a list
of components for each division or maintenance
group, and indicate the quarter after overhaul
in which semiannual, annual, and overhaul cycle
maintenance requirements are to be scheduled.
Cycle schedules also list quarterly, monthly,
and situation requirements that must be sched-
uled every quarter. In conjunction with division
officers and leading petty officers, the depart-
ment head utilizes a cycle schedule in making
out a quarterly schedule.

By definition, the day a ship leaves the ship-
yard is in the first quarter after overhaul. A
ship is not necessarily expected to perform all
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planned maintenance listed for the first quarter
after overhaul, but the amount performed must
be in proportion to the time remaining in that
particular quarter. Steps to follow in using the
cycle schedule can best be explained by ref-
erence to figure 5-3., Consider, for example,
planned maintenance required for the R390/URR
receiver. As indicated on the cycle schedule, a
short description of maintenance required may
be found on page C-20 of the PMS manual,
From the cycle schedule it is apparent that
maintenance must be scheduled as follows:

M l—each month.

Q l—each quarter.

S 1-—=1st, 3rd, 5th, 7th, 9th, and 11th
quarters after overhaul,

A 1-—4th, 8th, and 12th quarters after
overhaul,

A quarterly schedule is a visual display
consisting of two identical quarterly schedule
forms (fig. 5-4), one for the currentquarter and
one for the subsequent quarter. The cycle
schedule and both quarterly schedule forms are
contained in the same visual display holder,
and correspond line for line. The entire display,
called the maintenance control board, is main-
tained in the departmental office. Maintenance
control boards show the overall status of planned
maintenance within a department., A quarterly
schedule has 13 columns, one for each week in
the quarter, for scheduling maintenance through-
out a 3-month period. Each weekisdivided into
days by tick marks (see fig. 5-4) todepict more
accurately the operating schedule, thusallowing
maintenance requirements to be scheduled in
conjunction with ship operations. A suggested
procedure for preparing a quarterly planned
maintenance schedule is to first black out the
dates a ship is expected to be underway during
the quarter, then, with the aid of the cycle
schedule and PMS manual, fill out the quarterly
schedule accordingly. Monthly planned mainte-
nance requirements should be scheduled at ap-
proximately the same time each month, and
other planned maintenance actions should be
scheduled at equal intervals insofar as practi-
cable. After the quarterly schedule is com-
pletely filled in, it is a good practice to look
it over closely to see if the workloadis balanced
throughout the quarter. If less work appears to
be scheduled during one week of a quarter than
in other weeks, some maintenance requirements
should be rescheduled to balance the workload
throughout the quarter.
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Figure 5-3.—Cycle schedule.
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Quarterly schedules are updated weekly. The
leading petty officer of the division or mainte-
nance group must cross out all maintenancere-
quirements that have been accomplished and
must circle all requirements scheduled for that
week but not accomplished. All circledrequire-
ments are rescheduled by drawing an arrowtoa
later week as indicated in figure 5-4. A
quarterly schedule is retained on board as a
record of all completed maintenance actions.
This record may be destroyed at the beginning
of the second quarter after the next shipyard
overhaul period. A quarterly schedule is also
used by the leading petty officer of each division
or maintenance group to prepare a weekly plan-
ned maintenance schedule (fig. 5-5). Weekly
schedules are posted in each working space
and are used by the leading petty officer to
assign specific maintenance tasks to specific
per sonnel.

A weekly schedule provides a list of com-
ponents, appropriate page number of the PMS
manual, and spaces for assignments of main-
tenance tasks to specific personnel. Daily
and weekly planned maintenance actions are
preprinted on the weekly schedule forms. All
other planned maintenance requirements to be
performed during a specific week are obtained
from the current quarterly schedule. A weekly
schedule offers flexibility for all planned main-
tenance actions except those required to be
performed daily. When a planned maintenance
task is completed, the leading petty officer
should cross out the requirement on the schedule.
Maintenance that cannot be completed on time
is circled and rescheduled on the basis of work-
load and ship operations.

The weekly schedule is designed for con-
venient preparation and effective reuse. At
the end of each week it is the responsibility
of the leading petty officer of the division or
maintenance group to take the weekly schedule
to the departmental office, update the quarterly
schedule, erase the weekly schedule, and pre-
pare a schedule for the following week. Prep-
aration of a weekly planned maintenance sched-
ule necessitates consideration of available
manpower, time expended on each maintenance
task, and ship’s operations. In assigning
specific personnel to maintenance tasks, it must
be remembered that the average time required
to perform a task (as listed on the maintenance
index page and maintenance requirement card)
does not take into account the time required
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to assemble tools and material to do the main-
tenance action or to clean the area andput away
the tools at the end of the task. Related main-
tenance requirements (see figs. 5-1 and 5-2),
which are due, should be scheduled and per-
formed together to conserve time. Any cor-
rective maintenance, cleaning, or upkeep to be
performed is in addition to planned maintenance
prescribed by the PMS.

FEEDBACK REPORT

Through the use of a feedback report (fig.
5-6), the planned maintenance system enables
correction of discrepancies in the system. A
feedback report should be originated im-
mediately by the person who discovers a dis-
crepancy, if one is found in the system as
installed aboard ship.

A feedback report is useful only if all in-
formation concerning the discrepancy is cor-
rect and complete, including the reason for any
recommended change. Before forwarding a
feedback report tothe appropriate systems com-
mand maintenance management field office, it
should be checked for completenessandaccuracy
by the leading petty officer of the division.

RECORDING MAINTENANCE ACTIONS

The Maintenance Data Collection System
(MDCS) is designed to provide a means of re-
cording information concerning planned and
corrective maintenance actions. Maintenance
performed is recorded by code in sufficient
detail to permit collection of a variety of in-
formation concerning maintenance actions and
equipment performance. Use of codes in re-
cording and reporting maintenance actions per-
mits machine processing with automatic data
processing equipment., The system also fur-
nishes data pertaining to initial discovery of a
malfunction, how equipment malfunctioned, how
many hours equipment was in operation, equip-
ment involved, repair parts and materials
used, delays incurred, reasons for delay, and
the technical specialty or work center that per-
formed the maintenance. Except for routine
preservation actions (chipping, painting, and
cleaning) and daily or weekly planned mainte-
nance system actions, each maintenance action
is reported in this manner.

Shipboard installation of the maintenance data
collection system includes a central functional
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INSTRUCTIONS ON BACK OF GREEN PAGE

FROM:/NDICATE SHiP HULL NUMBER OR
ORIGINATING ACT!VITY,/FOTHER THAN SHIP.

seriAL #: _NO. IN SEQUENCE
DATE WRITTEN

O:
BUSHIPS/BUWEPS MAINTENANCE DATE
MANAGEMENT FIELD OFFICE

NORFOLK, VIRGINIA 23511

ViA:

SUBJECT: PLANNED MAINTENANCE SYSTEM FEEDBACK REPORT

SYSTEM COMPONENT
SAME AS ON MRC SAME AS ON MRC
SUB-SYSTEM M.R. NUMBER SAME. ASON MRC
S ON MRC : :
SAME AS ON MRC R eNTRELNG, o\ &y sibe. oF MRC

DISCREPANCY

1.
2.
3.

D M. R. Description D Equipment Change I:] Typographical
. Missing Maintainance Technical
Safety Precautions 9 ec
D v D Index Page (MIP) D Publications
D Tools, Ete. [J Technical D Miscellaneous
) D Missing Maintainance D P d
rocedure

Requirement Card (MRC)

HANDWRITTEN COPIES ACCEPTABLE. USE BALLPOINT PEN.

CHECK APPROPRIATE BOX.

USE THIS SPACE FOR ALL COMMENTS. STATE WHAT IS WRONG AND RE-
COMMENDED CORRECTION. GIVE REASON FOR RECOMMENDED CHANGE (UNLESS
COMMENT IS OBVIOUS).

FOR MISSING MRC, MIP & WHEN BU CONTROL NUMBER IS NOT AVAILABLE IDENTIFY
EQUIPMENT BY NOUN NAME AND APL/CID OR AN NUMBER.

FOR EQUIPMENT CHANGE REPORT, IDENTIFY EQUIPMENT REMOVED AND THAT IN-
STALLED BY NOUN NAME AND APL/CID OR AN NUMBER.

IDENTIFY PUBLICATION NUMBER, VOLUME, REVISION, DATE, CHANGE NUMBER,
PAGE, PARAGRAPH AND/OR FIGURE. WHEN REFERRING TO PMS/SMS EQUIPMENT
VOLUMES 2 OR 4, THE **M.R. NUMBER’* AND **BU. CONTROL NO." BLOCKS SHOULD
ALSO BE COMPLETED.

. DISTRIBUTION: AS SHOWN ON BOTTOM.OF EACH PAGE.
INSTALLATION TEAM: FORWARD REPORTS WITHIN 10 DAYS OF INSTALLATION.
SHIP: FORWARD REPORTS WITHIN 90 DAYS AFTER INSTALLATION AND AS RE-
QUIRED THEREAFTER, VIA APPROPRIATE TYCOM.

. REQUEST ADDITIONAL FORMS FROM TYCOM.

‘*TECH PUBLICATIONS’ BLOCK INCLUDES ALL BUWEPS AND BUSHIPS PUBLICATIONS.

SIGNATURE OF C. O. OR DESIGNATED REPRESENTATIVE

THIS COPY. FOR: ADDRESSEE 1

OPNAV Form 4700/7 (10.65)

Figure 5-6.—PMS feedback report.
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data collection center. Principal function
of the shipboard data collection center is
to screen all documents for completeness and
accuracy before they are forwarded to the data
processing center. During the screening proc-
ess, the data collection center adds a 4-digit
maintenance control number to each document.

Effectiveness of the MDCS depends initially
upon personnel performing the maintenance ac-
tion and the accuracy with which it is reported.
Leading petty officers are responsible for en-
suring that all forms used in connection with
the MDCS are complete and accurate. Leading
POs should also ensure that a form is sub-
mitted for each applicable action and that no
action is reported more than once.

EQUIPMENT IDENTIFICATION
CODE MANUAL

It is essential that all personnel charged
with any responsibility for maintenance actions
be indoctrinated in the proper use of the equip-
ment identification code (EIC) manual, because
it contains many of the codes used in reporting
maintenance actions. Each major system is
coded, and codes are broken down to the lowest
part necessary for positive equipment identifica-
tion. The manner in which the EIC is obtained
from the manual is described in the following
example.

Assume it is desired to determine the code
for the voltage regulator of an AN/WRR-2
receiver. By referring to the index pages of
the EIC manual, it is found that communication
systems are identified by the code F, and the
subsystem (in this example, communication
receivers) is identified by the code FF. Next,
turn to the pages of the manual with the FF
codes, and go down the list of equipment until
the listing for the AN/WRR-2 appears. Under
this listing are the 7-digit codes for the volt-
age regulator. The first digit of the code
identifies the system; the second digit, the sub-
system; the third and fourth, the equipment;
and the last three digits, the assembly. If
the assembly requires further breakdown, the
last digit identifies the subassembly.

Besides equipment identification codes, the
EIC manual contains other codes and informa-
tion of equal importance. Section I of the man-
ual contains general instructions governing
preparation of forms when reporting mainte-
nance .actions., Other sections of the manual
deal with additional codes, as follows: Section II,
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Administrative Organization; Section III, Work
Center; Section IV, How Malfunctioned;
Section V, When Discovered; Section VI, Action
Taken; Section VII, Service; Section VIII, Source;
and Section IX, Type Availability.

A variety of information may be recorded in
a relatively small space as a result ofthe fore-
going codes. At the data processing level,
these codes permit use of automatic data
processing operations, which provide pertinent
direct reading information summaries. Sum-
maries can be employed profitably only if in-
formation recorded is accurate. Familiarity
with the coding systems is a must, therefore;
and the importance of accuracy in the recording
of codes cannot be overstressed.

MDCS DOCUMENTATION

Documentation in the maintenance data col-
lection system is accomplished by completion,
as applicable, of one or more standard forms.
Forms used to record and report information
related to maintenance actions aboard ship and
within repair activities include OpNav form
4700-2B (shipboard maintenance action), OpNav
form 4700-2D (deferred action), OpNav form
4700-2C (work request), and OpNav form 4700-
2F (work supplement card). Detailed de-
scriptions of entries to be made on these forms
are listed in section I of the EIC manual and
in chapter 3 of the 3-M Manual,

Shipboard Maintenance Action Form

A sample shipboard maintenance actionform
(OpNav 4700-2B) is shown in figure 5-7. This
form is a single-sheet document used to record
completion of planned maintenance actions,
corrective maintenance actions, and authorized
alterations already performed at the shipboard
level by shipboard personnel. All planned
maintenance actions except daily and weekly
actions must be recorded on this form, as well
as on the weekly and quarterly schedules.
Routine preservation such as chipping, painting,
and cleaning should not be reported.

The shipboard maintenance action form is
also used to report work done aboard ship by
any outside activity that does not report under
the maintenance data collection system. Dup-
licate 4700-2B documents are prepared for
ship maintenance assistance provided when a
repair activity, such as a civilian contractor
or a shipyard (except for regular overhauls), is
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MAINTENANCE DATA COLLECTION
OPNAV FORM 4700-28 (8-64)

SHIPBOARD MAINTENANCE ACTION

USS OVERSEAS Dot |BlO]T]0lo|3 1816 |1 |o]1|7]5]/ 13101414 ] |
K

SF.iEDUF\PME/NT ID/ C‘DDEF l 2- l 4 GC V{CZ l O 7O ASZA WC5. . REPAIR ACT. . ND. . . Dgc AC\/T VO.JUTITS 64M[T\50{UR}5 UB E. l L
gz | Ll Ll EEREEREEEEEEEN

F. DESCRIPTION/REMARKS

FOR LOCAL USE ONLY

No OoUTFPU7T FROM VOLTAGE REGULATOR TUBE.

Gl Bakes Fwm

/7

M. SiG, (4)

i

D-22481

17.81B

Figure 5-7.— Shipboard maintenance action form.

not under the MDCS. Block 7 of the original
document is left blank, and the code for the
assisting work center is entered on the duplicate.
Only the time actually spent by shipboard per-
sonnel in assisting an outside activity is re-
corded in block 13 of the original. Man-hours
spent by an outside activity in assisting the
shipboard work center are documented in block
13 of the duplicate.

Deferred Action Form

The deferred action form (OpNav 4700-2D)
is a two-sheet form used to report corrective
maintenance actions that are deferred because
of ship’s operations, lack of repair parts, or
necessity for outside assistance. The first
sheet (fig. 5-8) is used to record and report
the reason for deferral. The second sheet
(fig. 5-9) is for reporting completion of a
deferred action.
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If a corrective maintenance action is beyond
ship’s force capability, and outside assistanceis
required, a work request is prepared and for-
warded. This situation always requires sub-
mitting an OpNav form 4700-2D. Man-hours
expended (if any) by ship’s force in connection
with the maintenance action are documented on
OpNav form 4700-2D. Man-hours concerned
with investigation and removal of equipment
are documented on the first sheet of the docu-
ment. Man-hours involved in reinstallation of
equipment are documented on the second sheet
of the forms.

If a shipboard maintenance action must be
deferred because of lack of necessary repair
parts or because of ship’s operations, an OpNav
form 4700-2D is prepared; the first sheet is
submitted, using the appropriate action taken
code from section VI of the EIC manual; and
the man-hours expended (if any) are entered
in block 13. When the maintenance action is




RADIOMAN1 & C

MAINTENANCE DATA COLLECTION
OPNAV FORM 4700.2D (8,64}

DEFERRED ACTION 1

I A. SHIP NAME AND HULL NO./ACTIVITY

USS OVERSEAS DD IIf

.

B, EQUIPMENT ID CODE G W.Cu 7. ASST, W.C.

FIF{/!/IFIZJ4C!3!0036I8 | | |

1, ADMIN, ORG.

2. SHIP ACCTG. NO.

8. REPAIR ACT. ACCT. NO.. | 9,

I

1 3. MAINT. GTRL. NO. | 4. DATE

11310416}

) IEElorr ool o

14 SERIAL NO. 20. EQUIP/TIME

L= L2 T T O O O A

21, ALTERATION IDEN;K'IFXCATION

N S T S O ) O

F. DESGRIPTION/REMARKS

SPARE ON BOARD.

FOR LOCAL USEONLY _________

L ak

YOLTAGE REGULATOR TUBE FAILED DURING OPERATION. NO

UV Bak, RM>

M. SIG. (4)

W Dorere Swiler Do RMC

R
A

17.81D

Figure 5-8.=Deferred action form, sheet 1.

completed, the second sheet is submitted, using
the appropriate action taken code; man-hours
expended in completing the action are entered
in block 13.

Work Request

The work request form (OpNav 4700-2C) is
a 4-sheet document presently used to request
outside assistance from repair ships and
tenders. It is planned that OpNav 4700-2C
also will be used, at a later date, for request-
ing assistance from shipyards., Part I of the
work request is shown in figure 5-10, Part II
of the work request (fig. 5-11) is a continuation
of part I and provides additional space for
written descriptions, diagrams, and sketches.

Information to be given in block F
(Description/Remarks) of the work request
includes name of component, CID number of
component, and alteration number, If the
alteration number is not applicable, it must
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be listed as N/A. Block F should also contain
a description of existing defects and any re=-
pairs required on the component.

The original sheet of the work request is
retained by the requesting activity; copies
2, 3, and 4 are forwarded to the assigned
repair activity via the designated chain of
command. Information concerning adminis-
trative procedures to be taken on workrequests
by repair activities is given in chapter 4 of the
3-M Manual,
~ When the work request is accepted by a re-
pair activity, sheet 3 of the document is used
as a job order and is sent to the assigned work
center. Prepunched work supplement cards
(OpNav 4700-2F) are also sent to the assigned
work center. A sample OpNav 4700-2F is shown
in figure 5-12,

The assigned work center performingthe job
records maintenance data on work supplement
cards. Any material obtained outside of normal
supply channels is recorded on the reverse side
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MAINTENANCE DATA COLLECTION
OPNAV FORM 4700-2D (8-84)

DEFERRED ACTION

A. SHIP NAME AND HULL NO./ACTIVITY

JSs OVERSEAS DD /I

t. ADMIN, ORG,

| | |

2.

D|0|7]010]3 |8 |6 ]/

SHIP ACCTG. NO. 3. MAINT. CTRL, NO. 4. DATE

ol/|7T|5l2|7]0|4]6

B.

14, SERIAL NO.

8l2-t5IHllil|l|!ll

[ 20. EQUIF/TIME l

21. ALTERATION IDENTIFICATION

U S T O O O O O

F. DESGRIPTION/REMARKS

NO SPARE. ON BOARD.
YOKOSUKA .

FOR LOCAL USE ONLY _

Ll i

VOLTAGE REGULATOR TUBE FAILED DURING OPERATION.
SPARE RECEWED FROM SRF

"Ll Baks, kM

Figure 5-9.—Deferred action form, sheet 2.

of the card. ¥ more than one work day is re-
quired to complete the action, or if assisting
work centers are needed, the lead work center
utilizes additional work supplement cards pro-
vided for recording daily man-hours expended.
(The lead work center has primary responsi-
bility for completion of the task described on
the work request.)

On completion of a repair job, sheet 3 of the
work request is completed by thelead work cen-
ter and is signed by the man who performed the
maintenance. An inspector from the requesting
activity is contacted for final inspection and
signs off the work request. After obtaining the
signature of the inspector, the lead work center
supervisor forwards the completed work request
to his division officer.

Material Usage and Cost Data

Documentation of material usage and cost
data on maintenance transactions requires the
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joint effort of supply and maintenance per sonnel
aboard ship. Theformusedtodocument material
usage and cost data depends on the action in-
volved and the source of material.

The reverse side of the appropriate OpNav
form of the 4700 series is used by maintenance
personnel to report material obtained from out-
side normal supply channels. (Thereverse sides
of OpNav forms 4700-2D and 4700-2F are es-
sentially the same asthe 4700-2B, whichis shown
in figure 5-13.) Examples of material reported
are parts and material obtained from preex-
pended material bins; items obtained by can-
nibalization or from salvage, which can be
identified by a part number or Federal stock
number; and consumable materials suchaslum-
ber, sheet metal, and bar stock, used for manu-
facture work. Economy of effort andelimination
of duplicate recording are highly desirable.
When there is doubt about reporting an item,
however, it should be reported.
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MAINTENANCE DATA COLLECTION
OPNAV 4700-2C (8-64)

WORK REQUEST

1

055 OVERSE_AS DD D}OJ'{'lO olZLglé[/ 0 11715]/13]014]6] |

(ST e N

§/£JEI AN AL L IC)210]217 1014 |6 A 11
AN/WR‘R-Z VOLTAGE. REGULLATOR OUTPUT VARIES.

7. Z
FOR LOCAL USE ONLY
GV Baher RM3 Chandls Yurre RMC
el Bra bl vz WY ot

17.81C

Figure 5-10.—Work request, part I,

Existing supply forms are used to document
material usage and cost data of repair parts or
materials obtained through normal supply chan-
nels. Choice of document is determined by
availability of automati¢ data processing equip-
ment. If a ship has automatic data processing
equipment, DD form 1348 is used. If a ship
does not have automatic data processing equip-
ment, NavSandA form 1250 isused. Maintenance
personnel are required to furnish the work
center code, equipment identification code, CID
number, maintenance control number, name of
part, and stock number when submitting form
1250 or 1348 to the supply department.

MAN-HOUR ACCOUNTING SYSTEM

The man-hour accounting system, sometimes
referred to as exception time accounting (ETA),
is designed and intended for use by the repair
department of repair activities in conjunction
with the maintenance data collection system.
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Basically, the ETA is a management tool, and
records all deviations from a normal 7-hour
working day.

The mechanics of exception time accounting
includes the use of codes, preparation of a
master roster listing, and preparation and sub-
mission of daily exception cards (OpNav form
4700-2E). A sample daily exception card is
shown in figure 5-14,

ELECTRONICS RECORDS

Details about electronics records are given
in the Bureau of Ships Technical Manual. As a
rule, these records are kept in the electronics
workshop. Aboard ship, the electronics material
officer usually assigns responsibility for the
major portion of electronics recordkeeping to
ETs. There are two reasons why the leading
Radioman should have a working knowledge of
these records. First, a thorough acquaintance
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OTNAY TORM 470020 (9601 TART 1" WORK REGUEST
[ A, SRIP NAME AND RULL NG JACTIVITY T 1T ADMIN. ORG. | 2. SHIP 4(CIG. NO |3, MAINT. CTRL. NO.| 4. DATE MONTH YEAR | 8.
USS OVERSEAS DDl DIO[710101318l6|/|0|1 17151 /]|310|416 |

F. DESCRIPTION/REMARKS {Continuaci

17.81C
Figure 5-11.—Work request, part II.

Ipo70]0386 0175 | C |FF11F24 (C30 | 068 | C | \\
§ | ADM ORG |2 SHIP 3 MCN B T/A 5 EIC 6 WC 9 MAL 10 DISC |
E REMARKS: ¥ - DO NOT ENTER {F SAME AS ABOVE
4.|DATE 2,710,146 |
: 3. 1EIC ol B L1
: 7. AWC N
9./HOW MAL x 1

10.| WHEN DISCOVERED  x

11.| ACTION TAKEN c
12.[UNITS COMPLETED 0,7
13.|MANHOURS (TeNTHS) |00,/ O |
READY TO PICK UP (/) |+
3

|DELIVERED (/] ]

SoAD T B 900 23 1 05 16 31 81920 &1 22 25 74 25 26 27 28 29 36 3¢ 32 53 34 35 36 37 38 323 40 41 42 &3 44 45 45 47 48 43 50 5 525354 55 56 S S5 53 £0 §1 67 53 64 €5 56 K3 K& §9 70 13 72 7 4 1576 )7 '2 "9 80
586248-C A"

17.81F
Figure 5-12.—Work supplement card.
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Figure 5-14.—Daily exception card.
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with the necessary records and the proper way
to keep them is helpful in understanding capa-
bilities and limitations of equipment, determin-
ing its reliability, and ensuring that it is main-
tained in peak operating condition. Second—and
equally important—Radiomen quite often are
calied upon to perform maintenance andrepairs
on their own equipment.

Due to the implementation of the 3-M system
previously described, many of the records and
reports discussed in the remainder of this
chapter are being phased out., Some of these
records and reports are being replaced by a
monthly report sent to the ships from the main-
tenance data collection (MDC) center.

The MDC report contains information fur-
nished by the activity onthe 4700-2 seriesforms.
In order for the MDC report to be complete and
for each activity to have a complete record on
each piece of its equipment, every maintenance
action taken by the activity must be reported.

The MDC report must be kept by each activ-
ity in place of the records under the Current
Ships Maintenance Project (CSMP), such as the
Electronic Equipment History Card (NavShips
536), Repair Record Card (NavShips 529), Alter-
ation Record Card (NavShips 530), and the Record
of Field Changes (NavShips 537). The CSMP is
discussed briefly for those activities that have
not yet incorporated the 3-M system (or are in
the process).

CURRENT SHIP’S MAINTENANCE
PROJECT

The purpose of the CSMP hasbeento provide
an up-to-date record of maintenance, modifica-
tions, and repairs yet to be accomplished by
ship’s personnel or during availabilities. Some
ships may only be using part of the CSMP be-
cause of the implementation of the 3-M system.
The CSMP is comprised essentially of the fol-
lowing three card forms: repair record card
(NavShips 529), a blue card; alteration record
card (NavShips 530), which is pink; and the white
record of field changes (NavShips 537), As a
repair is required, an alteration approved, or a
field change authorized, the applicable card
should be completed and filed in the material
binder behind the appropriate history card. The
cards are of distinctive colors, and readily
direct attention to work outstanding.
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Repair Record Card

When a required repair cannot be accom-
plished immediately or is beyond the capacity
of ship’s force, a repair record card (NavShips
529) should be filled out and filed behind the
appropriate history card. Repair cardsfor work
beyond the capacity of ship’ s force shouldcontain
information that will be needed later for repair
requests for shipyard or tender work. Entering
complete data at the time the need for repair
becomes evident helps to guarantee successful
shipyard and tender availabilities.

Electronic Equipment History Card

The electronic equipment history card (Nav
Ships 536) is the basic material history card for
electronic equipment (where the 3-M System is
not installed). It provides for recording failures
and other pertinent information about equipment.
A separate card is prepared for each unit on
board; additional cards are added, if required,
All cards for a particular unit are transferred
with the unit when it is removed from the ship.

The heading of the card is so designed that
when the card is filledinproperly, alinecessary
information is readily available for completing
the upper part of the electronic equipment
failure/replacement report (DD-787). The head-
ing of the cardshouldbetyped, but entries on the
body of the card may be either typed or written
in ink or indelible pencil. Instructions must be
followed closely in filling in the form, a sample
of which is shown in figure 5-15.

Alteration Record Card

When an alteration is approved, an alteration
record card (NavShips 530) is filled out and filed
behind the history card for the equipment that
the alteration is to modify or replace. If the
alteration includesinstallation of new equipment,
the card should be placed in the binder where
the new history card eventuallyistobeinserted.
Usually, information to be supplied is self-
explanatory. An important consideration isade-
quate description of the alteration in the Work
Required section of the card.

Record of Field Changes

Information on field changes for electronic
equipment is recorded on the record of field
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Figure 5-15.—Electronic equipment history card (NavShips 536).

changes (NavShips 537). One of these cards is
prepared for each equipment and is filed in the
material history binder next to the history card
for that equipment. Without modification, an
equipment may be dangerously out of date and
subject to numerous serious difficulties. Lacking
a record of field changes, it is difficult to de-
termine what modifications (if any) have been
made. Information recorded on these cards is
therefore essential for routine maintenance, for
troubleshooting, and for ordering parts for
improved equipment.

Figure 5-16 illustrates a record of field
changes (NavShips 537). Spaces for equipment
model designation, serial number, date installed,
and card number are filled out by typing or
writing with ink or indelible pencil. The official
name and Navy type number (or other official
identification) of each component affected by a
field change should be shown parenthetically
after the title of a change.
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Record Retention Procedures

When CSMP work is completed, notations to
this effect should be entered on the material
history card and applicable CSMP cards. The
latter, with the exception of the record of field
changes, then should be removed and placedina
completed work section of the CSMP.

Electronic equipment history cards andrec-
ords of field changes remain with the equipment
referred to on the cards. If equipment is trans-
ferred, these cards are transferred with it, The
history card must remain with the equipment
throughout its normal service life. if an equip-
ment is processed through equipment restora-
tion procedures, a new history card replaces
the previous card.

ELECTRONICS REPORTS

Type commanders call for certain reports
such as ShipAlt completion reports, for pur-
poses of maintaining accurate data onequipment
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Figure 5-16.—Record of field changes (NavShips 537).

installed on the ships of a command. This in-
formation serves as the basis for a ship’s im-
provement program, operational data, and for
shipyard scheduling. The Naval Ship Systems
Command requires similar data, plus other
reports described here, which reveal the per-
formance of equipments, especially directed at
failures. From these data the Naval Ship Systems
Command can predict required stock levels of
parts to- be maintained, parts allowances for
individual ships, and changes to equipment to
improve performance and operation. The 3-M
system will eventually take over the function of
these reports.

Requirements for electronicsreportsandin-
structions for their use are listed in the follow-
ing references: type commander instructions
and directives; BuShips Technical Manual; Elec-
tronics Installation and Maintenance Book
(EIMB); and Reporting Electronics Equipment
Installations (NavShips 900,135).
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Ship Electronics Installation Reeord

The ship electronic installation record (Nav
Ships 4110), shown infigure 5-17, isaninventory
of a ship’s electronic equipment., It furnishes
the Naval Electronics Systems Command a
complete and current record of shipboard elec-
tronics installations and is a means of inform-
ing the Office of the Chief of Naval Operations,
fleet and type commanders, Electronic Supply
Office, and naval shipyards of electronics in-
stallations in the fleet. It serves as a basis for
determining electronics repair parts allowance
liste (ERPAL), and constitutes one of thefactors
entering into analyses of the fleet’s electronic
equipment and maintenance requirements. It
also is used in planning future overhauls; in
budgeting for, procuring, and distributing equip-
ment; and in planning deployment of ships.

It is obvious that an error in the inventory
(listing a wrong serial number, for example) is
reflected as a mistake in the ERPAL, resulting
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NAVSHIPS 4110 (REV. 2.59)
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35.82

Figure 5-17.—5hip electronics installation record (NavShips 4110).

first in inadequate or wrong repair parts sup-
port and, second, in improper test equipment
allowance. Inasmuch as the report is originated
by individual ships, the Naval Electronics Sys-
tems Command can do little, except during
regularly scheduled overhauls, to verify accu-
racy of the report. Responsibility therefore
rests with the ship, and it istothe ship’s benefit
to have changes and corrections submitted as
soon as they occur.

Details for preparing NavShips 4110 reports
are contained in Reporting Electronic Equipment
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Installations, NavShips 900,135. Only pertinent
extracts are given here. The person making the
report must use the referenced publication to
ensure complete adherence to procedures.
Whenever a major change is made ina ship’s
electronic installation, a corrected NavShips
4110 is submitted to the Naval Electronics Sys-
tems Command in order that itstabulations may
be transferred readily to the latest electronic
tabulating system. The record information is
punched on cards in such a manner thatit shows
not only what equipment is installed in each
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ship, but also what military requirement the
equipment fills or partly fills, and whether there
still are unfilled or partly filled military re-
quirements. The system has been expanded to
show also what equipment has beenallocated but
not yet installed.

In a concise manner, NavShips 4110 reveals
what equipment is on board, where it islocated,
and identifies its operating voltages, along with
other important information. For identification
purposes, coded letter and figures are used in
the several data columns. Meanings of these
codes (for each column) are given in the pre-
viously referenced NavShips 900,135,

Minor changes may be reported on NavShips
4263, a post card form (fig. 5-18). A minor
change is defined by the Naval Electronics
Systems Command as one that does not affect
military characteristics of the ship, such as
relocation of equipment or change in operating
voltage.

When a change in the electronics installation
is made by ship’s force, a tender, or shipyard,
the 4110 report must be revised tQ agree with
the changed installation. Necessary changes
must be noted on all copies, in red pencil or
red ink, and the date of the revision must be
indicated at the top of the form. One revised
copy is mailed to the Naval Electronics Systems
Command, Washington, D.C. Other revised
copies are returned to the ship’s files pending
receipt of reprinted copies. Upon receipt of the
reprinted copies, the filed revised copies are
destroyed after they are rechecked carefully
for accuracy by the ship.

In general, the cognizant systems command
does not reprint NavShips 4110 after receiving
a single minor change report from the ship, but
uses and files them until several are accumu-
lated.

A postoverhaul NavShips 4110 report is re-
quired 1 week before completion of a scheduled

U.S.S.
C/0 FLEET POST OFFICE

OFF ICIAL BUSINESS

POSTAGE AND FEES PAID

DEPARTMENT OF THE NAVY
BUREAU OF SHIPS - CODE 627B
WASHINGTON 25, D,

C:

NAVY DEPARTMENT

From: Commanding Officer

Uss
To: Chief, Bureau of Ships, Code €27B
Change/Insertion/Delete Serial No, |Location
NAVSHIPS 4110 DATED

REPORT BUSHIPS-9670-2

(Authorized Signature)

50.21

Figure 5-18.—~NavShips 4263, indicating minor change in ship electronic‘ installation.
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overhaul. The ship forwards to the cognizant
systems command a revised copy of the latest
NavShips 4110 report.

In summary, then, a ship’s responsibility
is to submit a corrected NavShips 4110 at least
1 week before completing an overhaul, as well
as when a major installation or removal is made
between overhauls. Minor changes occurring be-
tween overhauls must be reported promptly on
the NavShips 4263 post card form.

The Naval Electronics Systems Command is
responsible for publishing and distributing a
revised NavShips 4110 upon receipt of a post-
overhaul report from the ship, upon receipt of
reports of major changes made between over-
hauls, and 6 monthsbefore a regularly scheduled
overhaul. In preparing this preoverhaul issue,
the Naval Electronics Systems Command uses
the latest NavShips 4110 on file, consolidating
with it all minor changes reported to date. The
Command forwards the completed preoverhaul
NavShips 4110 to the ship, type commander,
overhaul shipyard, and the Electronics Supply
Office.

Electronic Performance and
Operational Report

The Naval Electronics Systems Command
must keep tabs on new (and modified) equip-
ments to evaluate their usefulness. This proce-
dure is accomplished with the electronic per-
formance and operational report (NavShips
3878), shown in figure 5-19. Reports are not
required to be submitted onall equipments. Only
those equipments currently listed in the Material
Command Instruction 9670.20 (as corrected by
the EIB) are to be reported. Equipment listings
in the EIB are changed periodically to delete
certain equipments and add others. At present
this report is made on only a few equipments.
All newly installed equipment must be reported
for 1 year: The 3-M system will eventually do
away with the need for this report.

Electronic Failure Reporting System

The electronic failure reporting system to
overcome serious shortcomings in data collected
under the system formerly used. Two major
advantages of the new failure reporting system
are reduction in fleet and shore station work-
load, and improved statistical and engineering
value of reports.
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Reports of failures in electronic equipments,
serve several excellent purposes. (1) Theypro-
vide the Systems Command with a comprehensive
presentation of the overall performance of
electronic material. (2) They point out the weak-
est circuit components of particular equipment.
(8) They are useful for calculating load lists
and repair parts requirements. (4) Because new
models (or modifications of older models)
usually are in some stage of development, prompt
receipt of failure reports enables the Systems
Command toinitiate immediate corrective action
to eliminate similar or related deficiencies in
subsequent production.

An efficient reporting system, sensitive to
failure or replacement trends of parts and
equipments, is required to provide information
needed to measure and improve equipment
reliability and maintainability, More reliable
and maintainable Navy electronic equipment can
result from data derived from this failure re-
porting program. Success of the program de-
pends, however, on basic data being presented
accurately and submitted rapidly by Navy per-
sonnel operating and maintaining the equipment.

The importance of reporting failures and
their causes cannot be stressed too highly,
particularly circumstances existing when fail-
ures occur under actual operating conditions.
Failure reports must be filled in completely
and in conformity with instructions accompany-
ing report forms. Many reports received by the
systems command are valuelessbecause theydo
not give essential information required by the
form or because information given is incom-
plete. When indicating the model or type of
equipment, include all significantnomenclature,
modification, letters, and numbers. To avoid
forwarding an incorrect stock number, check
the number against the FOCSL or allowance
parts list (APL).

GUARANTEES

An additional and important purpose served
by the failure reporting system is supplying
information for use in enforcing guarantees on
electronic material. When purchasing electronic
equipment, it is the practice of the Electronics
System Command in most instances to include
in the contract a guarantee covering design,
material, and manufacture of each set and their
components and parts. In recent contracts the
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procedure has been to require a 1-year guar-
antee, to become effective upon the date of ac-
ceptance by the Inspector of Naval Material.
This acceptance date (when available) and date
of installation should be entered in appropriate
logs, installation records, and equipment history
cards.

To obtain maximum protectionand effective-
ness under terms of contractual guarantee, itis
essential to report all failures promptly to the
appropriate systems command. Information for-
warded should be complete and described fully so
that the systems command can conduct an
analysis that will provide a basis for claim under
the guarantee. An activity reporting a defect or
failure may be requested to furnish additional
facts to enable the systems command to pursue
claims under contractual guarantees. The sys-
tems command provides instructions requiring
such information after analyzing the defects
reported.

Guarantees apply to replacements for parts,
units and sets, as well as to the originals. Re-
placements must therefore receive the same
consideration as original items regarding re-
cording dates of acceptance and periods of
service and reporting failures and defects
promptly.

REPAIR PROCELURES FOR REPAIR
SHIPS AND TENDERS

Whenever practicable, betweenregular over-
hauls, type commanders arrange routine upkeep
periods for their ships alongside a repair ship
or tender. (Normally they are of 2 weeks’ dura-
tion.) These intervals vary according to differ-
ent types of ships. Small ships, such as destroy-
ers, usually have an upkeep period every 6
months. Upkeepperiods are plannedto agree with
quarterly employment schedules of ships con-
cerned. Under normal conditions a ship knows
in advance when and where she will go alongside
a repair ship or tender.

Arrival Conference

When a ship arrives at a repair activity,
an arrival conference must be held promptly to
discuss work requested by the ship. This con-
ference is attended by representatives of the
ship, repair department, and (usually) type
commander. Relative needs of the ship and the
urgency of each job are discussed. Jobs that
are indefinitely stated in work requests are
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specifically defined and priorities are estab-
lished. In other words, the arrival conference
serves to clarify all uncertain items for the
repair activity, which receives and studies
work requests in advance.

PROGRESS OF WORK

As soon as work requests are approvedatan
arrival conference, jobs requiring delivery to a
tender should be started immediately. Getting
repair work started early is important for com-
pletion on schedule of all repair work.

- Progress of repair work should be checked
to be certain that (1) jobs are not delayed, (2)
no job is overlooked or forgotten, and (3) all
jobs undertaken are completed satisfactorily by
the end of an upkeep period.

Progress of repair work in radio spaces
should be known at all times by the leading
Radioman. He should keep a careful check and
estimate on the progress of ship’s force repair
work, and check on the progress of the tender
or repair ship detail.

Repair ships and tenders usually assign a
chief petty officer to be ship’s superintendent.
His duties regarding repair jobs are to act as
liaison between ships alongside and the tender
and coordinator of shop work for assigned ships;
report daily to a representative of the com-
manding officer of the ship to ensure that work
is progressing satisfactorily as far as the ship
is concerned; maintain a running daily progress
report or chart for each job, notify the ship to
pick up completed material on the tender; notify
ship’s personnel to witness tests on repaired
equipment; and, on completion of job orders,
obtain signatures from cognizant officers.

PROCEDURES FOR SUBMITTING
WORK REQUESTS

Procedures for submitting shipyard work
requests preceding a regular overhaul are laid
down (in general) in Navy Regulations and (in
detail) in fleet and type commander regulations.
In this topic, the method adopted by the Atlantic
Fleet is used as an example. (In the Pacific
Fleet, the procedure for submitting shipyard
work requests differs somewhat in detail. Each
item of work is submitted on a separate work
request form, with sufficient copies. The sheaf
of work requests is accompanied by a priority
list.)
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Figure 5-19.—Electronic performance and operational report (NavShips 3878).
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Figure 5-19.—Electronic performance and operational report (NavShips 3878)—Continued.
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Commanding officers are required to submit
their naval shipyard work lists to the type
commander 60 days before a scheduled over-
haul. After the type commander carefully in-
spects these lists, various items are approved,
disapproved, changed, or corrected in accord-
ance with standard repair policies. Lists then
are forwarded to the shipyard no less than 30
days before starting the overhaul.

Ships having mimeograph machines are re-
quired to submit 30 copies of the work lists;
others, an original and 6 copies. A separate
(departmental) work list is made out for each
of the following headings: hull, engineering
(mechanical), engineering (electrical), elec-
tronics, and ordnance.

Items of work are recorded inrelative order
of priority for each work list of groups listed.
After work lists are completed, a ship’s priority
index is prepared. Usually this priority indexis
made up in a conference of all heads of depart-
ments and the executive officer. From individual
repair lists various items are selected and are
assigned in an overall order of priority for the
ship.

Certain procedures are observed in making
out a departmental work request list. Some type
commanders require that each work item be
submitted in the following form and contain in-
formation designated.

1. Description of item, including location,
nameplate data, and (where applicable) plan
numbers.

2. Report of existing defects in the item to
be repaired.

3. Complete and full description of repairs
required to place item in satisfactory operating
condition.

4. Reference toauthorizing correspondence,
where applicable.

5. Stipulation whether ship-to-shop or other
assistance is to be provided by ship’s force.

6. Ship’s inspecting officer or petty officer.
(Per sons named should have detailed informa-
tion concerning repair item.)

SUPPLEMENTARY WORK REQUESTS

Supplementary work requests sometimes
must be prepared in order to include items that
arise after submitting original lists. Additional
repairs may be required because of recentvoy-
age casualties or because of conditions dis-
covered during shipyard tests and inspections.
In submitting a supplementary list, the same
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procedure must be followed as for original
lists. Supplements are dovetailed into a ship’s
priority index.

In the period (approximately 3 months) be-
tween submitting original work lists and ship’s
arrival at a shipyard, unforeseen difficulties
might arise, necessitating shipyard repairs. In
such situations, an additional repair list, called
the first supplement, must be prepared ahead of
ship’s arrival at the yard (if possible).

In accordance with an established procedure,
and as requested by the ship, a naval shipyard
holds numerous tests and inspections of equip-
ment. These tests and inspections may disclose
some additional repair items. When theseinitial
tests and inspections are completed, a supple-
mentary repair list is made out to cover any
defects discovered. This repair list is called
(as applicable) the first or second supplement.

Except the two instances mentioned, there
ordinarily should be no further need for sub-
mitting supplementary repair items. In other
words, all items requiring shipyard repairs
should be written up and submitted before a
ship arrives in the yard—not after she is in the
yard for some period of time. In most instances,
other last-minute repair jobs indicate a ship’s
maintenance program is inadequate, her CSMP
recordkeeping is incomplete or not up to date,
or that there is a lack of experience or knowl-
edge in submitting a complete list of repair
items for a shipyard overhaul.

Supplementary work lists sometimes are
needed when many repair jobs are assigned
for ship’s force accomplishment, because of
limitation of funds available for an overhaul
period. After starting a repair job, for example,
it may become evident that satisfactory repairs
are beyond ship’s force capacity. A request
must then be made for the yard to make the
repairs. To avoid such a difficulty, jobs of this
type are written up preferably as ship-to-shop
jobs. To illustrate, ship’s force disassembles,
assembles, and tests equipment, and the ship-
yard performs the needed repair work.

120-Day Letter

Alterations for accomplishment are author-
ized through the medium of the 120-day letter.
The term ‘“120-day letter’’ is derived from the
requirement that directs its issue in sufficient
time to be received by action addressees 120
days in advance of the scheduled beginning date
for overhaul of a ship.
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The 120-day letter is issued by Naval Ship
Systems Command. It notifies the cognizant type
commander, planning yard, and other interested
activities of the specific ship alterations, under
material command cognizance, to be accom-
plished during the overhaul period. It normally
includes the following information: work author-
ized; available funds; materials required; plans
for accomplishing specified work; operating
schedule of ship; and status of ShipAlts that
already may have been started and if any mate-
rial is aboard for the ShipAlts authorized.

INSPECTION DUTIES OF SHIP’S FORCE

Inspection of work performed by a repair
activity for a ship is the responsibility of both
repair activity and ship. A repair activity makes
inspections that will ensure proper execution of
the work and adherence to prescribed specifica-
tions and methods. A ship makes any inspections
that are necessary, both during its progress
and upon completion, to determine if work is
satisfactory.

The leading Radioman should schedule his
work in such a manner that he is free at all
times to inspect,and check progress of shipyard
work going on in his spaces or being performed
on equipment for which he has responsibility of
maintenance and upkeep. Before the job is con-
sidered fully completed, a check should be made
to see if any required tests are made by the
shipyard. Any tests that must be made by yard
personnel are listed on the naval shipyard job
order.

If any unsatisfactory work isbeing performed
by shipyard personnel, leading RMs should
follow instructions put out by the ship’s engineer
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officer. Talking over the problem in a friendly
manner with workmen usually solves any diffi-
culty. It it doesn’t, the division officer should
be notified, and he should requestthe operations
officer to take up problems of unsatisfactory
work with the ship’s superintendent.

In many ships it is customary for the divi-
sion officer or operations officer to check with
the leading petty officer before he signs off a
job order as completed. By continuous inspec-
tion of shipyard work and checking off jobs
completed satisfactorily, required information
can be supplied promptly.

YOUR JOB IN SUPPLY

All naval personnel should possessageneral
knowledge of principles of the Navy’s present
supply system, in order to utilize the system
fully and correctly. Of primary significance,
also, administrative and supervisory personnel
must have a soundworking knowledge of methods
used to obtain and properly account for their
particular supplies.

A Radioman First or Chief is instrumental
in seeing that repair parts and other material
are available in adequate supply. He also helps
in planning for future needs. In general, these
are main responsibilities concerning supply.
Military Requirements for Petty Officers1 & C
has an entire chapter on supply, and tells what
the leading RM should know and be able to do in
fulfilling this part of his job. Coverage includes
departmental budgets, materidl identification,
estimating needs, procurement, receiving and
inspecting, custody and storage, inventory, and
expenditure of material—including surveys.




CHAPTER 6

TYPES OF COMMUNICATION LINKS

This chapter is designed to show how the
Naval Communication System links its various
ships and stations in order to provide a con-
tinuous flow of information from the smallest
unit at sea to major ¢ommands ashore. All
methods employed in setting up a complex
communication system are discussed.

NARROWBAND AND WIDEBAND
TRANSMISSION SYSTEMS

The terms ‘‘narrowband’’ and ‘‘wideband’’
refer to the bandwidth of a transmission system
and the number of channels utilized in trans-

mitting messages—in other words, the
information-carrying capacity of atransmission
system.

Narrowband transmission systems consist
of a group of facilities (or subsystems) whose
information-carrying bandwidth is 4 voice chan-
nels or fewer. Narrowband systems include
high-frequency radio (single sideband and in-
dependent sideband) and landlines.

Wideband transmission systems consist of a
group of transmission facilities having an
information-carrying bandwidth of more than 4
voice channels, regardless of transmission
means or frequency utilized. Bandwidth and
number of voice channels used depend on the
type of system. Links carrying 1800 voice
channels through a single transmitter and re-
ceiver are available. Included in wideband sys-
tems are forward propagation tropospheric
scatter (FPTS), microwave, and cable systems.

In the past and, to a large degree, in the
present, narrowband systems are (and have
been) the main link between communication
facilities. Although wideband systems are more
desirable than narrowband systems, their usage
is limited because of an overcrowded frequency
spectrum. As technical advances in equipment
and systems are devised and economical use
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of the frequency spectrum is solved, increased
use of wideband systems is expected.

The rest of this chapter is concerned with
different types of links in use today, and how
they are used within the overall communication
system. These links fall into one of the systems
mentioned earlier. Most often the primary link
between communication facilities is audio cable,
microwave, or HF radio circuits. The type of
link used is determined by service desired,
amount of message traffic to be handled, and
overall cost to the Navy.

LANDLINES

Seldom is a Radioman called on to work
directly with landlines. Almost all landlines
used by the Navy are leased. When it is deter-
mined to link one place with another, the tele-
phone company serving the area is notified re-
garding the type of circuit and kind of service
desired. Proper selection of landlines (if used)
is made by the telephone company.

Perhaps the onlytime a Radioman encounters
landlines is when he has to patch teletype cir-
cuits from one pair of lines to another. Depend-
ing on the type of installation, these circuits
may either be d-c lines or audio lines. Patching
usually is accomplished at a control center of a
Navy communication station or in the communi-
cation control link (CCL) of a tributary station.

DIRECT CURRENT (D-C) LANDLINES

A d-c landline circuit (as it appears in a
CCL) consists of a pair of wires between two
terminals. A d-c battery, supplied by either the
terminal equipmentor aseparatedd-clinepower
supply, is connected in series with the circuit.
These lines are used for controlling different
types of equipment, such as keying a transmitter,
and for short-haul teletype circuits. In some
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instances they are used as secondary or backup
circuits for primary microwave circuits that
link different sites of a naval communication
station. Some tributary stations of a NavComm-
Sta may have d-c landlines as their primary
teletype circuit and also may have them for
remote keying of CommsSta transmitters.

AUDIOFREQUENCY LANDLINES

Audiofrequency landlines (as they appear in
a CCL) are pairs of wire used for handling tone
teletype equipment. Each end of alineis termi-
nated to an audio transformer to givethecircuit
a 600-ohm impedance with a 3-kc bandpass.
One pair of lines is capable of carryingup to 16
teletype channels. Because these lines are en-
gineered to handle a 3-kc bandpass at audio-
frequencies, they are considered to be in the
narrowband system. When telephone companies
pick up these lines, they usually aretransferred
to a carrier system.

LEASED LINES AND CIRCUITS

Telephone companies use many types of
circuits and systems in handling their vast
telephone and telegraph network. Each circuit
is engineered to meet specifications of individual
users. In general, these circuits and systems
can be classified as landline types, two-wire
and four-wire circuits, audio systems, and
carrier systems.

Landline Types

Landline systems that carry various circuits
are further broken down into four types oflines;
open wire, wire cable pairs, coaxial cable, and
submarine cable. All four of these lines are
capable of handling all circuits and systems in
use today.

OPEN WIRE. —Open-wire lines are the fa-
miliar wires seen on telephone pole crossarms
along highways. Wires of each pair and each
pair of wires are spaced a certain distance
apart, depending on the type of circuit and sys-
tem used. If more than one crossarm is used,
distance between them is also made to acertain
length. These distances are determined by
frequency (audio and/or carrier systems) of
circuits, and are set to certain specifications
to help eliminate crosstalk.

WIRE CABLE PAIRS.—Use of cables came
about because of unsightly congestion resulting
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from overhead wires, especially in cities.
Underground wire cables are less vulnerable to
storms and other weather conditions. During
wartime they also are less susceptible to sabo-
tage and enemy attack.

Wire cables are made up of many pairs of
wires insulated in such a way as to prevent
crosstalk between various circuits in the cable.
Insulation covering each wire (or each pair of
wires) is ‘a different color. This color coding
makes it easy to keep circuits separated when
connecting them to terminal points.

Open-wire systems are terminated at a pole
on the outskirts of towns and cities. They are
connected to cable conductors extending from
the terminal pole to the central office of the
city. Because of difference in size of wire used
on the two types of systems, cable conductors
are designed so that their impedance matches
open wire impedance. In numerous situations,
such as river crossings, it is necessary to in-
sert relatively short lengths of cable in long
open-wire line.

COAXIAL CABLE.-=Today, nearly 30 per-
cent of all communication services flow over a
coast-to-coast coaxial cable network. This per-
centage is destined to increase in the future,
along with usage of itsnewer companion, micro-
wave (discussed later). Together, they will
replace older open-wire and cable circuits.
Coaxial cable falls into the wideband group of
communication systems.

Modern coaxial conductors are constructed
chiefly of 3/8-inch copper tubing. Exactly in
the center, a No. 10 gage copper wireis held by
small plastic disk insulators spaced about 1
inch apart. Both the outer conducting tube and
the wire have the same center or axis, hence
the name coaxial.  In some types of coaxial
conductors, insulation between these two con-
ductors is made of a solid dielectric material.
Both types of conductors are shown in figure
6-1.

Coaxial conductors are made up into cables,
with eight or more coaxials arranged in a tight
ring. Also contained withinthe cable are a num-
ber of paper- or polyethylene-insulated wires
used for control, maintenance, and short-
distance communications. Air or nitrogen gas
is introduced under pressure into coaxial cable
in spaces between tubes and wires. The air or
gas keeps out moisture and alsoaids in detecting
any damage that may occur to thecable. Figure
6-2 shows an 8-tube coaxial cable. New systems
use cables containing 20 coaxial tubes.
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Figure 6-1.—Coaxial conductors.

SUBMARINE CABLE.—Because submarine
cable now reaches almost every continent, it is
possible to contact nearly every part of the world
without using radio as alink, Until 1956 existing
telegraph cables could not carry voice circuits.
Since 1956 several cables have been laid that
can carry up to 128 voice channels. Figure 6-3
shows telephone cables that now are operating
and some that are planned or under construc-
tion.

The first telephone cable had external armor
for strength and protection, and its flexible one-
way amplifiers or repeaters were spaced about
40 miles apart. Power for these repeaters was
fed from terminals. Improvements in this sys-
tem increased its capacity from 36 to 48 cir-
cuits.

A newer type of cable and improved ampli-
fiers brought circuit capacity up to 128 circuits.
New cable, constructed in a manner that makes
it stronger, employs two-way amplifiers spaced
about 20 miles apart. Both types of cable are
shown in figure 6-4.
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29.226
Figure 6-2.—Eight-tube coaxial cable.

Types of Telephone Transmission Systems

The various kinds of line facilities and
apparatus described so far are, in practice,
applied to developing several distinct types of
long-distance circuits. Such circuits may be
broadly classified as between those operating
at voice frequencies and circuits that operate
at higher (carrier or radio) frequencies. In the
former group are ordinary two-wire circuits,
which employ a single pair of open-wire or cable
conductors as their transmitting medium, as is
the general practice with most local and short-
haul service. These two-wirecircuits are com-
parable to the Navy’s simplex or half-duplex
circuits. The voice frequency group aldo in-
cludes the four-wire cable circuits in which a
separate pair of cable conductors is used for
transmission in each direction. These four-
wire circuits can be compared to the Navy’s
full duplex circuits.

Except where coaxial cable is used, carrier
circuits employ the same (or similar) kinds of
wire facilities for transmission as dovoice fre-
quency circuits. Both circuits must have ampli-
fiers or repeaters at regular intervals along
the line.

It is impossible to make anunqualified state-
ment concerning particular situations in which
each type of circuit may be best applied in
practice. Ingeneral, however,two-wire circuits
commonly are wused for relatively short
distances—not more than a few hundred miles.
Four-wire cable circuits are for somewhat
longer distances. Landline carrier or micro-
wave circuits ordinarily are utilized for longest




€6

{CELAND

ATLANTIC AREA

TS PP
i

o s RRART

AT

WIDEMOUTH

7

TN

0'0 0

LEGEND

CABLE IN SERVICE

BRITISH COMMONWEALTH CABLE

CABLE UNDER CONSTRUCTION OR PLANED

“*OVER-THE-HORIZON'* RADIO IN SERVICE

“OVER-TH-HORIZON'' RADIO PLANNED

U.S. OVERSEAS GATEWAY

ICECAN-SCOTIC

RADIO RELAY

RADIO

MIDWAY

CARIBBEAN
and SOUTH
AMERICAN
AREA

(ST. THOMAS
R 'y
SAN JUAN o8

0
,ANTIGusg
(]

/7. Lucia
BARBADOS @
v o

50.140

Figure 6-3.—Submarine cable in operation and planned or under construction.

S3INIT NOLLVOINANWNOD 40 SAdAL—9 J91dey)

et AR o et e A s, e e e



ot e e i S L L e

RADIOMAN 1 & C

TOP—A SECTION OF DEEP SEA CABLE USED IN
THE TRANSATLANTIC SYSTEM PLACED IN 1956,

BELOW~THE TYPE UTILIZED IN THE SYSTEMS
LLAID IN 1963.
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Figure 6-4.—Two types of submarine cable.

distances, although their use is not limited to
such application.

AUDIO SYSTEMS. —Audio systems used by
telephone companies can be compared to audio
lines terminating in a CCL. Each pair of lines
carries atelephone conversation at the frequency
of the participants, i.e. audiofrequencies. By
using terminal equipment similar to the Navy’s
equipment, telephone companies can put twelve
100-wpm teletype circuits on one voice or audio
channel.

An early development, called a phantom cir-
cuit, was used on open-wire lines. It enabled
use of three circuits on one pair of lines. Fig-
ure 6-5 shows a phantom group. Akey to proper
operation of a phantom group is the precision
with which line wires and coils are balanced.
Any unbalance permits currents from side
circuits to leak intothe phantom (and vice versa).
These unwanted currents make circuits noisy.
In severe cases, they actually allow a conversa-
tion on one circuit to be heard on others. This
phenomenon is called crosstalk.

Audio systems are not used to a great extent
in present-day communications except for some
local and short-haul circuits.

CARRIER SYSTEMS. —Carrier systems used
by telephone companies are carrier frequencies
that are modulated by information to be trans-
mitted. Various modulation means used, that a
Radioman is already familiar with, include
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amplitude modulation (a-m) and frequency mod-
ulation (f-m).

When carrier systems were first used, cost
of equipment and installations was high. For
economy of use, therefore, it had to be used on
long circuits where equipment costs were less
than the price of additional wires on the line.

As new techniques were developed and better
equipment was built, the number of carrier
systems increased. They were progressively
used for shorter distances.

Many types of carrier systems are in use
today. The time division multiplex process and
frequency division multiplex equipment used on
these carrier systems are similar to systems
used by the Navy. Some of the Navy’s carrier
equipment is discussed in chapter 10.

RADIO

Until comparatively recently, the term
“‘radio communications’’ brought to mind one of
two or even three types of circuits: telegraphy,
or c-w as it is commonly called by communica-
tors, using the ever-reliable Morse code; a-m
voice communications, for short-haul voice cir-
cuits; and possibly teletypewriter communica-
tions. Anyone passing a radio shack heard the
familiar sound of Morse code; a Radioman
sitting at an operating position with a pair of
earphones on his head was a common sight.

Communications has come a long way since
then—no longer is Morse code a familiar sound;
it has been replaced by teletypewriter clatter
and the buzz of Radiomen handling an ever-
increasing volume of message traffic. Instead
of talking about telegraph keys and earphones, a
Radioman now speaks of TDs, reperfs, andtele-
type channels. Although c-w circuits have been
pushed to the background in favor of single
sideband circuits, microwave, and even satellite
circuits, they still are in usetoday, and at times
afford the most reliable means of communica-
tions.

CONTINUOUS-WAVE TRANSMISSION

Continuous-wave (c-w) is the on-off keying
of a carrier frequency of a transmitter in such
a way as to form a code that can be translated
into a readable intelligence. International
Morse code is the most common type of c-w
transmission.
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Figure 6-5.—Phantom group circuit. Two physical circuits (1) and
(3) on either side of phantom circuit (2).

Many ship-shore and broadcast circuits still
use the c-w system. It still is considered the
best method for penetrating heavy atmospheric
disturbances, especially in the far northern and
southern hemispheres. Occasionally the c-w
method is used for order-wire circuits between
communication stations. Practically all com-
munication plans make provision for at least
one c-w circuit for emergency backup of pri-
mary teletype circuits.

AMPLITUDE-MODULATED TRANSMISSION

Amplitude-modulation (a-m) transmissionis
used with all four major means of communica-
tions—c-w, voice, teletype, and facsimile.

Amplitude modulation is aprocess of varying
amplitude of a carrier frequency by other fre-
. quencies (usually audio) or by applying varying
amounts of d-c¢ voltage. The a-m voice circuits
are used for UHF tactical nets and for harbor
common nets. Occasionally, amplitude-

modulation is used for long-haul voice circuits.

In tactical situations, commanders of dif-
ferent units find that UHF a-m nets are an ef-
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fective means of communications. These nets
give direct communications between command-
ers, assuring speed and accuracy in handhng
tactical maneuvers.

Some teletype circuits also use UHF a-m for
short-distance = communications.  Amplitude
modulation is also used on many single-channel
ship-to-shore circuits. By using time division
multiplex (MUX) equipment, up to four teletype
channels can be transmitted by amplitude mod-
ulation.

Current/no-current teletype signals are fed
into a keyer unit, which changes them to tone
signals. These tone signals are senttoa trans-
mitter where they modulate the carrier, from
which they are sent out on the air.

Facsimile modulates the carrier by using
varying amounts of d-c voltage. Zero volts is
white, with no modulation of the carrier; ap-
proximately 12 volts is black, and gives maxi-
mum modulation of the carrier. Different
amounts of d-c voltage between 0 and 12 volts
furnish the shades between black and white.
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SINGLE-SIDEBAND TRANSMISSION

Single-sideband (SSB) transmission is the
most common link used today. It is being ap-
plied to many circuits that previously operated
on amplitude modulation. Many UHF circuits
are expected to utilize SSB in the near future.
Chapter 11 tells what SSBis and how it operates.
This chapter discusses where and how it works.

SSB Voice Circuits

Single sideband communications are grad-
ually replacing many voice circuits that have
been using amplitude modulation.

The high command net (HICOM) uses SSB as
a means of communications between fleet com-
manders, and between fleet commanders and
subordinate and adjacent commands.

Whenever special voice circuits are neces-
sary, either between shore activities or ships
and shore activities, SSB is selected because it
is less susceptible to atmospheric interference
than amplitude modulation. Often, SSB is used
for voice order-wire circuits between NavComm
Stas.

As mentioned earlier, UHF circuits are
starting to use SSB as the means of transmis-
sion. Moreover, SSB circuits are being adapted
to existing UHF equipment. Other applications
of UHF SSB circuits, besides voice circuits,
are discussed later.

SSB Teletype Circuits

With few exceptions, SSB is used on all ex-

isting long-haul teletype circuits. It is alsoused’

on ship-shore circuits, as well as on ship-ship
teletype circuits. Most of these systems are
now covered circuits; that is, an electronic
cryptodevice on either end of the circuit auto-
matically encrypts and decrypts message traffic.
These devices are used on point-to-point, ship-
shore, ship-ship, and broadcast circuits.
SHIP-SHIP SSB TELETYPE CIRCUITS.—
Although ship-ship SSB teletype circuits are
not in wide use, they will be used more often
as equipment becomes available and as their
advantages become known. Their mainapplica-
tion is for task force or task group nets or
several ships in company. By using this type
of net, ships can send their outgoing messages
to a guardship from which traffic can be re-
layed ashore. This procedure saves manpower,
circuit time, prevents individual ships from
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overcrowding ship-shore circuits, and saves
usage of the frequency spectrum. Depending on
the number and types of ships in company, the
guard can be shifted to other ships from time
to time. A major advantage of these circuits is
that electronic cryptodevices can be used so that
classified messages can be sent without need
for manual encryption. These circuits areused
for incoming as well as outgoing traffic, and
they can use either HF or UHF.

SHIP-SHORE SSB TELETYPE CIRCUITS. —
Many ships handle enough message traffic that
a continuous ship-shore teletype circuit is
justified. Depending on traffic load, these cir-
cuits can be from one to four teletype channels
on one SSB circuit. If the traffic load warrants
more than one teletype channel, usually time
division multiplex (MUX) or frequency division
multiplex is used. This equipment handlesupto
four incoming and four outgoing channels. One
channel normally is used as an order-wire cir-
cuit for handling operator-to-operator proce-
dure messages and for making frequency changes
when necessary. Three remaining channels are
available for handling official message traffic.

POINT-TO-POINT TELETYPE CIRCUITS. —
Most point-to-point long-haul circuits between
naval communication stations need more chan-
nels than SSB can provide. To compensate for
the deficiency, independent sideband (ISB) trans-
mission, which is similar to SSB, is used. In
ISB, instead of suppressing the carrier and
filtering out a sideband, only the carrier is
suppressed. Both sidebands are used, and are
split into two 3-kec audio channels, as shown in
figure 6-6. Each audio channel may carry
different intelligence.

By using frequency division multiplex equip-
ment, 16 teletype channels can be put into each
of the 3-kc audio channels, giving a possible
total of 64 teletype channels on one ISB circuit.

Usually, only one or two audio channels are
I'_“C—"l
AUDIO
P e
!‘ 6KC *! ! 6KC r!
!4 12KC J,
50.145

Figure 6-6.—Radiofrequency—ISB channel and
frequency bandwidth.
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used for teletype. Other channels are available
for voice and/or facsimile, depending on the
needs of participating stations. Figure 6-7 is a
simplified diagram of how one ISB circuit may
be used. Chapter 11 briefly describes one of
the frequency division multiplex equipments,
the UCC-1.

MICROWAVE TRANSMISSION

Microwave is a line-of-sight radio trans-
mission system. Line-of-sight systems are
made up of one or more links havinga clear path
between antennas at the ends of a link. Usually
frequencies used are above 900 mc. In the
Naval Communication System, three equipments
currently in use are the UQ, operating between
1700 and 1850 mc; AN/FRC-37 system, oper-
ating between 1700 and 2400 mc; and AN/ FRC-84
system, operating between 7125 and 7750 mc.
Wideband transmission, suitable for 24 to 600

TTY FSK

voice channels, has been obtained by proper
system planning.

At frequencies mentioned, wavelengths be-
come short, and propagation of the r-f energy
becomes remarkably similar to that of light
energy. It thus becomes practicable at micro-
wave frequencies to use high-gain antennas that
resemble reflectors used insearchlights. These
antennas concentrate energy into a narrowbeam
in the same manner as light energy. With the
beam directed in the desired direction, it can
be seen that a much larger signal arrives at the
receiving antenna than would happen with anon-
directional antenna. Figure 6-8 depicts a
parabolic antenna that is used for transmission
and reception of microwave electromagnetic
energy.

Terrain determines the length of a single link.
In actual practice, transmit and receive antennas
can be separated by a slightly greater distance
than the actual horizon-to-horizon line-of-sight
distance, due to refraction of the microwave

CHANNELS
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16TTY =
CHANNELS = DIVISION
INPUT ] IS8
=] MULTIPLEX
= TRANSMITTER
3975 CPS
C(léTTELS)
HANN
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MULTIPLEXER
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6 KC md
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Figure 6-7.=Typical ISB circuit.
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Figure 6-8.—Microwave antenna.

beam by the atmosphere. Most systems are
composed of links of 30 miles or less, except
where especially favorable sites can be found.
Repeater stations may be used to connect one
link to another to form long chains, thereby
setting up long paths for many voice channels
where needed. Chains of more than 40 links,
for example, cross the United States carrying
voice, teletype, and television signals.

Microwave links are often used for carrying
signals from a portion of anaval communication
station to another; from and to the transmitter
and receiver sites to the main station, for ex-
ample.

Some of the long-haul circuits the Navy
leases from AT&T may go by microwave from
one part of the United States to another.

Microwave radio link systems have the ad-
vantage of greater flexibility, economy of oper-
ation, and almost complete independence over
weather conditions. They have excellent re-
liability (over 99 percent), extremely wide
information-carrying bandwidth, good resist-
ance to interference, and low power require-
ments. Limitations are that they require a
relatively large portion of the frequency spec-
trum, and a short range.

Usually microwave radio is used where large
channel capacity is required, links are relatively
short, and where it is more difficult or costly
to install cable.

SCATTER TRANSMISSION

Forward propagation scatter transmission
is a point-to-point method of HF or UHF radio
communications. It permits reliable multi-
channel telephone, teletype, and data transmis-
sion out to a range of 400 miles.
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Two types of scatter systems that have been
used are ionospheric andtropospheric. Because
of greater capacity and reliability, only the
tropospheric system is now being used.

Forward propagation ionospheric scatter
(FPIS), a system using HF range, utilizes SSB
or ISB. A transmitted signal is beamed at the
ionosphere where it is scattered in a forward
direction. A receiving antenna is beamed at the
same point in space to receive the signal. Be-
cause of its limited bandwidth, relatively high-
power requirements, and crowded HF spectrum,
this system is not used extensively.

Forward Propagation Tropospheric
Scatter (FPTS)

Numerous communication networks now in
operation, extending for thousands of miles,
utilize ‘‘tropo’’ terminals with hops of 300 miles
or more. These relay hops are accomplished
by using both transmitting and receiving equip-
ment and antennas at each terminal. At the
initial transmitting point, many separate tele-
phone conversations and teletype circuits are
combined into a single radio signal. Afeedhorn
on a tower beams the signal out toward the hori-
zon similar to a huge, precisely aimed search-
light. A minute reflected portion of the signal
is picked up by a parabolic receiving antenna
well over the horizon. There it is reamplified
and sent on its way again, if necessary, for
another leap over the horizon toward its desti-
nation at the other end of the circuit.

Tropo has many advantages over other
methods of long-distance communications. Be-
sides greater economy in areas where construc-
tion and maintenance present problems, it is
relatively free of atmospheric interferences
that affect other transmission methods.

Tropospheric scatter transmission operates -
in the UHF band, using f-m transmission. The
troposphere isthelowest area of the atmosphere,
extending from the ground to a height of approxi-
mately 6 miles. Above this area are the
stratosphere and the ionosphere.

Almost all weather phenomena occur in the
tropospheric area. The troposphere itself is
made of various layers similar to the entire
atmosphere. Within the troposphere, these
layers are sharply defined, differing in tem-
perature and moisture content. Because these
layers are shifting constantly, the refractive
index for any one area of the troposphere
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changes. Boundaries between layers act as re-
flecting surfaces. The present theoryisthatthe
phenomenon of refraction and reflection within
the troposphere makes possible the scatter
system of transmission. Part of a radio signal
beamed upward through the troposphere goes
through a complex series of partial refraction
and reflection, causing most of the energy to be
scattered in all directions and become partially
diffused. Figure 6-9 shows how this refraction/
reflection change might take place.

A receiving antenna, beamed at the same
point in the troposphere as the transmitting
antenna, will pick up enough transmitted energy
to make it useful. For any particular trans-
mitter power and a given antenna size, anaver-
age received signal depends on beam (scatter)
angle, distance between stations, frequency
used, and weather conditions at the midpoint
of the radio path (fig. 6-10).

To obtain optimum results, high-power
transmitters are used, and antennas range in

size from 8 feet in diameter for mobile use to
120 feet for fixed installations. Output power,
size of antenna, and frequency used depend on
the type of circuit desired.

Scatter angle influences the amount of re-
ceived signal. Better receptionis obtained when
scatter angle is kept to a minimum. The take-~
off angle of transmitter and receiver antennas
is made as low as permissible by local terrain
and general geographical location.

The received signal of scattered energy
varies extensively, causing conditions of fast
and slow fading. Fast fading, caused by multi-
path transmission,. exists for short intervals.
Slow fading usually extends over several hours
and is brought about by changes in refractive
properties of the troposphere. Seasonal varia-
tion in signal strength also is experienced. Re~
ceived signal level is lower during the worst
month of the winter season, and higher during
the best month of the summer season. Another
factor is that communication paths in tropical

)
TRANSMITTING
SITE
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Figure 6-9.—Scattered radio signal—shaded area is a beamed signal. Lines within the beam
show a simplified idea of how the signal is partially refracted and reflected.
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or temperate zones are somewhat better in
yearly average signal level than those in higher
latitudes.

To obtain a steady signal, energy combined
from a number of fluctuating signals is used in
a diversity system. Some or all of the following
methods are used to obtain a steady signal over
different paths that fade and varyindependently.

® Space diversity: Receiving antennas sep-
arated by 50 wavelengths or more at the signal
frequency. (Usually 10 to 200 feet is sufficient.)

e Frequency diversity: Transmission on
different frequencies fades independently, even
when transmitted and received throughthe same
antennas.

® Angle diversity: Two feedhorns produce
two beams from the same reflector at slightly
different angles. This arrangement results in
two paths based on illuminating different scatter
volumes in the troposphere.

The number of channels that can be trans-
mitted over a given link depends on the degree
of distortion the particular circuit can accept.
For links that are part of long-haul telephone
systems, distortion must be kept to aminimum.
Typical tropospheric scatter link capacities
are given in the accompanying list.
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Distance No. voice channels
0-100 miles To 252
100-200 miles To 132
200-300 miles To 72
Over 300 miles 12-24 (quality usually
limited)

SATELLITE COMMUNICATIONS

The United States has no military communi-
cation satellites in operational status at the
present time. Those presently used are still in
experimental stages. One satellite system isin
regular commercial use.

Satellite communications will form a part of
long-haul links between switching centers. These
links will employ satellites in addition to other
forms of existing communication media—HF
radio, tropospheric scatter, landline, cable, and
line-of-sight microwave. In this initial stage,
satellite trunks will be in parallel with trunks
provided by more conventional means of com-
munication. They will provide added capacity
between various points in the network and, be-
cause satellite links will continue in operation
under conditions that will render other media
inoperable, satellite trunks also will furnish
the important reliability factor necessary to
military communications.
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As techniques of satellite communications
evolve and are perfected, satellite communica-
tions can be expected to provide the major part
of all intercontinental links in the DCS. Their
particular advantages in terms of flexibility and
survivability, which increase dramatically in
proportion to the number of satellites in use,
will predictably establish communication satel-
lites as a major factor in the system.

Further application will result from ex-
istence of satellites in sufficient number to
satisfy long-haul requirements. Once thesere-
quirements are achieved, use of satellites will
be economically justifiable on shorter links also.

Since 1958 a number of satellites, including
the moon, have been used successfully for com-
munications. Project Score was the first satel-
lite designed purely for communication pur-
poses. In 1959 the moon was successfully used
for communications between Washington and
Hawaii.

Satellites are of two different types, and
there are two different ways of orbiting them.
Each type has advantages and disadvantages, as
well as a distinct application in satellite com-
munications.

Types of Satellites

Satellites used for communications are of
two basic types: active or passive.

Active satellites incorporate some device to
either amplify, or otherwise change, and re-
broadcast the signal they receive. The store-
and-forward type of active satellite receives
message traffic as it passes over one station,
records it, and retransmits traffic as it passes
over another station. The real-time type of
active satellite receives signals from one sta-
tion, amplifies the signal, and retransmits it
directly to another station. In a much over-
simplified parallel, these active types perform
the same general function in a satellite com-
munication system as a repeater in amicrowave
relay link.

Passive satellites do not include electronic
equipment for purposes of augmenting or ma-
nipulating signals transmitted over the link.
They provide a reflective surface against which
radio waves are bounced. Again, in simple
terms, the function performed by passive satel -
lites is similartothat ofthetropospherein scat-
ter propagation.

Satellite Orbits

Satellites are placed in one of two different
orbits—random or synchronous. A synchronous
orbit is one over the equator at such height and
speed that the satellite is synchronized with the
rotation of the earth and consequently appears
to hang motionless over a point on the earth’s
surface. Random orbits actually take in all
other satellite orbits achieved. They may vary
from low-altitude to extremely high-altitude
orbits, polar to equatorial and from nearly
circular to extremely eccentric.

DCS AUTOMATIC DIGITAL
INTEGRATED NETWORK

The DCS automatic digital integrated network
(AUTODIN) is a fully automatic digital data
switching system (first mentioned in chapter4).
This network provides store-and-forward and
circuit-switching message service to data and
teletypewriter subscriber terminals. It is
capable of handling any type of information in
digital form, including voice and graphics. The
system consists of high-speed, electronic, solid
state switching centers, various types of data
and teletypewriter subscriber terminals, and
interconnecting transmission media.

Eventually the AUTODIN system will replace
all manual and electromechanical relays, such
as the Army FGC-30 and Navy 82B1 switching
centers.

Administrative and logistic traffic from
afloat units will enter the AUTODIN system at
Navy communication stations and units, which
will be provided direct access to the nearest
AUTODIN switching center. Primary routes
for Navy command and control traffic will con-
tinue to be through Navy dedicated circuits such
as HiCom, ASC, and the NavComOpNet.

When fully implemented, AUTODIN will pro-
vide instantaneous, error-free, and secure com-
munications around the world to more than4100
directly connected subscriber terminals. Auto-
matic preemption will give immediate service
to command and other top-priority users.

Daily capacity of the 19-switch AUTODIN
system will handle 60 million data cards or an
equivalent of 5 million average-lengthmessages.
Worldwide security will be provided by employ-
ing the link encryption concept.

Interconnection of AUTODIN switching cen-
ters will be through a network of high-frequency
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radio channels, submarine cables, microwave
and tropospheric channels, and a variety of wire
lines. These transmission media will be pro-
vided from existing DCS transmission re-
sources, automatic voice network (AUTOVON),
and from commercial communication facilities.
At least one alternate route will be provided
for each trunk. Activation of this alternate path
will be controlled from the AUTODIN super-
visory position. All d-c digital signals will
be converted to suitable analog signals by
modulators-demodulators (MODEMS) before
they are transmitted over interconnecting
trunks.

Backbone of the AUTODIN system is the
automatic digital message switching center
(ADMSC), which is self-supporting. It includes
an automatic digital message switch, technical
control facility, power generator and distribu-
tion equipment, a timing source, cryptographic
and crypto-ancillary equipment, and mainte-
nance facilities. Basic functions of the ADMSC
are to accept, store, and retransmit digital
messages from one location to another, auto-
matically detect and correct errors, and ac-
complish alternate routing. For locations
requiring real-time service, CONUS switching
centers provide automatic circuit switching
(direct user-to-user) service.

Each switching center has a high degree of
reliability resulting from duplicate major units,
which can be activated with a minimum of
disrupted service. A standby communication
data processor is provided at each center and
is automatically tested for on-line use at regu-
lar intervals.

Once a message is accepted in the ADMSC,
which automatically checks for valid control
characters, probability of a message not being
switched to its proper terminal is 1 in 10
million messages. (Specification for overseas
switching centers specifies 1 in 1 billion.)

Circuits that terminate in ADMSCs canoper-
ate at rates of 45.5, 75, 150, 300, 600, 1200,
2400, and 4800 bits per second. Theseunits are
equivalent to 60 to 6400 words per minute.

Routing information, message formats, and
operating procedures utilized in the ADMSC are
in accordance with ACP 121, JANAP 128, and
other applicable operating directives and prac-
tices.

Traffic classified higher than the security
clearance of its intended destination(s) is not
delivered by the ADMSC. Any such message is
intercepted automatically at the last center, and

the originator is informed (via service message)
of a nondelivery resulting from a security mis-
match.

The ADMSC recognizes the six precedence
levels used by NATO and other Allied Nations but
processes them as four. Flash and Emergency
are processed the same as Routine and Deferred.
Messages are processed and transmitted on a
first-in/first-out basis, subject to precedence
and channel availability. Messages of prece-
dence I, for example, are processedimmediately
upon receipt of the message address, even to
the extent of interrupting transmission of mes-
sages of lower precedence. Precedence II
messages are capable of preempting precedence
IIT and IV traffic. Normally, however, this
function is not used, and becomes effective upon
activation by higher authority.

Another special feature of the ADMSC is the
provision of incoming and outgoing journals.
These message journals store and present (on
demand) synoptic information on each message,
sufficient to identify it, to record how the
message was procured, and to determine where
and when it was sent to anoutgoing line. Journal
information is retained for up to 30 days in
inactive storage. Sufficient active storage is
maintained for a period determined by operating
requirements. Current status of the ADMSC
can be checked at any moment by obtaining a
printout of exactly how many messages, by
precedence and destination, are in the center.

Each overseas ADMSC is capable of recog-
nizing and routing 300 single routing indicators
for local tributaries terminated in the center,
200 collective routing indicators, and routing
indicators for 300 other switching centers.
Service to four types of terminal stations, for
example, is provided by CONUS AUTODIN.
These four types are—

e Low-speed compound terminals (12 cards
or 200 teletype wpm).

e High-speed compound terminal (100 cards °
or 200 teletype wpm).

e Magnetic tape terminal (2400 baud).

e Computer interfaces (21 to 2400 baud).

Teletypewriter subscribers are served by
a controlled teletypewriter terminal. It provides
the following functions:

e Automatic acknowledgement of end of
message.

e Automatic transmission interruption.

e Automatic resumption of transmission of
messages without rerun or intervention.
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e Automatic rejection and cancellation of
messages.

e Automatic message numbering.

e Automatic verification of received mes-
sage numbers.

By reducing manual handling of messages to
a minimum, AUTODIN is revolutionizing com-
munications. In the future, message delivery
times and delays anywhere in the world will be
measured in seconds instead of minutes and
hours.

DCS AUTOMATIC VOICE NETWORK

The DCS automatic voice network (AUTOVON)
offers rapid, direct interconnection of Depart-
ment of Defense and certain other Government
installations. @ Some overseas areas are now
connected into the Continental United States
(CONUS) automatic system. As facilities be-
come available, other overseas areas will be
connected. The AUTOVON is intended to be a
single, worldwide, general-purpose, direct dial-
ing system. Its goal is to complete connections
between two prearranged points, anywhere inthe
world, in about 2 seconds, and to complete reg-
ular connections with pushbutton speed. It will
be expected eventually to switch every type of
information transfer, including voice transmis-
sion, teletypewriter, or data.

A number of installations, comparable in
function to commercial telephone exchanges,
constitute the AUTOVON. An installation in
the system is referred to as an AUTOVON
switch, or simply a switch. Within individual
areas exist local command, control, and admin-
istrative voice communication systems. These
systems can be connected into the worldwide
AUTOVON through manually operated telephone
switchboards, or automatic dial exchanges by

provision of direct in or out dialing capabilities.
' A naval station telephone system may be
connected into the AUTOVON by its local private
branch exchange (PBX), or private automatic
branch exchange (PABX). In this instance the
PBX or PABX would be considered the AUTOVON
subscriber. Some offices and facilities may have
direct access to the AUTOVON system, and
would be individual AUTOVON subscribers.

NORMAL SERVICE

Normal AUTOVON service provides a capa-
bility for subscribers to call other subscribers

on a worldwide basis for day-to-day nonpre-
emptive traffic. Depending on the type of
service provided in each locality, this service
may be accomplished by either direct dialing
or through a local operator. Where users of
this type of service reqiire priority calls to be
made, they must place the call with their local
operator or the AUTOVON dial service assist-
ance (DSA) operator.

Most military installations are provided con-
nection to the general-purpose AUTOVON
through their local PBX or PABX. These local
systems are two-wire systems. Inasmuch as
AUTOVON is a four-wire system, its terminal
equipment must be four-wire also. Where such
terminal equipment as two-wire local switch-
boards are to be interconnected, four-wire/
two-wire conversion equipment is used. Fig-
ure 6-11 shows a local exchange and how it
might be connectedtothe area AUTOVON switch.

Besides general-purpose AUTOVON service
provided through local PBX, certain selected
subscribers are authorized direct four-wire
access to the general-purpose network through
pushbutton four-wire telephone sets (fig. 6-12)
installed in their offices. These subscribers
can be provided with up to four classes of
priority. Each level of priority can preempt
any lower levels. A four-wire subscriber may
employ any level of precedence he desires upto
and including the highest level he is authorized.
The precedence desired by a four-wired sub-
scriber is selected bypushing one of four buttons
on his set.

JOINT UNIFORM TELEPHONE
COMMUNICATIONS PRIORITY SYSTEM

Precedence designations in table 6-1 are
directed for joint use. These precedence
designations indicate the relative order in
which a telephone call of one designation should
be handled in respect to all others.

SPECIAL NETWORKS

Different types of special networks can be
provided within the AUTOVON., They may af-
ford privacy of service, within a specified
community of interest, so that only participants
are able to communicate on the network without
interference from the general-purpose network.
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Figure 6-11.—Area AUTOVON switch and subscribers.

50.150X
Figure 6-12.~Type AE-023 four-wire
subset.

Off-Hook Service

Certain command and control needs and
other operational requirements are met by
provision of automatic off-hook (hot-line) pre-
emptive service. When the telephone instru-
ment ig lifted off its cradle, it is connected

immediately to a predesignated telephone in-
strument at the distant installation. These in-
struments cannot be utilized for any other
purpose, and only a preset instrument is acti-
vated.

Conferences

Conferences can be provided on either a
preset or random basis. A preset conference
is initiated by the originator to an operator at .
a preset conference console. An operator keys
in the preset codes of a preselected group of
subscribers. These codes are translated into a
predetermined number of outgoing codes. A
call is thereby established to each distant switch
indicated. A random conference occurs when an
originator desires to call a conference of other
subscribers not in a preselected group. This
type of conference is accomplished through a
PBX operator. If the originator is a four-wire
subscriber, a random conference can be made
through a dial service assistance (DSA) oper-
ator.
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Table 6-1.—Joint Uniform Telephone Communications Precedence System

Precedence designators are for joint use and specify the relative order in which telephone calls
should be handled based on the importance (content) of the call.

Numerical
Category:

Designator:

Application:

Numerical
Category:

Designator:

Application:

Numerical
Category:

Designator:

Application:

Numerical
Category:

Designator:

Application:

Notes:

1

FLASH

Flash precedence is reserved for alerts, warnings, or other emergency actions having
immediate bearing on National, command, or area security. Examples: Presidential
use; announcement of an alert; opening of hostilities; land, air, or sea catastrophies;
intelligence reports on matters leading to enemy attack; potential or actual nuclear
accident or incident; implementation of services unilateral emergency actions proce-
dures, etc. '

2
IMMEDIATE

Immediate precedence is reserved for vital communication (1) having an immediate op-
erational effect on tactical operations; (2) which directly concern safety or rescue op-
erations; or (3) which affect the intelligence community operational role. Examples:
Initial vital reports of damage due to enemy action; land, sea, or air reports which must
be completed fromvehicles in motion such as operational mission aircraft; intelligence
reports on vital actions in progress; natural disaster or widespread damage; emergency
weather reports having an immediate bearing on mission in progress; emergency use for
circuit restoration, use by tactical command posts for passing immediate operational
traffic, etc.

3
PRIORITY

Priority precedence is reserved for calls which require prompt completion for National
defense and security, the successful conduct of war, or to safeguard life or property,
which do not require higher precedence. Examples: Reports of priority land, sea, or air
movement; administrative, intelligence, operational, or logistic activity calls requiring
priority action; calls that would have a serious impact on military, administrative, in-
telligence, operational, or logistic activities if handled as a ROUTINE call. Normally,
PRIORITY will be the highest precedence which may be assigned to administrative
matters for which speed of handling is of paramount importance.

4
ROUTINE
Routine precedence is reserved for all other official communications.

1. Calls of any precedence may be preempted by the application of the FLASH OVERRIDE cajpability
available to: (1) the President of the U.S, the Secretary of Defense, and the Joint Chiefs of Staff;
(2) Commanders of Unified and Specified Commands when declaring either Defense Condition One
or Defense Emergency; and (3) CINCNORAD when declaring either Defense Condition One or Air
Defense Emergency.

2. Precedence designators FLASH through PRIORITY will be given preemptionrights in the order of

listing.
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CHAPTER 7

COMMUNICATION RECEIVERS

Modern Navy communication receivers use
rugged components, which utilize circuits that
make them easy to operate and maintain. These
communication receivers are capable of receiv-
ing several types of signals, and they can be
tuned accurately.

RADIO RECEIVER R-390A/URR

Model R-390A/URR (fig. 7-1) is a high-
performance, exceptionally stable, general-
purpose radio receiver used aboard ship and at
shore stations throughout the Navy. It provides
reception of CW, MCW, conventional amplitude-
modulated, frequency shift RATT and FAX, and
single-sideband signals within a frequency range
of 0.5 tc 32 mc. The receiver is a superhetero-

34.15
Figure 7-1.—Radio Receiver R-390A/URR,.

dyne type with multiple frequency conversion.
Double conversion is used when the receiver
operates from 8 to 32 mc; triple conversion,
from 0.5 to 8 mc.

Tuning is accomplished by insertion of
powdered-iron cores into the r-f and variable
i-f coils at a rate controlled by a complex
mechanical arrangement of gears, shafts, and
cams. The frequency is indicated by acounter-
type indicator that is accurate to within 300
cps, an accuracy that permits use of thereceiver
as an accurate frequency meter.

ANTENNA CIRCUIT

The antenna circuit (fig. 7-2) provides the
means for matching antennas of different char-
acteristics to the input of the r-f amplifier.

Antenna relay K101 is actually two relays
operated as a single unit. During conditions of
standby, calibration, or break-inoperation, both
sections of K101 are energized. Relay K101A
opens the antenna coil primary circuit and
grounds both of the wires of a two-wire antenna .
system. This opening and grounding action of
the antenna circuit attenuates the antenna signal
input well over 40db. Relay 101B accomplishes
the opening and shorting feature for a single-wire
antenna system, and the resulting attenuation is
also well above 40 db. Resistor R121 drains
static charges that may accumulate on a single-
wire antenna during mobile operation. Neon
lamp I103 fires and shorts R121 when the r-f
potential exceeds 80 to 90 volts,

Antennas that have a nominal balance, ter-
minal impedance of 50 to 200 ohms, and terminate
in two wires (such astwinlead or dual-conductor
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Figure 7-2.—Antenna relay circuit,
simplified schematic diagram.

coaxial cable) are connectedtothe primarywind-
ing of one of six antenna transformers. (See
block diagram, fig. 7-3.) The six transformers
are employed to cover the frequency range of 0.5
to 32 me. The transformer in use for a given
band is selected by operating the megacycle
change switch. Each transformer contains a
powdered-iron core, which is movable for pur-
poses of achieving resonance for any desired
signal within the range of the receiver. Move-
ment of this tuning core, in conjunction withother
tuning cores throughout the equipment, is ef-
fected by rotating the kilocycle change control.
The signal developed across the secondary of
the transformer is applied to the control grid of

_the r-f amplifier.

7

The antenna trimmer control (ant. trim.) is
part of the antenna transformer circuit. In
general, antennas contain a reactive eomponent
as well as a resistive component. The antenna
trimmer capacitor is used for canceling this
reactive component to obtain maximum signal
transfer from the antenna to the input of the
receiver. The tuning effect of this control is
more pronounced with an antenna connected
through the unbalanced antenna connector be-
cause of the capacitor coupling, which presents
a capacitive reactance.

When an unbalanced antenna, such as awhip,
is used, the antennatransformer circuits are not
used. The signal is coupled through acapacitor
directly to the control grid of the first r-f
amplifier.

Operational tests and evaluations have shown
that many R-390A/URR receivers aboard ship
are connected to the coaxial antenna cables in
such a manner that performance is impaired
substantially. The input marked ‘‘Whip Un-
balanced’’ is intended to be used only where a
very short wire or cable runs from the antenna
to receiver, as in a mobile installation. In the
average shipboard installation, there usually is
considerable distance between the receiver and
antenna. Underthese conditions the coaxial cable
from the antenna should be connected to the
terminal marked ‘‘125 Ohm-Balanced,’’ using a
UG-970/U adapter connector. The UG-971/U
adapter connector may be used as a substitute
for the UG-970/U. This connector is built so
that it grounds one side of the input terminal,
adapting it for use with unbalanced coaxial
cables.

R-F CIRCUIT

The r-f amplifier (block diagram, fig. 7-3)
increases the amplitude of the signals from the
antenna before they are applied to the first
mixer stage. This stage also isolates the an-
tenna circuit from the various signals generated
by the oscillators in the receiver. The purpose
of isolating the circuit is to prevent the radia-
tion of signals by the antenna.

Signals from the antenna circuit are applied
through a coupling capacitor to the control grid
of the r-f amplifier. The amplified signals ap-
pearing at the plate of the r-f amplifier are
applied to the tuned tank circuit selected by the
megacycle switch. This circuit is arranged to
provide a high Q and an increased stability. It
also minimizes any detuningthatthe gain control
might cause as a result of tube capacitance
variation in the following stage. The r-f gain
control adjusts the cathode bias and, conse-
quently, the gain of the r-f amplifier. This
control is especially useful for test purposes
and during reception of CW and SSB signals.
A low setting of this controlduring CW operation
prevents strong signals from producing a pound-
ing effect in the headset or speaker.

Triple conversion is used in the frequency
range of 0.5 to 8 mc. Double conversion is
used in the frequency range of 8 to 32 mec to
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Chapter 7-COMMUNICATION RECEIVERS

keep the second variable intermediate frequency
between 3 and 2 mc. In the frequency range of
0.5 to 8 mc. therefore, the output from the r-f
amplifier is fed through a switch to the grid
circuit of the first mixer. In the frequency
.ange of 8 to 32 mc, the output is fed through
a' switch to the grid of the second mixer.

FIRST MIXER

On frequency ranges from 0.5 to 8 mc, the
signals from the output of the r-f amplifier are
applied to the control grid of the first mixer.
(Refer to block diagram, fig. 7-3.) The 17-mc
output of the first crystal oscillator is applied
to the cathode, and the two signals are hetero-
dyned in the mixer stage to produce a signal
of 17.5 to 25 mc in the plate circuit., The fre-
quency of this signal, which is variable, is the
sum of the frequencies of the two input signals.

The plate circuit is tuned over the 17.5- to
25-mc range by changing the positions of the
powdered-iron coresinthreetuned tank circuits.
These tuned circuits (Z213-1, Z213-2, and
Z213-3) form a triple-tuned circuit with loose
coupling between the coil assemblies. The coils
are permeability tuned by the megacycle change
control and/or the kilocycle change control.

When the receiver is tuned above 8 mc, the
megacycle change control switch shortstheout-
put of tuned circuit Z213-3 to ground. The
control switch also opens the plus 150-volt
regulated power source to the first crystal
oscillator screen grid.

The 17.5- to 25-mc signal from the plate of
the mixer is fed through the tank circuits via
a coupling capacitor anda parasitic-suppressing
resistor to the control grid of the second mixer.

FIRST CRYSTAL OSCILLATOR

The first crystal oscillator (block diagram,
fig. 7-3) provides the injection signalto the first
mixer stage on the eight lower frequencybands.
The oscillator uses a pentode, connected in an
electron-coupled Colpitts-type circuit, where a
highly selective crystal is substituted for the
resonant circuit. The crystal is contained in a
crystal oven and is maintained at a temperature
between 72° and 78° Centigrade.

The signal is inductively coupled to the
secondary winding of the output transformer,
and is applied to the cathode of the fir st mixer.

SECOND MIXER

The second mixer receives 17.5- to 25-mec
signals on the control grid from the fir st mixer,
when the receiver is tuned from 0.5 to 8 mec. It
receives 8- to 32-mc signals from the r-f
amplifier when the receiver is tuned from 8 to
32 mec.

The aforementioned signals, along with the
signals from the second crystal oscillator, are
heterodyned to produce adifference frequency of
3 to 2 me.

Unlike the first mixer, the second mixer
functions for all bands. Signals are selected
from the first mixer or from the r-f stage, and
are applied through a capacitor to the control
grid. The injection signal from the oscillator
is applied to the mixer cathode through the out-
put transformer of the oscillator. The foregoing
action serves (1) to isolate the mixer from the
oscillator, and (2) to match the low-impedance
cathode circuit of the mixer tothe comparatively
high output impedance of the oscillator plate
circuit,

Because the output frequency of the plate
circuit is variable over a range of 3 to 2 mc, it
is necessary to tune the circuit to resonance.
Tuning is achieved by positioning powdered-iron
cores in the three output transformers. These
cores are positioned by the kilocycle change
control,

The signal is coupled through the three tuned
circuits by two capacitors. Then it ispassed to
the grid of the third mixer by a parasitic-
suppressing resistor.

SECOND CRYSTAL OSCILLATOR

The second crystal oscillator provides the
injection signal to the second mixer on all 32
frequency bands. It uses the same type of tube
as the first crystal oscillator. The second
crystal oscillator also is an electron-coupled
Colpitts-type oscillator circuit that employs
crystals as the frequency-determining element.

To permit fewer crystals and toavoidhaving
to use fragile crystals required to cover the
higher frequencies, the fundamentalfrequencies
of 15 crystals (or their harmonics) are used.
Of these fundamental frequencies, 7 bands
operate directly at the fundamental frequency,
22 at the second harmonic, and 3 at the third
harmonic of the corresponding crystals.

The output circuit is tuned to 1 of 32 various
frequency selections by using 1 ofthe15crystals
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and 1 of 24 resonant plate circuit selections. The
latter usage is accomplished by the setting of the
megacycle switch, which connects 1 of the 24
capacitor selections across the plate circuit.

Third Mixer

The output signal (3 to 2 mec) of the second
mixer stage is applied to the grid of the third
mixer. The variable-frequency oscillator (vfo)
signal of 3.455 mc to 2.455 mc is applied from
the tuned output circuit and an impedance
matching network of the vfo to the cathode of
the third mixer through a coupling capacitor.

These two output and vfo signals arehetero-
dyned to give an output of 455 kc in the plate
circuit of the third mixer. The output trans-
former of the third mixer has abroadpass band
at 455 ke. This signal is passed through the
crystal filter to the first i-f stage.

VARIABLE- FREQUENCY OSCILLATOR

The variable-frequency oscillator generates
the signals fed to the cathode circuit of the
third mixer. The frequency range is precisely
3.455 mc to 2.455 mc. The vfo oscillator is an
electron-coupled Hartley oscillator. The screen
grid acts as the plate of an equivalent triode
oscillator circuit.

The frequency-determining elements of this
circuit are contained in an oven. A powdered-
iron core in the coil within this element is moved
by the operation of the kilocycle change control.

The sealed tuning unit, a precision device, is
comparable in accuracy and stability to labora-
tory frequency standards. It is sealed, andthus
is not intended to be repaired in the field.
The plate circuit of the vfo consists of tuned
circuit 2702, which includes the primary of the
output transformer andavariablecapacitor.Th.
secondary coil of this transformer and acapac-
itor are shunted by a resistor. This resistor
broadens the response over therange of 3.455kc
to 2.455 kc. As a result of this broadened
response, the output voltage, injected into the
cathode of the third mixer, is essentially con-
stant in amplitude with frequency.

CRYSTAL FILTER

The 455-kc output signal from the third mixer
is coupled to the i-f subchassis through trans-
former T208 (fig. 7-4). The secondary winding
of this transformer has its center tap gr ounded,
thus placing the ends of the coil 180° out of
phase with each other. This coil is coupled
into crystal filter Y501.

A quartz crystal, employed as an i-f selec-
tivity filter, contains the properties of a high Q
resonant circuit and consists of capacitance,
inductance, and resistance. To obtain 0.1- and
1-ke bandwidth, a crystal filter, consisting of
tuned circuit Z501 with 455-kc crystal Y501,
is used preceding the first i-f amplifier.

Capacitor C520 is also connected to the con-
trol grid of the first i-f amplifier. Its purpose
is to neutralize the crystal holder capacitance
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Figure 7-4.—Crystal filter—simplified schematic diagram.
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and stray circuit capacitance. When this capa-
citor is adjusted properly, extremely narrow
and symmetrical bandpass with steep skirts is
provided by filter Y501. Coil L503, capacitor
C524, and stray capacitances are tuned to 455
ke.

When bandwidth control S501 is in the0.1-ke
or l-kc position, Y501 functions in the circuit.
When the bandwidth control is in the 0.1-kec
position, the crystal circuit is loaded by C503,
in series with the combination of R502 inparal-
lel with the series combination of C501 and R503.
The exact value of R503 is chosen between 560
and 2700 ohms, and the value is selected for a
bandwidth of 0.1 ke, and equivalent circuit Q of
at least 4500, When the bandwidth control is
placed in the 1-kc position, C501 and R503 are
removed from the circuit, and the load becomes
essentially resistive with R502, This resistive
circuit causes the circuit Q to decrease to
approximately 450, and bandpass is increased
to 1 ke. When this controlisturned to the 2-ke,
4-kc, 8-ke, or 16-kc position, the control grid
of the first i-f is coupled through capacitor
C501 directly to Z501, ahead of crystal Y501,
Changing to one of these positions effectively
removes the crystal from the circuit,

FIRST I-F AMPLIFIER

The first i-f amplifier stage amplifies the
455-kc i-f signals from the crystal filter. (See
fig. 7-5.)

The r-f gain control in the cathode circuit
adjusts the bias of the tube. Thiscontrol is also
in the cathode circuits of the first r-f amplifier
and the second i-f amplifier.

Four mechanical filters are coupled to the
shunt-fed plate circuit of the first i-f amplifier
through a coupling capacitor and the bandwidth
switch. The bandwidth switch determineswhich
mechanical filter is in the circuit. The bandpass
,of the i-f amplifiers, and ultimately the entire
receiver, is determined by the selection of one
of the six switch positions of the bandwidth
control. Capacitors in the filter circuits are
used to resonate the input and output coils to
prevent stray coupling in the unused filters to
achieve proper gain and bandpass.

Mechanical I-F Filters
A receiver with perfect bandpass charac-

teristics would be one whose bandpass charac-
teristics were such that the curve would be flat
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across the top and the skirts would be vertical
to a horizontal plane. The selectivity of such
a receiver would discriminate against inter-
fering signals not inthe bandpassof thereceiver.
This sort of selectivityispractically impossible
to accomplish with conventional tuned circuits.
Substitution of mechanical filters in Radio
Receiver R-390A/URR approaches thisconcept.

Figure 7-6 illustrates the typical construc-
tion of a mechanical filter. A signal current is
passed through the input transducer coil, which
causes expansion and contraction (magneto-
striction) of the driving wire. Magnetostriction
is the dimensional change that certain materials
undergo, causing them to lengthen or shorten
under the influence of a magnetic field. This
mechanical motion: is transmitted to the disk
resonators through the coupling wires. Each
disk resonator is sharply resonant to the inter-
mediate frequency. Several such disks, tuned
synchronously, are used to accomplish the
required bandpass. The last disk resonator is
tied to the driven wire, which induces the
output i-f signal into the output transducer coil.

SECOND, THIRD, AND FOURTH
I-F AMPLIFIERS

The 455-kc signals from the first i-f stage
are fed to the control grid of the second i-f
amplifier. As stated previously, the r-f gain
control is in the cathode circuit to adjust the
bias, thereby adjusting the r-f gain of the
receiver. The signals are coupled inductively
between all three i-f stages and also between
the fourth i-f stage and the detector. Providing
attenuation to i-f signals morethan 8 kc removed
from 445 kc is the most important function of
the transformers. This attenuation is made to
eliminate spurious responses of the mechanical
filters.

DETECTOR AND LIMITER

The detector demodulates the 455-kc i-f
signal to recover the intelligence from the
modulated signals. The limiter removes noise
pulses that exceed the amplitude of the modula-
tion. Before it is fed to the audio channels,
the output of the detector passes through the
limiter stage.

Detector V506B (fig, 7-7) is connected as a
half-wave diode by connecting the control grid
and plate together, The secondary winding of
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T503 feeds the i-f signal to the detector. The
diode load consists of resistors R526 and R527,
Capacitor C530 and choke coil 1502 make up an
i-f filter for the purpose of removingi-f signals
from the detected audio. A neutralizing capaci-
tor C525 is connected to L1512 in T503, and is

adjusted to minimize the bfo signal to the 50-
ohm i-f output of the receiver. (The 50-ohm
i-f output is explained later in this chapter.)
The audio signals are taken from the junction
of R527 and R526, then are coupled through
C531 to limiter tube V507,
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Limiter V507 (fig. 7-7) is a series-type
diode limited, which couples the audio signals
from the detector to the audio channels. When
the limiter switch S108 is off, audio signals
pass through V507 without any limiting action.
When this switch is turned on, the amount of
limiting applied is controlled by the limiter
control R120.

The B section of V507 is the negative peak
limiter; the A section is the positive peak
limiter., The limiter effectively removes noise
peaks above the level of the modulation. When
the limiter control is set to the OFF position,
switch S108 grounds cathode resistor R535.
Simultaneously, B plus voltage is applied to
the diode plates through their plate resistors
R532 and R533 and common resistor R534.
Audio signals from the detector diode load pass
to the plate of V507B and superimpose the audio
on the B plus voltage at the plate. This audio
signal causes the cathode of V507B to follow
the audio signal without any limiting. Because
the cathodes of both sections of the tubts are
tied together, the cathode of V507A modulates
the plate current of this section of the tube.
Then the audio signal is coupled through C549
to the grid circuit of the first a-f amplifier.

When the limiter control is turned on, switch
S108 removes the ground from the bottom of R535
and short-circuits B plus to ground at the junction
of R532 and R533. The entire B plus voltage is
dropped across resistor R534. The cathodes of
V501 assume a negative threshold, the level of
which is determined by the setting of R120,
Resistor R119 and capacitor C101 remove the
audio component from the threshold voltage,
leaving the threshold voltage at the average d-c
level., At this level, the threshold voltage is
subject to the setting of the limiter control,
signal strength, and modulation percentage. De-
pending on the modulation percentage, the total
d-c limiter threshold voltage available is equal
to or greater than the peak-to-peak level of the
audio signal at the junction of R119 and R526.
When the plate voltage (audio peaks) is higher
that the threshold voltage, current flows through
the diode sections. Negative peaks at the plate
(pins 6 and 7) of V507B, that exceed the negative
threshold level at the cathode (pin 8), are clipped
because V507B does not conduct when the plate
is more negative than the cathode. Simul-
taneously, the audio signal appears on the com-
mon cathodes, and is fed to section A of V507,
This common connection is at the same negative
level, with respect to ground (as determined by
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the setting of R120). Any positive peaks that
are sufficiently positive to cut off the current
flow through V507A are clipped. As the limiter
control is turned clockwise toward 10, the
threshold voltage approaches ground, resulting
in more severe clipping. Becausethe amplitude
of the threshold voltage (as well as the audio
signal) is a function of the sighal strength and
modulation percentage, the circuit adjustsauto-
matically to any level of signal input and modu-
lation percentage.

BEAT-FREQUENCY OSCILLATOR

The beat-frequency oscillator (bfo) circuit
generates a stable signal that is variable from
approximately 452 kc to 458 ke. These signals
are 3 kc above and 3 kc below the intermediate
frequency. This range of frequencies beats
with the 455-kc i-f signal at the detector,
producing audio signals variable from 0 to 3000
cycles.

The oscillator circuit is an electron-coupled
Hartley-type oscillator. It is similar to the
variable-frequency oscillator. The frequency
element of this circuit is tunable by means of
the bfo pitch control on the front of the receiver.
Turning this control gives a frequency of 0 to
3000 cps.

The output is coupled through a capacitor to
the plate of the detector. There, it is mixed
with the intermediate frequency.

FIRST A-F AMPLIFIER AND A-F
CATHODE FOLLOWER

The purpose of the first a-f amplifier and
the a-f cathode follower stages is to amplify
the audio signals andprovide a circuittodistrib-
ute the audio signals to the local and line audio
channels., These two stages are seen in figure
7-8, .

Audio signals from the limiter are fed
through an isolation resistor to the control grid
of the first a-f amplifier. The audio output of
the first a-f amplifier is coupled through a
capacitor to the audio response switch., Then
it is fed either straight through the switchto the
a-f cathode follower (wide position) or through
the switch and the 800-cps bandpass filter
(sharp position) to the a-f cathode follower.

Amplified audio signals from the audio
response switch are fed through a grid resistor
to the control grid of the a-f cathode follower.
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The cathode of this tube is connected to ground
through a cathode resistor, in series with the
parallel-connected line gain resistor and the
local gain resistor. These two controls are on
the front panel of the receiver. The line audio
signals are taken from the arm of the line gain
resistor and are coupled to the control grid of
the line a-f amplifier. Local audio signals are
fed from the arm of the local gain resistor,
through a coupling capacitor, to the control grid
of the local a-f amplifier.

Local Audio Channel

Audio signals from the local gain control are
fed through a coupling capacitor to the control
grid of the local a-f amplifier. The amplified
audio output of this stage is coupled to the control
grid of the local a-f output amplifier by a capa-
citor. The primary of the audio output trans-
former is the plate load for the local a-f output
amplifier. The audio signals are induced in the
series-connected secondary windings are fed to
600-ohm local audio connectors. The maximum
audio output is at least 500 milliwatts (mw).
The same audio signal is passed through an
attenuator, to a terminal board, and to the phone
jack on the front panel of the receiver. The
maximum output at these connections is atleast
1 mw.

Line Audio Channel

The line audio channel is similar to the
local audio channel. It includes a line level
meter and a line meter switch for measuring
and calibrating the line level meter. When
matched into a 600-ohm impedance, the maxi-
mum output of this circuit exceeds 10 mw, and
is available for teletypewriter operation. The
line level meter switch and line level meter
are discussed later in more detail.

Audio signals from the line gain control are
fed through a coupling capacitor to the control
grid of the line a-f amplifier. The signal is
amplified and coupled through a capacitor tothe
control grid of the line a-f output tube. Audio
signals developed inthe primary of the audio out-
put transformer are induced into the secondary
windings. From the secondary windings of the
transformer, the signals go through a 600-ohm
output impedance network to a terminal board.

SPECIAL CIRCUITS

Circuits to be covered in this section include
the—

1. I-f cathode follower, which providesa 50-
ohm, 455-kc i-f output signal. It is used with
a frequency shift converter in a teletypewriter
system. :

2. Automatic gain control circuit, which
controls the gain of the tubes in the r-f and i-f
subchassis in proportion to the average level of
the incoming r-f signal.

3. Carrier level meter circuit, which indi-
cates the relative strength of the incoming r-f
signal. This circuit also is useful in tuning and
calibrating the receiver.

4, Break-in circuit, used for disconnecting
and grounding the antenna from the receiver.
It also is used for grounding the audio in the
receiver when the receiver and a radio trans-
mitter are operated as a radio set.

5. Calibration circuit (100-kec), used for
calibrating the receiver at100-kcintervalsover
its entire range.

I-F Cathode Follower

Cathode followers, ingeneral, donot amplify.
They are used as impedance-matching devices.
This stage, being a cathode follower, reflects
a very high impedance at its input circuit. It
has negligible loading effect on i-f transformer
T502, which also feeds the grid of the fourth i-f
amplifier. A simplified schematicofi-fcathode
follower V509B is diagramed in figure 7-9.

The input circuit of this cathode follower
is connected across the secondary winding of
T502. The plate circuit is decoupled and by-
passed to ground with resistor R539 and capa-
citor C541. Its plate voltage is obtained from
the B plus line.

Two signal output connections are made at the
low-impedance cathode of this stage. The first
output is developed across the tuned circuit,
resonant to 455 ke, which consists of coil 1.504
and series-connected capacitors C539 and C540.
The i-f output connector at the rear panel of the
receiver is connected to the junction of C539
and C540 through resistor R552, providing an i-f
output impedance to match a 50-ohm load. Re-
sistor R538 develops d-c cathode bias, which
maintains the tube operating current at a safe
level. A second 455-kc i-f signal is taken
directly from the cathode through capacitor
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Figure 7-9.—I-F cathode follower V509B~simplified schematic diagram.

C542 to the grid of the AGC i-f amplifier. The
cathode follower stage isolates the AGC i-f
amplifier from the fourth i-f amplifier. In this
way interaction between the two stages is pre-
vented.

Automatic Gain Control (AGC)

When the function switch on the front panel
of the receiver is set on the AGC position, AGC
bias is fed to the control grid circuits of the
r-f amplifier, the first mixer, the second mixer,
and the third mixer in the r-f subchassis. In
the i-f subchassis, AGC bias is fed to the first,
second, and third i-f amplifiers.

The AGC circuit (fig. 7-10) extends the useful
signal strength range of the receiver from afew
microvolts to more than 1 volt. The signals
appear to have a relatively constant signal
strength. The AGC circuit operates only for
signals in excess of approximately 5 microvolts,
to avoid reducing the gain of extremely weak
signals. The AGC switch on the front panel
of the receiver allows the operator to select
one of three AGC time-constant characteristics.
These positions are slow, medium, and fast,
and are approximately 5 seconds, 0.3 second, and

0.015 second, respectively. This feature ex-
tends the usefulness of the AGC circuit by en-
abling the operator to choose an AGC time
constant that compensates most effectively for
fading r-f signals.

AGC I-F AMPLIFIER.—The AGC i-f ampli-
fier stage (fig. 7-10) amplifies the i-f signal
from the i-f cathode follower. The signal is
coupled through capacitor C542. Resistor R540
is the grid return resistor to ground. The
developed AGC bias from the junction of R546
and R547 is connected to the suppressor grid of
the fourth i-f amplifier and V508. The purpose
is to use them as positive clamps to prevent
the AGC line from going more than a few volts
positive. The amplified i-f output of V508 is
then coupled to the AGC rectifier through capa-
citor C546.

DELAYED AGC.—The purpose of delaying
the application of AGC to the r-fandi-f circuits
is to prevent the controlled tubes from having
their gain reduced unlesstheincomingr-f signal
is 5 microvolts or stronger. Maximumreceiver
gain is therefore available for the weakest r-f
signals,

The AGC circuit depends on the action ofthe
voltage divider from the B plus line, consisting
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Figure 7-10.—AGC circuit—simplified schematic diagram.
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of R544, R546, and R545. A slightly positive
d-c voltage is present at the junction of R546
and R547 and on the suppressor grids of the
fourth i-f amplifier and V508. Potential devel-
oped at the grid of V506A reduces the positive
voltage on the AGC line, and may makeit slightly
negative, depending on the age and condition
of the tube. This positive delay voltage offsets
any low level of AGC bias that is developed at
the junction of R546 and R547 on account of
weak signals.

When the positive peaks of the 455-kec signal
are applied to the AGC rectifier, the tube con-
ducts and effectively places a low impedance
to ground at C547, putting a negative charge on
it. On the next half-cycle, when the 455-kc
signal swing is downward, V506A does not
conduct, and current flows from C547 through
R545 to ground. Thus, the junction of R545
and R546 is made negative with respect to
ground. The amplitude of this negative voltage
depends on the positive voltage being developed
simultaneously at this junction by the B plus
voltage divider action. If the developed AGC
voltage is larger, a negative voltage appears
at both ends of isolation resistor R547 and also
on the AGC line. Capacitor C547 bypasses to
ground any audio or 455-kc signals appearing at
the junction of R546 and R547. Only d~-c bias
remains at this point,

Depending on the strength of the incoming
r-f signals, strong 455-kc signals cause larger
currents to flow through R545, and thereby
charge C547. Substantial AGC biasisdeveloped
and fed, through the AGC line to NOR terminals
3 and 4 of TB102, to the controlled tubes.

When the function switch is in the MGC
position, the AGC line and the grids of the con-
trolled stages are grounded. As a result, no
AGC bias is allowed to enter the controlled
tubes. Under this condition the only control of
the receiver r-f and i-f gain is through the r-f
gain control.

TIME-CONSTANT SYSTEM.—The time con-
stant of the AGC system is the time required
for the AGC line to drop to 37percent of its full
voltage when the signal isremovedthat produces
the AGC voltage. Three levels of AGC time
constant are available. The time constants are
approximately 0.015 second, 0.3 second, and 5
seconds, respectively.

In the fast position, the ability of the AGC
circuits to follow fast-fading r-f signals is
maximum. With the AGC switch inthis position,

the time constant depends upon the resistance-
capacitance (RC) combination of R546 and C547,
and R547 and C548, as well as each of the AGC
decoupling circuits for the individual controlled
stages.

In the medium position, the AGC line is
influenced by the same RC combinationsasinthe
fast position, plus the additional capacitance of
C551 in parallel to C548 through AGC switch
S102.

In the slow position, the ability of the AGC
line to follow the fading signalis minimum. This
rate is often useful for holding thereceiver gain
constant with on-off keying. Itismore desirable
than a rapid AGC discharge, which would raise
the noise level between characters. In the slow
position, the RC combination for the fast posi-
tion is used. Also used is the effective time
constant produced by capacitor C551, connected
to the plate of AGC time constant tube V506 A.
The time constant in this slow position is ap-
proximately 16 timesthat achievedinthe medium
position.

As the AGC bias at the control grid of V506 A
goes more negative, the voltage drop acrossplate
resistor R549 decreases, and the plate voltage
at pin 1 of V506A rises. Atthis point, capacitor
C551 begins to charge to the level of the AGC
voltage, as referenced to the B plus level at the
plate of V506 A. As this charging advances, the
plate voltage of V506A continues to rise, and
C551 continues hunting for a new voltage level
as a reference for its charging rate. This
bootstrap action continues until the grid of tube
V506 A reaches the level of voltage at the junction
R546 and R547. As C551 discharges, itsrate of
discharge also is retarded. The reason is
because the plate of V506 A and the switch side
of C551 gradually go less positive.

Carrier Level Meter Circuit

The carrier level meter (fig. 7-11) is con-
nected across the AGC time-constant tube,
cathode resistor R548, andtwo cathoderesistors
of the fourth i-f amplifier tube. These two
cathode resistors consist of the carrier meter
adjustment potentiometer R523 and R537 in
parallel. The remainder of the carrier level
meter circuit is so arranged that it forms a
bridge circuit with the meter connected to read
the bridge unbalance. In the absence of an
incoming r-f signal and with the r-fgain control
fully counterclockwise, the current through the
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Figure 7-11.—=Carrier level meter circuit—simplified schematic diagram.

fourth i-f amplifier and the AGC time constant
tube is adjusted with the carrier meter adjust-
ment control, until the carrier level meter reads
zero. At this time the currents through the
fourth i-f amplifier and the AGC time constant
tube are equal. As the r-f signal is applied to
the receiver (r-f gain control fully clockwise),
the developed AGC bias is applied to the control
grid of the AGC time constant tube, and its plate
current and the voltage drop across R548
decrease. Meter M102 then reads some value
proportional to the level of the incoming r-f
signal, Electron current flows from ground,
through R548, through M102, and to the junction
of R524 and R523 (which is at a higher potential
than pin 3 of thetime constant tube). From there
the flow is through cathode resistor R524,
through the fourth i-f amplifier and its tuned
circuit T503, through the decoupling network
consisting of R525 and C529, to the B plus line.

When the function switch is in the MGC
position, the grid of the time constant tube at
pin 2 is grounded, and the carrier level meter
reads zero unless the signal input to the grid
of the fourth i-f amplifier is large enough to
draw grid current. This condition indicates an
overload, and the r-f gain control should be
turned counterclockwise until the carrier level
meter once again reads zero. .

Break-In Circuit

When break-in terminal 9 on TB103 (fig.
7-12) at the rear of the receiver is grounded
through the ground terminal 16, and break-in
switch S103 is in the ON position, current flows
through the coil of break-in relay K601 from
the 6.3-volt a-c filament circuit to ground.

Terminals 9 and 16 on TB103 normally are
not connected. If the break-in feature of the
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Figure 7-12.—Break-in circuit—simplified schematic diagram.

receiver is desired, a strap must be placed on
the terminal board to connect these terminals.

When the break-in circuit is actuated and
break-in relay K601 isoperated, terminals 2 and
6 and 3 and 4 make contact. Terminals 2 and 6
ground out the audio signal input tothe local and
iine a-f amplifier stages, silencing the receiver.
Terminals 3 and 4 complete a ground circuit to
CR102, energizing antenna relay K101. This
action disconnects and grounds the antenna signal
input. When the break-in relay K601 is de-
energized, antenna relay K101 can also be
energized by the function switch when the latter
is placed in the calibrate or standby position.
This ground is applied through the calibrate
or standby position of the function switch, through
contacts 5 and 4 of K601, tothe same connection
of CR102,

Calibration Circuit (100-kc)

The calibration circuit (fig. 7~13) consistsof
the calibration oscillator V205A, the 100-kc
multivibrator V206, and the 100-kc¢ cathode
follower V205B. A crystal oscillator generates
a 200-kc signal, which synchronizes a 100-kc
multivibrator. The output from this multivibra-
tor consists of nonsinusoidal waves, producing
many 100-kc¢ harmonics. This stage drives
a cathode follower, which, in turn, feeds this
source of 100-kc markers to the r-f amplifier.

Calibration oscillator V205A is essentiallya
Pierce crystal oscillator. Resistor R220isa d-c
grid return to ground, and resistor R221 is the
plate load resistor. Capacitor C312, at the plate
of the calibration oscillator, providesafeedback
path to sustain oscillation, The 200-kc crystal
Y203 is connected between the control grid and
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the plate through capacitor C311. Crystal Y203
is kept at a constant temperature by the crystal
oven. Trimmer capacitor C310 provides a means
of making very small frequency adjustments.
The calibration circuit harmonics canbe checked
against a secondary frequency standard or one of
the test signals from station WWV, Capacitor
C313 couples the 200-kc signal into the grid
circuits of 100-kc¢ multivibrator V206 at the
junction of grid resistor R225 and R222 and the
common grid resistor R223.

Tube V206 is a conventional multivibrator,
with the plates of each section coupled back to
grid circuits of the other section to sustain
oscillation. The frequency of oscillation is
governed chiefly by the time constants deter-
mined by the values of grid resistors R222 and
R225, and coupling capacitors C314 and C315.
Resistors R224 and R226 are the plate load
resistors for the halves of this twin triode.
Capacitor C316 couples 100-kc harmonicstothe
grid of V205B, placing a high grid circuit im-
pedance across V206. The output of V205B is
developed across L210 and R229. Coil 1210
resonates with circuit and output cable capaci-
tance above 32 me, and provides high-frequency
compensation to the 100-kc markers at approxi-
mately the same amplitude at the controlgrid of
the r-f amplifier. Resistor R229 furnishes the
load for the lower frequency harmonics. Italso
prevents the stage from drawing excessive
cathode current. The 100-kc harmonics arefed
through coaxial cable and the small 1-uuf coup-
ling capacitor C228 to the control grid of the
r-f amplifier. The plate of V205B is kept at
r-f ground potential through the decoupling net-
work consisting of R228 and C320. Plate voltage
for all three stages is applied through r-f filter
choke L1211, bypassed by C317, when function
switch S102 is in the calibrate position.

POWER SUPPLY SECTION

The power supply section consists of a power
transformer, two rectifier tubes, a filter cir-
cuit, and a voltage regulator.

Rectifier Circuit

The primary windings of the power trans-
former may be connected for a 115- or 230-
volt a-c power source. The 6.3-volt a-c winding
in the secondary supplies power to the break-in

relay, oven heater HR202, and all filaments
except the beat-frequency oscillator and the
variable frequency oscillator. The 25.2-volt a-c
winding supplies power to the filaments of the
two rectifier tubes, to the variable-frequency
oscillator and the beat-frequency oscillator, and
to oven heaters HR401 and HR701.

The plates of each rectifier are connected
in parallel and, in combination, both tubes
function as a full-wave rectifier. Power of 570-
volts a-c is developed by the center-tappedhigh-
voltage winding of the powertransformer, andis
rectified by the two rectifier tubes. The un-
filtered d-c voltage from the parallel cathodes
of the rectifier tubes is fed to the filter circuit.

Filter Circuit

The Bplusdistribution fol'owsthree separate
paths from the power supply filter circuit. The
first path is through a choke coil and capacitor
filter network to the a-f Bplusline. The second
path is also through a choke coil and capacitor
network. This network supplies B plus to the
r-f and i-f sections of the receiver. The third,
a regulated B plus path, utilizes a voltageregu-
lator tube, a capacitor, and a resistor voltage
divider.

USE OF SINGLE-SIDEBAND CONVERTER

For various modes of operation, use of a
single-sideband converter improves the opera-
tion of the receiver in a number of ways.
Single-sideband converter CV-591A/URR is
mentioned here because it usually is installed
with the R-300A/URR receiver.

The converter sharpens the overall skirt
selectivity of the receiver, rejecting unwanted
adjacent signals or interference, with no detri-
mental effect to the desired signal. The tuning
of SSB signals is simplified because the final
tuning is done at the converter, notthereceiver.
A mechanical and electrical bandspread tunes
over the i-f bandpass. This effective vernier
arrangement easily tunes SSB signals within
cycles of correct tone. By means of the band-
pass tuning feature or by inverting the oscillator
separation, either sideband may be selected.

In addition to single-sideband reception, the
bandspread feature of the converter makes it
easy to tune CW, MCW, and frequency shift
teletype signals as well.
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AN/SRR-11, -12, AND -13
RECEIVERS

The AN/SRR-11, -12, and -13 receivers
consist of several major assemblies. Each
assembly is physically independent of the other.
Individual subassemblies are mounted with each
assembly, and they plug into an appropriate
socket of their major assemblies. When it is
necessary to make repairs, and time is an
important factor, a defective assembly or sub-
assembly can be replaced quickly with a spare.

The AN/SRR-11, -12, and -13 receivers are
designed for Navy shipboard installation. They
cover the frequency range from 14 kc to 32 mc.
The AN/SRR-11 operates at the low-frequency
end of the frequencies covered. The AN/SRR-12
and -13 cover the medium and high frequencies,
respectively. Each receiver has its total fre-
quency range divided into five bands, as shown
in table 7-1. Continuous tuning within each
band is accomplished by the tuning controls
located on the front panel of the receiver. The
AN/SRR-11 is capable of receiving CW (A4),
MCW (Ay), and frequency shift keyed signalls
(Fy). In addition to those modes mentioned, the
AN/SRR-12 and -13 are equipped with circuits
that permit voice (Ag) reception.

The AN/SRR-11 is illustrated infigure 7-14.
Radio Receivers AN/SRR-12 and -13, whose
external appearances are the same, are repre-
sented by a single picture in figure 7-15. Oper-
ating controls are mounted on the front panel of
the respective receivers.

BLOCK DIAGRAM OF AN/SRR-11

A block diagram of the AN/SRR-11 is shown
in figures 7-16 and 7-17. These two illustra-
tions are usedtotracethe signal path through the
receiver.

Table 7-1.—Tuning Bands and Range
of Each Band

Low-freq. |Medium-freq.| High-freq.
Band receiver receiver receiver
AN/SRR-11| AN/SRR-12 | AN/SRR-13
1 14 to 30 ke | .25 to 0.5 mc| 2.0 to 4.0 mc
2 30 to 63 k¢ [0.5 to 1.0 mc| 4.0 to 8.0mc
3 63 to 133 ke (1.0 to 2.0 mc | 8.0 to 16 mc
4 133 to283 kc |2.0to 4.0 mc |16 to 24 mc
5 283 to 600 kc |4.0 to 8.0 mc |24 to 32 mc

i24

Signals coupled from the antenna are ampli-
fied in two stages of r-f amplification. The
first stage, the antenna preamplifier, couples
its output to the second stage, the r-f ampli-
fier. The bias, and therefore the gain of the
amplifiers, is controlled by an r-f gain control
connected in the two stages.

The r-f amplifier couples its output to the
mixer. In addition to the signal received from
the r-f amplifier, the mixer receives a signal
from the local oscillator. The output of the
mixer is determined by the band to which the
receiver is tuned. On bands 1 and 4, the mixer
output frequency is 60 kc. On bands 2, 3, and
5, the output frequency of the mixer is 200 kc.
When the output frequency of the mixer is 60 kc
(bands 1 and 4), band switch Sl is set so that
the signal passes through the filter and the first
i-f amplifier.

The first i-f amplifier of the first i-f
assembly is a frequency converter for bands 1
and 4. On bands 2, 3, and 5, it is an i-f ampli-
fier. It receives the 60-kc signal from the
filter. This signal is mixed with a 140-kc
signal generated within the stage to produce a
sum frequency of 200-kc output.

On bands 2, 3, and 5 of the mixer output is
already 200 kc and needs no further mixing.
Therefore the first i-f assembly is bypassed
entirely (S1 in position shown).

The output of the first i-f assembly, whether
heterodyned or bypassed, is coupled to the
second i-f assembly. The latter section con-
sists of filters, three stages of 200-kc i-f
amplification, a diode detector, abeat-frequency
oscillator and mixer, and a cathode follower.

The signal enters the second i-f assembly
through either of two filters. The filter selected
depends on the setting of the reception control
switch S2A, which is located on the receiver
front panel (fig. 7-14). When the switch is
set at FSK, Ay BROAD, or A; SHARP (as indi-
cated by the reception control), the signal isfed
through the sharp filter. This filter has aband-
pass of 3.2 kc centered on the 200-kc inter-
mediate frequency. When S2A is set at A2, the
medium filter is selected. The bandpass of the
medium filter is 8 ke, centered on the 200-kc
intermediate frequency.

The output of the selected filter is amplified
in the three i-f amplifiers. The firsttwo stages
are controlled by a section of the r-f gain con-
trol. The output of the third i-famplifier is fed
to the diode detector, the bfo mixer, and a
cathode follower.
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Figure 7-17.—Section 2 of block diagram of AN/SRR-11,

The diode detector receives the i-f signal
during MCW reception, feeding its output through
switch S2D to the noise limiter. During normal
signals, the output of the noise limiter isdevel-
oped across the output control. When a noise
pulse of greater than normal amplitude arrives,
the noise limiter automatically cuts off the audio
output for the duration of the noise pulse. During
C-W and frequency shift reception, the signal
received at the bfo mixer is heterodyned to
produce a signal in the audio range. Its output
is passed through S2B to the output control.

Tuning meter M1 in the detector circuits
shows the diode detector output current and
gives a visual indication of tuning.

The cathode follower of the second i-f as-
sembly is provided to supply frequency shift
signals to a frequency shift converter.

For CW and MCW reception (positions Ay
and A,) the input to the first audio amplifier is
obtained directly from S2E. In these positions
of S2, the output control is inactive. Frequency

shift signals are applied tothe first audio ampli-
fier from the arm on the output control.

The second audio amplifier receivesthe out-
put of the first audio amplifier either directly
or by way of a narrow bandpass filter. During
A1 reception S2F is placed in the Ay SHARP
position to insert the filter and decrease adjacent
channel interference. The Ay BROAD, A,, and
FSK positions of the switch bypass the filter.

The output of the second audio amplifier is
applied to two series limiters. During A and
Ay reception, alternate limiters clip the signal
equally on the positive and negative half-cycles.
When the reception control is switched to the
FSK position, the series limiters are inactive.

The signal is then fed to a driver amplifier,
which increases the signal strength required to
drive the beam power output amplifier., The
latter stage feeds the output transformer T9,
The secondary of the transformer supplies a
balanced 600-ohm line through its terminals 5
and 7, and applies the signal to the phone jack
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through anunbalanced winding connected between
terminals 3 and 4. The signal developed in the
unbalanced line is also applied to the output
meter M2, which indicates the signal level in
decibels. Multipliers are switched in series
with the meter to increase the decibel range
that may be covered. Zero db corresponds to
power level of 6 mw through a 600-ohm lead.

The power supply used in the AN/SRR-11
is a conventional full-wave supply, and is con-
sidered in this discussion.

The crystal calibrator circuit provides ac-
curate frequency checkpoints, which may beused
for calibrating the main tuning dial. The check-
points occur at every 10 ke throughout the tuning
range of the AN/SRR-11. A calibration switch
S5 is connected so that, in the OFF position, the
B voltage is removed from the calibrator. When
placed in the ON position, S5 allows the B volt-
age to be applied to the calibrator and removed
from the preamplifier and the bfo. This ar-
rangement presentsinterference with the crystal
calibrator from either externally applied sig-
nals or the bfo.

MODEL AN/WRR-2 RECEIVER

One of the latest shipboard radio receivers
for the MF/HF bands is the AN/WRR-2, shown
in figure 7-18. (The same receiver, with rack
mounting for shore station use, is called AN/
FRR-59.)

The AN/WRR-2 isatriple-conversion super-
heterodyne receiver. It covers the frequency
range 2 to 32 mc. This modern receiver is
intended primarily for the reception of single-
sideband transmissions with full carrier sup-
pression. It can be used also to receive con-
ventional amplitude-modulated signals of various
types, including CW, MCW, voice, facsimile,
and frequency shift RATT.

In order to meet strictfrequency tolerances,
special features provide extremely accurate
tuning and a high degree of stability over long
periods of operation. Simultaneous use can be
made of both upper and lower sideband channels
for receiving two different types of intelligence.
Both single-sideband and conventional a-m sig-
nals cannot be received at the same time, how-
ever,

Other features of thereceiver also contribute
to its high performance. Any error infrequency
resulting from drift in the local oscillator is
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Figure 7-18.—Radio Receiving Set AN/WRR-2.

.removed before the last conversion by a drift-

canceling circuit. Receiver tuning is in 100-kc
steps. Through the use of an interpolation
oscillator, each 100-kc increment is scanned
either continuously or in 1-kc steps. Counter-
type tuning dials permit accurate presetting to
any desired frequency.

The frequency range of 2 to 32 mcis covered
in four bands: band 1 2.0 to 4.0 mc; band 2 4.0
to 8.0 mc; band 3 8.0 to 16.0 mec; and band 4
16.0 to 32.0 mc.

SYSTEM BLOCK DIAGRAM

The basic block diagram of the receiver (fig.
7-19) shows the functional relationship between
the two equipment drawers that make up the
receiver. The lower drawer (fig. 7-18) is the
electronic frequency converter CV-920/WRR-2,
generally referred to simply as the converter.
The upper drawer is the intermediate fre-
quency-—audiofrequency amplifier AM-247171
WRR-2, called the demodulator.

The converter receives a signal in the 2- to
32-mc range and converts it to an 80-kc inter-
mediate frequency. It also generates an 80-kc
signal for carrier reinsertion. Both signals
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Figure 7-19.—Radio Receiving Set AN/WRR-2 basic block diagram.

are applied to the demodulator, the basic func-
tions of which are i-f amplification, detection,
and a-f amplification.

FUNCTIONAL OPERATION

The functional block diagram in figure 7-20
shows the converter and demodulator as separ-
ate major units. The main signal path through
the various assemblies is indicated by a heavy
line.

Coaverter

An r-f signal from the antenna is applied to
the antenna coupler, which provides three de-
grees of signal attentuation for optimum per-
formance under strong signal conditions. The
output of the antenna coupler goes to the pre-
selector, where it is amplified and fed to a mixer.
Here it is combined with a locally generated
r-f signal from the high-frequency oscillator to
produce the first i-f signal at a frequency be-
tween 1625 and 1725 ke. This frequency is
selected by the tunable i-f filter and applied to
the injection i-f amplifier, which in turn pro-
duces the 80-kc signal to be fed to the demodu-
lator. The injection i-f amplifier performs
intermediate frequency amplification and two
frequency conversions—the first from 1625—
1725 ke to 220 kc and the second from 220 kc
to 80 kc.

Demodulator

In the demodulator, the 80-kc filter receives
the signal and distributes it to the amplitude-
modulated detector-amplifier and upper side-
band (USB) detector-amplifier. The latter unit
supplies the 80-kc signal to the lower sideband
(LSB) detector-amplifier.

In the detector-amplifier, the 80-kc signal
is amplified and detected. Several stages of
audio amplification follow. A beat-frequency
oscillator (bfo) is also included for CW recep-
tion. Audio limiting, silencing, and automatic
gain control circuits are also included but are
not shown in figure 7-20.

In the USB detector-amplifier, the 80-kc
signal is amplified and appliedto a demodulator,
where it is mixed with an 80-kc carrier to
produce an audio output. A two-stage audio
amplifier, a silencingcircuit, and an AGC circuit
are also included but are not shown in the block
diagram.

In the LSB detector-amplifier, the 80-kc
signal is amplified and also appliedtoa demodu-
lator similar to that in the USB detector-
amplifier. Included also are a two-stage audio
amplifier, silencing circuit, and AGC circuit.

The AN/WRR-2 receiver can be used with
all presently installed converter-comparator
auxiliary equipment for receiving facsimile and
frequency shift teletype signals.

129




0eT

n
[+
N

FROM ANTENNA

r---——m—————— - - - —————————— = ——= T —————— == “:
|
ANTENNA | 2-32 MC PRESELECTOR 1625- 172 16251725 | INVECTION | g¢ I|<c 80OKC AM AM
x - ; TUNABLE | - s 80 KC .
coupter [ RF | mixer RC IF FILTER e IF  feds! CllTER [T——TP| DETECTOR- [y
| AMPLIFIER | AMPLIFIER | AMPLIFIER h
| |
|
| 3.725-| 33.725 MC 580- | :
| 680 |
| KC | :
| HF g ! 1
: OSCILLATOR 825KC 140 ch 80KC |
{ { :
| 3725-| 33.726 MC I |
! I ]
! i I usB !
| CRYSTAL | 100 KC HARMONIC | HARMONIC 825 KC | uss
| » M DETECTOR~- q
: OSCILLATOR AMPLIFIER : MIXER : AMPLIFIER o'uv
| ' | * !
| | 80 KC gokc |
i ] CARRIER
l 1
I INTER— i |
| POLATION I I
: OSCILLATOR | :
. CONT, 1KC : :
| l :
] 5702 : v |
| 140KC | |
I 100 KC _| FREQUENCY| 20KC |
| *] OIVIDER SYNTHESIZER |80 KC CARRIER N Lse,
: : AMPLIFIER out
i
I ! 1
| : i
| |
f | |
| CONVERTER | DEMODULATOR I
| POWER SUPPLY : POWER SUPPLY :
|
| | |
| I I
| ] ]
b - —- CONVERTER DRAWER ————— — — — = — ——— —— — —— — - — ——— DEMODULATOR DRAWER — — — — —-J
50.42

Figure 7-20.—Functional block diagram of Radio Receiving Set' AN/WRR-2.
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CHAPTER 8

RADIO TRANSMITTERS

Modern medium-frequency and high-
frequency shipboard transmitters must be ca-
pable of transmitting over a wide range of
frequencies. In addition to CW and radiotele-
phone modes of operation, these transmitters
must be used also for RATT and FAX trans-
missions. They must be of rugged construction
for long service life. Transmitters that meet
these requirements have become quite complex
and, because of limited space available for
radio installations in naval ships, they are of
compact construction.

A shipboard transmitter that has the fore-
going characteristics is model AN/SRT-15.
This transmitter is chosen for presentation in
this chapter because it is a modern, sophisti-
cated communication transmitter in wide usage
throughout the Navy. Its electronic circuits
represent, to a great extent, most of the new
features of present-day transmitters.

Information on other transmitters appears
in later portions of this training course. The
VHF/UHF transmitters are included in chapter
9, and SSB equipment is described in chapter
11. Other MF/HF transmitters are described
briefly in Radioman 3 & 2, NavPers 10228.

AN/SRT-15 TRANSMITTER

The AN/SRT-15 (fig. 8-1) is one model of a
new series of radio transmitters. This trans-
mitter and other late models are replacing
older equipments such as Navy models TAJ,
TBL, TBK, and TBM. Transmitters in this
series are capable of performing operations
that heretofore required several separate trans-
mitters. Space needed in newer transmitters
is considerably less than for older models.

Three transmitters constitute the AN/SRT
series., They are known as the AN/SRT-14,
-15, and -16. The AN/SRT-14 is the basic
transmitter, and has a power output of 100 watts.

The AN/SRT-15 is the same, with the addition
of a 500-watt booster amplifier and its associ-
ated power supply, thusproviding optional output
power of either 100 or 500 watts over the
frequency range 2 to 26 mc. Output is limited
to 100 watts in the MF band from 0.3 to 2 mc.
The AN/SRT-16 consists of two AN/SRT-14
equipments plus the booster amplifier. It
furnishes two entirely independent transmitting
channels. One channel is limited to a 100-watt
output, whereas the other may be transmitted
at the 500-watt level or at the 100-watt level.
Although carrier levels are referred to as 100
and 500 watts, actual output varies over the
frequency range, depending upon the frequency
and the mode of operation. All three trans-
mitters cover the frequency range 0.3 to 26 mc,
and may be used for CW, radiotelephone, radio-
teletypewriter, and FAX transmissions. Further
discussion in this chapter is limited to model
AN/SRT-15.

The main transmitter cabinet holds five
pullout drawer-type chassis. From top to
bottom these units are (1) radiofrequency am-
plifier (RFA), () low-level radio modulator
(LLRM), (3) radiofrequency oscillator (RFO),
(4) low-voltage power supply (LVPS), and (5)
medium-voltage power supply (MVPS).

The 500-watt booster amplifier is contained
in the smaller cabinet to the left of the trans-
mitter. In his cabinet the top unit is the high-
level radio modulator (HLRM). The lower unit
is the high-voltage power supply (HVPS).

BLOCK DIAGRAM

A functional block diagram of the AN/SRT-15
transmitter is shown in figure 8-2. The rela-
tionship existing between majorunits, aswell as
the progression of the signal through the set can
be seen in the diagram. A description of each
major component of the transmitter is given
later in this chapter.
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Figure 8-1.—Radio Transmitting Set AN/SRT-15, relationship of units.

A radiofrequency oscillator is the master
frequency source for the transmitting set, It
generates its output signals through 14 subunits,
employing oscillators, frequency multipliers,
and frequency converters. The r-f output ofthe
radiofrequency oscillator can be varied in steps
of 10 cps from 0.3 to 26 me¢. This output is fed
to the radiofrequency amplifier, which contains
three stages of amplification: a buffer, an in-
termediate power amplifier, and a power ampli-
fier. These stages are tuned manually to the
desired frequency. During 100-watt operation,
the radiofrequency amplifier amplifies all fre-
quencies in the 0.3- to 26-mc range. In 500-
watt operation, only signals within the range
from 2 to 26 mc are amplified in the radiofre-

quency amplifier.. Selection of a frequency
between 0.3 and 2 mc during 500-watt operation
automatically switches the outputtothe 100-watt
level.

The low-level radio modulator acceptsaudio
and keying signals from the external circuits,
and amplifies and shapes them, as required, to
modulate the carrier. A 50-watt audio signal
is coupled directly to the radiofrequency ampli-
fier during 100-watt operation. During 500-
watt operation, the low-level radio modulator
supplies a 6-watt audio signal to the high-level
radio modulator, which amplifies this input to
the 250-watt level and feeds it to the radiofre-
quency amplifier. Keying signals for frequency
shift and CW transmission may be applied to
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the low-level radio modulator from either
machine-key or hand-key equipment.

Output of the radiofrequency amplifier is
fed to the load adjusting unit. This unit provides
a method for improving the impedance match
between the output of the radiofrequency ampli-
fier and the antenna. From the load adjusting
unit, a signal is applied to the antenna coupler
whose prime function is to extend the range of
tuning. This extension of tuning range is done
by switching inductance or capacitance into the
line to lengthen or shorten the apparent elec-
trical length of the antenna. The antenna
coupler also contains a switch, making it
possible to bypass the tuning components com-
pletely, thereby connecting the antennas directly
to the load adjusting unit. The radiofrequency
tuner serves as a variable length transmission
line. Its function is to match sufficiently the
impedance of the antenna to the characteristic
output impedance of the radiofrequency ampli-
fier so that the standing waveratioisno greater
than 4:1.

The low-voltage power supply receives 110
volts a-c from the ship’s supply and distributes
this power to other units. It contains rectifier
circuits that provide B plus voltage of +300
volts, +250 volts, -24 volts for control circuits
and motor lines, and -220 volts for bias.

The medium-voltage power supply receives
110 volts from the low-voltage power source,
and supplies +500 volts and +1300 volts, re-
spectively. The +500 volts is applied to the
low-level radio modulator and the radiofre-
quency amplifier. During phone operation, the
+1300 volts is reduced to +1050 volts and is
applied to the radiofrequency amplifier. The
medium-voltage power supply contains a relay,
which ensures that the 500-volt source is
activated before the 300-volt source in the low-
voltage power supply comes on. This action is
necessary because, primarily, the 300-volt
source is a screen voltage supply and causes
damage to the tubes it serves if plate voltage
is not applied.

The high-voltage power supply, used only
during 500-watt operation, is provided with a
separate input of 200-volt, single-phase or
400-volt, three-phase, 60-cycle, a-c from the
ship’s supply. This circuit has a d-c output of
+3000 volts that replaces the 1300-volt output
of the medium-voltage power supply during
500-watt operation. During phone operation,
this 3000 volts is reduced to +2400 volts.
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As previously stated, the types of signals
that may be applied to the input circuits are
voice, CW, frequency shift telegraph (hand-
keyed or machine-keyed), or facsimile. The
radiophone unit (not a part of the radio trans-
mitting sets) is located at a remote position.
This unit consists of a power start-stop circuit
and an audio and keying input circuit. The
power start-stop circuit is connected to the
control circuit of the low-voltage power supply,
and permits turning the transmitter on or off.
Audio signals are received locally from either
a carbon or dynamic microphone. With a
standard Navy remote radiophone unit, the
input circuit is restricted to the use of a
carbon microphone.

For CW operation, the low-level radio mod-
ulator feeds keying signals directly to the
radiofrequency amplifier and radiofrequency
oscillator at either 100- or 500-watt levels. In
frequency shift key operation, the low-level
radio modulator reshapes the input keying sig-
nals, and feeds them to the radiofrequency
oscillator. Facsimile signals are switched
through the low-level radio modulator and
applied directly tothe radiofrequency oscillator.

Over the entire frequency range, the un-
modulated carrier level for radiophone com-
munication may vary from 55 to 100 watts at
the low level, and from 265 to 400 watts at the
higher level. For telegraph and facsimile
transmission, however, the same frequency
range carrier level may vary from 85 to 150
watts for the lower output level, and from 400
to 600 watts for the higher output level.

In the discussion of the AN/SRT-15 in this
chapter, it is simpler to use abbreviations for
major components of the sets. These major
components and abbreviations are-—radiofre-
quency oscillator (RFO); low-voltage power
supply (LVPS); medium-voltage power supply
(MVPS); high~voltage power supply (HVPS);
low-level radio modulator (LLRM); high-level
radio modulator (HLRM); radiofrequency am-
plifier (RFA); antenna tuning unit (ATU); and
load adjusting unit (LAU).

RADIOFREQUENCY OSCILLATOR

One of the oscillators used in the RFOof the
AN/SRT-15 has a fixed frequency of 100 ke. It
provides a transmitter output frequency ranging
from 0.3 to 26 mc. These output frequencies
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are made possible through heterodyning proc-
esses taking place in several subunits throughout
the radiofrequency oscillator. This method is
relatively new in transmitter circuitry. The
mixing circuits are therefore made variable
in preference to the circuitry of the oscillator.
Because the oscillator output is fixed at one
frequency (100 ke), it provides a more stable
output to other subunits of the RFO.

In addition to the 100-kc oscillator, the RFO
contains two other oscillators and several sup-
porting units, including frequency converters,
step generators, and frequency multipliers,
which . are necessary to produce the required
frequencies for the transmitter. The RFO
unit, therefore, consists of 14 subunits, which
in this discussion are referred to by their
common name and unit number, as shown in the
RFO block diagram of figure 8-3. (The RFO
does not have a unit numbered 13.) An external
view of the RFO control panel is seen in the
lower part of the illustration.

RFO BLOCK DIAGRAM

The block diagram shows the signal distri-
bution and signal progression through the RFO.
In the discussion that follows, it would be wise
to make frequent referencetothe block diagram,
particularly when moving from one subunit to
another.

Unit 1

The crystal oscillator (unit 1) produces a
100-ke output, which is fed to a frequency
multiplier (unit 2), a frequency converter (unit
5), 10-kc step generator (unit 6), and 100-kc
step generator (unit 8). This output synchronizes
the step generators and, through frequency
multipliers, provides higher frequencies re-
quired by other units of the radiofrequency
oscillator. Another portion of the 100-kc output
is fed to a zero adjust indicating circuit in unit
14 (not shown) to enable an operator to check
the output of the interpolation and frequency
shift oscillators. Finally, a portionofthe 100-kc
output of the crystal oscillator is fed to an
oscilloscope test receptacle in unit 14 for
servicing or checking as required.

Unit 2

In the frequency multiplier (unit 2), the
100-kc output of the crystal oscillator is in-
creased to 1 mc and is fed to another frequency

multiplier (unit 4), a frequency converter (unit
5), a 10-kc step generator (unit 6), a frequency
multiplier (unit 7), and a 1-mc step generator
(unit 10).

Unit 3

The interpolation oscillator (unit 3) gener-
ates frequencies in the range of 90 to 100 kc.
These frequencies are made variable in steps
of 10, 100, and 1000 cycles per second. To
obtain maximum stability, the main frequency-
controlling elements are housed in an oven at a
constant temperature of 158° Fahrenheit. The
output frequency is varied by means of decade
switches that place inductors and capacitors of
the required size in the oscillator main tank
circuit. The interpolation oscillator produces
an output of 90 to 100 ke, adjustable in steps of
10, 100, and 1000 cps. The major portion of
this output is fed to the frequency converter
(unit 5). Another portion isfedto anoscilloscope
test receptacle located on the front panel of the
RFO.

Unit 4

The frequency multiplier comprises a fre-
quency quadrupler and a frequency doubler.
Unit 4 receives the 1-mc output of unit 2 and,
by means of multipliers and harmonic filters,
produces an 8-mc signal. This output is fed to
unit 5.

Unit 5

In addition to the 1-mec input from unit 2 and
the 8-mc input from unit 4, the frequency con-
verter (unit 5) receives outputs from the inter-
polation oscillator (unit 3) and eitherthecrystal
oscillator or the frequency shift oscillator. The
frequency shift oscillator (unit 12) generates an
output of 100 ke, frequency-modulatedin accord-
ance with signals applied from the low-level
radio modulator. For frequency shift keying or
facsimile operation, the output of unit 12 is fed
to the frequency converter (unit 5) to replace
the 100-kc signal normally supplied by the
crystal oscillator (unit 1).

The frequency converter consists of aseries
of conventional mixers, tuned filters, and anam-
plifier to heterodyne its four input frequencies,
Output of unit 5 is adjustable in steps of 10
cps from 9.19 to 9.2 mc for CW and phone, or
9.19 to 9.2 mc %1000 cps (maximum) for
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frequency shift telegraphy, and 9.19 to 9.2 mc
+2000 cps (maximum) for fascimile operation.

Unit 6

The output of unit 5 is fed to the 10-kc step
generator (unit 6) whose major component is a
phase-locked oscillator. Additionally, the 10-kc
step generator receives a 100-kc signal from the
crystal oscillator and a 1-mec signal from unit
2. The 100-kc input is used to produce a 10-kc
signal that is used to stabilize the 10-kc step
generator. These frequencies (10 ke and 210
ke in 10-kc steps) are available at oscilloscope
test receptacles. A part of the 210- to 300-ke
frequency is then mixed with the input from unit
2 and unit 5 to produce a final output from unit
6 of 10.4 to 10.5 mc (in steps of 10 cps), which
is fed to the 100-kc step generator (unit 8).

Unit 7

The frequency multiplier (unit 7) receives
a l-mc signal from unit 2 and multiplies it to
provide first a 5-mc signal for the frequency
converter (unit 9) and, second, a 15-mc signal
for the 100-kc step generator (unit 8).

Unit 8

The 100-kc step generator (unit 8) contains
a 1.6-mc to 2.5-mc phase-locked oscillator.
It functions in a manner similar to that of the
step oscillator of unit 6, already discussed. The
output from the phase-locked oscillator is mixed
with the 15-mc output of unit 7, resulting in
frequencies ranging between 16.6 and 17.5 mc.
These frequencies then are mixed with the
10.4-mc to 10.5-mc output of unit 6 to yield
frequencies in the range of 27 to 28 mc, adjust-
able in 10-cycle steps. The unit also contains
amplifiers and filters, and feeds its output to
unit 9.

Unit 9

The frequency converter (unit 9) mixes the
27- to 28-mc input from unit 8 with the 5-mc
input from unit 7 to produce frequencies of 27
to 28 mc, 32 to 33 mec; 22 to 23 mc, and 37 to
38 mec. These frequencies correspond to the
original, sum, difference, and 5-mc second
harmonic sum, respectively. Frequencies are
filtered, amplified, and sent (by means of the
bandswitch) to unit 11A, 11B, or 11C, depending
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on the desired final output frequency of the
radiofrequency amplifier.

Unit 10

The 1-mc step generator (unit 10) receives
a 1-mc signal from unit 2 and passes it through
a harmonic generator that produces frequencies
of 7, 8, 13, 14, 16, 17, 18, 19, 20, 21, and 22
mc, depending on the selected tuned circuits.
These frequencies are amplified by the re-
mainder of unit 10 and are fed tothe bandswitch.
The bandswitch, located in unit 14, determines
to which frequency converter unit (114, 11B, or
11C) the output signals from unit 9 and 10 are
delivered, and from which unit the final output
of the RFO will be obtained.

Unit 11

Outputs of units 9 and 10 are fed to one of
three final converters (units 11A, 11B, and
11C), only one of which is used at a time. The
output frequency desired determines which of
the three converters will be selected. The unit
chosen is connected by the bandswitch to the
outputs of unit 9 and unit 10, and to the radio-
frequency oscillator mounting (unit 14). Unit
11A is used for frequencies between 0.3 and 6
mc, unit 11B for the 6- to 16-mc range, and
unit 11C for outputs of 16 to 26 mec.

In CW operation, during space (key up con-
dition) and in phone operation, when the press-
to-talk button is not depressed, -30 volts is re-
ceived from the LLRM, and is applied to units
11A, 11B, and 11C. This potential, applied to
the input tubes, is sufficient to drive the stages
into cutoff. In this condition, the input stages
will not allow passage of the input frequencies.

Unit 12

The frequency shift oscillator (unit 12) makes
possible frequency shift keying and facsimile
operation of the transmitter. This unit includes
a 100-kc oscillator, capable of shifting its fre-
quency +1000 cps from 100 kc at a 240-cps rate
during frequency shift teletypewriter operation.
During facsimile operation, the oscillator is
also capable of shifting up to 2000 cps, as de-
termined by the amplitude of the photo input
voltages.

The frequency shift oscillator is employed
only when transmitting FSK or FAX signals.
During CW and phone operation, the crystal
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oscillator (unit 1) is used as the master fre-
quency source instead of unit 12.  Another
portion of the frequency shift oscillator output
is fed to an oscilloscope test receptacle.

Unit 14

Unit 14 is the mounting rack intowhich other
units of the radiofrequency oscillator are con-
nected. Unit 14, in turn, plugs into the trans-
mitter group cabinet wiring. The control indi-
cator, which mounts on the unit 14 front panel,
contains controls for antenna tuning, an indi-
cator for measuring the standing wave ratio ex-
isting on the r-f transmission line, and a meter
for measuring percentage of RFT coil length
in the circuit.

RADIOFREQUENCY AMPLIFIER

The prime function of the radiofrequency
amplifier of the AN/SRT-15 transmitter is to
increase power of the r-f output to the required
level. The RFA is mounted on a separate
chassis from the radiofrequency oscillator just
described. The amount of interaction between
frequencies of the two units thus is minimized.
Another consideration that contributes to the
choice of separate chassis for the RFOand RFA
(and other major units of the transmitter) can
be appreciated when it becomes necessary to
service the equipment. For instance, if oper-
ational trouble is found in the RFA, this unit
alone may be replaced by removing the RFA
chassis and substituting one known to be in
operating condition.

In addition to amplifying r-f energy, the
RFA is equipped with tuned circuits and filters,
which are selected in the plate circuits through
the use of switches provided for this purpose.
A decided improvement is therefore realized
over earlier transmitters in the ability of this
equipment to select the desired frequency. Also,
because each of the six bands utilizes a separate
filter, the range of tuning of a particular tank
circuit is minimized.

Output circuits of the RFA contain meters
and switches, and reactive components for
matching the RFAtothe chosen antenna. Through
the use of the load adjusting unit, r-f tuner,
and antenna coupler units of the RFA, the elec~
trical length of the transmission line can be
varied to match a fixed antenna. Hence, the
standing wave existing along the line can be

reduced to the required minimum. These
features greatly improve the antenna radiation
capabilities.

The radiofrequency amplifier (RFA) accepts
from the radiofrequency oscillator a signal in
the frequency range from 0.3 to 26 mec. The
radiofrequency amplifier consists of three
stages: buffer, intermediate power amplifier
(IPA), and power amplifier (PA).

Signals from the radiofrequency oscillator
are received at a level of approximately 0.1
watt, and amplified to either 100 or 500 watts.
The radiofrequency amplifier also contains
adequate filters to attenuate undesired har-
monics. Output of the RFA is coupled to the
load adjusting unit.

The RFA output may be modulated either by
audio from the low-level radio modulator or
high-level radio modulator, or it may be keyed
on and off by keying voltages from thelow-level
radio modulator. During frequency shift keying
and facsimile operation, the r-f signal from the
RFO is frequency-modulated in the radiofre-
quency oscillator.

Tuning of the RFA is accomplished man-
ually by three controls: bandswitch, tune IPA
control, and tune PA control. To enable the
RFA to tune through the entire range from 0.3
to 26 mc, the total range of frequencies is
grouped into six bands. Figure 8-4 shows a
block diagram of the RFA with its ganged band-
switches. For simplicity, meters and control
circuits are not shown.

The function of the bandswitch is to connect
a tank circuit to each of the amplifiers in
accordance with the band that contains the
frequency chosen for transmission. After the
desired band is chosen by the bandswitch,
tuning of the buffer and IPA tank circuits is
accomplished by the tune IPA control. Tuning
of the PA tank circuit is then performed by the
tune PA control. Tuning procedures and other
common operating adjustments of the AN/
SRT-15 transmitter are described in chapter 5
of Radioman 3 & 2.

BUFFER AMPLIFIER

The function of the buffer stage is to isolate
the radiofrequency oscillator from the effects of
a varying load caused bykeying signals received
by the RFA from the low-level radio modulator.

The buffer amplifier receives the output of
the RFO and amplifies the signal to a sufficient
value to drive the intermediate power amplifier.
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Figure 8-4.—Radiofrequency amplifier,

block diagram.

During frequency shift keying and facsimile
operation, the buffer amplifier keys the carrier
continuously on the air. InCW operation, during
mark (key-closed condition) and in phone oper-
ation, when the press-to-talk button is de-
pressed, the buffer allows the carrier to be
transmitted. In CW operation, however, during
space (key-up condition), and in phone operation,
when the press-to-talk button is not depressed,
the buffer amplifier will not allow passage of
the r-f signal from the RFO, and effectively
cuts the carrier off the air.

INTERMEDIATE POWER AMPLIFIER

The intermediate power amplifier amplifies
the r-f signal from the buffer. The r-f signal
is further tuned in the IPA plate tank circuit.
Both the intermediate power amplifier and the
buffer amplifier are tuned by the tune IPA con-
trol, which is ganged to the IPAtuning capacitor
as well as to the buffer tuning capacitor.

POWER AMPLIFIER

The power amplifier stage amplifies the
r-f output of the intermediate power amplifier
to a power level of 100 watts or 500 watts. The
amount depends on the plate and screen voltages
selected by means of the control circuits. Once
again the r-f signal is tuned in the PA plate
circuit and is matched to the antenna trans-
mission line.

During CWtransmission, the PA plate voltage
is +1300 volts for 100-watt operation and +3000
volts for 500-watt operation. During phone
transmission, a 1050-volt potential is supplied
to the PA tube plate for 100-watt operation and
2400 volts for operation at the 500-watt level.
The plate potential is reduced during phone
operation so that, during modulation, maximum
plate voltage variations do not exceed the power
amplifier tube’s peak voltage rating.

OPERATE RELAY AND DISABLE LINE

The 500-watt operate relay K1 (fig. 8-5)

controls the ground for the 100-watt line, 500-

watt line, and 500-watt AX line.
The grounds for the 500-watt line and 500-

‘watt AX line allow circuit completion for several

control circuits. They are responsible for (1)
turning on control circuits in the high-voltage
power supply, (2) connecting the output of the
low-level radio modulator to the input of the
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Figure 8-5.—Simplified schematic of 500-watt operate relay and 500-watt disable line.

high-level radio modulator, (3) switching the
input to the PA plate from the low-level radio
modulator output to the high-level radio modu-
lator output, and (4) supplying screen grid volt-
age to the high-level radio modulator during
phone operation. Grounds for the 500-watt line
and 500-watt AX line are completed when Kl
is energized.

The ground for the 100-watt line is com-
pleted when K1 is not energized. This line

completes the control circuits in the medium-
voltage power supply, which then supplies the
required PA plate potential for the 100-watt
operation.

If K1 is energized, the transmitter group
is in 500-watt operation. If the relay is not
energized, the transmitter is in 100-watt oper-
ation. To place the transmitter in 500-watt
operation, the push for 500-watt button S3 is
depressed. If the -24 volts after time delay
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relay K5 has timed out (contacts 2-8 closed),
depressing the 500-watt button applies the -24
volts to the winding of Kl. The necessary
ground for completing this circuit is accom-
plished through a series of protective devices,
constituting the 500-watt disable line. The cir-
cuit must be complete before the transmitter
switches to the 500-watt level. Protective
devices included in the 500-watt disable line
are bandswitch S2N, disable 500-watt pushbutton
S4, RFO unit 14 door interlock S5, time delay
relay K5, thermostat S6, blower switch S7,
overload relay K4 (contacts 2R and 3R), and
plate thermostat S8. If anyone ofthese controls
or protective devices is not closed, the ground
is not completed to K1, and the transmitter can
operate at the 100-watt level only. When K1
energizes, the -24 volts after time delay connects
to the windings of K1 through its contacts 1R
and 2R, allowing S3 to be released.

The 500-watt disable line contains a switch,
S2N, ganged to the bandswitch control. The
switch allows the circuit to be completed in
all bands except 1 and 2. It should be recalled
that those frequencies up to and including 2 mec
may be transmitted at the 100-watt level only.

The disable 500-watt pushbutton S4, ordi-
narily closed, may be depressed to open the
circuit as desired.

A transparent door covers the control knobs
of the RFO. The door contains a switch, S5.
This door interlock controls the open andclosed
condition of the 500-watt disable line, and, if
open during normal 500-watt operation, the
transmitter output is reduced to the 100-watt
level.

The heaters of the tubes in the high-voltage
power supply (discussed later) are allowed to
warm up before power is applied to the plate
transformer. Contacts 2 and 8 of the time delay
relay K5 are held open until the time delay is
over. After this time, contacts 2 and 8 are
closed to complete the circuit.

Thermostat S6 usually is closed. When ex-
cessive heat is radiated by tuning coils in the
r-f tuner (discussed later in this chapter), S6
opens the circuit.

Blower switch S7 is a centrifugal switch
operated by the blower motor in the r-f tuner.
The circuit is closed through S7 only if the
blower is operating. )

Contacts 2R and 3R of the PA screen over-
load relay normally are closed. When K4 is
energized, due to excessive PA screen grid
current, contacts 2R and 3R 4are opened, andthe
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ground is removed from the 500-watt disable
line.

The normally closed contacts of PA plate
thermostat S8 are caused to open when energy
radiated by the PA plate dissipation becomes
excessive. This action, too, removesthe ground
from the 500-watt disable line.

Four indicator lamps controlled bythe action
of K1 indicate the power level ofthe transmitter
and also whether the transmitter is on the air.
These indicators are shown in figure 8-5.

As mentioned previously, contacts are pro-
vided on the antenna switching relay for con-
necting a receiver to the antennawhenthetrans-
mitter is off the air. When it is on the air, the
output of the RFA is coupled to the antenna
system, and the receiver input is grounded.

During hand-key operation (usingthe test key
S5 in figure 8-6), the circuitfor K2 is completed
from the -24 volts after time delay, through the
winding of K2, intothe low-level radio modulator,
through contacts 1L and 2L of relay K6, and
through the closed contacts of the test key to
ground. Energizing the antenna switching relay
K2 actually operates the keying relay K6 in the
LLRM. This action shifts the ground on K2 from
1L and 2L of K6 to contacts 2L and 3L of K6.
Capacitor C1 is provided to continue the ground
on K2 during the time of the changeover. Antenna
relay K2 therefore becomes energized when the
test key is closed, corresponding to a mark,
moving its contacts to the transmit position.
When the hand-key is up, corresponding to a
space, there is no ground for relay K2, and the
antenna is switched to the receive position.

In machine CW, frequency shift keying, and
facsimile operation, a permanent ground is
placed on the keying line (through the keying
equipment), keeping K2 energized.

TRANSMITTER COUPLER

The function of the transmitter coupler,
generally referred to as the load adjusting unit
(LAU), is to improve the impedance match be-
tween the 50-ohm output impedance ofthe radio-
frequency amplifier and the impedance presented
by the antenna tuning equipment. Improved
matching permits the final power amplifier
stage of the RFA to operate at maximum plate
efficiency, and improves the transfer of power
to the antenna. The transmitter coupler (pic-
tured in fig, 8-1, and shown schematically in
fig. 8-7) consists of the standing-wave ratio
monitor andthe impedance transformer circuits.
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Figure 8-6.—Antenna switching relay and associated circuits.

STANDING-WAVE RATIO MONITOR

The output of the radiofrequency amplifier
is connected to the standing-wave ratio monitor
circuit, which functions to detect and monitor
the standing-wave ratio present on the r-f
transmission line.

The r-f transmission line from the RFA is
connected through J1 to the standing-wave ratio
monitor circuit and to the impedance trans-
former circuit. Voltages eVl and eV2, pro-
portional to the r-f line voltage, are obtained
directly from voltage divider R1 and d-c block-
ing capacitors C1 and C2, respectively. Voltage
eV]1 is between point C and ground. Voltage
eV2 is between point B and ground. Voltages
eil and ei2 are proportional to the current in
the r-f line. They are obtained from the lower
and upper halves, respectively, of the secondary
winding of transformer T1. The center tap of
the secondary is grounded, and eil is 180° out
of phase with ei2. However, eV1 andeV2 are in

phase with one another and are of equal magni-
tude. Resistors R2, R3, R4, and R5 are shunted
across the transformer and function as damping
resistors.

Circuit ABCD, supplied by the T1 secondary
and also by a portion of the line voltage via C1
and C2, includes capacitors C3 and C4. These
capacitors acquire a charge through the action
of crystal diodes CR1 and CR2 and the voltages
eil and eV1 and ei2 and eV3.

On one-half cycle, CR1 and CR2 are con-
ducting, and on the other half they are noncon-
ducting. During the time the diodes conduct,
eil and ei2 attempt to establish a charging cur-
rent clockwise around circuit ABCD so as to
charge C3 and C4 with the polarity shown. Dur-
ing this time eV1 opposes the charge on €3, and
eVy aids the charge on C4.

As stated before, eij and ei2 are gropor-
tional to the line current; eVy and eVy are pro-
portional to the line voltage. Now the quantity
of charge in C3 is proportional to ei] - €V1 and
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Figure 8-7.—Transmitter coupler (load adjusting unit), schematic diagram.

the quantity of charge in C4 is proportional to
eig + eVy. Thus, the voltage on C3 is propor-
tional to the difference of two quantities, and
C4 is proportional to the sum of the same two
quantities. These quantities are proportional
to line current and line voltage. The ratio of
these quantities is proportional to the line
impedance. For a matched line withno standing
waves, the ratio is proportional to the charac-
teristic impedance of the line. If the line is

mismatched, the ratio is upset, and the amount
of charge on C3 and C4 is altered.

A voltage divider comprising R8, R9, R10,
R11, R12, and R13 is connected across the
series combination of C3 and C4. Voltage
across this divider is equal to the sum of the
voltage across C3 and C4., Meter Mis connected
effectively between the common junction of C3
and C4 and a point on the voltage divider, de-
pending on the position of switch S3. In this
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bridge circuit the current through the meter is
proportional to the unbalanced condition of the
bridge.

The values of R10, R11, R12, and R13 are
such that if the standing wave on the r-f line is
8:1, the potential at point E with respect to
ground is zero. If the SWR calibrate switch
is in the 8:1 position, the SWR balance meter
M gives an indication at the center null position.
If the standing-wave ratio is less than 8:1, with
the switch in this position, the meter reads to
the left of the null position. Conversely, if the
standing-wave ratio is greater than 8:1, withthe
switch in this position, the meter indicates a
reading to the right of the null position. Voltage
at point F with respect to ground is zero when
the standing-wave ratio is 4:1. Similarly, a
2:1 ratio gives a zero reading at point G. Re-
sistor R14 in series with the meter is a current-
limiting resistor.

IMPEDANCE TRANSFORMER

A method for improving the matchbetweenthe
characteristic impedance output of the RFA and
that impedance presented to the RFA by the
antenna and antenna tuning equipment is provided
by the impedance transformer. Matching is
accomplished through the use of a tapped auto-
transformer T2, introduced into the r-f trans-
mission line. Output of the standing-wave ratio
monitor may be connected to one of the taps
of T2 shown in figure 8-7. Input connections
are made through switch S1, the input tap con-
trol. The output of the transformer selected by
the position of the tap on the output tap switch
S2 is connected through the r-f ammeter M1 to
jack J2, which is the output to the antenna
coupler.

With the input and output tap controls set at
position 4, the full winding of the impedance
matching autotransformer is shunted acrossthe
line. This position isthe normal setting of these
controls. If, after all tuning procedures are
completed, the standing-wave ratio balance
meter indicates a reading higher than 2:1, con-
trols should be reset for optimum impedance
match.

Tuning controls of the PA stage are alsoused
in making the adjustment for maximum reading
on the r-f ammeter of the load adjusting unit.

ANTENNA TUNING EQUIPMENT

The AN/SRT-15 transmitter is designed to
work into a 35-foot whip antenna, Navy type

C66047, or into a 60- to 130-foot single wire
with a 40-foot down lead. If the impedance
presented by the antenna is other than 50 ohms,
energy is reflected back along the transmission
line, reducing the energy being radiated and
causing voltage nodes to exist on the line. The
standing-wave ratio measurement indicated by
the standing-wave ratio balance meter repre-
sents the extent of the mismatch. The ideal
matching condition of the antenna load to the
RFA output would yield a standing-wave ratio of
1:1. This ratio would occur when the reactive
component of the antenna is reduced to zeroand
the resistive component is equal to 50 ohms.
Acceptable tuning of the antenna load by the
antenna tuning equipment is achieved if the
standing-wave ratio can be reduced to at least
4:1 for any frequency in the transmitter range.

If the antenna length is an exact multiple of
quarter-wavelengths corresponding to the fre-
quency in use, the antenna is resonant and
presents zero reactance to the transmission
line. It should be understood, however, that
because the antenna length is constant, the res-
onant condition will not remain constant for all
frequencies. Further, at even multiples of
quarter-wavelengths, the resistive component
(for end feed) is high; at odd quarter-wavelength
multiples, the resistive component presentedby
the antenna (at the same feed point) is low.

The function of the antenna tuning equipment
is to make the antenna length, together with the
selected tuning component, appear at the feed
point as some odd multiple of a quarter-
wavelength for all frequencies within the tuning
range from 0.3 to 26 mc. A block diagram of
the antenna coupler and r-f tuner is shown in
figure 8-8.

ANTENNA COUPLER

Figure 8-9 is a schematic diagram of the
antenna coupler. Loading switch S1 permits
additional components to be placed into the
transmission line to increase its effective length
when the length of the main tuning coil is in-
sufficient to achieve the required tuning. This
need is particularly apparent at low frequencies
when antenna length should be increased. At
frequencies where the effective length of an
antenna is an even multiple (instead of the de-
sired odd multiple) of a quarter-wavelength, a
capacitor may be switched in the line. Without
this action, a poor match would exist between
the antenna and the RFA because the antenna
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an actuator, B1, in the antenna coupler. The
actuator then functions to position the loading
switch, as required, to select the proper loading
component. Table 8-1 lists the components se-
lected by the different positions of the antenna
coupler loading control.

Assume that antenna coupler loading switch
S-2 (fig. 8-9) is placed manually in position A.
This action establishes a circuit from one side
of the 110-volt a-c line through 11-14 of S2,
through contacts NO and C of microswitch S4,
to one side of the actuator winding B1l. The
other side of the actuator winding is connected
directly to the other side of the 110-volt a-c
line. The closed contacts NO and C of S4 allow
the actuator to rotate until the roller arm of S4
falls into the notch of the positioning cam. This
action opens the contacts of S4, breaking the
a-c supply to the actuator. The magnetic
actuator is ganged to S1 in such a way that the
switch is caused to rotate to the A position.

At certain frequencies, the actual antenna
impedance is such that no tuning is needed to
meet the standing-wave ratio reading of 2:1
required at the r-f output of the radiofrequency
amplifier. At other times, it is necessary to
use one or more of the tuning components
described in the discussion of theloading switch
in the preceding paragraphs. To meet these
conditions, antenna bypass switch S3 (fig. 8-9)
is introduced into the transmission line.

Table 8-1.—Components Selected in Each
Position of Loading Switch S1

Positions of antenna Loading components
coupler loading selected by S1
switch S2
Direct - None.
A C1 in series.
B L2 in series.
C C1 in series, C2 and
C3 shunted
across the line.
D L1 in series.
E C3 and C2 shunted
across the line.

The antenna bypass switch is controlled by
the antenna transfer switch on the control indi-
cator (located on the front of RFO unit). The
switch is a double-pole, double-throw toggle
switch with three positions. These positions
are designated TUNER IN, BYPASS, and RE-
MOTE. The REMOTE position is not shown in
the illustration. Switch S3 is positioned by a
magnetic actuator, B2. One side of the a-c
line is connected permanently to one side of the
actuator. Relay K1, when energized, completes
the line voltage circuit, allowing the actuator
to energize. This action, in turn, rotates the
positioning cam. In this manner, the antenna
bypass switch is caused to position itself in
accordance with the position chosen by the
antenna transfer switch.

With the antenna bypass switch in the BY-
PASS position (as shown), relay K1 is not ener-
gized, and the r-f output fromthe load-adjusting
unit is connected directly to the antennathrough
J1 and contacts 4 and 10fS3. When it is desired
to have the tuning elements in the line, the an-
tenna transfer switch is placed in the TUNER IN
position. Switch S3 therefore is rotated so that
r-f energy now passes through contacts 4 and 3
of S3, then out through connector J2 to the r-f
tuner input. Output of the r-ftuner is connected
permanently to loading switch S1, discussed in
preceding paragraphs. The loading switch se-
lects the desired tuning component. Output of
S1 is connected to contact 2 of bypass switch S3,
through contact 1, and to the antenna.

When S3 is switched from TUNER IN to
BYPASS, or vice versa, the transmission line
is interrupted momentarily, removing the an-
tenna load. When the antenna load is removed,
even for a short time, it becomes necessary to
cut off the radiofrequency energy at the IPA (as
previously mentioned) to prevent surges in the
transmitter output caused by this removal of
antenna load. Grounding cam A (fig. 8-10) is
fixed to the shaft of bypass switch S3, and con-
trols the open or closed condition of micro-
switch S2. Configuration of the camis such that
it removes the ground from the R9 and R10
junction in the IPA control grid circuit during
the time that switching takes place. Absence
of this ground causes the IPA to cut off, and
this action, in turn, cuts off the output of the
transmitter. :

RADIOFREQUENCY TUNER

The antenna coupler applies its output to
transformer switch S1 (fig. 8-11) in the r-f
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Figure 8-10.— Antenna coupler grounding cam
circuit, simplified schematic.

tuner. This switch, when connected so that
circuits are completed through the 1 and 2
contacts and the 3 and 4 contacts, places the
9:1 impedance transformer in the transmission
line. The purpose of the transformer is to step
up the signal to the required level. In the other
position of the switch (as shown), the impedance
transformer is bypassed by the connection made
between contacts 2 and 4 to the main tuning coil
of the r-f tuner.

Magnetic actuator B1, responsible for posi-
tioning switch S1, operates under the influence
of transformer switch S2, through contacts NO
and C of S3,toone side of the winding of actuator
Bl. The other side of the actuator is connected
directly to the other side of the line. Actuator
B1 rotates until the roller actuator of S3 falls
into the notch of the positioning cam. At this
time, the NO and C contacts of S3 open, breaking
the line voltage circuit. Transformer switchS1
is now in the position that eliminates the im-
pedance transformer from the circuit. Placing
S2 in position 14 again energizes the circuit
through S4. Actuator Bl then causes the posi-
tioning cam to rotate until the actuator for S4
falls into the notch of the cam. This position
corresponds to the position of switch S1, which
places the impedance transformer inthe circuit.

The transmission line is coupled to the main
coil (fig. 8-12) of the r-f tuner by a single loop

coupler coil, L1, mounted on the shorting ring.
The length and configuration of the single loop
coil are such that optimum coupling exists above
1 mc if a standard Navy 35-foot whip antenna is
used. The resistive component of the antenna
impedance is so low at a frequency of 1 mc or
lower that the impedance transformer is nec-
essary to bring the radiated signal to the mini-
mum allowable limit.

The main tuning coil of the r-f tuner is
equipped with an adjustable sliding short. This
tuning coil is the main tuning component in the
r-f tuner.

If the impedance transformer (fig. 8-11) is
not required in the antenna tuning process, the
r-f tuner input to its loading components is
connected to main tuning coil L2. This tuning
coil (fig. 8-12) is a section of a helical center
conductor transmission line and is adjustable,
as stated earlier, by a sliding short. The short
is adjusted so that the effective length of the
main coil, together with the effective antenna
length, is an odd multiple of a quarter-wavelength
at the particular frequencyinuse. This arrange-
ment is the point of resonance or zero reactance.

The position of the sliding short is adjusted
remotely by drive motor Bl. Speed and direction
of the motor are controlled by the UP, DOWN,
and SLOW pushbuttons.

LOW-LEVEL RADIO MODULATOR

The low-level radio modulator (LLRM) pro-
vides the required level of keying voltage to the
RFA when the transmitter is operated at low
power (100 watts). When the transmitter is
operated at the higher power level (500 watts),
the low-level radio modulator serves the high-
level radio modulator with the necessary input
signal amplitude. The high-level radio modula-
tor then provides the required level of output
voltage to the RFA. Among circuits contained
in the low-level radio modulator are an audio
amplifier chain, a squelch circuit, automatic
gain control circuit, keying multivibrator, and
circuits that control the key-up and key-down
condition of the transmitter.

The term ‘‘low-level’’ in the unit name
implies that this particular modulator is used
as the modulating source for the RFA during
100-watt operation. It should not be associated
with control grid and cathode modulation, nor
modulation at a point of low r-f potential, which
is also referred to occasionally as low-level
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Figure 8-11.—~Impedance transformer (r-f tuner), simplified schematic.

modulation. Likewise, the term ‘‘high-level”’
in the title of the high-level radio modulator,
implies that this unit is utilized during 500-watt
operation; it does not refer to the method of
modulation.

A block diagram of the LLRM is seen in
figure 8-12. The LLRM accepts voice, tele-
graphy (hand- or machine-keyed), or facsimile
signals at its input. A service selector switch
is provided for manual selection of mode of
operation. The unit contains audio amplifying
and modulating circuits for modulation of the
carrier at the 100-watt level. During 500-watt
operation, as previously stated, the low-level
radio modulator feeds a high-level radio modula-
tor, which boosts the audio signaltothe required
level. A squelch circuit prevents transmission
of noise when no signal is present. Either a

carbon or dynamic microphone may be used to
apply voice signals to the input.

The electronic keying circuit of the LLRM
furnishes keying voltage to control the RFA and
units 11A, 11B, and 11C of the RFO during
amplitude modulation (voice and CW). It con-
trols only the radiofrequency oscillator during
frequency shift keying. Facsimile signals also
are connected through the low-level radio mod-
ulator to the frequency shift circuits in the
radiofrequency oscillator.

The front panel of the low-level radio mod-
ulator has controls for selecting mode oftrans-
mission, receptacles for a local carbon or
dynamic microphone, gain controls, and a
squelch circuit control. A test key is provided
for carrier frequency control.
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Figure 8-12.—Main tuning coil (r-f tuner),
simplified schematic.

HIGH-LEVEL RADIO MODULATOR

The high-level radio modulator (HLRM) is
used only when the transmitter is operated at
the highest output power. It contains a push-
pull power amplifier, which boosts to the re-
quired level the audio signal received from the
LLRM. The high-level radio modulator also
has circuits that control the amount of the plate
potential- applied to the power amplifier of the
RFA. This potential is lower during phone op-
eration to prevent overdriving of the power
amplifier during modulation.

When in phone operation at the 500-watt
level, an audio signal of 250 watts is required
to amplitude-modulate the plate of the RFA
power amplifier. Feeding a 6-watt signal from
the LLRM to the HLRM (fig. 8-14), it is ampli-
fied to the required level. During hand-key,
machine-key, FSK, and FAX operation, the plate
voltage for the RFA power amplifier is routed
through the HLRM.

PUSH-PULL AMPLIFIER

During 500-watt operation, an audio modu-
lating signal from the low-level radio modulator
is fed to the control grids of push-pull amplifiers
V1 and V2 in the HLRM (fig. 8-14). Signals are
equal in amplitude but 180° out of phase, making
possible push-pull amplification. Amplified
signal§ are applied across output modulation

transformer T1. Plate voltage is delivered to
the center tap of the transformer primary. The
ground for 500-watt phone line is supplied from
the radiofrequency amplifier (previously dis-
cussed) to relay K1. If the 500-watt operate
relay (fig. 8-5) is energized, and the -24V
after standby line is activated, K1 energizes.
This action supplies the screen grids of V1 and
V2 with a +360-volt potential. The potential is
applied through contacts 2L and #1 of the now
energized K1.

Dropping resistor R1 for the +350-volt
screen indicator Il indicates the HLRM screen
supply is present. In phone operation the -24
volts after standby line is energized by the
press-to-talk button so that it controls the oper-
ation of K2 and application of screen voltage to
the HLRM.

In phone operation, +2400 volts from the
HVPS is applied to the plate of the power
amplifier in the RFA through T1 in the HLRM.
The 250-watt audio signal, which also appears
across this transformer, is applied to the PA
plate. Protection against excessively high
voltage across the secondary of T1 is provided
by spark gap E1. In other than phone operation
at the 500-watt level, +3000 volts is applied
directly to the PA plate through shorting con-
tacts 4 and 5 of relay K2 in the HLRM. This
shorting action takes place in the deenergized
condition of the relay. Relay K2 becomes
energized through contacts 3R and 4R of ener-
gized relay K1. The latterrelayenergizeswhen
the press-to-talk button is depressed, activating
the -24-volt after standby line. When K2 ener-
gizes and removes the short across the sec-
ondary of T1, the transformer is placed in
series with the high voltage supplied from the
HVPS.

When the transmitter is operated at the
100-watt level, the ground for 500-watt AX line
is open, as shown in figure 8-5, and K3 is not
energized. The LLRM connected to J1 there-
fore passes its output through contacts 4 and 5
of K3 and to J2, which connects to the power
amplifier plate in the RFA. In 500-watt opera-
tion, the ground for 500-watt AX line is com-
pleted, and K3 is energized after thetimedelay.
This action applies the output of the HLRM to
the power amplifier through contacts 6 and 3 of
energized relay K3.

BIAS VOLTAGE SUPPLY

In order to generate a bias voltage to oper-
ate the audioamplifiers at the desired class
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AB2 point on its characteristic curve, a bias
source is included in the HLRM. This supply
is obtained from terminals 5 and 7 of T2, using
metallic rectifiers CR1 and CR2 connected as a
negative full-wave rectifier. The rectifier out-
put voltage is taken from terminal 6 of T2
through the single section R-C filter comprised
of R2 and C1. The bias source is applied to the
center tap of the 6-watt secondary of the driver
output transformer. The bias source is also
applied to the junction of the audioamplifier
grids in the HLRM through resistors R4 and
R5 respectively. These resistors limit the
amount of grid current drawn, thereby limiting
the amount of distortion.

Transformer T2, through secondary termi-
nals 8 and 10, also supplies filament voltage
for amplifier tubes V1 and V2. Transformer
T2 has two primary windings that may be con-
nected in series for 440-volt, single-phase,
60-cycle input, or in parallel for 220-volt input
by means of the links on E2.

REGULATED 360-VOLT D-C SUPPLY

The screen grids of the HLRM receive a
regulated +360 volts. This supply is obtained
from the voltage divider action of R6, R7, and
voltage regulator tubes V3, V4, and V5. These
regulator tubes are shorted to ground through
contacts 1L and 2L of deenergized K1 during
100-watt operation. During 500-watt operation,
relay K1 energizes, removing the ground and
applying +360 volts to the screen grid of V1 and
V2. Resistors R8, R9, and R10 act as a voltage
divider in parallel with the regulatorstoprotect
the tubes until they fire and take control.

POWER SUPPLIES

Power supplies used with the AN/SRT-15
transmitter are designated low-, medium-,
and high-voltage supplies. Three supplies are
necessary because the transmitter at the higher
output levels requires higher operating poten-
tials. Several control circuits are contained in
the power supplies, which also control the on-off
condition of the transmitter. These power sup-
plies are examined separately in the following
paragraphs.

LOW-VOLTAGE POWER SUPPLY

The low-voltage power supply (LVPS) shown
in figure 8-15 receives 110-volt, 60-cycle,

single~phase power from the ship’s supply and
delivers this voltage to the MVPS, RFO, LLRM,
RFA, and antenna coupler. The LVPS also sup-
plies the following d-c voltages:+250 voltstothe
RFO, +300 volts to RFA and LLRM, -220 volts
to RFA and LLRM, and -24 volts for motor and
control circuit functions.

Input Circuit of LVPS

The input circuit receivesitsvoltage through
receptacle J1 (fig. 8-15). When emergency
switch S1 is closed, power is applied through
the respective fuses to the start-stop circuit
and main power transformer. Power is also
applied through fuses and the cabinet heater
switch S3 to space heaters in the cabinet (not
shown). To assure frequency stability, the
heaters maintain the cabinet at a constant
temperature.

Power Application

With the emergency switch closed and the
start button on main power switch S2 depressed,
master control relay K4 is connectedacrossthe
line. With K4 energized, contacts L3 and T3
close so that when the start button is released,
R1 and C1 are added in series with the relay
winding. Addition of these componentsprovides
a series impedance with the winding, which
allows adequate holding currentto keeptherelay
energized when power is on. Main power indi-
cator lamp 12 is also connected across the line
through contacts L3 and T3 of K4.

Contacts L1 and T1 and L2 and T2 of ener-
gized relay K4 apply 110-volts a-c to main
power transformer T1 and a-c line output
terminal. From this terminal, a-c is applied
to the RFO, LLRM, MVPS, RFA, and antenna
coupler. In addition to this action, a-c is ap-
plied to contacts 4L and 4R of relay K3. If K3
is energized, a-c potential is advanced to the
cabinet blowers (not shown).

When a remote radiophone unit is used,
contacts I4 and T4 of energized relay K4
connect a line to the power indicator in this
unit.

Removing Power

To turn off the transmitter, depress the
stop button of main power switch S2, which
places a short across K4. This action causes
K4 to deenergize. Depressing the stop button
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on LVPS does not place a short across the
line because of the presence of R1 and C1. With
K4 deenergized, power is removed from T1 and
from all the circuits previously energized by
this relay, as explained already.

Minus 24-Volt D-C Supply

The -24-volt d-c supply is taken from the
secondary terminals 4 and 6 of T1. This circuit
contains a full-wave metallic rectifier CR1 and
the filter comprising C2, C3, andR2. The center
tap is grounded through fuse F1.

Output of the filtered -24-volt supply is fed
to time delay relay K2 through interlocks.
Interlocks are contained in the LVPS, MVPS,
RFA, LIRM, and RFO. In the AN/SRT-15,
interlocks also are contained in the HVPS and
HLRM. If all interlocks are closed, they form
a short, which exists between J2 and J3 parallel
with the interlock battle short, to energize the
time delay relay.

The chassis of the major units of the AN/
SRT-15 may be pulled out on a slide and rail
arrangement without disconnecting cabinet wir-
ing. Drawer interlocks, contained in the slide
path, become deenergized when the drawer is
withdrawn. An interlock battle short switch
bypasses the drawer interlocks when it is in
the ON position, but it should be used only in
emergencies. Before any major chassis is re-
moved from the cabinet, the battle short switch
should be placed in its OFF position. Failure
to do so means that the normal action of the
drawer interlock is bypassed, andthe equipment
can be energized with the chassis in the OUT
position.

The filtered
supply of the LVPS is delivered through the
interlocks to the motor and clutch of time
delay relay K2. Approximately 30 seconds
later, K2 operates its contacts, and this action
supplies the voltage described as -24 voltsafter
time delay.

Plate voltage for the +300 volt supply is ob-
tained from terminals 14 and 18 of T1l. The
center tap (terminal 16) is grounded through
contacts 2L and 1L of K3, which is energized
when the 30-second time delay times out. This
delay allows for the rectifier filaments toreach
operating temperature before V1 is required
to conduct. The rectified output is fed to a
single choke input filter (upper left of schematic)
through contacts 5R and 6R of relay K4 located
in the medium-voltage power supply. Because
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-24 volts from the -24-volt

the 300-volt supply is mainly a screen voltage
supply and the 500-volt supply is basically a
plate voltage source in the LLRM and RFA, the
action of K4 ensures thatplate voltage ispresent
when screen voltage is applied. This provision
prevents damage to the screensoftherespective
tubes they supply. The filter consists of L1,
C4, C5, C6, C7, and R3. Resistor R3isa
bleeder resistor, and R4 acts as a dropping
resistor for the +300-volt indicator 14. The
+300-volt output is rated at 200 ma and is fed
to the RFA and LLRM.

Plus 250-Volt Unregulated D-C Supply

The +250-volt unregulated d-c supply (also
contained in the LVDPS) receives its plate input
voltage from terminals 15 and 17 of T1.

Grounding of the center tap is controlled by
relay K3, which is energized after time delay.

Minus 220-Volt D-C Supply

The -200-volt d-c supply (fig. 8-15) receives
its plate voltage from terminals 19 and 21 of
T1l. This circuit center tap also is controlled
by relay K3, which is energized after time delay.
Output voltage is negative because the cathode
is grounded, and the rectified voltage is taken
from the center tap, terminal 20. Lamp I5
serves as the -220-volt indicator and, when
lighted, denotes the presence of this voltage.
Terminal board E1 is used as a mounting for
voltage divider resistors R4, R5, R6, and R7.

MEDIUM-VOLTAGE POWER SUPPLY

The medium-voltage power supply (MVPS)
(fig. 8-16) receives its input voltage from the
LVPS, and delivers +500 volts d-c to the LLRM
and RFA. Additionally, +1050 or +1300 volts
d-c go to the RFA. The MVPS also contains a
switching relay to provide assurance that +500
volts is available before +300 volts is applied.

Input Circuit of MVPS

The a-c input to the MVPS is delivered to
filament transformer T1l. One secondary of T1
supplies filament voltage to the +500-voltrecti-
fiers V1 and V2. The other winding supplies
power to the filament of V3 andV4. At the same
time, a-c power is delivered to the contacts of
relay K1, which must be energizedbefore power
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is applied to the +500-volt plate voltage trans-
former T2. Relay Kl is energized from the
-24-volt after standby line, and it receives
ground through the contacts of relay K3.

If the transmitter is operating at 100-watt
level, and the standby-operate switch S5 in the
LVPS is in OPERATE position, the -24-volt
after standby line becomes energized after
time delay is complete. The ground for 500-
watt line is open, so that the grounding circuit
for K3 is completed through the ground for
100-watt line (fig. 8-5). Therefore, K3 and K1
energize through contacts 1L and 2L of K3 to
the ground for 100-watt line. Energized Kl
supplies plate voltage for the +500-volt d-c sup-
ply through its contacts 2R, 3R, 2L, 3L, and plate
transformer T2.

It should be noted that relay K1 can become
energized in 500-watt operation through contacts
5L and 6L of K3 and the ground placed on the
ground for 500-watt line. In 500-watt operation,
the 500-volt d-c supply becomes primarily a
screen voltage source. Thus the transfer of
ground is accomplished, providing assurance
that the screen voltage is not supplied before
the high-voltage plate supply, which is also
under control of the ground for 500-watt line.

If standby-operate switch S3 in the LVPS
is in STANDBY position on either 100-watt or
500-watt operation, the +500-volt d-c supply
is not energized because the -24 volts after
standby line (fig. 8-15) is open and Kl cannot
become energized. This action, in turn, pre-
vents application of a-c power to the plate
transformer.

When lighted, indicator lamp Ll denotes
the presence of the a-c plate input. The recti-
fied output of V1 and V2 of the MVPS is filtered
by a double choke input filter. Resistor R1 acts
as the bleeder resistor, and R2 is a dropping
resistor for the 500-volt output indicator I2.
The output is 500 volts, rated at 364 ma, which
is supplied to the LLRM and RFA. Jack Jl
provides a test point for measuring the +500-
volt supply.

Two elapsed time indicators (TOTALHOURS
FIL M1 and TOTAL HOURS PLATE M2) indi-
cate the total time that filament and Plate power
are on. The filament transformer receives
power as soon as the start button in the LVPS
is pushed, regardless of the position of the
standby-operate switch in the LVPS. Plate
transformer T2 receives power only in the
operate condition. Hence, the reading of M2
indicates the total time that plate power is on.

Plus 500-Volt D-C Supply

When the +500-volt d-c supply comes on,
its output is applied across resistors R3, R4,
R5, and R6 in series with switch relay K4. The
relay is shunted by capacitor C1 through its
normally closed contacts 2R and 1R, which slows
operation of the relay. When K4 operates, C1
is removed from the circuit and resistor R7 is
placed across C1 through contacts 3R and 4R,
providing a discharge path for the capacitor.
When K4 is energized, contacts 5R and6R close,
completing the path to the filter circuit in the
LVPS.

Plus 1050-Volt to Plus 1300-Volt Supply

The +1050-volt to +1300-volt supply is used
only during 100-watt operation. The +1300 volts
is supplied to the RFA for all modes of opera-
tion except phone, then it is reduced to +1050
volts. When relay K3 becomes energized, 110-
volts a-c is applied to its contacts 2R and 1R
and 4L and 3L. I the transmitter is in other
than phone operation, the ground for phone line
is open, and relay K2 cannot become energized.
The a-c power, therefore, is applied tothe plate
transformer through contacts 2L and 1L of K2.

Secondary voltage developed between termi-
nals 4 and 6 of thetransformer is approximately
3160 volts rms. When rectified and filtered, it
produces the +1300 volts supplying the RFA.
When the transmitter is in phone operation, the
ground for phone line is completed through con-
tacts 11F and 1F of S4E in the LLRM, and relay
K2 of the MVPS energizes from the -24-volt
after time delay line. Whenthe relay energizes,
the turns ratio is reduced so that the secondary
voltage becomes 2480 volts rms. Consequently,
the rectified output voltage is reduced to +1050
volts. The smaller voltage is used during phone
operation because the power amplifier plate
voltage is amplitude modulated by the audio
output of either the LLRM or HILRM. I the
voltage were not reduced, the peaks of the
amplitude modulated plate voltage of the power
amplifier would exceed its peak voltage rating.

Because relay K2 energizes only during phone
operation, the ground for 500-watt line is com-
pleted through contacts 2R and 3R of K2 when
the latter is energized. Thus, an additional
method of controlling the output of the HLRM
during phone operation is obtained.

When K3 energizes, it also supplies110-volts
a-c to the 1300-volt primary indicator I3. The
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indicator is not controlled by relay K2, and
therefore indicates power applied to the plate
transformer T3 for either the +1050-volt or
+1300-volt output,

The rectified output istaken from theparallel
filaments of V3 and V4 and is filtered by a
double-choke input filter. Resistors R8 and R9
are bleeder resistors. Resistors R10, R11,
R12, and R13 form a voltage divider to which is
connected the 1300-volt indicator I4. The output
is rated at +1050 volts at 150 ma, and +1300
volts at 180 ma, and is applied to the RFA.

HIGH-VOLTAGE POWER SUPPLY

The high-voltage power supply (fig. 8-17)
is used only for 500-watt transmission. It
receives either 220-volt or 440-volt a-c, 60-
cycle, three-phase input. The HVPS furnishes
a d-c output of +3000 volts or +2400 volts, which
is supplied to the HLRM.

Input to HVPS

Power to the HVPS is controlled by booster
emergency switch Sl1. The three-phase line
supplies voltages to both plate transformer T2
and filament transformer T1. This filament
transformer is connected across one phase of
the input. Fuses in this power supply for 440-
volt input are rated at 3.5 amp. For 220-volt
input, a rating of 6.25 amp is required. Power
is connected to filament transformer T1 through
terminal board E1. When input voltage is 440
volts, a link is placed between terminals 2 and
3 of E1, placing the two windings in series
across the line. When 220-volt input isapplied,
the links are placed between terminals 1 and 3
and between 2 and 4, which actionplacesthe two
transformer primaries in parallel. In either
. instance, voltage across each of the two pri-
maries is 220 volts.

The motor oftime delayrelay K4 is connected
across terminals 3 and 4, whose potential is
always 220 volts. With S1 closed, voltage
applied to the motor causes the time delayrelay
to time out in about 30 seconds, thereby closing
its two sets of contacts. Contacts 5 and 7 place
time delay indicator I1 and dropping resistor
R1 across the 220 volts.

All components of the 500-watt disable line
must be activated properly before the trans-
mitter can be placed in 500-watt operation.
Contacts 2 and 8 of time delay relay K4 are
situated in the 500-watt disable line. Reference

to figure 8-5 shows that relay K1 (also in the
500-watt disable line) controls the ground for
500-watt line. When K4 times out, the ground
for 500-watt line is completed, and if standby-
operate switch S5 in the LVPS is in the operate
position, the -24-volt after standby line isener-
gized. Thus, high-voltage plate relay K2 is
placed in operation. Plate voltage to the HVPS
is controlled in this manner so that filaments
of rectifier tubes V1 through V6 may reach
proper operating temperature before high volt-
age is applied.

When contacts L1 and T1, L2 and T2, and
L3 and T3 of K2 close, three-phase power is
connected to T2 and to primary indicator
lamps B, I3, and 4. These indicator lamps
are wye-connected across the phases, and indi-
cate the presence of voltage at the primary of
the plate transformer. Resistors R2, R3, and
R4 and R5, R6, and R7 are dropping resistors
for the indicators. With 220-volt input, R5, R6,
and R7 are shorted out by connecting links
between terminals 1 and 2, 3 and 4, and 5 and 6
on E2.

HVPS Output

Relay Kl is energized during 500-watt phone
operation, and it reduces the output of the supply
from +3000 volts to +2400 volts by decreasing
the turns ratio of plate transformer T2. The
secondary of T2 is delta-connected. Each wind-
ing develops 2260 volts rms when the trans-
mitter is in CW operation and 1835 volts during
phone transmission. Six half-wave rectifiers,
V1 through V6, are connected as a three-phase,
full-wave rectifier. When power is applied, two
of the rectifier tubes will be conducting at any
given time.

Consider the action at one instant in the
rectifier operation. Assume that point HV1 is
positive momentarily, and that point HV2 is
negative at the same time. Two rectifiers V6
and V2 are conducting in such a manner that the
electrons flow from HV2 (negative) through V2,
to ground, through the external circuit andfilter
choke L1 andbackthrough V6to HV1. At another
instant the polarity reverses so that HV1 is
negative and HV2 is positive. In this condition,
rectifier V2 conducts, passing a current to
ground through the load and back through V5.
In this manner, two current peaks are produced
for each cycle input. The other twophases also
produce two current peaks per cycle, but at
different times, because of the 120° phase angle
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between each phase voltage. Six current peaks
pass through the load for each input cycle,
providing a ripple frequency of 360 cps.

The filter capacitors, bleeder resistor, and
3000-volt indicator, which form an additional
portion of the filter circuit with choke L1, are
connected from Jl1 in the HVPS to J3 in the
HIRM (fig. 8-14). This connection is made
because of sPace limitation in the HVPS., Be-
cause of the high ripple frequency, filter capac-
itors C2 and C3 can be smaller than would be
required for a single-phase, full-wave filter
circuit, Resistors R11 through R17 act as a
bleeder and a voltage divider from which the
3000-volt indicator I2 receives its operating
voltage.

Four filament secondaries of T1 (fig. 8-17)
supply the high-voltage rectifier tubes. Three
of these windings are rated at 5 amp, and the
other (connected between terminals 11 and 12)
is rated at 15 amp. The 15-amp winding supplies
rectifiers V4, V5, and V6. Each of the rectifiers
V1, V2, and V3 employs a separate 5-volt fila-
ment winding.
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The +3000-volt output ofthe HVPS is supplied
to the HLRM in 500-watt operation during CW,
frequency shift, and facsimile operation. During
phone transmission at the 500-watt level, the
+2400-volt output is supplied to the HLRM.

RADIOPHONE UNIT

To operate the transmitter from a remote
location requires a radiophone unit, commonly
called RPU. The RPU is not a part of the AN/
SRT-15 transmitter set. Radiophone units are
installed in such spaces as CIC and the bridge
to permit operation of the transmitter from
those locations. The RPUs used with the
AN/SRT-15 transmitter contain a start-stop
switch for turning the transmitter on or off;
jacks for connecting a handset or chestset,
microphone, headphones, or telegraph key; a
volume control for the headphones; andindicator
lamps for transmitter-on and carrier-on indi-
cations,

A representative Navy radiophone unit is
illustrated in Radioman 3 & 2.




CHAPTER 9

VHF/UHF COMMUNICATION EQUIPMENTS

The increase in congestion of the communi-
cation channels below 30 mc and the special ad-
vantages of shorter wavelengths inthe very-high
and ultrahigh-frequency bands have led to in-
creasing use of these parts of the r-fspectrum.

The upper limit for radio signals that can
be returned effectively to the surface of the
earth by the ionosphere is about 30 mc. There-
fore, 30 mc was chosen as the low-frequency
limit of the VHF band. This 30-mc dividing
line is not an abrupt one, because there is no
abrupt change in the ability of the ionosphere
to return the r-f waves to earth asthe frequency
is increased. Ionospheric changes take place
over a region of the frequency spectrum with
its center at about 30 mc. The band of frequen-
cies affected by ionospheric changes may oc-
casionally move higher or lower by considerable
amounts.

The 300-mc dividing line between the VHF
and UHF bands and the 3000-mc upper limit of
the UHF band likewise are more or less arbi-
trary and are agreed upon for convenience.
Again, these dividing lines are not abrupt. The
limits should be thought of astransitionregions,
centering on those frequencies.

It must be understood that the behavior of
radio waves at VHF/UHF frequencies is differ-
ent from lower frequencies, and the differences
are extremely important. For this reason, this
chapter begins with information on the funda-
mental differences of radio waves in this fre-
quency range andthe reasons for the differences.

Communication equipments below 225 mc in
the VHF range are not used extensively aboard
ship any more, because most tactical voice
circuits now operate in the UHF band. Limited
installations of VHF equipment are retained
principally for communication with alliedforces
who have not yet converted to UHF equipments.

Transmitters and receivers installed in
Navy ships cover only parts ofthe VHF and UHF
bands. The VHF equipments, described later

in this chapter, cover the range of frequencies
from 115 to 156 mc. Shipboard UHF transmitters
and receivers are designed for 225- to 400-mc
operation. Although this frequency range in-
cludes the upper portion of the VHF band, the
equipments commonly are called and referred
to in this chapter as UHF equipments.

The distributed properties of inductance,
capacitance, and resistance associated with any
conductor are discussed first, because their
effects must be understood before the action of
radio circuits at these frequencies can be com-
prehended. In particular, the effect of the
distributed properties of inductance, capaci-
tance, and resistance in the connecting leads in
radio circuits are presented. These effectsare
the principal reason for thephysical differences
between equipment operating in this frequency
range and the more familiar circuits used at
lower frequencies.

It also is necessary to understand the
changes that occur in the behavior of lumped-
property components, such as inductors, ca-
pacitors, and resistors, when they are operated
in the UHF/UHF region. The differences in
design of components meant for operation in
these frequency bands are compared with the
more familiar lower frequency components.

The remainder of the chapter describes
shipboard transmitters and receiversincurrent
use throughout the fleet.

SPECIAL ADVANTAGES OF
SHORTER WAVELENGTHS

At 30 mc and above, the ionosphere does not
return radio waves to the surface of the earth
very effectively, except under rather unusual
conditions. Effective range of radio communi-
cation in these frequency bands is thus limited
to points not far beyond the optical horizon, as
seen from the transmitting antenna. At first
this limitation was considered serious, because

161




RADIOMAN 1 & C

most of the emphasis was on long-distance
communication, far beyond the horizon. It soon
was realized however, that the shorter wave-
lengths could be used for covering relatively
local areas. This capability freed some addi-
tional lower frequencies for long-distance com-
munication. ‘

Because propagation of these shorter radio
waves does not normally reach points on the
surface of the earth beyond the horizon, stations
can operate on the same assigned frequency
without interference, if they are separated far
enough geographically. This separation provides
reliable short-range communication and is
widely used in naval operations at sea, for
convoy communications, and for communications
between ships and aircraft.

A second effect of thedecreasein wavelength
as the frequency is increased is related to
the phenomenon of radio-wave reflection. All
electromagnetic waves, such as radio, light, and
heat, can be reflected, but how well they are
reflected depends on a number of different
factors.

One factor is the relationship between the
length of the wave and the physical size of the
reflecting object. Another factor directly re-
lated to wavelength is the physical size of the
equipment used to generate the r-f energy, and
the antenna needed to radiate it effectively.
Both of these factors can be made smaller in
direct proportion as the wavelength is made
shorter. For example, a half-wave antenna
for a station operating in the broadcast band
requires a tower hundreds of feet high, but at
500 mc an aluminum rod 30 c¢m (11.8 inches)
long is sufficient. Obviously, equipment for the
shorter wavelengths can be made smaller and
more compact because of this relationship be-
tween physical size and wavelength.

DISTRIBUTED PROPERTIES

Distributed properties may be defined asthe
inductance, capacitance, and resistance uni-
formly spread along each unit length of anycir-
cuit element, plusthe inductance and capacitance
existing from each conductor to ground and to
other objects. For example, a 1/4-inch rod of
copper, 4 inches long, placed in free space
where no outside influence could act upon it,
would be found to possess small but definite
values of inductance, capacitance, and resist-
ance. If the conductor were cut in two, each

part would possess exactly half the values pre-
viously found. In other words, the distributed
properties are uniform as long as the conductor
itself remains uniform in cross-sectional size,
shape, and conductivity, and where no external
influences exist. If the conductor is not uniform,
the distributed properties still exist, but their
distribution is not uniform.

When a conductor is placed in an actual
circuit, it possesses these self-contained dis-
tributed properites, and may or maynot possess
additional distributed properties caused by its
proximity to ground and to other conductors in
the circuit. Distributed properties exist in all
conductors and conducting surfaces, even in the
leads and other parts of the lumped-property
circuit elements (capacitors, coils, resistors),
which are manufactured to provide definite
amounts of the properties. When used in prac-
tical circuits at VHF/UHF frequencies, how-
ever, the distributed properties of inductance,
capacitance, and resistance in a given conductor
actually are not fixed amounts or constants, but
slowly change in value asthe frequency changes.

At frequencies below 30 mc it is practicable
to ignore distributed, or stray, circuit proper-
ties, except in circuits such as resonant sec-
tions of transmission lines or antennas. Above
30 mc, the effects of distributed properties upon
practical circuits can no longer be neglected,
because of the relationship between the physical
size of the circuit components and the wave-
lengths. At 3 mec, for instance, one wavelength
is 100 meters long, in comparison with which a
6-inch length of wire is very-short. When the
wavelengths become relatively short, as the
frequency increases, it becomes physically
impossible to scale down the parts of the elec-
tronic circuit and keep them small in relation-
ship to wavelength. Even where such a size
reduction is possible, the power-handling ability
of the circuit is reduced in proportion. As a
result, much of the usefulness of the device is
lost.

When the operating frequency increases, the
various losgses that lower circuit efficiency in-
crease, and make it desirable to use circuit
arrangements and elements that have lower
built-in losses. So far it has been found im-
possible to construct lumped-property elements
that are pure and donot contain small distributed
values of the other twoproperties. Asthe work-
ing frequency increases, the effects of the un-
wanted distributed properties cause increased
losses, with the result that the efficiencydrops.
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In circuits having distributed properties, losses
are lower than in the same circuits constructed
of lumped-property elements, because it is
possible to use conductors of proper size and
shape to minimize r-f resistance and because
the dielectric is usually air. The result is that
better circuit stability and efficiency are
achieved by using the distributed properties.

DISTRIBUTED INDUCTANCE

The term ‘‘distributed inductance’’ refersto
the self-inductance distributed along the length
of any sort of conductor, whether it is or is not
meant to act as an inductor. Inductance is the
property of a conductor that tends to oppose any
change of electron flow through the conductor.
Inductance reveals itself only when current is
varying in the conductor; a back emf (electro-
motive force) is induced in a direction that
tends to oppose the change in current flow. It
is apparent that even a very short section of
straight wire possesses self-inductance. The
conductor does not have to be wire, however;
it can be any conductor, any shape or size.

Usually, the actual amount of self-inductance
is small, but its effect becomes important at
frequencies above 30 mc. The effect may be
desirable or unwanted, but it cannot be ignored.
A complex equation is needed to find the actual
value of self-inductance, but the important point
here is that the value depends directly on the
number of lines of flux surrounding the conduc-
tor. Self-inductance is highest at the center of
any conductor carrying alternating current, and
tapers off toward the outside surface. This
phenomenon is the cause of skin effect, explained
later.

Undesirable Effects

The property of distributed inductance can
cause serious r-f losses if leads and connecting
linkages are not kept as short as possible. Fig-
ure 9-1 demonstrates how this loss takes place.
The plate tank circuit (part A) is designed to
operate at a frequency of 4 mec. The inductor
is connected to the tube plate by a 4-inch length
of No. 20 wire having a self-inductance of ap-
proximately 0.1 microhenry (uh). Ignoring
loading and other factors, calculation shows
that the resistive impedance offered by the tank
circuit at resonance is 4710 ohms, whereas the
inductive reactance (Xp = 27fL) of the con-
necting wire is approximately 2 ohms, and is

#20 AWG ~_, 1UH Z=4,710 OHMS
4" LONG —
L= 2 OHMS
- c 1.3 UH
- 140 UUF
A
+HYvV
4 MC
#20 AWG
4" LONG\ ,095 UH Z=4,710 OHMS
X, =59.6
- c ' .5 UH
- 5 UUF
B
+HY
100 MC

50.58
Figure 9-1.—Effect of distributed inductance
at higher frequencies.

so small in proportion to 4710 ohms that it can
be neglected at this low frequency.

When the operating frequency is raised to
100 mc (part B, fig. 9-1), the inductance of the
tank coil must be reduced to resonate at the
higher frequency. At 100 mc,the self-inductance
has decreased slightly and, ifthetube-plate lead
remains 4 inches long, its inductive reactance
is 59.6 ohms. The resistive impedance of the
tank circuit still is 4710 ohms at resonance and,
therefore, a voltage-divider effect occurs, which
prevents the entire r-f signal output of the tube
from being impressed across the tank circuit
and results in a loss of gain. Moveover, in
addition, the introduction of aninductive compo-
nent causes a phase lag that is undesirable in
certain applications. At higher frequencies, the
effect becomes even more pronounced, intro-
ducing larger losses.

Desirable Effects

In certain circuits, a condition of series or
parallel resonance is desired, and the property
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of distributed inductance, distributed capaci-
tance, or a combination of both, may be used to
achieve this. For example, to provide a bypass
for signal voltages from the low-impedance end
of an i-f tank circuit back to the cathode of the
tube, a series-resonant circuit offers the lowest
impedance path. When thei-ffrequencyis above
30 mc, it is possible to get the effect of series
resonance by cutting the leads of the capacitor
to lengths offering the necessary series induct-
ance. This effect is shown in parts A and B of
figure 9-2. Note that the capacitance is lumped,

b, : :
=
BYPASS +HY
CAPACITOR
A
>—
x
.—.——l
it
+— T
()
EQUIVALENT
SERIES-RESONANT +Hv
CIRCUIT
B

50.59
Figure 9-2. —=Series resonance; lumped
capacitance and distributed inductance.

but the inductance is the distributed inductance
of the capacitor leads. However, the signal
voltage sees a certain value of each property,
regardless of whether the properties are lumped,
distributed, or any combination thereof.

Inductive Coupling

When a conductor carrying alternating cur-
rent runs sufficiently close to another conductor,
its magnetic field induces an electromotive
force in the second conductor, causing a current
to flow. This combination isthe effect of mutual
inductance.

The study of mutual inductance and coupling
at lower frequencies usually is restricted to
coils and transformers, but above 30 mc the
effect of coupling between two conductors—even
two straight pieces of wire—becomes important.
The amount of coupling or mutual reactance
between two inductors increases as the fre-
quency is increased if the physical relationship
remains the same.

Some effects of coupling between distributed
inductances are undesirable. For instance, if
the grid and plate leads of a single-tube ampli-
fier stage are permitted to run close to each
other, signal energy from the plate circuit may
be coupled back to the grid, causing either re-
generation or degeneration. Distributed ca-
pacitance also is present, but only the inductive
coupling effect is considered at this time. As
another example, a current-carrying wire may
be too near a tube shield, inducing an emf that
causes current toflow in the shield. This current
flow through the shield is a power loss that can
be supplied only from the current-carrying wire.

When inductive coupling causes circuit im-
balance or power loss, it usually is spoken of
as stray coupling. The amount or degree of
coupling depends directly on the relative posi-
tions of the conductors as well as their distance
from each other. Figure 9-3 shows the effect
of physical position on the degree of coupling.
In A, the couplingisloose, inasmuch as the leads
are crossing at right angles, and the least
mutual inductance results. The coupling between
the wires in B and C increases because of the
greater amount of mutual inductance. Practical
circuits are laid out with the shortest possible
leads, well separated from one another and
distant from the chassis and shields. If two
wires must cross, they should cross at right
angles, because in this manner the smallest
mutual inductance results.
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C TIGHT couPLING

50.60
Figure 9-3.—Coupling effects at
higher frequencies.

DISTRIBUTED CAPACITANCE

The term ‘‘distributed czpacitance’ refers
to the capacitance between any point on a con-
ductor and all surrounding objects. Capacitance
exists between any two points that are. at dif-

ferent electrical potentials. This capacitance
exists whether the points of different potential
are in different conductors or in the same
conductor. Although the self-capacitance of a
conductor is of relatively little importance,
except in special circuits, the effect of the
capacitance between two conductors must be
taken into consideration at VHF/UHF frequen-
cies. Distributed capacitancethat exists between
the parts of circuit elements and the electrodes
of vacuum tubes, as well as between leads and
switch contacts.

The actual value of distributed capacitance
changes only slightly with frequency, but the
reactance changes greatly. The formula for

capacitive reactance (Xc= —1) shows that

27 1C

if the value of capacitance remains the same,
increasing the frequency causes the capacitive
reactance to decrease. Therefore, a small value
of distributed capacitance at the lower frequen-
cies offers a high reactance to the flow of a-c,
but at VHF frequencies it offers a lower re-
actance. This effect often is undesirable when
it occurs accidentally between two conductors in
a circuit, but maybe used deliberatelyto achieve
series or parallel resonance in resonant line
sections. The losses in distributed capacitance
are lower than those in lumped capacitors be-
cause the dielectric is usually air, instead of a
solid, and because the r-f resistance and dis-
tributed inductance values are smaller.

Undesirable Effects

An example of the manner in whichdistributed
capacitance may upset the proper operation of a
circuit is shown in figure 9-4. Assume that
Cq represents a distributed, or stray, capaci-
tance of 1 mmf appearing between ground and
the lead from the coupling capacitor to the grid
of tube V2. The straycapacitance C 4 effectively
shunts the 5000-ohm grid impedance Zg. If an
r-f signal at a frequency of 2 mec is traveling
from the tank circuit of V1 to the grid of V2,
the 1-mmf distributed capacitance offers a
capacitive reactance of 79,618 ohms to the
signal. This value is so high in relation to Z
that its effect is negligible at this frequency
and similar low frequencies. If, however, a
100-mc signal voltage is coming from the tank
circuit of V1, the same 1-mmf stray capacitance
offers only 1592 ohms of capacitive reactance.
Now, the signal voltage sees a relatively low-
impedance path across the stray capacitance,
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Figure 9-4.—Effect of distributed capacitance
at higher frequencies.

offering less than one-third the opposition of the
grid impedance Z,. Therefore, more than two-
thirds of the signal voltage is shunted across
this path and lost. If the frequency of the signal
voltage is increased to 400 mc, the reactance
drops to 398 ohms, and only a very small amount
of the signal voltage reachesthe grid impedance.

To keep the stray capacitance at a minimum,
the circuit wiring is kept well spaced with short
leads that run at right angles to one another
whenever possible.

Desirable Effects

For certain applications, such as i-f ampli-
fication, a parallel LC (inductance-capacitance)
circuit, resonant at a single frequency, is use-
ful. A simple way of achieving this resonance
is to wind a coil in such a manner that the total
distributed capacitance is used to make the coil
self-resonant at the desired frequency.

Part A of figure 9-5 shows the distributed
capacitance that exists because of the difference
of potential between adjacent turns of any coil.
The sum of these small values is shown in part
B as an effective value of capacitance in par-
allel with the lumped inductance of the coil.
Although most inductors are wound to minimize
the distributed capacitance some are designed
to offer the necessary capacitance to provide a
desired LC ratio. This design offers an ad-
vantage because the response of the tuned cir-
cuit can be made sharper than would be possible
with lumped-property coils and capacitors.

EQUIVALENT
CIRCUIT

50.62
Figure 9-5.—Parallel resonance; lumped
inductance and distributed capacitance.

DISTRIBUTED RESISTANCE

The term ‘‘distributed resistance’’ seldom
is used, because it is necessary to distinguish
between the resistance offered to d-c and low-
frequency a-c and the resistance offered to r-f
currents at the higher frequencies.

Depending on the conductivity of the metal
or alloy, all conductors have d-c resistance.
It is distributed uniformly along conductors
that are uniform in cross-sectional area, shape,
and conductivity. Resistance to r-f, however,
is caused by d-c resistance plus the effect of
self-inductance, which is greater at the center
of a conductor than at the surface. At the lower
frequencies, this self-inductance haslittle effect
on the flow of current because the values of
inductive reactance are extremely small. As
the operating frequency increases, the inductive
reactance at the center of the conductor becomes
higher,and the current seeksthelower-reactance
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path toward the surface, resulting in a current
distribution that is not uniform.

Tendency of the current to flow on or near
the surface of a conductor is called skin effect.
As the frequency increases, less current flows
in the center of the conductor and more flows
on the surface. The result is that more current
is forced through less conductor, with higher
losses and more heating. Because the center
of the conductor is not carrying current, the
effect is the same as using a smaller conductor,
The r-f resistance at VHF frequencies can
amount to several times the d-c resistance of
the same conductor.

Minimizing Skin Effect

Skin effect takes place regardless of the
shape of the conductor, but it causes less r-f
resistance in conductors having rectangular
cross sections than in those that are circular,
like common wire. Flat copper strip sometimes
is used, but it is more expensive and not easy
to work. Another means of reducing skin effect
is the use of hollow or tubular conductors.

Litz wire, as it commonly is called, is made
up of many strands of very fine enameled wire
woven together. The current is divided among
the strands, and the skin effect on any single
conductor is extremely small. Litz wire is
comparatively expensive, however, and is not
widely used.

Probably the best method of avoiding losses
from r-f resistance is by silver-plating the
conductors. This method does not eliminate
skin effect, but takes advantage of it. When the
plated conductor carries r-f, skin effect takes
place as usual. Now, however, the current is
flowing in the silver plating, which has less d-c
resistance than ordinary conductors; therefore,
the r-f resistance is reduced considerably. In
practice, plating is expensive, limiting its use.

The most common means of reducing r-f
resistance is to use a hollow conductor or one
of larger diameter. Again, this method does
not eliminate skin effect. The depth to which
the current penetrates is affected only by the
frequency and the conductor material; conse-
quently, when the diameter is increased, the
current layer has the same thickness but more
cross-sectional area in which to flow, reducing
the effective r-f resistance.

LUMPED-PROPERTY COMPONENTS

A lumped-property component is an elec-
tronic part in which a definite amount of capac-
itance, inductance, or resistance exists, usually
with relatively little of either of the other
properties present. Capacitors, coils, and re-
sistors used in radio equipment operating at
frequencies below 30 mc generally are lumped-
property components.

As the frequency of operation is raised, the
electrical loss in lumped-property components
increases, until a frequency is reached where
this increasing loss cannot be tolerated. The
increased loss is actually a combination of
three distinct effects—dielectric loss, r-f re-
sistance loss, and radiation loss.

Loss in even the best dielectric materials
increases with frequency, because a definite
amount of applied electrical energy is lost in
each cycle, and the more cycles that occur in
a unit of time, the more heat is generated in
the dielectric.

The r-f resistance loss also increases with
increasing frequency, because of skin effect.

Radiation loss occurs in any r-f circuit be-
cause of direct radiation from the parts. This
loss usually is negligible, so long as the circuit
is not more than about 1/10 of a wavelength in
any physical dimension. With increasing fre-
quency, however, it becomes impossibleto scale
the components down in physical size in pro-
portion to the decreasing wavelength, andradia-
tion losses increase. The additionof r-f shield-
ing around the circuit also causes energy to be
lost in heating the shield, rather than by radia-
tion.

CAPACITORS

All capacitors, of any size, type, or construc-
tion, have characteristics that cause them to
behave in a way unlike the theoretical ideal
capacitor, which would have pure capacitance,
and no inductance or resistance. Practical
capacitors actually have some series inductance
because of their leads and internal metallic
foil plates. This inductance is effectively in
series with the actual capacitance as shown in
the approximate equivalent circuit of figure
9-8, where C represents the actual capacitance,
L the inductance of each lead, and R the effec-
tive r-f series resistance of the leads andfoils.
Losses in the dielectric are represented by the
shunt conductance, G. Below 10 mc, dielectric
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50.63
Figure 9-6. —Equivalent high-frequency
circuit of a capacitor.

losses are seldom serious, even in ordinary
paper capacitors, and in high-quality mica and
ceramic units it has no serious effects at the
highest frequencies.

Because capacitors have a small but sig-
nificant amount of inductance in series with the
actual capacitance, thereis aresonantfrequency
at which the reactances of the inductance and
capacitance become equal and cancel each other.
The reactance becomes capacitive below series
resonance, and grows larger as the frequency
decreases. The opposite effect takes place
above resonance, where the reactance is in-
ductive, and grows larger with increasing fre-
quency.

The common types of electrolytic, mica,
paper, and ceramic capacitors are subject to
increasing losses as the operating frequency
is increased. In electrolytic capacitors, these
losses and the inductance of the leads and in-
ternal foil strips that form the plates make
them practically ineffective as capacitors at fre-
quencies above a few megacycles. Even in
equipment operating below 30 me, electrolytic
capacitors usually are shunted with a suitable
value of paper or mica eapacitor, which bypasses
the higher frequency currents around the elec-
trolytic unit.

Paper capacitors also are subject toserious
losses as the frequency is raised, but not to
S0 severe an extent as in electrolytic units.
The series inductance of paper units is large,
and causes them to become series-resonant at
frequencies ranging from 1 to 10 mc, depending
on the capacitance and lead length.

Mica capacitors, because of their lower
losses and smaller series inductance, have an
extended range of usefulness. Average types

become series-resonant at frequencies from 10
to 100 mec, depending on the capacitance value
and lead length.

Ceramic capacitors are a more recent
development and have improved properties in
certain respects. Their losses are lower than
those of mica units, and their design permits
a much lower series inductance. As a result,
their series resonance may be as high as 400
or 500 mec, which, together with their stability
and low losses, makes them preferred in many
VHF/UHF applications.

Improvements in Capacitors

Changes in the materials and design of
capacitors have been made to adapt them for
more effective performance atfrequencies above
30 me. In general, because capacitors do not
behave as capacitors above their own resonant
frequency, most of the improvements made have
been with a view to raising the resonant fre-
quency. The greatest improvement resulted
from the development of ceramic materialsthat
made possible ceramic-dielectric capacitors
with only two plates, as compared withthe many
interleaved foils necessary in paper and mica
units. Ceramics also made possible capacitors
with various temperature coefficients, which
can be used to improve the stability of critical
circuits.

Various ceramic materials, such as barium
and strontium titanates, have been found to have
high dielectric constants and good dielectric
strength. By plating or firing silver electrodes
directly on thin plates of this dielectric mate-
rial, air and moisture are prevented from getting
between the plates of the capacitor. This method
results in greatly improved stability. By varying
the mixture of the ceramics, the temperature
coefficient of the capacitor can be made nega-
tive, zero, or positive, as desired. Ceramic
capacitors then can be used to compensate for
frequency drift caused by changes in other
components with changes in temperature. Skin
effect is reduced by using short, heavy leads,
and losses caused by surface leakage and
humidity are minimized by sealing the surface
with baked silicon lacquer. A similar process
of plating or coating the silver electrode on
mica also has been developed for the manufac-
ture of mica capacitors, with considerable im-
provement in their stability and high-frequency
performance.
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INDUCTORS

All inductors have some distributed capac-
itance between turns, which appears as a small
capacitance in parallel to the external circuit.
When the applied frequency is increased to a
point where the distributed capacitance of the
coil resonates with the inductance, a new effect
appears. The coil becomes a parallel-resonant
circuit (fig. 9-7) to the external circuit con-
nected to its terminals. The resistance in this
equivalent circuit represents the losses in-
curred in practical coils. This self-resonant
characteristic is used in many applications in
VHF/UHF receivers. The inductor is made to
resonate with its own self-capacitance, plus
the tube input and stray circuit capacitance.
This action eliminates the need for a separate
tuning capacitor and provides the highest pos-
sible inductance-capacitance ratio, the largest
load impedance, and the greatest stage gain.

Self-resonant inductors often are used in
the i-f amplifiers of communication receivers.
If adjustable tuning is required, it is accom-
plished by varying the inductance either by a
switching arrangement or with an adjustable
core (slug) of iron-dust-impregnated plastic.

In transmitter circuits, the inductor must
handle considerable power without serious heat-
ing. This requirement calls for a coil of larger
physical size and usually makes the use of
iron-powder cores impractical because such
cores tend to saturate magnetically, and lose
efficiency as the power level increases. Trans-
mitting inductors thus are usually of the air-
wound, self-supporting type.

L
A

50.64
Figure 9-7.—~Equivalent circuit for inductor
at high frequencies.
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RESISTORS

The effects of increasing frequency on the
performance of some types of resistors are such
that the resistors cannot be used efficiently at
frequencies of 30 mc and upward. Wire-wound
resistors that are used at low frequencies be-
come useless above this range because of un-
avoidable inductance and capacitance, which
introduce unwanted reactive or resonant effects.
Therefore, composition resistors made of finely
divided carbon in a suitable binder are most
commonly used in this frequency range.

For practical purposes, the simple equiv-
alent circuit shown in figure 9-8 illustrates the
effective impedance of a composition resistor
at high frequencies. This equivalent circuit
generally is used in the design of VHF and UHF
circuits. The reciprocal of the conductance is
Rp and is referred to astheparallel resistance.
The total effective capacitance, C, is caused by
the capacitance between the leads, andthe effect
of distributed capacitance.

Resistors made by depositing a thin layer of
pure, finely divided carbon or a carbon-boron
mixture on the surface of a ceramic or glass
tube provide improved performance character-
istics at all frequencies, particularly as to
stability, and show less change in impedance
with increasing frequency.

VHF EFFECTS ON TUBES

Although the basic principles of vacuum-
tubeoperationare unchanged, certainfactorsthat
can be disregarded in tube operation below 30
mc become important at higher frequencies.
The inductances of the electrode leads and the

Rp

W

Cc
L
L

50.64.0
Figure 9-8.—~Equivalent circuit for composition
resistor at high frequencies.
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capacitances between electrodes are very small,
but at higher frequencies their reactances be-
come significant. Additionally, electrons do
not travel instantaneously from the cathode to
the plate, but require a transit time. This delay
causes an in-phase grid current to flow, even
though the grid is negative, and results in a
loading effect across the input that reduces
overall gain in all classes of tube operation.

Skin effect in the electrodes and electrode
leads causes the r-f resistance to increase
with frequency. Dielectric losses in the in-
sulating electrode supports are increased, and
some power is lost by direct radiation from the
electrodes and their leads. The effect of these
factors 'is to cause tube efficiency to become
progressively lower as the operating frequency
is increased. A tube operated as an amplifier
at 50 mc, for example, gives less output for a
given signal input than at 5 mec, even if the ex-
ternal circuits are equally efficient at both fre-
quencies. Also, because these losses increase
with frequency, there is a practical upper fre-
quency limit beyond which the tube is not useful
as an amplifier. If the same tube is operated
as an oscillator, the high-frequency limit of
operation will be about two-thirds to three-
fourths that of the limit as an amplifier,because
the tube no longer can supply sufficient output
to make up the increased losses and still pro-
vide a useful output signal. These effects always
are present in a vacuum tube, no matter what
the operating frequency; but, as the frequency
is raised, the effects increase and become so
large that they place an effective upper limit
on useful operation. Although it is unnecessary
to learn new operating principles, it is im-
portant to understand how and why these char-
acteristics that previously were disregarded
become major limitations at frequencies above
30 mc.

As the wavelength is made shorter, it be-
comes comparable in length to the physical
length and spacing of tube electrodes and leads.
The apparent solution to this difficulty is to
scale down the entire tube structure. There is
a practical limit to this method, however,
governed by the power-handling capacity that
is required. New tube designs have been de-
veloped that successfully overcome one or more
of the limitations without requiring such a
drastic size reduction that mass-production
methods of manufacture become impractical.

INTERELECTRODE CAPACITANCE
AND LEAD INDUCTANCE

Inasmuch as any two points between which
a difference of potential can exist are said to
have capacitance, a small but significant value
of capacitance must exist between any element of
an electron tube and each of the other elements.
Additional capacitances exist between the leads,
particularly in those tubes in which the leads
are brought out through a common stem to the
base. When the tube is operating with normal
applied voltages, the effective capacitances
between electrodes are different from the ca-
pacitances when the cathode is not emitting.
These differences are caused partly by expan-
sion of the parts when the tube heats and partly
by the electron stream.

When the tube is cold, the dielectric between
electrodes is mostly vacuum, but in operation
this vacuum is partially filled with a stream
of electrons, resulting in a change inthedielec-
tric constant. Naturally,thisdielectric constant
changes with variations in the electron stream.
The capacitance values are measurable, and are
listed in tube characteristics tables.

Because any conductor possesses self-
inductance, the internal leads to the tube ele-
ments and the elements themselves, as well as
the tube pins, have some inductance. Within a
tube operating above 30 mc, for example, circuit
calculations must take into consideration the
effective values of inductance. This inductance
is in series with the plate, grid, and cathode,
and although the actual inductance of a lead
usually is small, the reactance offered at fre-
quencies of several hundred megacycles be-
comes appreciable.

Transit Time

Transit time is the length of time required
for an electron to travel from the cathodeto the
plate in an electron tube. When the frequency
is increased, the time of 1 cycle is shortened
progressively, and the transittime canbecomea
definite portion of the cycle. During this part
of the cycle, the applied signal on the grid may
go from positive to negative, or from an in-
creasing to a decreasing value. The flow of
electrons past the control grid causes acurrent
to be induced in the grid that may flow into or
out of the grid, depending on the relative grid
voltage. This grid current flow absorbs power
from the input signal, even though the grid is
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always negative, and has the same effect as if a
shunt resistance and a shunt capacitance were
connected across the grid and cathode of the
tube. The loss of signal energy brought about
in this manner is the most important effect of
transit time, and the loss increases as the fre-
quency increases.

Reducing Transit Time Effects

Transit time effects can be minimized by
scaling down tube dimensions and increasing
operating voltages. Miniaturization is utilized
widely. Amplifiers designed for use above 30
mc usually have close interelectrode spacing.
Many transmitting tube types are very small in
proportion to their power ratings, and require
cooling by forced-air draft.

Where close spacing is utilized, the cathode
to grid distance is particularly important. Pre-
venting the electrons from leaking from cathode
to plate around the ends of the control-grid
supports is important, because such leakage
would result in increased transit times.

Screen-grid tubetypes have naturally shorter
transit times than triodes and are used in many
VHF/UHF equipments to reduce transit time
effects.

MISCELLANEOUS EFFECTS

Other effects on electron tubes at VHF/UHF
frequencies are caused by grid gascurrent, grid
emission, and heat radiation.

Even in a well-manufactured vacuum tube
there always are some molecules of gas, because
it is impossible to produce a perfect vacuum.
When electrons collide with these molecules,
positive ions are created and are attracted to
the negative control grid. This action causes a
grid current to flow when the grid is negative.
The grid current thus produced is small, but it
has the effect of making the grid less negative,
which is undesirable in view of the effects of
input resistance in this frequency range.

Any metal emits electrons if heated suf-
ficiently, although some are much more efficient
in this respect than others. In scaled-down
tubes suitable for use at frequencies higher than
30 me, the grid is subjected to heating by the
nearness of the cathode as well as by the in-
phase grid currents. Some electrons strike
the grid even though it is negative, causing the
possibility of secondary emission. As a result,
there is likely to be both primary and secondary

emission from the grid, which adds to the space
charge and is undesirable because it varies
erratically. This effect can be reduced by
plating the grid with a metal that does not emit
electrons easily. Gold is particularly effective
and is used where the type of operation is
critical enough to warrant the expense. Another
method, somewhat less effective, is spraying
the grid with finely powdered boron carbide.

The radiation of heat from the plates of
air-cooled tubes becomes afactor ofimportance
because the tube efficiency is reduced as the
frequency is raised. For a given power input, a
reduction of efficiency causes higher plate dis-
sipation, which means that the input power must
be reduced to keep the plate dissipation from
going above the rated value and causing serious
overheating. When the input power is decreased,
however, the useful output power drops.

The most common method of improving the
thermal radiation of the tube plate consists of
coating the plate with finely divided carbon. The
resultant dull-black surface is about 60 percent
more efficient as a heat radiator than polished
metal.

UHF TRANSMITTER MODEL TED

Any Navy ship equipped for UHF communi-
cations is almost certain to have aboardatleast
one model TED transmitter. The number of
TED transmitters installed in the fleet far ex-
ceeds any other model of radio transmitter in
any frequency range.

Comprising the series of TED transmitters
are models TED and TED-1 through TED-9.
Functionally the TEDtransmitters arethe same.
The circuit operation of each of the TED trans-
mitters is generallythe same, except for a minor
change in the AVC circuit of the TED-2. This
change does not alter the circuit operation suf-
ficiently to warrant separate consideration.
Also, there are minor differences in some
mechanical details of the TED equipments.
These differences are not discussed in this
chapter.

GENERAL DESCRIPTION

Radio Transmitting Equipment, Navy Model
TED (fig. 9-9) is used for a-m radiotelephone
(A-3) and modulated-carrier wave (A-2) com-
munications at frequencies from 225 to 400 mc.
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32.22
Figure 9-9.—UHF radio transmitter,
model TED.

.

These frequencies limit the reliable range of
the equipment to approximately ‘‘line-of-sight’’
transmission.

Like any other radiotelephone transmitter,
the TED can transmit radioteletypewriter sig-
nals when used with tone-shift keyer/converter
AN/SGC-1A. (The AN/SGC-1A is described in
chapter 10 of this training manual.)

Standard shipboard remote control units are
needed to operate the transmitter from such
circuit control locations as CIC and the bridge.
In general, operation from a remote control
unit consists of turning the equipment on or off,
and using voice transmission, controlled by a
microphone press-to-talk switch, or MCW
transmission with a telegraph key. Operation
at the actual transmitter location includes addi-
tional procedures, such as changing frequencies,
tuning, monitoring meter readings, and soforth,
as required for the transmitter’s tactical use.

The transmitter includes a radiofrequency
section, a modulator section, a power supply,
a terminal box, and the cabinet (fig. 9-10). The
r-f section, modulator section, and power supply
all are contained in a drawer-type chassis and
panel assembly. The power supply occupies the
center of the transmitter chassis, and is attached
to the front panel. The radio modulator and
radiofrequency chassis are removable assem-
blies mounted to the left and right of the power
supply.  Small doors, one on either side of the
front panel, provide access to the operating

controls for the r-f and modulator sections
(fig. 9-11). Connections between the power
supply and the other two units are made through
plugs and cables connecting the units.

The power supply section contains the power
transformers, high-voltage rectifier tubes, low-
voltage selenium rectifiers, filters, and bleeder
resistors needed to produce all voltages re-
quired for transmitter operation. Also located
on the power supply unit are control relays,
which energize portions of the power supply to
allow for the generation of the modulated car-
rier. These control relays also transfer the
antenna from a receiver to the transmitter r-f
circuits when the transmitter is keyed.

The meter, mounted on the front panel, is
used to monitor various currents and voltages
in the transmitter. Control switches, indicator
lamps, and fuses, as well as microphone and
handset jacks are also mounted on the trans-
mitter front panel.

The radio modulator unit contains the audio
transformers, tubes, and circuits required for
a-m voice or MCW modulation of the r-f car-
rier. The speech amplifying and modulating
circuits are supplemented by special circuits
to provide volume expansion, AVC, and clipper-
filter action, all of which considerably increase
the average carrier sideband power under voice-
modulated conditions. A 1000-cps oscillator is
included for producing the MCW audio tone.

The radiofrequency chassis includes all of
the electrical components required for genera-
tion of the r-f carrier. The master oscillator
is crystal-controlled. Its fundamental crystal
frequency is multiplied 12 times to produce
output frequencies in the 225- to 400-mc fre-
quency range.

Mountings are provided for four oscillator
crystals. The crystal switch permits rapid
selection of any one of the four frequencies.
An access door on the r-f section front panel
provides quick and easy substitution of crystals.
For emergency operation at frequencies for
which no crystal is available, the oscillator
circuit can be operated without using a crystal,
but with some loss in frequency stability.

The rear portion of the radiofrequency
section is occupied by a blower (not shown),
which provides forced-air ventilation.

The terminal box contains two terminal
boards for external connections, an electrical
noise suppressor, and receptacles for antenna
and receiver coaxial cables. This terminal
box is mounted on the back of the cabinet (as
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32.23

Figure 9-10.—TED transmitter chassis partly removed from cabinet.

shown) or on either of the two sides, depending
on particular installation requirements.

OVERALL FUNCTIONAL DESCRIPTION

A functional block diagram of the TED-9
radio transmitter appears in figure 9-12. The
radiofrequency and modulator sections are de-
scribed in the following paragraphs.

Radiofrequency Section

The crystal oscillator V113 generates an
output frequency between 18.75 and 33.33 mc.
This signal is doubled in frequency (37.50
to 66.67 mc) by doubler V114. The doubler
(V114) output is amplified in V115.

A second doubler stage, V116, multiplies
the 37.50 to 66.67 mc output of V115 to a fre-
quency between 75.00 and 133.33 me. This
output is applied to a tripler-power amplifier
stage, and V117 and V118 tubes are operated in
push-pull. The tripler-power amplifier multi-
plies the V116 output to a frequency between

225 and 400 mc. This stage also amplifies the
carrier output to approximately 15 watts. A
tuned output filter minimizes the radiation of
harmonics.

The r-f output reaches the antenna via an
antenna relay mounted on the power supply
chassis. During periods of transmission and
reception, the relay functions to switch the
antenna between the radio transmitter and the
receiver being used.

Radio Modulator Section

The radio modulator section (lower part of
fig. 9-12) contains circuits that amplify the
speech or MCW tone to a level sufficient to
cause 100 percent amplitude modulation of the
r-f carrier. The radio modulator also contains
circuits that function to increase the average
carrier sideband power.

From either a remote control unit or local
transmitter control, the speech input from a
microphone enters the modulator unit at input
transformer T101. It is amplified in the speech
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32.38

Figure 9-11.—Front panel controls of UHF transmitter, model TED.

amplifier V101. In the OFF position, output on
V101 passes through switch S103 to audio-
amplifiers V104A and V104B. The output from
V104B drives the push-pull modulator stage.
V105 and V106, whose output variations are
superimposed on the d-c¢ input to the power
amplifier (in the r-f section).

During MCW operation, switch S101 is in
the MCW position, and the audio output from
the MCW oscillator V109 is applied directly to
the input of audioamplifier V104B. Less ampli-
fication is required for MCW signals than for
voice signals because the oscillator input is
considerably higher than the microphone input
voltage level.

When switch S103 is placed in the ON posi-
tion, the -clipper (V103A and V103B), AVC
amplifier V102A, and AVC rectifier V102B are
connected into the audio channel. In this condi-
tion, the output from speech amplifier V101 is
increased in amplitude by the AVC amplifier

and applied to the clipper. The clipper stage
clips the audio at a preset level so that the
amplitude of the speech signal applied to the
modulators (V105 and V106) remains fairly
constant, thereby compensating for variations
in voice amplitudes. Clipper V103 applies its
output to the audioamplifiers V104A and V104B
through switch S103 in the ON position. A
low-pass filter in the output of the audioampli-
fiers attenuates all of the high-frequency com- -
ponents (above 3500 cps) that are present in the
clipped audio signal to prevent modulation of
the carrier by those frequencies. Thus, the
average modulation level is increased, and the
effect of voice level fluctuations is minimized.

The clipper circuit is aided by automatic
volume control action provided by AVC rectifier
V102B. This stage rectifies a portion of the
output from AVC amplifier V102A and applies
the rectified signal, as an AVC bias, to the
speech amplifier V101. The AVC action helps

174




Chapter 9—VHF/UHF COMMUNICATION EQUIPMENTS

TO

U RECEIVER j7
V14 1 viz |
I Vs OSCILLATOR & vite Vi TRIPLER |
| OSCILLATOR [—p—t "0 00 P2 AMPIFIER »—| 2ND DOUBLER |- PUSH-PULL [
POWER AMPLIFIER
18.75-33.33 MC - '
3 37.50-66.67 MC 37.50-66.67 MC 75.0-133.33 MC 225.0 - 400.0 MC |
viis l 1
K109
e — ANTENNA
RF CHASSIS RELAY
F
<
[' FROM - —
RECEIVER |
| | l + vilo
| | CARRIER-RELAY |
< V102A CONTROL
REMOTE T4+ Ti01 viol
| CONTROL l I INPUT > SPEECH pAVC AMPLIFIER| V103 A&B A |
OR » TRANSFORMER AMPLIFIER AVC RECTIFIER CLIPPER
| LOCAL | l vi028 l
| CONTROL |
L1 o |
$103
| 4—O0—p—| V104 AGB vios |
OFF_ AUDIO > PUSH-PULL
| M AMPLIFIERS MODULATORS
V106 |
Y s101
l PHONE Mew |
| T——{—— v I
V109 V1088 |
l MCW MODULATION ‘
OSCILLATOR INDICATOR
| R sz:&: V108A ‘
- voLuM > RECTIFIER
| EXPANDER : ‘
MODUL ATOR CHASSIS
50.65

Figure 9-12.—Functional block diagram of model TED-9 UHF transmitter.

maintain an audio level that is suitable for con-
tinuously efficient clipping by V103.

A volume expander circuit eliminates the
transmission of background noise when the
carrier is on but the operator is not speaking.
The expander circuit is activated when switch
8101 is in the PHONE position. The expander
utilizes tubes V107A and V107B as well as
V108A in an electronic control circuit, disabling
audioamplifier V104B whenthe microphone input
drops below a preset level. In the absence of
microphone audio input (or whenthe microphone
input drops below the preset level), a bias volt-
age keeps amplifier V104B cut off. When an

audio signal of sufficient amplitude to trigger
V107 is received, V107 produces a square wave
output that is rectified by V108A. The V108A
output decreases the bias on the audioamplifier,
allowing the amplified audio signal to reach the
modulator tubes V105 and V106.

A portion of the output from the modulator
tubes is rectified by modulationindicator V108B
for application to the radio transmitter meter
circuit. The meter indicates the relative
(average) modulating audio voltage.

The carrier-relay control tube V110 is
operated by a keying relay when the microphone
(or handset) press-to-talk switch is operated.
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Tube V110 causes other control relays to oper-
ate. They, in turn, energize portions of the
power supply. This action causes the genera-
tion of the modulated carrier and, by means of
the antenna relay, transfers the antenna from
the receiver to the output of the transmitter
r-f circuits.

The audio signal from a receiver associated
with the transmitter is impressed on one of the
secondary windings of input transformer T101
in the modulator unit. The monitoring signal is
fed into the earpiece of the operator’s telephone
handset, providing transmitter monitoring. This
arrangement also provides sidetone (a local
path between microphone and earphone). The
receiver audio is turned off automatically by
relay operation when the transmitter carrier
is on.

Power Supply

The power supply utilizes conventional trans-
formers, tube rectifiers, and filter circuits to
develop the necessary high voltage for the plate
and screen supplies. A selenium rectifier and
filter circuit provides the necessary negative
42-volt supply for the bias and control circuits;
an additional selenium rectifier produces a
-12 volt d-c supply. The -12 volt supply is used

to operate pilot lamps and as a source of
microphone voltage for remote control opera-
tion.

UHF RECEIVER AN/URR-35A

Radio Receiving Set AN/URR-35A (fig. 9-13)
is a double-superheterodyne communicationre-
ceiver designed to provide reception of voice
amplitude-modulated (A3) and MCW (A2) sig-
nals in the frequency range from 225 to 400 mec.
This receiver is installed in greater quantity
than any other as the companion receiver for
the TED transmitter described in the previous
section of this chapter.

DESCRIPTION OF MAJOR COMPONENTS

The circuit components of the AN/URR-35A
receiver are grouped, on a functional basis, into
five major sections: (1) preselector section,
(2) IF/AF section, (3) power supply, (4) front
panel, and (5) low-pass filtering section.

The first three major sections of the re-
ceiver are located within the chassis frame.
The purpose of each of these sections is im-
plied in the section name,

32.58.2

Figure 9-13.—UHF receiver AN/URR-35A.
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The front panel section is attached to the
front of the chassis frame and contains all the
controls and meters required for operation and
monitoring of the receiver circuits.

The low-pass filter section is attached to
the rear wall of the receiver cabinet. This
section contains r-f noise filter circuits for
the power input and audio output circuits. It
also has jacks for the antenna, a-c power, and
audio output cable connections.

The AN/URR-35A is designed primarily
for operation as a pretuned, single-channel,
crystal-controlled receiver. Thecrystalholder
and various receiver controls are located behind
small doors to the left and right of the front
panel (fig. 9-14).

With the proper crystal, any channel within
the frequency range from 225 to 400 mc can be
selected. Continuously variable manual tuning
is also a feature of the receiver. Either of
these two methods of operation is selected by
an oscillator switch behind the left access door.
A single tuning control is used for tuning to any
frequency for either crystal-controlled or man-
ual tuning operation.

BLOCK DIAGRAM ANALYSIS

The block diagram of the AN/URR-35A re-
ceiver (fig. 9-15) reveals that the receiver is
of conventional design except for the dual-
conversion feature. Because of the frequencies

. MEGACYCLES DIAL

2. INPUT METER (M501)

3. CRYSTAL INDICATOR LAMP (1503)
4. OUTPUT METER (M502)

5. FUSE (F 201)

6. INP MTR, ADJUSTMENT (R 218)

7. FUSE (F202)

8. SPARE FUSE (F203)

9. N. L. SWITCH (§202)

0

10. SILENCER THRESHOLD CONTROL (R247)

11. A.F. LEVEL CONTROL (R 255)
12. HEADPHONES JACK (J 501)

13. POWER SWITCH (S502)

14. PHONES GAIN CONTROL (R502)
15. SILENCER SWITCH (S 501)

16. DIMMER CONTROL (R501)

17. TUNING LOCK (E502)

18. TUNING CONTROL (C101) (C102)
19. CRYSTAL HOLDER (Y201)

20. OSC. SWITCH (S203)

21. ALIGN.-REC. SWITCH (S201)

32.60

Figure 9-14.—Front panel controls, UHF receiver AN/URR-35A.
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Figure 9-15.—Block diagram of UHF receiver AN/URR-35A.
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at which the receiver operates (225 to 400 mc),
however, many special circuits are employed,
which improve the overall efficiency of the re-
ceiver.

The received signal from the antenna is
coupled via jack J404 to the first r-f amplifier,
which comprises V101 and V102 in a push-
pull circuit arrangement. The amplified output
of V101 and V102 is applied to the second r-f
amplifier (V103 and V104 in push-pull) andthence
to the first mixer, V105. The local oscillator
signal, derived from either manual or crystal-
controlled oscillator stage V106A, is followed
by three stages of frequency multiplication
(V106B through V109).

The tuning arrangement for the two push-
pull connected r-f amplifiers (V101 through
V104) and the mixer stage V105 is geared to
that of the local oscillator and multiplier stages
to provide single-control tuning. This control
is shown as No. 18 in figure 9-14.

The first local oscillator functions as either
a crystal-controlled or self-excited circuit, de-
pending upon the position of the OSC switch
(No. 20 in fig. 9-14).

The first mixer V105 output signal, at a
frequency of 18.6 me, is fed to a first i-f
amplifier V201, and to a scan-channel ampli-
fier V202. The output of the first i-f ampli-
fier is applied to the second mixer stage
V203A.

A second local oscillator signal at 16.825
mc from V203B is applied to mixer V203A.
The heterodyning process in V203A produces
a 1.775-mc output from the second mixer.

The portion of the first mixer V105 output
signal, applied to the scan-channel amplifier
V202, is amplified in this stage. The V202
output is applied to scan jack J403, located on
the low-pass filter section at the rear of the
receiver cabinet. The purpose of the scan
output is for use of a panoramic adapter when
it is desired to view the received signal. This
feature is not used in most AN/URR-35A in-
stallations.

The stages comprising V204 and V205 are
conventional intermediate-frequency ampli-
fiers. The i-f output from V205 is rectified and
filtered in the a-f detector stage, V206A.

The stage to which the detector (V206A)
output is coupled is determined by the setting of
the silencer and noise limiter switches S501 and
S202. With these switches in the position shown
in the block diagram, the detector output is fed
through noise limiter V206B and silencer diode

V208B. The conducting or nonconducting con-
dition of V208B is determined by the combined
action of the AGC silencer amplifier V207 and
the AGC silencer diode V208A. When both of
the switches (S501 and S202) are in the OUT
position (opposite the setting shown), the de-
tector (V206A) output is applied through the
switch contacts to the first audio-amplifier
V209A. :

The audio signal amplitude is increased in
three stages of audioamplification, comprising
V209A, V209B, and V210. The audio output
stage applies its signal to the headphone jack
J501 and to the output meter M502. This signal
is applied also through the low-pass filter to
the audio output jack J402.

All power necessary for operation of the
receiver is obtained from a built-in power sup-
ply. This power supply can be adjusted to op-
erate from either 105- , 115- , or 125-volt, 50
to 60 cps, single-phase power source. A power
transformer and rectifier tube V301 producethe
d-c voltage for the plates and screens of the
amplifier tubes. Voltageregulation, required for
best operation of the oscillator and various other
stages, is accomplished by the two voltage
regulator tubes V302 and V303. Bias voltage also
is obtained from this regulated power source.
Filament power is derived from separate wind-
ings of the power transformer. The input power,
from jack J401, is filtered in the low-pass{filter
section to minimize radiofrequency inter-
ference.

UHF RECEIVER AN/URR-13A

Another UHF receiver installed as a com-
panion receiver with the model TED trans-
mitter is the AN/URR-13A. This receiver is
not illustrated here because it is similar in
size, appearance, and operating controls to
the AN/URR-35A discussed previously. The
AN/URR-13A presently is installed aboard ship
in almost equal quantities withthe AN/ URR-35A.

Like the AN/URR-35A, the AN/URR-13Are-
ceives amplitude-modulated voice and MCW
transmissions in the 225- to 400-mc frequency
range. The AN/URR-13A is a single-channel,
crystal-controlled receiver that also features
continuously variable manual tuning. The es-
sential difference between it and the AN/URR-
35A is that it is a superheterodyne receiver,
whereas the AN/URR-35A is a double super-
heterodyne; that is, it employs two frequency
conversions.
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UHF TRANSMITTER-RECEIVER
AN/GRC-27A

The AN/GRC-27 and AN/GRC-27A are UHF
transmitter-receiver sets, covering frequencies
from 225 to 400 mc. The AN/GRC-27 is the
shore station equipment, whereas AN/GRC-27A
(shown in fig. 9-16) is the shipboard installa-
tion. Primarily, the AN/GRC-217A is used for
UHF radiotelephone communication between
ships, from ship to shore, and from ship to
aircraft. It also has an MCW capability and,

RF CABLE TO
ANTENNA

CONTROL AND
AUDIO CABLES
TO SWITCHBOARD

CONTROL

(-3 [-]
2 RADIO SET
5!:9 8 'j /
X -
R -
E‘ el 1.0
T’:@J\o ° QISTRIBUTION
¥ Ol /
i — :"
[+

RADIO RECEIVER

RADIO TRANSMITTER

AN

MODULATOR -
POWER SUPPLY

32.109.2
Figure 9-16.—UHF transmitter-receiver
set AN/GRC-27A.

like the model TED, is used with the model
AN/SGC-1A tone-shift keyer/converter for UHF
radioteletypewriter communications. The AN/
GRC-27A is operationally compatible for net
operation with other radio sets in the UHFband,
such as the TEDtransmitter andthe AN/URR-13
and AN-URR-35 receivers previously described
in this chapter.

Current shipboard installations of the AN/
GRC-27A are fewer in number than the TED
transmitter—AN/URR-35A receiver combina-
tion. The AN/GRC-27A occupies considerably
more space than the TED with its companion
receiver, but the transmitter section of the
AN/GRC-27A features an output power of 100
watts compared with 15 watts for the TED
transmitter. Additionally the AN/GRC-27A
has other features, such as automatic tuning
and channel selection. These characteristics
are described and illustrated in the following
section.

GENERAL DESCRIPTION

The AN/GRC-27A comprises a transmitter,
receiver, modulator-power supply, distribution
panel, control radio set, and the mounting rack.
(See fig. 9-16.)

The transmitter normally generates aradio-
frequency carrier in a range from 225.0 to
399.9 mc, with a nominal power output of 100
watts over this range. The transmitter has
3 crystal-controlled oscillators (frequency gen-
erators), which employ a total of 38 crystals.
The combination and multiplication (synthe-
sizing) of these 38 crystal frequencies make it
possible to produce 1750 frequencies spaced
at 100-kc intervals from 225.0 to 399.9 mc.
Any 10 of these 1750 frequencies can be preset
manually by a series of selector switch dials
(calibrated in megacycles) in 100-kc incre-
ments. Any 1 of these 10 frequencies (channels)
can be selected automatically, either locally or
from a remote station. Automatic selection of
a preset channel is accomplished in 2 to 7 sec-
onds by a combined autopositioner drive system
and a servosystem.

The modulator-power supply provides the
transmitter with all necessary operating and
control voltages, and supplies amplitude modu-
lation power (either voice or MCW tone) for the
transmitter. The transmitter output includes
both upper and lower sidebands generated when
the carrier is amplitude-modulated.
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The receiver normally operates on any 1
of 1750 frequencies, spaced at 1-kc intervals
from 225.0 to 399.9 mc. Thereceiver employs a
triple conversion superheterodyne systemusing
crystal-controlled oscillators. There are a
total of 38 crystals in a synthesizer system.
Any 10 channels of the 1750 frequencies can be
preset manually. Moreover, any 1 of the 10
can be selected automatically, either locally or
from a remote station.

Automatic channel selection in the receiver
is accomplished by a frequency selector and
autopositioner system similar to that in the
transmitter. A motor-driven system of gear
trains operates the various crystal switches and
tuning mechanisms to permit rapid change of
operating frequency. Here again, channels are
shifted automatically in 2 to 7 seconds.

The receiver is designed for use with di-
rectional or omnidirectional antennas having
a characteristic impedance of 52 ohms. Audio
output circuits for operation of loudspeakers
and for operation into telephone lines are
built into the receiver. A special output circuit
for direction-finding applications is provided
also. The receiver is equipped with automatic
volume control, automatic noise limiter, and
carrier-operated squelch circuits.

The preset channels for the transmitter or
the receiver are selected by operating achannel
selector switch on the front panel of the re-
spective units or by telephone-type dials on
associated radio set control facilities.

The radio set control unit adapts the con-
trol circuits of the AN/GRC-27A to the stand-
ard 12-wire shipboard remote control system.
The control unit provides for the control of
power for Radio Set AN/GRC-27A, starting
and stopping the modulator-power supply, auto-
matic channel selection in the transmitter and
receiver, local or remote control of the trans-
mitter, and squelch adjustment for the receiver.

RECEIVER BLOCK DIAGRAM

The R-278B/GR receiver of Radio Set AN/
GRC-27A and receiver operating controls can
be observed in detail in figure 9-17. It will be
helpful to the reader to relate the various
receiver controls with their associated control
circuits as they are discussed in this chapter.

The block diagram (fig. 9-18) reveals that
the receiver consists of four major sections:
(1) a multichannel receiver section, (2) a

frequency selector unit, (3) an audioamplifier
section, and (4) a power supply.

The multichannel receiver section normally
operates on any 1 of 1750 frequencies in the
frequency range from 225.0 to 399.9 mc as
discussed. The frequency selector unit, which
is controlled by switches on the front panel of
the receiver, automatically tunes the multi-
channel receiver to any 1 of 10 preset channels.
The audioamplifier section increasesthe ampli-
tude of the audio before it is applied to the
loudspeaker or telephone line output circuits.
The power supplyfurnishes all voltages required
by the various circuits of the receiver. .

The receiver signal from the antenna is
amplified in two stages of r-f amplification,
V101 and V102. (See functional block diagram,
fig. 9-18.) The output of the r-f amplifiers is
applied to the first mixer stage V401. The
local oscillator signal is derived in a main
oscillator stage V201. This stage contains 18
crystals, and operates in the range from 26.67
to 38.89 mc. The oscillator is followed by two
frequency multipliers (V301 and V302) and by
three amplifier stages (V303, V304, and V305).
The V305 output is the first local oscillator
injection signal, and is in the frequency range
from 180 to 350 mc.

The main oscillator V201 is crystal-
controlled by any 1 of 18 crystals. In order
to produce the required intermediate frequen-
cies over the range 220.0 to 399.0 mc, the
output of the first injection system is varied
from 180.0 to 350.0 mc in 18 steps of 10 mc
each. This variation isaccomplished by switch-
ing the oscillator crystals.

Unlike most mixer stages, the first mixer
(V401) output is not always at the same fre-
quency. Instead, the mixer output may vary
from 40.0 to 49.9 mc for each crystal used in
the main oscillator. For example, the mixer
V401 output changes from 40.0 mc (whenthere-
ceiver input frequency is 220.0 mc and the
first injection frequency is 180.0 mc) t049.9 mc
when the received signal is 229.9 mc and the
injection signal is 180.0 mec.

When the receiver total frequency coverage
is considered (220 to 399.9 mc), you will note
that a 5-mc increase over the normal operat-
ing range is obtained. From this 5-mc in-
crease, the first injection synthesizer system
produces 50 additional intermediate frequencies.
Thus, the receiver can accept and reproduce
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Figure 9-17.—Front panel controls of AN/GRC-27A UHF receiver R-278B/GR.

50 additional frequencies. The following dis-
cussion shows how these frequencies are de-
rived.

If the receiver input frequency were 225.0
mc, the injection frequency from the first in-
jection system would be 180.0 mc and the
mixer V401 output signal would be 225.0 mc
minus 180.0 me or 45.0 mc.

If the receiver input frequency were 220
mc, the injection frequency would still be
180.0 mc, and the mixer output signal would
be 220.0 mc minus 180.0 mc or 40.0 mec.

Because the receiver is tuned in 100-kc
increments, the 5-mc increase in frequency
range at the mixer output provides:

5.0 mc 5x106
100.0 ke 1X109 ~ 5X101 or 50

additional frequenices, which may be selected
at the receiver input,
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The method of tuning the receiver is as
follows: The frequency selection unit (fig.
9-18) has the 3 output shafts, which by me-
chanical drive, select the proper crystals and
tune various circuits to establish a particular
operating frequency. These output shafts are
called the 10-mc, the 1-mec, and the 0.1-mc
shafts, respectively. The 10-mc shaft rotates
in 18 incremental steps, each increment rep-
resenting 1 mec. The 0.1-mc shaft rotates in
10 incremental steps also, each step repre-
senting 0.1 mc.

The r-f amplifiers V101 and V102 may be
tuned in 18 incremental steps by the 10-mc
shaft and in 10 incremental steps by the 1-mc
shaft. For each position of the 10-mc switch-
ing shaft, the 1-mc shaft can be rotated through
10 positions, thereby tuning the r-f amplifiers
to 10 different frequencies for each position
of the 10-mc shaft. In this manner, the r-f
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Figure 9-18.—Block diagram of AN/GRC-27A UHF receiver R-278B/GR.
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amplifiers can be tuned to 180 frequencies in
steps of 1 mc.

The antenna input signal is amplified in the
first and second r-f amplifiers (V101 and
V102) and fed to the first mixer V401. The
r-f signal input to the first mixer is heterodyned
with the input signal from the first injection
system to produce the first intermediate fre-
quency between 40.0 to 49.9 mc.

The first injection system (comprising the
main oscillator and - frequency multiplier-
amplifier stages) is tuned in 18 steps of 10 mc
by the 10-mc output shaft. This shaft also
operates the main oscillator crystal selector
switch to select one of 18 crystal units (not
shown). The first injection system output is
fed from amplifier V305 to the first mixer
stage V401. The signal from the first mixer
(between 40.0 and 49.9 mc) is amplified in
the first i-f amplifier V402.

The  first i-f amplifier V402 employs two
permeability tuned transformers, one at the
input to the stage and the other at the output.
The powdered iron cores of these transformers
are driven by the 1-mc and 0.l1-mc shaft.
Rotations of these shafts are combined in a
differential tuning mechanism to produce 100
steps of 0.1 mc. The first i-f amplifier output
is applied to the second mixer V403.

The crystal selector switch and tuned cir-
cuits of the second injection oscillator V404 are
controlled by the 1-mc shaft. The 31-to 40-mc
signal from the second injection oscillator V404
is heterodyned in the second mixer V403 with the
40.0- to 49.9-mc injection signal from V402,
The difference frequency (9.0 to 9.9 mc) is fed
to the second amplifier V501.

The second i-f amplifier V501 is tuned in 10
steps of 0.1 mc by the 0.1-mc shaft. The 9.0-
to 9.9-mc output from the second i-f amplifier
is fed to the third mixer V502A.

The third injection oscillator V502B is
also tuned in 0.1-mc steps by the 0.1-mc
shaft. The heterodyning frequency from the
third injection oscillator V502B is between
6.95 and 7.85 mc. The final heterodyning proc-
ess in the third mixer produces a 2.05-mc
intermediate frequency. The third mixer output
is amplified in three stages of i-f amplifica-
tion, comprising V601, V602, and V603.

To summarize the tuning action, assume
that a frequency of 395.5 mc is to be selected.

(See fig. 9-19.) The frequencies throughout the
receiver tuning stages would be as follows:

r-f amplifier 395.5 mc
1st injection system 350.0 mc
1st i-f amplifier 45.5 mc
2nd injection system 36.0 mc
2nd i-f amplifier 9.5 mc
3rd injection system 7.45 mc
3rd i-f amplifier 2.05 mc

Two detector stages are employed in the
receiver. Audio detector V604A is used to
rectify and filter the audio component of the
received signal. The AVC detector V604B
is used to produce a d-c (AVC) control voltage
for various amplifying tubes. The audio signal
from V604A is routed through noise limiter
stages V605A, V605B, and V608B. These
stages reduce any spurious noise appearing inthe
received signal.

The AVC detector V604B and the AVC gate
V607A produce the AVC control signal that is
applied to the r-f and i-f stages of the receiver
to maintain the audio output level nearly con-
stant for wide variations in the amplitude of
the r-f input signal.

The squelch circuit (V608A and V609) pro-
duces a d-c voltage to operate the carrier op-
erated relay K801. This relay functions to
increase the audio signal amplitude to the
filter (attenuator quieting control) in the audio
path whenever a signal is received.

The direction-finder stages of the receiver
(V607B and V606A) make possible the use of
the receiver with a direction-finder system
such as the AN/URD-6 radio direction finder.
This feature of the receiver is not required
aboard ship in the normal communication ap-
plications of Radio Set AN/GRC-27A. Hence,
its operation is not described in detail in this
chapter.

When the carrier-operated relay is ener-
gized, the audio signal from the audio filter is
amplified in two stages (V801 and V802 and
V803). Twintriode V801 comprisestwo cascade-
connected, single ended audioamplifiers, and
V802 and V803 are connected in a push-pull
amplifier arrangement.

Two output circuits are provided. They are
referred to as the main audio and the low-level
audio outputs. The main audio output circuit
delivers approximately 3 watts into a 600-ohm
balanced load. The low-level audio output is
approximately 10 milliwatts.
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" RF AMPLIFIER b ST 1ST IF 2ND 2ND IF 3RD 3RD IF
225,0-39%9 _— MIXER > AMPLIFIER »| MIXER 1 AMPLIFIER > MIXER > AMPLIFIER
MC 40.0-49.9 MC 9.0-9.9 MC 2.05 MC
4 Fy A
1ST INJECTION 2ND INJECTION 3RD INJECTION
180.0-350.0 MC 31.0-40.0 MC 6.95-7.85 MC
18 CRYSTALS 10 CRYSTALS 10 CRYSTALS
RF INJ. CRYSTAL CRYSTAL CRYSTAL
DIAL BAND FREQ. FREQ. MULT. DIAL ISTIF | AND INJ. DIAL 2ND IF | AND INJ.
READING MC MC MC FACTOR READING | BAND MC | FREQ. MC READING | FREQ. MC| FREQ. MC
22 220.0 - 229.9 | 180.0 30,0000 6 0 40.0 - 40.9 31.0 0 9.0 6.95
23 230.0 - 239.9 | 190.0 31.6667 6 1 41.0 - 41.9 32.0 1 9.1 7.05
24 240.0 - 249.9 | 200.0 33.3333 6 2 42.0 - 42.9 33.0 2 9.2 7:15
25 250.0 - 259.9 | 210.0 35.0000 6 3 43.0 - 43.9 34.0 3 9.3 7.25
26 260.0 - 269.9 220.0 36,6667 6 4 44.0 - 44.9 35.0 4 9.4 7.35
27 270.0 - 279.9 230.0 38.3333 6 5 45.0 - 45.9 36.0 5 9.5 7.45
28 280.0 - 289.9 |  240.0 26.6667 9 6 46.0 - 46.9 37.0 6 9.6 7.55
29 290.0 - 299.9 | 250.0 27.7777 9 7 47.0 - 47.9 380 7 9.7 7.65
30 [300.0-309.9 | 260.0 28,8888 9 8 48.0 - 48.9 : 8 2.8 7.75
X . 39.0 9 9.9 7.85
31 310.0 - 319.9 |  270.0 30.0000 9 9 49.0 - 49.9 40.0
32 320.0 - 329.9 | - 280.0 311111 9 :
33?; 333'8 - 333.3 290.0 32.2222 9
.0 - 349. 300.0 33.3333 9
35 350.0 - 359.9 | 310.0 34,4444 9
36 360.0 ~ 369.9 320.0 35.5555 9
37 370.0 - 379.9 | 330.0 36.6667 9
38 380.0 - 389.9 | 340.0 37,7778 9
39 390,0 - 399.9 | 350.0 38.8889 9
50.67

Figure 9-19.—Frequency diagram for multichannel receiver section,
AN/GRC-27A UHF receiver R-278B/GR.

Frequency Selector System

The R-278B/GR radio receiver features a
frequency selector system that tunes the re-
ceiver mechanically to any 1 of 1750 available
frequencies. A block diagram of the frequency
selector system is shown in figure 9-20. Es-
sentially, the frequency selection system con-
sists of two main parts, the preset panel and the
autopositioners.

The preset panel provides switches for pre-
setting 10 automatically tunable channels and for
setting up one manual channel.

The autopositioner is an electromechanical
device actuated by operating a channel selector
switch located on the front panel of the receiver.
It also may be actuated by remote control
facilities. @ The autopositioner tunes the re-
ceiver to a desired channel selected from the
10 preset channels. The manual channel can be
selected only from the panel-mounted channel
selector switch (fig. 9-17).

- banks of 3 switches each.

Preset Panel

The preset panel (fig. 9-20) has 33 rotary
switches. For purposes of setting up channels,
these switches are arranged in 11 horizontal
The ‘‘hundreds’’
and ‘‘tens’’ of megacycle frequencies are set
up on the first bank, the ‘‘units’’ are set up on
the second bank, and the ‘‘tenths’’ on the third
bank.

To illustrate, if a frequency of 245.6 mc is
to be selected, the ‘“hundreds’’ and ‘‘tens’’ mc
switch should be set to 24, the ‘‘units’’ switch to
5, and the ‘‘tenths’’ switch to 0.6. By combining
the setting of the 3 horizontal rows of switches,
the frequency of each of the 11 channels can be
read directly on the front panel of the receiver.

The manual channel is set up the same as
the other 10 channels, except that it is impossible
to select the manual channel from a remote
position. This channel isreservedfor operation
at the transmitter site.
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Figure 9-20.—Receiver frequency selector system, block diagram.
Autopositioner the control switch and seeking switch are not

In addition to the definition given earlier,
the autopositioner can be defined as a motor-
driven mechanism that positions a shaft to any
one of a number of preset positions. The basic
elements of anautopositioner are showninfigure
9-21.

The autopositioner consists of a motor and
gear reduction, a slip clutch, a rotary shaft
to which is fastened a notched stop wheel, a
pawl that engages the notches of the stop wheel,
and a relay that actuates the pawl and operates
a set of electrical contacts to start and stop the
motor.

Associated with each autopositioner is an
electrical control system consisting of a control
switch and a corresponding symmetrical ‘‘seek-
ing’’ switch driven by the autopositioner shaft.
This control system is designed so that when

set to the same electrical position, the auto-
positioner is energized and operates todrive its
shaft (and the driven elements to which it is
coupled) to the proper position to restore the
symmetry of the control system.

When the control and seeking switchesarein
corresponding positions, which represents an
open circuit between the two switches, the motor
control relay is deenergized (as shown), the
pawl is engaged in a notch on the stop wheel,
and the motor is not energized. In this po-
sition, the autopositioner is at rest.

If the operator changes the position of the
remote control switch, the symmetry between
the remote control and seeking switches is
upset. In this condition, power is applied
through the seeking switch to the motor control
relay, causing this relay to become energized.
The current through the solenoid of the motor
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32.113
Figure 9-21.—Autopositioner, basic elements.

control relay exerts a magnetic attraction on
the pawl, lifting the pawl out of the notch on the
stop wheel. The motor control relay contact
arm is grounded as the pawl is removed from
the notch. A ground is applied simultaneously
to the solenoid of the motor start relay. Op-
eration of the motor start relay closes another
set of contacts that apply power to the motor.

As the motor turns, it drives the auto-
positioner -shaft and the rotor of the seeking
switch. When the seeking switch reaches the
point corresponding to the new position of the
remote switch, the motor control relay circuit
is opened again (as shown). The pawl drops
back into a notch on the stop wheel to stop the
shaft rotation, and at the same time the ground
is removed from the motor start relay. The
contacts, which were applying the 115-volt a-c
power to the motor, are now released (to the
position shown), and the motor coasts to a stop,
dissipating its energy in the slip clutch.

The seeking switch of the control circuit
is adjusted to open the relay shortly before the
. stop wheel reaches the point where the pawl
engages the proper notch. The relay contacts
that control the motor are operated mechan-
ically by the pawl arm so that they do not open
until the pawl drops into the notch.

Note that the slip clutch between the motor
and autopositioner absorbs the energy of the
motor as it coasts to a stop. With more than
one slip clutch, the same motor can drive an
equal number of autopositioners, either si-
multaneously or independently. The frequency
selector unit (fig. 9-20) has four autopositioners:
the channel, 10-mc¢, 1-me, and 0.1-mc auto-
positioners. The channel autopositioner en-
ergizes the other three through the local chan-
nel seeking switch, channel energizing switches,
and preset panel. When the channel autoposi-
tioner control relay is operated by the control
circuit, it removes power from the other three
autopositioner relays. This action prevents
operation of these relays until the channel
autopositioner completes its operation. The
10-mc, 1-mc, and 0.1-mc autopositioners have
output shafts that tune the receiver to the
desired operating frequency.

RADIO TRANSMITTER T-217A/GR

The T-217A/GR radio transmitter and its
associated modulator-power supply MD-129A/
GR (fig. 9-22) constitute the radio transmitting
installation of Radio Set AN/GRC-27A. This
transmitter normally delivers a nominal output
power of 100 watts, either tone- or voice-
modulated, in the frequency range of 225.0 to
399.9 mec. Like the receiver, the transmitter
has a maximum frequency range of 225 to
399.9 mc.

A functional diagram of the transmitter and
modulator-power supply is shown in figure
9.23. It can be seen that the transmitter is
essentially a frequency generating system, an
exciter and driver, and a power amplifier. The
modulator-power supply provides the trans-
mitter with power, and voice or tone modulates
the output stage of the transmitter.

Frequency Selection System

The radio transmitter uses a frequency
selector system that automatically tunes the
multichannel transmitter to any 1 of 1750
crystal-controlled frequencies in the range
from 225.0 to 399.9 mc. The frequency selec-
tor system (fig. 9-24) in the transmitter is
identical with the system used in the radio
receiver. (A block diagram of the receiver
frequency selector system was shown in fig-
ure 9-20.)
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Figure 9-22.—UHF radio transmitter and modulator-power supply units of AN/GRC-27A.
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Figure 9-23.—Functional diagram of transmitter and modulator-power supply units, AN/GRC-27A.

Block Diagram

The main oscillator V201 (fig. 9-24) gen-
erates the basic frequency for the transmitter.
The oscillator employs 18 crystals selected
by the 10-mc autopositioner to tune the oscil-
lator from 31.111 to 45.0-mec. This circuit
is referred to also as the 10-mc frequency
generator because the output frequency of V201
is changed once for each 10-mc change in
the transmitter output frequency.

The 31.111-mc to 45.0-mc output of the
main oscillator is doubled or tripled in fre-
quency multiplier V301. Pentode V301 operates
as a doubler circuit when the output frequency
of the transmitter is 299.9 mc or below. For
frequencies above 299.9 me, V301 triples the
oscillator original. The output of V301 is
tripled in a second frequency multiplier, V303.
Amplifiers V302, V304, and V305 are also a
part of the frequency multiplier-amplifier.

The frequency multiplier-amplifier produces
1 of 18 frequencies, spaced at 10-mc intervals.
These frequencies are 200 to 370 mc and are
delivered to mixer V406.

The heterodyning frequency for the mixing
section in V406 is obtained in the following

manner: The l-mc frequency generator V404
contains 10 crystals selected by the 1-mc auto-
positioner. This stage generates any 1 of 10
frequencies at 1-mec intervals in the 18-mc to
27-mc frequency range. The frequency gen-
erated is determined by the crystal selected
and also by the timing of the V404 output cir-
cuit by the 1-mc autopositioner.

A second frequency generator, referred to
as the 0.1-mc frequency generator V402, con-
tains 10 crystals selected at intervals of 0.1
mc. The frequency range is from 2.0 to 2.9
me, as determined by the selected crystal.

The output frequencies of frequency gen-
erators’ V404 and V402 are heterodyned in
mixer V401 to produce the sum frequency of
20.0 to 29.9 mc. This sum frequency output
is amplified in V403 and V405, then is fed to
mixer V406.

The incoming frequency (200 to 370 mc)
from the frequency multiplier-amplifier and
the output from V405 (20.0 to 29.9 mec) is
heterodyned in V406 to yield the sum fre-
quency of 225.0 to 399.9 mec. Because of the
tuning differential between the 1-mc and 0.1-
me frequency generators, the output from mixer
V401 can be any of 100 frequencies.
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Figure 9-24.—Transmitter unit of AN/GRC-27A, functional block diagram. 32.124
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The signal from mixer V406 is amplified
in the exciter, which comprises V101 and
V102. The exciter output signal from V102 is
amplified in three stages (V501, V502, and
V503). The exciter and driver stages are
tuned by the 10-mc and 1-mc autopositioners
in 1-mc steps from 225.0 to 399.9 mc. The
amplifier stages in the exciter and driver are
tuned to the center frequency of each 1-mc
band. The bandpass of these stages is broad
enough to amplify the 0.1-mc variations.

Pentodes V601 and V602 amplify the driver
(V503) output signal to produce a nominal out-
put power of 150 watts. A servosystem, which
utilizes servomotor B601, is used to tune the
power amplifier throughout the frequency range
of the transmitter. The servoamplifier circuit
receives its error signal input from a servo-
bridge.

A basic representation of the tuning bridge
includes potentiometers R and R's. Both re-
sistors are connected across the 115-volt a-c
line input. Actually, this load across the
bridge consists of the input circuit to the grid
of the first amplifier V701 (not shown). Be-
cause the input circuit to V701 is grounded, the
load across the bridge is connected between the
arms of R and R's. Note that the arm of R is
positioned by the 1-mc and 1-mec autopositioner
shafts, and that the arm of R' is positioned by
a mechanical connection to the servomotor.

If the power amplifier is on frequency, the
potential at the arm of R is the same as on the
arm of R' and the voltage difference across the
load (V701 input) is zero. The bridge is there-
fore balanced, the motor is not turning, and the
error signal is zero. Ifthebalance of the bridge
is upset, however, as happens when a new
channel is selected, the 10-mc and 1-mc auto-
positioners move the arm of R in an attempt to
select the new frequency. Thus, the bridge
becomes unbalanced when the potential at the
arm of R differs from that at R'. This po-
tential difference represents the error signal
that is applied to the input of V701.

The output of V701 is amplified in V702,
V703, and V704. The amplified output drives
the servomotor B601, which tunes the power
amplifier mechanically. Simultaneously, the
servomotor drives the arm of R' until its
position corresponds to the new position of
R.

The direction of the error signal is de-
termined by the direction of movement of R
from its zero error position. The direction

of rotation of the servomotor alsois determined
by the direction of the error signal.

The output of the power amplifier is fed
through coaxial filters (not shown in the block
diagram). These filters employ 5 tuned stubs
to discriminate against frequencies above 450
mc. The output of this filter is connected to the
r-f power monitor.

Two directional couplers are used in the r-f
power monitor to provide two sampling volt-
ages. The output from one directional coupler
is used to indicate power output, to supply an
input to the monitor amplifier, and to calibrate
a standing wave ratio indicator. Fromthe other
directional coupler the output provides standing
wave ratio indication in conjunction with test
meter M1201 by measuring reflected power.

The signal from the r-f power monitor is
passed to the antenna transfer relay K1203.
This relay works in conjunction with the push-
to-talk  circuit, transferring the antenna from
the receiver to the transmitter when the push-
to-talk circuit is energized. The circuitry is
so arranged that the antenna is transferred
before the high voltage is applied to the trans-
mitter.

A directional or omnidirectional antenna

‘selected by K1204 may be used with the trans-

mitter. -  The transmitter output is fed from
K1203 through K1204 to the selected antenna.

AN/SRC-20 AND -21 UHF TRANSCEIVERS

Radio Sets AN/SRC-20 and AN/SRC-21,
shown in figures 9-25 and 9-26, are designed
for shipboard or fixed station operation. These
sets provide amplitude modulation (AM) and
modulated continuous wave (MCW) on any of
1750 channels spaced 0.1 mcapartinthe 225-mc
to 399.9-mc range. Of the 1750 channels, 19
can be preset. Complete control, including the
selection of preset channels, can be exercised
from up to a maximum of 4 remote control
points. Additionally, circuits are incorporated
that permit the connection of two sets for two-
way automatic retransmission.

The AN/SRC-20 radio set is composed of
radiofrequency amplifier AM-1565/URC, radio
set AN/URC-9, and radio set control C-3866/
SRC. The AN/SRC-21 radio set is composed
of the latter two units only.

The sets have three modes of operation:
normal, retransmit, and tone. Provision is
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set AN/SRC-20.

output of the AN/SRC-20 is 100 watts, with
modulation capability of 80 percent. For the
AN/SRC-21 the minimum carrier output is
16 watts, with a modulation capability of 80
percent.
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50.161
Figure 9-26.—Radio set AN/SRC-21.

RADIOFREQUENCY AMPLIFIER
AM-1565/URC

The AM-1565/URC radiofrequency ampli-
fier, a linear UHF amplifier, operates class
ABl. The amplifier supplies a minimum of
100 watts of radiated power over a frequency
range of 225.0 to 399.9 mc. The r-f amplifier
is continuously tunable over the frequency
range. A dial calibrated in frequency and a
logarithmically calibrated dial are provided
to allow presetting of channels. Radiofrequency
excitation is controlled automatically by an
attenuator that compensates for variation in the
exciter output of the AN/URC-9.

The AM-1565/URC is composed of the follow-
ing functional groups; power amplifier, servo-
amplifier, drive control regulator, power supply,
autopositioner, and the front panel.

The signal from the AN/URC-9 passes
through a variable attenuator to the r-f amp-
lifier. After amplification, the signal passes
through a directional coupler (used to monitor
forward and reverse antenna power) and a low-
pass filter (used to minimize harmonic radia-
tion) to the antenna.

During receive, the signal passes from the
antenna to the input of the AN/URC-9.

The drive regulator circuits, in conjunction
with the ferrite attenuator and front panel
controls, compensate for variations in exciter
output and drive requirement over the frequency
range. This allowance is made by sensing the
voltage output of the r-f amplifier, or a manual
control, to change the r-f conducting properties
of the variable attenuator.

Automatic tuning of the r-f amplifier is
performed by a servosystem together with the
autopositioner and preset channel potentiom-
eters. The autopositioner, operated by front
panel control, forms an unbalanced a-c bridge
between the preset potentiometer of the de-
sired channel and the servo circuits. As the
servosystem seeks the new null position, the
servomotor drive shorting contact rings in the
resonant cavities of the r-f amplifiers until
proper cavity length is obtained. The servo
uses a rate generator feedback system to pre-
vent hunting and oscillation.

RADIO SET AN/URC-9

The AN/URC-9 radio set is a triple-
conversion superheterodyne transceiver, which
can send and receive amplitude-modulated (A3)
and MCW (A2) signals.

During normal receive, the signal from the
antenna passes through the AM-1565/URC unit
in the AN/SRC-20. In the AN/SRC-21, the
signal goes direct to the r-f and PA assembly
where the signal is amplified and mixed with a
frequency (injected by the frequency multiplier
oscillator) to obtain adifferencefrequencyinthe
20.0 to 29.9 mc range. This latter signal is
passed to and amplified in the first amplifier.
The resulting signal is mixed with a signal in
the range of 17 to 26 me from the crystal-
controlled oscillator in the first i-f amplifier.
The difference frequency, in the range of 3.0
to 3.9 mc, is passed to the second i-f ampli-
fier, where it is mixed with the third injection
frequency in the same range but a difference
of 500 ke. '
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This signal is applied through a 500-kc filter
to the third i-f amplifier. The third frequency
is always 500 kc. The resulting signal is
demodulated, passed through a noise limiter,
again amplified, and applied to the audioamp-
lifier and modulator assembly. The audio
signal is then amplified and sent to the local
and remote headsets.

During normal transmit, the push-to-talk
switch on the microphone operates relay cir-
cuitry. This circuitry grounds the key line from
the AM-1565/URC and switches particular cir-
cuits in the RT-581/URC-9, allowing the set to
operate as a transmitter.

Operation in the retransmission mode re-
quires interconnection of two sets, because a
transceiver cannot transmit and receive con-
currently. When two sets are connected in this
manner, the reception of a signal of the proper
level causes the alternate set to operate as a
transmitter. This interchange is done by con-
necting the squelch circuitry to operate when
a carrier is received. When a signal is re-
ceived on one set, it is used to modulate the
transmitter output of the alternate set. The
audio signal appears at the headsets of the
first set and an audio sidetone appears at the
headsets of the alternate set, :

Frequency Selection

Information is transferred electrically from
the channel selector switch to the frequency
selector subassembly. There, it isconvertedto
mechanical tuning information for tuning the
various oscillators and amplifiers in the radio
set. Five accurately positioned tuning shafts,
driven by the frequency selector, automatically
tune the set to the desired frequency. This
process requires from 1 to 5 seconds. The
exact time depends upon the sequence of fre-
quency selection.

RADIO SET CONTROL C-3866/SRC

The C-3866/SRC radio set control enables
a radio operator to select any 1 of the 19
preset radio channels remotely. It contains
a front panel telephone-type dial and the relays
necessary to operate an interval stepping relay
for channel selection. For setting the squelch
level of - each radio channel, 19 squelch level
potentiometers are available. A local-remote
transfer switch controls functions to theremote
stations.

To dial any radio channel higher than chan-
nel 10, the operator must first dialthe letter A,
then dial the last digit in the channel number.
To dial channel 14, for example, dial A and then
the number 4.

VHF TRANSMITTERS

It was explained earlier in this chapter that
shipboard -communications in the VHF range
are no longer used as extensively as inthe UHF
band. Reduction in usage has resulted inrather
limited VHF installations in the active fleets.
Two shipboard VHF transmitters, the AN/URT-7
and model TDQ, are described briefly here.

VHF TRANSMITTER AN/URT-7

Radio transmitter AN/URT-7 functions the
same as the transmitters of the: model TED
series, except that the AN/URT-T operates in
the 115- to 156-mc range. In many instances,
the component sizes and schematic nomen-
clatures are identical.

Because the operating frequency range of the
AN/URT-"7 is lower than that of the model TED
series, fewer frequency multiplier stages are
needed in the r-f chassis of the AN/URT-".
In the AN/URT-7, one doubler stage and one
tripler stage are used to yield a total frequency
multiplication of six. In the model TED trans-
mitters, two doubler stages and one tripler
stage produce a total multiplication of 12 times
the oscillator frequency. In all other respects,
the AN/URT-7 and the transmitters of the
model TED series are generally the same.

Because of similarities in size, appearance,
and operating controls ofthesetwo transmitters,
the AN/URT-7 is not illustrated in this chapter.

VHF TRANSMITTER MODEL TDQ

The VHF transmitter model TDQ (fig. 9-27)
currently is being replaced by the AN/URT-1,
although the TDQ still is installed in sufficient
quantity that it will continue in service for
several years. Like the AN/URT-7, the model
TDQ provides voice transmission and MCW
radiotelegraph transmission in the portion of
the VHF band from 115 to 156 mec.

The TDQ transmitter has a power output of
45 watts, compared with 30 watts for the
AN/URT-7. The modulator unit is capable of
voice modulating the carrier up to 100 percent
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50.71
Figure 9-27.—VHF transmitter model TDQ.

with good quality. During MCW emission, the
carrier is modulated 85 percent with a 1000-
cycle tone supplied by an audio oscillator located
in the modulator unit.

Description of Units

The TDQ transmitter consists of three
units. They are, from top to bottom in figure
9-27, the radiofrequency unit, modulator, and
power supply.

The radiofrequency unit consists of an os-
cillator, two tripler stages, and a power amp-
lifier stage. The crystal-controlled oscillator
operates at one-ninth the output frequency.
Crystals for the TDQ transmitter are in the
range from 12.8 to 17.3 mc. The crystal
oscillator frequency is multiplied in the first
tripler stage to frequencies between 38 and 52
mc. In turn the output of the first tripler is
multiplied in the second tripler stage to obtain

the output frequency range of 115 to 156 mec.
A push-pull beam power amplifier is used inthe
final stage. The output of this stage is coupled
to the transmission line through a couplingloop.
The coupling may be varied, as required, for
different operating frequencies. The antenna
circuit has a transfer relay that automatically
switches the antenna transmission line to a re-
ceiver when transmission is not taking place.
Also the r-f unit contains a blower for forced
air circulation in the r-f amplifier.

The modulator unit contains a speech amp-
lifier stage and a modulator stage, a modulation
limiter, an audio oscillator, a carrier delay
stage, and a 275-volt d-c power supply. The
modulation limiter automatically limits the out-
put of the speech amplifier to prevent over-
modulation of the carrier wave. It operates in
a manner similar to radiofrequency automatic
volume control circuits. The audio oscillator
produces the 1000-cycle tone for MCW telegraph
transmission. Its output is fed into the speech
amplifier. The carrier delay circuit prevents
shutdown of the carrier for 1 second after each
keying impulse. It thus keeps thecarrier on the
air during key-up conditions when sending MCW
code telegraphy. The 275-volt power supply in
the modulator unit provides the intermediate
voltage for the audio tube plate voltage and
modulator and r-f tube screen grid voltages.

The power unit contains a 425-volt rectifier
section, and a 12-volt rectifier section. The
425-volt section supplies d-c plate voltage to
the modulator tubes and all the r-ftubes, as well
as screen voltage to the power amplifier tube.
The rectifier filament transformer has addi-
tional windings to provide filament voltage for
the remaining tubes in the transmitter. The
high-voltage rectifier is disconnected automati-
cally to provide standby operation when trans-
mission is not taking place. When this recti-
fier ceases operation, a green pilot light on the
power unit panel goes out. The 12-volt rectifier
is a dry-disk type. Its output voltage operates
the microphone and a carrier control relay.

VHF RECEIVERS

Two models of VHF receivers currently are
used aboard ship. They are the AN/URR-21 and
the AN/URR-27. Of these two, the AN/URR-27
is installed in greater quantity and is described
first in the following discussion.
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VHF RECEIVER AN/URR-27

Radio Receiving Set AN/URR-27 (fig. 9-28)
provides for reception of amplitude-modulated
voice and MCW transmission in the 105- to
190-mc frequency range. Note that this range
of frequencies slightly exceeds that of the VHF
transmitters, which cover a band from 115 to
156 me. This extra coverage, above and below
the transmitter frequency range, has no prac-
tical worth, thus it is effectively wasted.

The AN/URR-27 is a superheterodyne re-
ceiver, designed primarily for operation as a
pretuned, single-channel, crystal-controlled re-
ceiver. Continuously variable manual tuning
is also available. A singletuningcontrolis used
for tuning to any frequency for either crystal-
controlled or manual tuning operation. Either
of these two methods of operation may be se-
lected by means of the CRYSTAL-MANUAL
switch on the front panel.

The receiver has a built-in power supply,
which can be adjusted to operate from 110- ,
115-, or 120-volt, 50- to 60-cycle, single-
phase power sources. The audio output and
power source input connections to the receiver
are filtered to limit possible radiofrequencyin-
terference.

Equipment Arrangement

The circuit components are grouped, on a
functional basis, into five major sections: the

preselector, IF/AF, power supply, cable filter-
ing, and front panel sections. The first three
sections are assembled within the chassis
frame, and the front panel section is attachedto
the front of this frame. The cable filtering
section is mounted against the rear wall of the
cabinet. The preselector section consists of
the r-f amplifier-converter and the oscillator-
multiplier subsections. The ganged tuning ca-
pacitors in the two subsections are geared to-
gether through a common dial drive assembly.
This action permits tuningthereceiver by means
of a single front-panel tuning control.

All primary operating controls and the
meters are mounted on the front panel. The
crystal, the fuses, and those controls requiring
only periodic change for operational adjustment
are in panel compartments accessible through
hinged doors at the right and left sides of the
front panel. The panel-mounted controls are
located as shown in figure 9-29. Trimmer
adjustment controls are accessible when the
chassis assembly is removed from the cabinet.

Cable connections for antenna, power input,
and audio output are made to connectors on the
underside of the cable filtering section attached
to the rear of the cabinet.

VHF RECEIVER AN/URR-21

Radio Receiving Set Model AN/URR-21 (fig.
9-30) providesreception of amplitude-modulated

RADIO RECEIVER R-516/URR-27
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Figure 9-28.—VHF receiver AN/URR-27.
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Figure 9-29.—Front panel controls of VHF receiver AN/URR-217.

voice radiotelephone signals in the range 115 to
156 mec. The receiver operates on the super-
heterodyne principle. However, the addition of
crystal control, additional i-f amplification, and
squelch circuit minimizes drift over long operat-
ing periods, increases signal sensitivity, and
provides quiet operation.

The receiver accommodates four quickly
selectable preset crystal channels in conjunc-
tion with an r-f amplifier to produce a 12-mc
intermediate frequency that is amplified and
detected in conventional manner. Special fea-
tures, in addition to crystal-controlled opera-
tion, include a front panel dial detent mecha-
nism for rapid selection of channels, high
stability, and continuous tuning of all r-f cir-
cuits by means of a single dial mechanism.
The dial detent mechanism permits setting the
dial to any one of four positions corresponding
to the four crystal-controlled channels. The
detent mechanism is continuously adjustable so
that any four channels within the tuning range
may be used.

Description of Units

The AN/URR-21 receiver consists of three
functional units, apreselector, IF/AF amplifier,
and the power supply unit. These three chassis
are bolted together and slide into the cabinet
as a single unit.

The preselector chassis contains all of the
r-f circuit elements from the antenna through
the primary of the first i-f transformer. Cir-
cuits contained in the preselector unit are an
antenna input stage, one r-f amplifier, a crys-
tal oscillator, two frequency tripler stages,
a mixer, and the primary of the first i-f
transformer. Crystals for the four operating
channels are mounted in sockets on top of the
chassis. They are shielded by a removable
metal cover.

The IF/AF amplifier chassis consists of the
intermediate-frequency amplifier, its associa-
ted detection and control circuits, and the audio-
frequency amplifier. The controls and meters
for these circuits are mounted on the front
panel. Because of the large number of i-f

197



RADIOMAN 1 & C

NOISE LIMITER
OVTPUT METER

o

‘3""‘

32.56

Figure 9-30.—VHF receiver AN/URR-21.

stages in this unit, it was necessary to arrange
will wiring and components for a minimum of
common coupling, either through proximity of
parts or through ground circuits. In order to
mount most of the resistors and capacitors on
terminal strips, two large terminal boards with
uninsulated leads are arranged for minimum
coupling and the most direct connections possible
under the circumstances.

198

The chassis for - the power supply unit
contains all the components for furnishing power
to thereceiver. Onitstop are mounted the power
transformer, filter chokes, filter capacitors, and
rectifier and regulator tubes. The fuses andthe
receptacles for power input, antenna, and audio
output are mounted on the rear. The line filter
is mounted underneath the chassis on a small
terminal board.
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CHAPTER 10

TERMINAL EQUIPMENT

This chapter presents thetelegraphterminal
equipment used with transmitters andreceivers
described in other chapters of this manual. In-
cluded are keyers and converters necessary for
radioteletypewriter transmission andreception.
Although teletypewriters are included in term-
inal equipment by definition, they are not covered
in this chapter. Modern shipboard teletype-
writers are discussed in detail in chapter 12.

SHIPBOARD RATT SYSTEMS

The Navy uses two basic radioteletypewriter
systems aboard ship. One, the tone-modulated
system, if for short-range operation whereasthe
other, the carrier frequency shift system, is
for long-range operation. Descriptions of both
systems are given in Radioman 3 & 2 and are not
repeated here. -

FREQUENCY SHIFT KEYER KY-75/SRT

A separate keyer unit is needed to transmit
frequency shift RATT signals when using some
of the older high-frequency transmitters, such
as models TBK and TBL. All the newer
transmitters, such as the AN/SRT-14, -15,
-16 series, AN/URC-32, and AN/WRT-2, de-
scribed in other chapters of this training
manual, have the keyer circuitry built into the
transmitter. Continued reliable service of the
older transmitters, however, requires limited
installations of frequency shift keyers in the
fleet.

The frequency shift keyer most commonly
used aboard ship is the model KY-75/SRT, shown
in figure 10-1. An identical keyer, intended for
shore station use, is the KY-58/GRT. The
KY-58 keyer is mounted in a mobile cabinet
for easy portability. The following description
of the KY-75/SRT keyer applies also to the
KY-58/GRT.

GENERAL DESCRIPTION

The KY-75/SRT frequency shift keyer is a
calibrated frequency shift exciter in which
signaling is accomplished by shifting a con-
stant amplitude carrier between two fixed fre-
quencies. The two frequenciesrepresent mark-
ing and spacing conditions of the teletypewriter
code.

For radioteletypewriter operation, the keyer
functions so that current impulses from the
teletypewriter keyboard produce a marking sig-
nal. This action causes the transmitter to
emit a frequency above its mean frequency.
Conversely, opening of contacts on the key-
board produces a spacing signal. The spacing
signal, or open keyboard, causes the trans-
mitter to emit a frequency below its normal
assigned frequency.

The primary purpose of the frequency shift
keyer is to replace the conventional exciter of
the CWtransmitter with a source of r-f excitation
that can be shifted (in frequency) asmall amount
upward and downward to produce r-f telegraph
code. The unitrespondstobothneutral (d-c¢) and
polar input signals. Neutral signals cause a
current flow in the line during the marking
conditions, andno current flow during the spacing
condition. Polar signals allow current in one
direction through the line for mark, and in the
opposite direction for space. The keyer isused
principally for comparatively long-distance
communications in the high-frequency range.

The Kkeyer is composed of two subunits,
which are the modulator-power supply and the
amplifier-oscillator. The modulator-power sup-
ply (lower panel) incorporates the power supply
and all modulator circuits up tobut not including
the reactance tube (discussed later). The
amplifier -oscillator section (upper panel) com-
prises the crystal oven, reactance tube, 200-kc
oscillator, and all r-f circuits and controls. All
frequently used operating controls are located
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Figure 10-1.—Frequency shift keyer KY-75/SRT.

on the front panel. Semioperating controls are
mounted on a subpanel behind the front panel.

BLOCK DIAGRAM

The input radiofrequency to the frequency
shift keyer must be derived from an external
oscillator, such as the master oscillator of the
transmitter, or from the self-contained crystal
oscillator (fig. 10-2). The overall output fre-
quency range of the keyer is 1.0 to 6.7 mc.
Because the r-f input is mixed with a 200-kec
signal from the frequency-modulated oscillator

to obtain the sum frequency, the input frequency
must range from 0.8 to 6.5 mc.

The frequency of the 200-kc oscillator is
frequency-modulated by the balanced reactance
modulator. The reactance modulator variesthe
amount of reactance across the oscillator tuned
circuit, causing oscillator frequencytoincrease
or decrease a small amount in response to mark
and space signals.

The magnitude of the frequency shifts is ad-
justable over a range from 0 to +500 cps or
1000 cps total shift. The transmitter frequency
usually is adjusted for an 850-cycle shift,
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which means that the mark signal is 425 cycles
above assigned frequency, whereas the space
signal is 425 cycles below the carrier. The
equipment is capable of being keyed up to 240
dot cycles (transitions from mark to space and
vice versa) per second.

The radiofrequency output of the crystal
oscillator and the frequency-modulated output
of the 200-kc oscillator are combined in the
balance mixer circuit. The frequency of the
crystal oscillator is balanced out. Therefore,
only the sum and difference frequencies result-
ing from mixing the two oscillator frequencies
are present in the output of the balanced mixers.
The circuits of the balanced mixers are tuned
to the sum frequency.

The buffer amplifier servestoisolateor per-
mit light loading at the balanced mixer output
circuit, providing greater discrimination against
unwanted modulation components. A ganged
tuning control simultaneously tunes the output
of the crystal oscillator, balanced mixers and
buffer amplifier. The power amplifier supplies
an output of 6 watts into a 75-ohm noninductive
resistive load.

The test-operate and calibrate circuit com-
prises a five-position switch utilized to select
the circuit arrangement required for frequency
shift or facsimile operation. It also selects the
arrangement required to perform alignment
adjustments for carrier, mark and space.

Two diode pulse limiters are employed to
furnish a modulating wave effectively free from
amplitude and wavefront variations of the in-
coming telegraph signal. The output of the second
limiter is coupled to a cathode follower, which
acts as an impedance transforming device to
match the low-impedance pulsing circuits to
relatively high-impedance calibration circuits.

The phase modulation oscillator supplies a
200-cycle phase shift signal, which provides a
means of reducing effects of selective fading
during adverse operating conditions. Phase
modulation, which causes a slight shift in fre-
quency, normally is not used if the total fre-
quency shift between mark and space signals
is less than 600 cps or if the dotting speed is
faster than 35 dot cycles per second. The
phase-modulation control provides.a means of
adjusting the shift in phase from 0 to 1 radian
(57.3°.

The frequency shift signal transitions are
wave-shaped to restrict sideband radiation by

means of four low-pass filters incorporated in
the pulse shaper. If the square waves from the
limiting circuit are rounded before being passed
to the reactance modulator, fewer sidebands
are generated because of the partial elimination
of the harmonic content of the square wave.
The reduction of sidebands permits the assign-
ment of closer radio channel spacing for tele-
graph operation with the keyer.

During high-frequency transmission, when
r-f carrier frequency is multiplied by some
factor in the transmitter, the amount of devia-
tion of frequency shift is multiplied simultane-
ously by the same factor. It therefore becomes
necessary to reduce the amount of deviation by
a factor equal to the multiplication factor of the
transmitter. This action is accomplished bythe
deviation multiplier, which provides a means of
dividing frequency deviation by a factor of 1, 2,
3, 4, 6,8,9,or 12. Thus, the transmitter out-
put is held to a certain present deviation re-
gardless of the frequency multiplication em-
ployed in the transmitter.

The deviation control circuits act to keep
wave-shaping termination at a fixed value. The
calibrated dial of the deviation control reads
the actual amount of deviation realized at the
output of the transmitter.

When the test-operate switch is placed in
PHOTO position, the equipment is in readiness
for facsimile operation. Photo facsimile oper-
ation is similar to frequency shift key (FSK)
operation, except that during photo operation,
limiting and wave-shaping circuits are not
utilized. The photo control circuit provides a
means of adjusting photo input voltages.

The power supply containedinthe modulator-
power supply is designed to operate from a
115- or 230-volt, a-c, single-phase, 60-cycle
input source. The supply furnishes 270 volts d-c
at 220 ma, 4.35 amp at 6.3 volts a-c, 0.6 amp
at 12.0 volts a-c, and 3 amp at 5.0 volts a-c. A
5.0-volt winding furnishes filament voltage for
the rectifier tube.

COMPARATOR-CONVERTER GROUP
AN/URA-17

Comparator-Converter Group AN/URA-17
(fig. 10-3) is a completely transistorized equip-
ment. It is designed to perform the same func-
tions in the frequency shift RATT receiving
system as the AN/URA-8B (described later).
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50.76
Figure 10-3.—Comparator-converter
group AN/URA-17.

GENERAL DESCRIPTION

The AN/URA-17 consists of two identical
converter units, one of which is shown in closeup
in figure 10-4. Each converter has its own
comparator circuitry. This design feature
achieves a considerable reduction in size from
model AN/URA-8B, wherein the comparator oc-
cupies a separate chassis. The physical size of
the AN/URA-17 is further reduced through use
of semiconductors and printed circuit boards.
The complete equipment is less than half the
size of the AN/URA-8B.

The comparator-converter can be operated
with two radioreceivers in either spacediversity

or frequency diversity receiving systems. When
conditions do not require diversity operation,
each converter can be used separately with a
single receiver for reception of frequency shift
RATT signals. In this latter usage, the two
converters can be operated in two independent
communication circuits.

For diversity operation, the function switch
(fig. 10-4) on both converters must be placed
in the diversity position. The teletypewriter
may be connected to either converter.

BLOCK DIAGRAMS

The simplified block diagram, figure 10-5,
indicates the basic functions of converting
the r-f frequency shift signal into a signal for
controlling the d-c loop of the teletypewriter.
The frequency shifts of the audiofrequency
output of the radio receiver are converted into
d-c pulses by action of the audiofrequency dis-
criminator. The d-c pulses arefedintothe loop
keyer, which opens and closesthe d-c loop of the
teletypewriter in accordance with mark and
space characters received.

The principal functions of the circuits of the
complete equipment are represented in figure
10-6. Two receivers and a teletypewriter are
also shown, connected for diversity operation.
The two converters are identical. One is shown
as a single block for simplicity. The complete
schematic diagram of the converter can be
found in Comparator-Converter Group AN/
URA-17, NavShips 94028.

FUNCTIONAL SECTIONS

Each converter of the AN/URA-17is asingle
unit whose filters andtransformers are mounted
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Figure 10-4.—AN/URA-17 frequency shift converter.
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Figure 10-6. —Comparator-converter group AN/URA-17, functional block diagram.
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around the sides of printed circuit boards. In
the following topics, the converter is covered
as three functional sections: (1) signal process-
ing circuits, (2) keyer circuits, and (3) power
supplies. Refer to figure 10-6.

Signal Processing Circuits

The input signal from the receiver is applied
to the audio input connector at the rear of the
converter. The input transformer matches the
8000-ohm impedance of the bandpass filter to
the 600-ohm line from the receiver. A center
tap is provided for accommodation of balanced
inputs. The input transformer is encased with
the bandpass filter.

BANDPASS FILTERS.—-High-frequency
noise pulses are attenuated by bandpass filters,
and both extremes of the shifted audio signal
are passed to the limiter. The shift switch
selects the correct filter for the shift width of
the input signal. The narrow filter isused when
the center frequency of the input signal is 1000
cps, with shifts of 5 to 100 cps each side of
center. The wide filter is used when the center
frequency of the input signal is 2550 cps, with
shifts of 100 to 500 cps each side of center.

LIMITER. —The detector output level is held
to within 2 db by the limiter, with input signals
of from 60 #w to 60 mw. Both diodes have a
high forward resistance to signals below ap-
proximately 0.6 volt in amplitude. Their re-
sistance to signals of greater amplitude is low.
Strong noise pulses are removed from the input
signal, and the signal to the discriminator is
held at a constant level with fading input signals.
The signal level is maintained at approximately
0.6 volt. The output from the limiter is ampli-
fied by a common emitter amplifier that uses
the level control as the collector load. The
level control is used for adjusting the signal
level to the discriminators. During reception
of a narrow-shift signal, the level must be
higher than when receiving a wide-shift signal.
The amplified signal is applied to the discrim-
inator through the shift switch.

DISCRIMINATORS. —Discriminators deter-
mine the frequency versus amplitude slope of
mark and space signals. Each discriminator
is a frequency-selective network, consisting of
two resonant networks with overlapping fre-
quency response patterns.

The narrow-shift discriminator is used for
signals with shift widths of 10 to 200 cps. At

one terminal of the narrow-shift discriminator,
voltage output increases with frequency to
maximum at approximately 1200 cps. At the
other terminal, voltage output increases as
frequency decreases to a maximum of approxi-
mately 800 cps. The crossover point, at which
voltages from thetwo output terminalsare equal,
is 1000 cps +15 cps.

The wide-shift discriminator is used for
input signals, with shift widths between 200 and
1000 cps. Crossover frequency of the two
resonant networks is 2550 cps +40 cps. One of
the outputs increases with frequency to maxi-
mum at about 3400 cps. The other output in-
creases as frequency decreases to a maximum
at approximately 1700 cps.

The output from one terminal of the dis-
criminator is applied to the base of the first
mark amplifier. Output from the other terminal
is applied to the base of the first space ampli-
fier.

MARK-SPACE AMPLIFIERS.—-The first
mark amplifier is a common emitter with fixed
base biasing. The mark gain control in the
collector circuit provides adjustment of signal
gain by controlling degeneration in the emitter
circuit. The mark signal is coupled by a capac-
itor from the collector of the first mark ampli~
fier to the base of the second mark amplifier.
Space amplifiers are identical to mark ampli-
fiers. The space gain control isinthe collector
circuit of the first space amplifier. Twotrans-
formers couple the output of mark and space
amplifiers to the detector circuit. One trans-
former is for the mark output, the other for the
Space output.

DETECTOR.—The detector rectifies and
combines outputs of the discriminator trans-
formers into a pulsating d-c signal containing
mark-space intelligence. Mark and space sig-
nals at the secondary are full-wave-rectified by
crystal diodes, then are combined across two
resistors, and are applied tothe polarity switch.

In conventional frequency shift keying, the
high-frequency portion of the shifted signal
corresponds to teletype mark pulses; the low-
frequency portion corresponds to space pulses.
At times, the mark-space relationship may be
reversed. Garbled copy results if these re-
versed characters are applied to a teletype
printer. The polarity switch is for the purpose
of inverting the mark-space relationship when
required.

KEYING FILTER.—Noise pulses and the
carrier are removed by the low-pass keying
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filter. This keying filter consists of two sec-
tions. Selection of these sections is made by
the speed switch. When the switch is in the
slow position, the keying filter section passes
keying signals up to 100 wpm. This section
attenuates all frequencies above 45 cps. When
the switch is moved to the fast position, the
other section of the filter is used. This section
passes keying signals up to 400 wpm. In the
fast position, the equipment can be used with
four-channel, time division multiplex up to
100 wpm per channel. All frequencies above
180 cps are attenuated when the switch is in the
fast position.

Keyer Circuits

Pulsating d-c signals from the keying filter
are converted by keyer circuits into on-off
pulses for operating the teletype printer relay.

D-C DIFFERENTIAL AMPLIFIER.-Thed-c
differential amplifier amplifies the mark-space
signals before they are applied to the d-c lim-
iter. This differential amplifier contains five
transistors, four of which form two emitter-
coupled amplifiers. The fifth transistor is the
output and feedback transistor.

The input signal from the keying filter is
applied to the base of one of the transistors in
the first emitter-coupled amplifier. Input to
the base of the other transistor inthis amplifier
is from the collector of the fifth transistor in
the output circuit of the d-c differential ampli-
fier. The feedback signal from the output
stabilizes the gain of the d-c differential ampli-
fier.

Both the input signal and feedback signal
amplified by the other emitter-coupled ampli-
fier. This amplifier also mixes these two sig-
nals and applies them to the output transistor.

The vertical center control, in the emitter
of the first transistor, adjusts the vertical
centering of the tuning indicator display. Zero
balance of the amplifier is established by means
of this adjustment.

The linearity control, in the base circuit of
the output transistor, is for the purpose of
adjusting the bias of this transistor. Thus, the
most linear signal possible is provided.

AXIS RESTORER.—The axis restorer main-
tains the signal axis at ground potential and
restores signal symmetry when the transmitter
or receiver frequency drifts during operation.
Mark-space signals are clamped to ground by
different circuits within the.axis restorer, and
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are combined at the output. By clamping both
signals separately, then recombining them, the
signal axis automatically is placed at ground
potential. The signal is coupled tothe converter
through the function switch.

COMPARATOR.—~The main function of the
comparator is to comparethestrengthof signals
from the two receivers during diversity opera-
tion. Signal strength comparison allows only
the stronger signal to be applied to the d-c
limiter. The comparator consists of CR14,
CR15, CR16, CR17, R54, and R55. (See fig.
10-7.) In diversity operation, two converters
are used with two receivers to operate a single
teletype printer. Signals are compared at the
comparator in each converter. Bothconverters
must have their function switch placed atdiver-
sity. The teletype printer may be connected to
either converter.

In figure 10-7, peak amplitudes of both input
signals are equal, but the signal from converter
A contains noise. The signal from converter
B, which has a constant peak value of 20 volts,
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Figure 10-7.—Comparator circuit, simplified
schematic diagram.
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will develop a greater voltage across R54 and
R55. This action places a reverse bias of 2
volts on CR14 and CR16, preventing converter
A from actuating the d-c limiter.

Besides diversity setting, the function switch
has two other positions—single and tune. In
single, positive mark pulses cause CR16 to
conduct; negative space pulses cause CR14 to
conduct. In the tune position, the signal input
to the d-c limiter is removed while the receiver
is being tuned.

D-C LIMITER.—-The d-c limiter is aclass B
push-pull circuit. This circuit supplies about
20 db of post-detection limiting, and aids in
proper operation during reception of signals
containing strong noise pulses.

The signal from the comparator is applied
simultaneously to the base of two transistors.
A positive mark signal causes the mark tran-
sistor (an n-p-n transistor) to conduct, but cuts
off the space transistor. The signal is phase-
shifted 180° and is fed to a p-n-p transistor,
causing it to give a strong negative signal at
the output. A negative space signal causes the
space transistor (a p-n-p transistor) to conduct
and at the same time cuts off the mark transis-
tor. This signal is shifted 180° and delivered
to an n-p-n transistor, causing a strong negative
signal at the output. Mark and space signals
then are combined and are fed totheloop keyer.
Switching action of the loop keyer is controlled
by the d-c limiter.

LOOP KEYER.-—-The function of the loop
keyer is to operate the teletype printer loop
relay. Two transistors are contained in the
loop keyer circuit. Depending on the signal
applied, the first transistor causes the second
to conduct or not conduct. When the second
transistor conducts, the teletype printer relay
closes, causing a mark signal to be transmitted.
When the transistor doesn’t conduct, the relay
opens, causing a space signal to betransmitted.
A'positive signal from the d-c limiter activates
the loop keyer circuit; a negative signal cuts
off the loop keyer circuit.

MARK LOCKUP.—-During traffic interrup-
tions, the mark lockup circuit provides a strong,
artificial mark signal to the d-c limiter. When
a deep fade in the signal occurs, or if the signal-
to-noise ratio is low, noise pulses could cancel
the small positive bias on the d-c limiter input,
allowing garbled copy to be printed. A steady
mark signal is transmitted between messages.

TUNING INDICATOR.—The tuning indicator
is a cathode ray tube. Controls for horizontal

adjustment, centering, focus, intensity, vertical
adjustment, vertical center, and linearity are
provided on the converter chassis as screw-
driver adjustments. When the associated re-
ceiver is tuned properly, the CRT pattern is
centered vertically. Correct level control
adjustment is achieved when horizontal lines of
the pattern coincide with those on the bezel.

Power Supplies

Three d-c power supplies furnish all oper-
ating voltages and operating currentrequired by
the converter. Tapped primaries on the two
power transformers allow operation on line
voltages of 105, 115, or 125 volts.

Both the positive and negative 48-volt sup-
plies consist of a full-wave bridge rectifier and
a series regulator circuit. Each circuit has a
voltage adjust control, enabling voltage to be
maintained at a constant level.

The negative 560-volt supply usestwo diodes
connected as a half-wave rectifier. A voltage
divider provides the high voltages required by
the cathode ray tube.

FREQUENCY SHIFT CONVERTER-
COMPARATOR AN/URA-8B

The frequency shift converter-comparator
AN/URA-8B, shown in figure 10-8, comprises
two frequency shift converters (top and bottom
units), and one comparator (middle unit). It
provides an important link at the receiving end
of the frequency shift radioteletypewriter sys-
tem.

Any standard Navy receiver may be used to
translate the frequency-shifted r-f signals from
the transmitter into audio tones by means of its
beat frequency oscillator. From this process,
the r-f carrier shift becomes an audiofrequency
shift that is patched into the converter unit of
the AN/URA-8B. The converter changes these
frequency-shifted audio signals into d-c¢ mark-
space pulses for operation of the teletype-
writer. This method of communication utilizes
the noise-reduction advantages of frequency
modulation for long-distance RATT reception.

Either converter unit of the AN/URA-8Bcan
be operated in a single-receiver FSK receiving
system or can be used together, in combination
with two receivers and a single teletypewriter,
to provide a diversity receiving system. The
diversity system makes use of the principles of
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Figure 10-8.—Frequency shift converter-comparator group AN/URA-8B.

space diversity or frequencydiversity reception
to eliminate severe signal fading over long
transmission distances.

In space diversity operation, two receivers
are tuned to the same r-f carrier frequency, but
their receiving antennas are spaced several
wavelengths apart. The advantage ofthis method
of reception is that maximum fading of a given
carrier frequency usually does not coincide in
time at points so separated. The audio output
of each receiver is applied to a separate con-
verter. The requirement for antenna separation
limits space diversity to shore station use.

In frequency diversity operation, two re-
ceivers are tuned to different r-f carrier fre-
quencies from two transmitters keyed simul-
taneously with the same mark-space modulation.
The audio output of each receiver is applied to
a separate converter. The advantage of this
method of reception is that maximum fading of
two different carrier frequencies seldom oc-
curs at the same time in a given location. This
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method is common aboard ship, where space
limitations do not allow sufficient antenna sep-
aration for effective space diversity reception.

In either method of diversity reception,
audio outputs of two radio receivers arepatched
to the two converters. The d-c signals from
discriminator circuits of the two converters are
compared in the mark-space selector of the
comparator unit, which automatically selects
the better mark and the better space pulse for
each character. The output of the comparator
is patched to the teletypewriter.

The frequency shift employed in the con-
verters may be as little as 10 cps or as much
as 1000 cps frequency separation between mark
and space signals. This scope of frequency
shifts is divided into two ranges called narrow
shift (10 to 200 cps) and wide shift (200 to 1000
cps). A frequency shift of 850 cycles is com-
monly used in Navy radioteletypewriter chan-
nels.
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BLOCK DIAGRAM

An input filter at the input of the frequency
shift converter (fig. 10-9) eliminates the possi-
bility of false keying by spontaneous noise sig-
nals outside the frequency shift range of the
converter. The input filter comprises both a
high-pass and a bandpass filter.

The limiter amplifier is designed to apply a
constant voltage to the input circuit of the dis-
criminator. Variations at its input may swing
from 60 uv to 60 mv. Amplitude-limiting of
both positive and negative peaks is accomplished
in the circuit. The limiter output is coupled
to the input of the discriminator circuit.

The discriminator circuit is essentially a
double-slope detector consisting of three sec-
tions: discriminator input network, discrimin-
ator rectifier, and discriminator buffer ampli-
fier. The purpose of the discriminator circuit
is to convert frequency shift changes into cor-
responding d-c changes.

Two separate discriminator input networks
are employed. One provides for narrow fre-
quency shift operation, and the other passes
the wide frequency-shift signals. The output of
the two discriminator networks is applied tothe
buffer amplifier.

The fast-slow filter consists of two separate
low-pass filters corresponding to a slow-speed
filter and a high-speed filter, respectively.
These circuits attenuate spurious signals above
the frequency of the pulse rate of the circuit,
preventing faulty keying action owing tonoiseor
harmonics.

The axis restorer circuit is provided to
produce the optimum signal output when the
received signal is weighted heavily on one side
or the other, either mark or space. It also
maintains the optimum axis, or bias, for keying
with the weakest portion of a fading signal. The
weighting of the signal may be because of the
relative mark and space in each character, se-
lective fading conditions, or improper tuning of
the receiver. The axis restorer contains a
system that ‘‘locks up’’ the teletype circuit
(closing the loop circuit) whenever there is a
prolonged mark, space, or no-signal condition.

The oscillator-keyer subunit provides nec-
essary circuits for producing the tone output
to a tone receptacle and headphones, and for
introducing d-c pulses from the discriminator
circuit to the teletypewriter printer. The audio
oscillator-amplifier produces frequencies tun-

able to 595, 765, 935, 1105, 1275, 1445, 1615,
and 1785 cps.

A phase splitter is included to supply the
push-pull input circuit of the tone modulator,
which is a conventional push-pull amplifier
whose output is keyed from ‘‘tone-on’’ to
‘“tone-off’’ by a signal from the flip-flop keyer
circuit.

In addition to supplying a signal to the tone
modulator, the flip-flop keyer circuit introduces
mark and space signals from the discriminator
circuit to the electronic relay. Signals from
the electronic relay circuit open and close
the d-c loop of the teletypewriter.

The power supply circuit of the frequency
shift converter is a conventional full-wave
rectifier with a single pi filter. The B supply
voltage supplies by the circuit is approximately
250 volts d-c. A negative bias of 38 volts is
provided through the connection of a resistor
and filter capacitor between the center tap of
the high-voltage secondary and ground. The
circuit of the power supply is not shown in this
chapter. The complete schematic diagram of
the power source can be found in Frequency
Shift  Converter-Comparator Group AN/
URA-8B, NavShips 91490.

During diversity reception, output signals
from two frequency shift converters are fed to
the mark-space selector circuit of the com-
parator. This circuit automatically compares
the two signals and selects the better mark
pulse and better space pulse for each character
of the coded message. The remaining circuits
of the comparator perform the same function
as described for the converter.

RADIOTELETYPEWRITER TERMINAL
SET AN/SGC-1A

Radioteletypewriter ~Terminal Set AN/
SGC-1A is a tone shift keyer/converter used for
short-range RATT operation. Normally, it is
used for communication on VHF/UHF bands, but
it can be used with any transmitter designedfor
voice modulation. The AN/SGC-1A is shown in
figure 10-10, with blocks toindicate other equip-
ments necessary for a complete tone shift sys-
tem.

In tone modulation transmission, d-c pulses
of the teletypewriter code are converted into
corresponding audio tones, which amplitude-
modulate the transmitter. Conversion of audio
tones is accomplished by an audio oscillator
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Figure 10-9.—Frequency shift converter-comparator AN/URA-8B, block diagram.
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Figure 10-10.—Tone shift keyer/converter AN/SGC-1A.

in the tone converter, which operates at 700
cycles when the teletypewriter loop is in a
closed-circuit (marking) condition, and at 500
cycles when the loop is in an open-circuit
(spacing) condition.

An internal relay closes a control line to
the radio transmitter, which places the trans-
mitter on the air when the operator begins
typing his message. The control line remains
closed until after the message is transmitted.

When receiving messages, the tone converter
accepts mark and space tones from the radio
receiver and converts the intelligence of the
tones to make-and-break contacts of a relay
connected in the local teletypewriter loop. This
action causes the local teletypewriter to print
in unison with mark and space signals from the
distant teletypewriter.

RECEIVE CIRCUIT BLOCK DIAGRAM

All principal circuits of the AN/SGC-1A are
shown in the system block diagram (fig. 10-11).

The receive circuits are considered first in
this discussion.

At the input of the receive circuit is the
attenuator. It permits adjustment of the level
of the incoming two-tone signal. A bandpass
filter then passes audiofrequencies that fall
between 400 and 800 cps, and rejects all other
frequencies. After the filter is the amplifier-
limiter stage.

The amplifier-limiter circuit provides a
constant signal level to remaining circuits of
the converter. Its output is coupled to the
frequency discriminator filter, which provides
separate circuits for selection of mark (700
cps) and space (500 cps) frequencies.

Two germanium rectifiers at the output of
the frequency discriminator filter rectify and
convert the respective frequencies to a cor-
responding d-c voltage. This voltage then serves
as the input to individual d-c amplifiers. The
amplifiers are connected so as to cause the re-
ceive relay to close its contacts when the in-
coming signal is 700 cps, and to open its con-
tacts when the incoming signal is 500 cps.
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Figure 10-11.—=Tone terminal system, block diagram.,

One set of contacts of the recelve relay is
placed in series with the local teletypewriter
loop. Consequently, the receive relay is ableto
open and close the local teletypewriter loop,
thus forming current pulses in theloopidentical
to those originated at the transmitter.

Because receive and send circuits of the
tone converter are discussed separately, the
remaining portion of the block diagram (fig.
10-11) is described later in this section. Ref-
erence to this diagram is made at the appropri-
ate point in this discussion.

OPERATION OF RECEIVE CIRCUITS

The audio signals (fig. 10-12) of 500 and 700
cps, respectively, are coupledfromthereceiver
(preferably through a 600-ohm line) to the tone
converter input by T1. Receive level attenuator
E1l allows a 20-step attenuation of 2 dbper step,
giving a possible maximum attenuation of 40 db
for the stronger signals. The degree of atten-
uation is determined by the setting of the re-
ceive level control on the converter front
panel (fig. 10-10).

A B-db pad comprising R1, R2, and R3 pro-
vides additional attenuation, and minimizes
the effects of mismatch if the output impedance
of the associated receiver is not 600 ohms. The
signal then passes through control switch S3
in the AUTO or REC STBY positions (contacts
8 and 9) to input filter Z1.

Frequencies from 400 to 800 cps are at-
tenuated no more than 2 db by the input filter.
Frequencies above or below this range are
attenuated as much as 40 db. The Z1 output is
applied to the T2 primary.

Amplifier - Limiter

The signal from the T2 secondary is applied
through grid limiting resistor R4 to the first
amplifier -limiter (V1A) control grid. Upon re-
ception of weak signals, the stage functions as
a conventional amplifier, applying its output
through C3 and R10 to the second amplifier-
limiter V1B. The signal subsequentlyis coupled
(in the same manner) to V2A and V2B control
grids. The operation of all stages is identical,
except V2B, which is discussed later.
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Figure 10-12.—Tone terminal system, schematic diagram.

- o o g s ama e e e s e e e oeerin e et ot e et e, e . | . . o .. . . o e —




Chapter 10—TERMINAL EQUIPMENT

The plate load resistors of the respective
stages (R7, R9, R16, and R17) are made large
to facilitate grid limiting. On strong, positive
peaks, grids of the tubes draw a current through
their grid resistors (R4, R10, R13, and R18,
respectively). The voltage drop developed
across these resistors is such that the potential
at the grid (negative) opposes the positive going
input, and grid limiting occurs on this portion
of the positive alteration. Strong negative
input signals drive the grids to cut off, which
limits the negative alternations. The cathode
resistors are made large so that they operate
the tubes in the midportion of their charac-
teristic curves.

The fourth stage, V2B, utilizes different
circuit constants in its plate and cathode to
provide proper impedance matching for the
discriminator filter circuit. To correct for
possible discrepancies in positive and negative
halves of the amplified (or limited) signal,
degenerative action is accomplished across
R20 in the V2B cathode.

Frequency Discriminator Filter Circuit

The frequency discriminator filter circuit
Z2 consists of two complementary bandpass
filters in one container. Terminals 1, 2, and 3
connect to the section that passes 700 cps and a
narrow band of frequencies above and below
that center frequency. Terminals 3, 4, and 5
connect to the section that passes a similar
band centering on 500 cps. Terminals 3 and 6
are connected together and grounded.

The input terminals of the two sections (ter-
minals 1 and 4) are tied together and connected
to the plate of the last amplifier-limiter, V2B.
The internal capacitors of the filters (not shown)
eliminate the need of a coupling capacitor.

The two incoming signals from the receiver
may be at different amplitude levels. However,
the action of the amplifier-limiter causes sig-
nals to arrive at the discriminator filter circuit
at a constant level. The output of the filter is
either 500 or 700 cps with respect to the time
of the mark and space signal input. The two
frequencies do not appear at the filter output
simultaneously. A small amount of leakage
exists between the two filters, but not in suf-
ficient amount to cause any appreciable harmful
effect.

The mark tone, 700 cps, appears across
terminating resistor R21, and the space tone,
500 cps, appears across R24. During the time

the mark tone is applied across R21, germanium
diode CR1 conducts to charge C8 (on positive
half cycles) to approximately 15 volts. During
negative half cycles of this input, C8loses some
of its charge through R22. Because discharge
resistor R22 is about six times as large as the
charging resistance of CR1, the majority of the
accumulated charge is retained by C8 until the
end of the marktone. Atthistime C8 discharges
to zero potential.

During the time the space tone is received,
the signal charges C9 through CR2 and R24.
Capacitor C9 likewise discharges on negative
half cycles through R25. As a resultof the dis-
charge of C8 and C9 during mark and space
intervals, d-c voltage developed across R22and
R25 is applied to individual control grids of
V3 and V4.

D-C Amplifier

The cathodes of d-c amplifier pentodes V3
and V4 are connected to opposite ends of
receive bias control R28. The arm of the
control is connected to common cathode re-
sistor R27 so that it, too, is common to both
tubes. Bias control R28 tends to equalize the
two cathode currents, as discussed later. The
screen voltage of both tubes is maintained at
the same value by action of R29, which tends to
provide equal plate currents from V3 and V4.

Mark impulses through R23 to the grid of
V3 cause plate current to increase from ap-
proximately 2 ma to 22 ma. Space impulses
applied through R26 to the grid of V4 cause a
similar increase in plate current of V4. The
receive bias potentiometer R28 permits chang-
ing relative amplitude of these impulses by
varying the magnitude of pentode plate currents.

When the receive bias control is rotated in
one direction, it increases resistance in one
cathode circuit while decreasing resistance
in the other. This action causes cathode
voltage of the first pentode to increase and
causes cathode voltage of the second pentode
to decrease. Because plate current of the
pentodes is controlled by grid-to-cathode volt-
age, a change in cathode voltage by varying
the receive bias potentiometer is effective in
changing plate current of the two pentodes.

Receive Relay Circuit

Relay K1 is a polar relay containing a
permanent magnet and three controlling coils.
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The plate current of V3 and V4 is caused to
pass through separate windings of the relay.
The movable arm of K1 (contact 6) is operated
under the influence of coils to contact 7 for a
mark input from the d-c amplifier, and to con-
tact 4 for the spacing signal.

Current from V3 passes through the K1 coil
(pins 8 and 1) and meter shunt R30 to the B
supply. The current through the 8 and 1 coil of
K1 causes the arm of K1 (contact 6) to make
with contact 7 during mark. This action com-
pletes the teletypewriter loop from contact 7 of
K1, through the keying filter comprising R73
and L1, through contacts 1 and 12 of S2 (section
4 rear), through J1 contacts 3 and 2 and R75
(compensating resistor), through contacts 4 and
5 of J1 and the loop current adjust R33, through
meter shunt R35 and 2L and 1L of receive con-
trol relay K4, through coil 8 and 1of send relay
K2 (fig. 10-12), through the local teletypewriter
keyboard and selector magnet, through the line
current rheostat and power supply, through
contacts 12 and 1 of S2 rear (section 3), to re-
turn to contact 6 of relay K1, thus completing
the loop. Note again that the received signal
passes through both the receive and send relays
(fig. 10-12).

The spacing current from V4 passesthrough
coil 3 and 2 of K1 to move contact 6 of the relay
to make with contact 4. In this condition, the
teletypewriter loop is open.

Components L1, R73, C10, C11, R74, and
C12 collectively form a spark suppression and
waveshaping network. The network compensates
for the inductive reaction peculiarity associated
with some models of teletypewriters.

The third winding of receive relay K1 con-
sists of only a few turns, which are shorted at
socket connections. During the time that 8-1
and 3-2 coils produce collapsing fields, the
shorted coil builds a field, which counteracts
the changing flux. This action damps the coils
to prevent possible oscillations. The damping
permits high-speed keying without contact
bounce.

Resistors R30 and R31 are used for measur-
ing plate current of V3 and V4. The voltage
developed across these resistors is proportional
to the plate currents. It is applied to the meter
M1 through R32 and S2 (contacts 6 and 12 of
section 1 rear) when the meter switch is in
plate current position.
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Operation of Receive Bias Adjustment

All impulses from the teletypewriter key-
board, with the exception of the stopping im-
gulse, should have the same duration. In the

.42-unit transmission pattern, duration of the
impulses in machines geared for 60 wpm is
22 ms for the starting space, 22 ms for each
portion of the 5-coded characters, and 31 ms
(42 percent longer) for the stopping mark. The
teletypewriter code and the 7.42-unit transmis-
sion pattern are explainedindetailinchapter 12.

In the process of converting intelligence
from d-c pulses to tone, or any of the various
methods used for communications, a distortion
known as bias is often introduced. This distor-~
tion results in mark and space impulses being
elongated or shortened with respect to their
normal length. The length of time for a tele-
typewriter letter is fixed by mechanicalgearing
of the machine and cannot be altered or dis-
torted. Individual mark impulses canbe length-
ened, however, and space impulses are shortened
simultaneously, or vice versa. If marking im-
pulses are longer than normal, the condition is
known as marking bias. If spacing impulses
are too long, the condition is known as spacing
bias.

A teletypewriter can operate with a con-
siderable amount of bias in its signal. Exactly
how much bias it can stand without misprinting
is determined, for example, by adjustment of
its mechanism or the speed of its motor.

To compensate for bias, the receive bias
control must be adjusted properly. As con-
sidered earlier, operation of this control caused
plate current of V3 and V4 to vary accordingly.
Figure 10-13, part A shows shape of the mark
and space impulses when incoming tones are
evenly spaced groups of 700-cps and 500-cps
signals. For purpose of explanation, space
impulses are shown upside down to indicate
opposing action of the two plate currents upon
the resultant flux in the receive relay. The
ripples in waveforms result from the discharge
of C8 and C9. Theypresent noappreciable effect
on operation of the relay.

The ripples show that the space tone starts
as soon as the mark tone ends, and vice versa.
The space-to-mark transition (S-M) closely
follows the starting time of the mark tone.
Likewise, the mark-to-space transition (M-S)
closely follows the starting time of the space
tone. These transitions take place immediately
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after the two plate currents of V3 and V4 are
equal.

Figure 10-13, part B shows the effect when
one plate current, V3, is increased and the other
plate current, V4, is decreased by operation
of the receive bias control. The ripples show
that timing of incoming tones is unchanged. The
S-M and the M-S transitions still take place
when the two plate currents are equal, but it
should be noted that relative spacing on the timing
axis has changed. Because of increase in time
from the S-M to the M-S transition, the relay
armature would be operated to, and held against,
the mark contact longer than normal, and the
d-c¢ signals to the teletypewriter would have
marking bias. Rotation of the receive bias con-
trol in the opposite direction would cause these
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Figure 10-13. —Biased and unbiased
teletypewriter impulses.

conditions to change conversely, and signals to
the teletypewriter would have spacing bias.

Under actual conditions, it would be un-
desirable to introduce either marking or spacing
bias. This explanation is intended only to
illustrate how the receive bias control can
compensate for a bias distortion introduced
into the signal either internally or externally.
Where timing of tone groups is distorted, or
amplitude of the rectified mark and space
impulses is incorrect, the receive bias control
usually permits sufficient compensation to cor-
rect the signal.

TRANSMIT CIRCUIT BLOCK DIAGRAM

The send relay circuit (fig. 10-11) energizes
transmit circuits when a message is to be
transmitted. In the receive condition, the send
relay is deactivated.

A single two-tone oscillator (multivibrator)
provides the two tones of 500 and 700 cycles.
A mark and space signal is represented at the
oscillator output in the diagram.

Signals from the two-tone oscillator are
amplified and applied through a bandpass filter
to the associated transmitter. The filter passes
frequencies from 400 to 800 cps with little
attenuation. Frequencies outside the filter
range receive a correspondingly greater amount
of attenuation with an increase in frequency
on either side of the bandpass of the filter.

Signals from the frequency discriminator
filter and the two-tone oscillator are applied to
control circuits, which include a transmit and
receive control relay and their associated
amplifier tubes (discussed later). These con-
trol circuits exert a direct influence on trans-
mit and receive circuits to provide the automatic
switching action of the tone terminal.

OPERATION OF TRANSMIT CIRCUITS

For the following explanation of transmit
circuits of the AN/SGC-1A teletypewriter ter-
minal, refer to the schematic diagram, figure
10-12.

Send Relay Circuit

The send relay K2 (fig. 10-12) is also a
polar type relay with three coils. The current in
the 8-1 winding (connected in the teletypewriter
loop) is 60 ma in mark condition and 0 ma in
space condition. In standby condition (neither
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receiving nor transmitting) current in the 8-1
winding is reduced to 36 ma. Thoughthis action
is described in detail later, note that R36 (in
series with the teletypewriter loop) causes
current to rise or fall from 60 to 36 ma, as
determined by the shorted or open condition of
the 1R-2R contacts of K3.

A current flowing through the 3-2 winding
and voltage dividers R63, R62, and R61 is
steady at 30 ma. The send bias control R63
provides a method of adjusting this bias between
20 and 40 ma. The second winding (3-2) is
hereafter referred to as the space winding.

In standby condition, the 30-ma current in
the space winding (3-2) produces a magnetic
flux that is weaker and made opposite to flux
produced by the 36-ma closed teletypewriter
loop current in the 8-1 winding. The resultant
flux holds the send relay armature (6) against
the mark contact (7). The third winding pro-
duces a damping action in the same manner as
presented in the discussion of receive relay K1.

Although the preceding discussionisrelative
to the standby condition, the same action of the
coils is repeated during the marking condition,
except that loop current is increased to 60 ma.
For space, teletypewriter loop current drops to
0, and unopposed flux produced by the space
winding (30 ma) moves the relay armature (6)
to the space contact (4). When a message is
typed, loop current is changed rapidly and re-
peatedly from 0 to 60 ma and back to O again.
The resultant flux is reversed continually, and
the relay armature is switched continually
from mark (pin 7) to space (pin 4) and back
again. In the receive condition, the 30-ma
current in the space winding is reversed by
action of receive control relay K4, which oper-
ates to make 4R-5R and 2R-1R contacts. Thus,
flux of the space winding is reversed so that
it now aids the flux produced by teletypewriter
loop current. Regardless of loop current,
therefore, resultant flux of the send relay is
always in the same direction. The reversal
of the space winding current constitutes the
interlocking feature that prevents the send
relay from operating when receiving a message.

Receive Control Relay

Twin triode V10 (fig. 10-12) has one of its
sections, V10A, connected as a diode. One end
of the receive control relay is tied to the 250-
volt B supply, and the other end is connected
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through current limitingresistor R77tothe plate
(pin 6) of the V10B triode. The relay is ener-
gized when plate current flows. The plate cur-
rent is controlled by bias voltage on grid 7 of
V10B. In general,twofactorsdeterminethebias
applied at this grid. The grounded or un-
grounded condition of the transmit controlrelay
(contact 1L and 2L) is the first determining
factor, and the presence or absence of an in-
coming signal at the V10A cathodeisthe second.

In standby, no signal is received, and the
transmit control relay (contacts 1L and 2L)
connected to the grid of the triode is open.
Under these conditions, C19 assumes a positive
charge from the +105-volt supply. Inthe voltage
divider comprising R58, R57, and the grid-to-
cathode resistance of V10B, the resistors as-
sume more than 99 percent of the voltage drop.
This drop limits cathode-to-grid positive volt-
age to less than 1 volt. Withthis grid potential,
V10B conducts heavily through R77 and the
solenoid of K4 to operate its contacts.

Now, suppose that the receive circuit begins
to receive a signal. The mark frequency taken
from the frequency discriminator filter output
is applied through R56 to the V10A cathode.
Negative half cycles of the input cause V10A
to conduct. The circuit containing R56, V10A,
and C19 forms a much shorter time constant
(when V10A conducts) to charge C19 negative
than does the circuit comprising C19, R57, and
R58, which tries to charge C19 positive. As a
result, higher current in thelower time constant
circuit (when V10A conducts) charges C19 neg-
ative with respect to ground. The charge is
cumulative on alternate half cycles of the sig-
nal until C19 assumes a sufficient charge to cut
off V10B. This action deenergizes K4 to place
it in receive condition. A short time after the
last mark cycle (ending the receive condition),
C19 completely discharges and assumes a posi-
tive charge. Tube section V10B again conducts
to energize receive control relay K4. The
time of discharge of C19 is determined by
the time constant of C19, R57, and R58. This
circuit forms a long time constant discharge
path.

In the transmit condition the transmit control
relay K3 is energized. (This topic is discussed
later.) Energized K3 shorts the grid-to-ground
potential developed by C19. The cathode and grid
of V10B are therefore at ground potential, allow-
ing plate current to flowthroughthe K4 solenoid.
Thus, the receive control relay is energized
during transmission. Because transmit control
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relay K3 keeps both ends of C19 at ground po-
tential, any incoming signal from the frequency
discriminator filter cannot charge C19 in an
attempt to deenergize the receive control relay.

Only in the receive condition will contacts
1R-2R and 4R-5R of K4 be closed. The 1L-2L
contacts of transmit control relay K3 are open
at this time. This action causes the send relay
space winding current to be reversed. Thus,
contacts 7 and 6 of send relay K2 are constantly
held closed throughout the receive condition.
Note that receive control relay K4 is always
energized except when the terminal is in the
receive condition.

Contacts 5L and 6L of K4 are closed during
transmit and standby (as shown), shorting pins
6 and 7 of receive relay K1, so that the tele-
typewriter loop is closed at this point. Con-
tacts 3L and 4L supply 6.3 volts to the receive
indicator lamp when in the receive condition.
Contacts 1L and 2L short R36 (in the teletype-
writer loop) in the receive condition, allowing
the loop current to rise from 36 to 60 ma
through the K1 solenoid during mark.

Transmit Control Relay

Twin triode V11 (fig. 10-12) functions in
much the same manner as V10 to control action
of the transmit control relay K3. Plate current
passes through the K3 solenold when V11A is
conducting. The grid biasof V11Bis determined
by the position of control switch S3 and send
relay K2.

The cathode of the diode section of V11B
is connected through R60 to the output of audio
oscillator V5. The oscillator functions con-
tinuously upon application of B supply voltage,
and a continuous audio voltage is applied to the
V11B diode.

In the transmit position of control switch
S3 (as shown), mark and space signals in the
teletypewriter loop pass through the solenoid of
send relay K2. A positive 105 volts from volt-
age regulator V9 charges C20 positive with
respect to ground through R76 and S3 contacts.
The positive potential of C20 is applied to the
control grid (pin 2) of V11A, allowing the tube
to pass an energizing current through the
solenoid of K3.

The 1R-2R contacts of K3 short R36 in the
teletypewriter loop to allow the 60-ma mark
current. Contacts 3R and 4R close the control
line to thetransmitter during transmit condition,
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which places the transmitter on the air. Con-
tacts 5R and 6R close the output circuit during
transmit condition so that outgoing signal tones
may be applied across the T4 primary.

The 3L-4L contacts complete the circuit to
the transmit indicator lamp, and contacts 1L-
2L ground the grid of V10B, which causes it to
operate the receive control relay.

With control switch S3 in automatic position,
an incoming signal causestheterminalto change
from standby condition to receive. Keying the
local teletypewriter causes the terminal to
change from standby condition to transmit.

In standby and receive condition, send relay
K2 connects its armature (6) tothe mark contact
(7) so that the space contact (4) is open. In this
condition, the only voltage applied to the V11B
diode is the oscillator a-c voltage. On negative
half cycles of this input, V11B conducts to charge
C20 negative with respect to ground. This neg-
ative voltage is applied through grid limiting
resistor R59 to the V11A grid. This section of
the tube cuts off, thus preventing the flow of
plate current through the solenoid of K3. This
relay is therefore deenergized during standby
and receive conditions.

Because K3 is not energlzed, contacts 1L
and 2L are open. The incoming signal at the
V10A cathode cuts off V0B and deenergizes
receive control relay K4, Thus, contacts 4R
and 5R complete the space winding circuit of
K2 so that its current is reversed, and the
armature of the send relay is held in mark
or receive condition.

When a message is typed locally (S3 in
automatic), the armature of the send relay
intermittently applies positive 105 volts to the
space contact (4). This voltage charges C20
through R76 and contacts 1 and 2 of S3. The
positive voltage thus developed across C20 is
applied through R59 to the V11A triode, and K3
is energized. Contacts 1L and 2L of K3 are
now closed, and V10B conducts to energize K4.
The current through the send relay changes
back to its original direction because the 1R-2R
contacts of K4 are closed again. This action
allows the armature to move between pins 7 and
4 under the influence of the teletypewriter
characters.

In the adjust frequency position of control
switch S3, all contacts are open except contacts
9 and 11. These two contacts connect the output
circuit of the terminal to the input so that mark
and space tones produced by the oscillator are
fed into the receive circuit. Thereceivecircuit
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separates mark and spacetones and appliesrec-
tified signals to the d-c amplifier in the manner
discussed. ¥ When each tone is at its correct
frequency, it receives a minimum of attenuation
in passing through the discriminator input filter.
When the signal is rectified, therefore, it pro-
duces a maximum voltage at its corresponding
frequency. With maximum voltage applied to
the d-c amplifier, the circuit produces a maxi-
mum of plate current. With the circuit con-
nected in this manner, mark and space frequency
adjust controls can be set for optimum opera-
tion.

Two-Tone Oscillator

The circuit of V5 is designed to produce
700- and 500-cps mark and space frequencies
used to modulate the frequency of the associated
r-f transmitter. Both mark and space frequency
adjust controls are provided to exact the re-
spective frequencies.

Disregarding the circuit comprising R42,
C15, and C16, and completing the V5A grid
circuit, the oscillator can be described as
a conventional cathode-coupled multivibrator.
If we assume V5A to be conducting, C14 dis-
charges through R43 the common cathode re-
sistor R44 and the conducting resistance of V5A,
to return to C14. The negative voltage across
R43 toward the V5B grid cuts off this section
of the tube until after the complete discharge of
C14. At this time, with plate voltage of V5B
at the B supply value and zero voltage across
R43, V5B begins slight conduction.

Because conduction of V5A has developed a
large fixed bias voltage across R44, current
through R41 is small at the beginning of V5B
conduction. However, the small conduction of
V5B is sufficient to raise the R44 bias voltage,
which, in turn, moves the operating point of
V5A down on its characteristic curve. The
rise in plate voltage of V5A charges C14
through R43, aiding the V5B conduction. The
latter tube section then moves almost instan-
taneously up its characteristic curve to the
saturation point. The circuit remains in this
condition until a positive trigger pulse is
applied to the V5A grid.

The null network comprising R42, C15, and
C16 couples all but one of the harmonic fre-
quencies from the V5A plate through C14 to the
V5A grid. In effect, the circuit cancels one
frequency or presents a null to the V5A grid
at this frequency.

All frequencies passed by the network appear
at the grid, and the same signal simultaneously
appear at the cathode as aresult of plate current
flow. Signals applied to the grid and cathode at
the same time and 180° out of phase do not
affect plate current of the tube. These fre-
quencies are therefore degenerated. Because
null frequency is applied only at the cathode
(caused by plate current through R44), it has
effect on plate current. The null signal voltage
across R44 acts as the trigger input for V5A.
Grid leak components C14 and R43 have very
little effect on the frequency of the oscillator.

Send relay K2 changes oscillator frequency
by shorting R47 in the following manner. A
potential of approximately 2 volts positive is
developed across R48 as a result of a current
flow through R48 and R40to the +105-volt supply.
This action establishes a +2-voltpotential at the
bottom end of diode CR4. When K2 is in mark
condition (contact 7), another current flows
from ground through R39, R38, send relay con-
tacts (7 and 6) and R37, to the +105-volt supply.
Approximately +4 volts is developed across
R39 and is applied to the arrow of CR3. The two
diodes, CR3 and CR4, therefore conduct during
mark condition to short R47. Thus, null network
resistance is decreased, and oscillator fre-
quency rises to 700 cps. With R46, R80, and
R48 in the circuit, mark frequency can be
adjusted to exactly 700 cps by mark frequency
adjust control R46.

During space condition, armature 6 of K2
is disconnected from the +105 volts at its contact
7. The two diodes (CR3 and CR4) do not conduct
as a result of the +2 volts still appliedto the
bottom end of CR4. In effect, then, the diodes
are not in the circuit, and the full resistance of
R47 is placed again in the null network circuit.
Likewise, oscillator frequency decreases to
500 cps. The proper setting of space frequency
adjust R47 at this time corrects the space fre-
quency output.

Tone Amplifier

Mark and space tones from the oscillator at
the V5B plate are coupled by C17 to tone
amplifier V6. (Refer to fig. 10-12.) This
amplifier comprises a single-stage twin triode
with the two sections of the triode parallel-
connected to provide low plate resistance. The
input level of the tones is adjustable by
means of send level potentiometer R50 in the grid
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circui.. Resistor R52 and capacitor C18 de-
couple the plate of V6 from the B supply. De-
generation, because of unbypassed cathode re-
sistor R51, aids in maintaining the two
frequencies at approximately the same level.
The amplified tones are coupled to the output
circuit through plate transformer T3.

Output Curcuit

The signal at the T3 secondary (fig. 10-12)
is applied to bandpass filter Z3. The filter
passes frequencies from 400 to 800 cps with
an attenuation no greater than2db. Frequencies
outside this range receive greater amounts of
attenuation, depending on its harmonic fre-
quency.

The filter output is applied to a 6-db pad
comprising R53, R54, and R55. This circuit is
identical to the 6-db input pad, and functions to
minimize effects of apossible mismatch between
the terminal and radio transmitter.

Before the signal can reach impedance
matching transformer T4, it must pass through
the 5R-6R contacts of transmit control relay
K3. These contacts are closed when a message
is transmitted. The secondary of T4 is tapped
for matching to either a 600- or 50-ohm
output impedance.

METERING CIRCUITS

Meter M1 is a d-c¢c (zero center) milli-
ammeter requiring a current of 1 ma for full-
scale deflection. The 100-0-100 and -10 to +5
dbm scales are shown on the meter. The
meter is switched into the circuit by meter
switch S2 (fig. 10-12).

In the send bias position of S2, send bias
control R63 may be adjusted so that the meter
reads zero, indicating proper length of mark
and space tones being transmitted. Switch con-
tacts 8 and 9 of S2 (section 2 front) are closed
in the send bias position to parallel R69 and
R65. This connection places a positive poten-
tial (of a predetermined value) at the negative
side of meter M1. The positive side of the meter
is connected through a current limiting resistor
R66 and a filter section comprising C23 and
R67. The filter section is connected tothe mark
contact (pin 7) on send relay K2.

The third impulse of a spacing signal repre-
sents a current in the loop. The first, second,

fourth, and fifthimpulses are no-current signals.
If the space bar on the teletypewriter keyboard
is held down, the send relay armature moves
back and forth between its mark and space
contacts. A positive 105 volts is applied to the
mark contact (7) from the B supply when the
armature is in mark condition. This positive
voltage is applied to the metering circuit. When
the armature is on the spacecontact (4), positive
voltage is not applied to the metering circuit.

On mark impulses, C23 acquires a charge
from ground through R67 and R37. During
spacing impulses, C23 may discharge through
R65 and R69 (in parallel), through the meter,
and R66 to the positive side of C23. Because of
fast movement of the send relay armature,
voltage on C23 stabilizes at a valuethat depends
on relative length of the mark and space im-
pulses. If the space impulse istoolong, voltage
on C23 has more time to leak off, and voltage
applied to the meter from C23 is low. Con-
versely, if the space impulse is too short, volt-
age applied to the meter is too high. The
result is that when mark and spaceimpulses are
of proper relative length, the C23 voltage and the
positive voltage applied to the negative side of
the meter are the same. In this condition, the
meter reading will be zero.

In the send level position of S2 (one clock-
wise rotation of all sections), send level poten-
tiometer R50 may be adjusted so that the
meter indicates the proper level of the signals
fed to the transmitter. Potentiometer R50 con-
trols the level of the signal applied to tone
amplifier V6.

With S2 in the send level position, the
output of bandpass filter Z3 (passing through
the output 6-db pad) is applied through section
3 front of S2 (contacts 5 and 6) through R71 to
a bridge rectifier CR5. The rectifier changes
the signal to d-c pulses, which are applied
through section 2 rear of S2 (contacts 2 and 12)
to meter M1l. The circuit path is completed
through contacts 12 and 2 of section 1 rear,
bridge circuit CR5, and ground, to return to
the filter Z3.

The loop current position of S2 switches
the proper components for metering and ad-
justing loop current. With the switch in this
position, the R34-R35 junction is connected by
S2 to the negative side of M1 through contacts
3 and 12 of section 2 rear. Section 1 rear
(contacts 12 and 3) connects the positive side
of M1 to the R35-R36 junction. In this manner,
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the meter and multiplier resistor R34 are
placed across R35.

The voltage developed by R35is proportional
to the current flowing in the teletypewriter loop
circuit. Loop current rheostat R33 now can be
adjusted so that the meter reads 60 onits upper
scale when the terminal is in transmit con-
dition.

In the off position of S2, contacts 4 and 12
of section 2 rear and contacts 4 and 12 of section
1 rear short meter M1. If vibration causes
the meter pointer to move, the meter coil
develops a back voltage, which dampens its
movement.

The receive level position of S2 connects a
circuit similar to that already discussed for
the send level position. In this position, the
output of the receive level attenuator (passing
through the input 6-db pad) is applied from R2
to contact 9 of section 3 front. Because contacts
9 and 6 are shorted in this position, the input
signal is passed from contact 3, through a
section of the bridge rectifier CR5, contacts 5
and 12 of section 2 rear, to the negative side of
M1, Direct current (rectified by CRS5) leaves
the positive side of the meter and passes
through contacts 12 and 5, another section of
CR5 to ground, to return to E1. In this con-
dition, the receive level attenuator may be
adjusted until the meter reads 0 dbm.

In the plate current position of S2, switch
contacts 12 and 6 of section 2 rear and 12
and 6 of section 1 rear connect meter Ml
across d-c¢ amplifier metering resistors R30
and R31. The current through these resistors
is in opposite directions, so the voltage applied
to the meter is equal to the difference of the
potentials across R30 and R31.

In effect, the meter reads the differential
plate current. The differential current for mark
signals causes the meter to read to the right,
and space signals cause a deflection to the left.
The current reading of the meter represents
the current effective in producing magnetic
flux in the receive relay.

The meter connection in the receive bias
position is similar to that already discussedfor
the send bias position. Resistor R65 again
applies a positive potential to the negative
terminal of M1. Resistor R65 is not paralleled
by R69 as in the send bias position of S2. The
positive terminal of the meter connects through
contacts 12 and 7 of section 1 rear, through
R66 to C23. Resistor R67 is now connected
through contacts 1 and 2 of section 3 rear to

the armature 6 of receive relay K1. When the
armature is in the mark position, a positive
voltage from the +105-volt supply charges C23
through R67, R73, contacts 1 and 2 of section 4
rear, and R68. When the receive bias control
is adjusted properly, the positive potential on
both sides of the meter will be equal, permitting
it to indicate a zero reading.

MULTIPLEX SYSTEMS

The number of communication networks in
operation per unit of time throughout any given
area is increasing constantly. In the past, each
network was required to operate on a different
frequency. As a result, all areas of the
radiofrequency spectrum have become highly
congested.

The maximum permissible number of intel-
ligible transmissions taking place in the radio
spectrum per unit of time can be increased
through the use of multiplexing. The primary
purpose of a multiplex system is toincreasethe
message-handling capacity of teletypewriter
channels and transmitters and recelvers associ-
ated with them. This increased capacity is
accomplished by simultaneous transmission of
several messages over a common channel,

Multiplexing can be accomplished by either
of two methods. Frequency division multi-
plexing, for example, employs a number of tone
channels slightly displaced in frequency. Each
tone channel carries signals from a separate
teletypewriter circuit and modulates a common
carrier frequency. Time division multiplexing,
on the other hand, divides the time duration of
a standard start-stop signal into a number of
equal intervals and allots each interval to a
separate teletypewriter circuit., Thus, start-
stop signals are, in effect, compressed in time
for transmission. Receiving equipment at a
distant station accepts multiplex signals, con-
verts them to start-stop signals (in effect,
expands them in time), and distributes them in
proper order to a corresponding number of
circuits.

TRANSISTOR MULTIPLEX SET
AN/UGC-1

Model AN/UGC-1 transistor multiplex set
consists of three function equipment groups:
transmitting group, receiving group, and power
supply group. They are illustrated, top to
bottom, in figure 10-14.
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UTPUT AMP

O e o' 1ER MULTIPLEXER-DEMULTIPLEXER | RANSMITTING CODE CONVERTER
TMCX 201 (CV-408/UGC-1)

(AM-1392/UGC—1) TMD 201 (TD-134/UGC-1)

TRANSMITTING
GROUP
(OA-1054/UGC-1)

POWER SUPPLY
GROUP WITH
OSCILLATOR
4 TMPU 201
(1D-539/UGC-1)

RECEIVING GROUP
F (OA-1053/UGC-1)

RECEIVING
CODE CONVERTER

TMCR 201
(cv-407/UGC-1)

SYNCHRONIZER AMPLIFIER MULTIPLEXER-DEMULTIPLEXER
TMS 201 (SN-171/UGC-1) TMD 20! (TD-134/UGC-I)

Figure 10-14, —Transistor multiplex set AN/UGC-1.
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The transmitting group accepts teletype-
writer signals from two, three, or four separate
circuits and assembles them in sequential order
for multiplex transmission over a single radio
circuit.

The receiving group accepts multiplex sig-
nals from the distant station, converts them
to start-stop form, and distributes them to two,
three, or four separate teletypewriter cir-
cuits.

The power supply group provides necessary
voltages and a frequency standard for both the
transmitting and receiving groups.

Overall Operation

A schematic representation of a multiplex
send-receive installation is shown in figure
10-15. The frequency shift transmitter, keyer,
radio receiver, demodulator (converter), patch
panels, and teletypewriter equipments are in-
cluded to show the complete send-receive sys-
tem.

At the send side of the multiplex station,
four teletypewriter tape transmitters simul-
taneously send four messages to respective
transmitting code converters (identified in fig.
10-14) in the transmitting group. The code
converters translate these signals, which are
in sequential form, into 6-wire parallel form.
The start and stop elements of the signals are
discarded, and a sixth element is added. The
multiplexer~demultiplexer unit of the trans-
mitting group sweeps over outputs of code
converters, channel by channel, and picks up,
in turn, a complete signal character from each
converter. By varying the pulse-division ratio,
equipment can be switched to operate with two,
three, or four teletypewriter circuits (desig-
nated channels A, B, C, and D in figure 10-15).
The teletypewriter equipment can be operating
at speeds of 60, 75, or 100 wpm, but speed
must be the same for each channel. The output
of the transmitting group is fed through the
patch panel and keyed to the radio transmitter,
where the frequency-shifted multiplex signals
is placed on the air.

At the receiving station, the multiplex sig-
nals from the radio receiver are patched to
the synchronizer-amplifier in the receiving
group of the AN/UGC-1. This unit amplifies
the signals and sends inverted and normal
versions to the multiplexer-demultiplexer. The
latter unit performs functions complementaryto
multiplexing in the transmitting group. It

separates multiplex signals into 6-wire par-
allel signals and, as it sweeps over the input
wiring of receiving code converters, it applies,
channel by channel, proper signals to proper
converters. The sixth pulse of the parallel
signals, which is used only to recognize the
presence of bona fide blank transmission, is
dropped. The start and stop elements are
added, and d-c teletypewriter code signals are
sent at the proper speed to the four receiving
teletypewriters.

TRANSISTOR MULTIPLEX SET
AN/UCC-1

The AN/UCC-1 transistor multiplex set is a
modular terminal for frequency shift carrier
telegraph communication. It employs a fre-
quency division multiplex system over single
sideband radio circuits, voice frequency wire-
lines, microwave circuits, or other transmission
systems. Within the nominal frequency band of
300 to 3300 cps, the equipment provides a total
of 16 narrowband channels, or 8 narrowband
and 4 wideband channels. For space diversity
operation, 16 transmitter channels and 32 re-
ceiver channels are available. A multiplexer-
demultiplexer furnishes translation of a com-
posite signal between the 300 to 3300-cps band
and the nominal frequency band of 3300 to 6300
cps, so that 32 narrowband channels or 16
narrowband and 9 wideband channels are avail-
able for communication over a 6-kc single side-
band radio circuit. The terminal is all solid
state design, with plug-in modules. (See figs.
10-16 and 10-17.)

Functional Description

Functions that can be performed by the
AN/UCC-1 telegraph terminal are shown in
figure 10-18. The terminal provides up to 16
different narrowband voice frequency tone
channels, each passing a different band of fre-
quencies. (See table 10-1.)

Associated with eachchannel is an oscillator,
which, keyed by a telegraph loop, generates one
frequency representing a mark and another
representing a space (frequency shift keying).
These two frequencies are symmetrical with
respect to the center of the channel passband.
The output from any set of different channels can
be combined on a single line for transmission
over a single 3-kc¢ bandwidth communication
link.
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Figure 10-15.—Typical multiplex send-receive station.
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50.163

Figure 10-16.—Keyer frequency shift KY-

490(P)/UCC-1(V); converter frequency shift

CV-1522(P)/UCC-1(V); and control-attenuator
C-4702/UCC-1(V).

Two 3-kc bandwidth voice frequency signals
can be accommodated by the telegraph terminal
for transmission over a single 6-kc bandwidth
communication link. These two 3-kc signals
may contain 16 telegraph tone channels in each
3-kc bandwidth (total of 32) or 16 telegraph
tone channels in one 3-kc signal and speech in
the other 3-kc signal.

Each frequency shift keyer provides one
channel that accepts d-c telegraph signals from

an external loop, supplyingthe appropriate voice
frequency mark-space frequency shift output
signal. Each frequency shift converter has one
channel that accepts a particular frequency shift
voice frequency signal, and produces an elec-
tronic keying signal for operation of a d-c
telegraph loop.

For 32-channel operation, the multiplexer
unit shifts the composite output of one set of
16 narrowband channels from the 375- to 3025-
cps band to a 3265- to 5315-cps band, com-
bining the shifted output withthe unshifted output
of the second set of 16 channels for trans-
mission over a 6-kc bandwidth communication
link.

At the other end of the linkthe demultiplexer
returns the shifted signal to the original band,
placing it on a separate output line from the
unshifted signal. Each channel accepts one voice
frequency signal, which it converts into an
electronic keying signal for a receiving telegraph
loop.

When the telegraph terminal isusedina 3-kec
bandwidth communication link, no multiplexer-
demultiplexer units are required. The reason
is because the AN/UCC-1(V) channels occupy
separate frequencies in the audio spectrum. (No
two channels occupy the same spectrum.)

Converter Diversity Combinations

Two factors determine converter diversity
connections: switch settings on individual con-
verters, and cabinet positions (stations) occupied
by the converters. Cabinet wiring for the first
four stations is identical to that for the last
four stations, hence figure 10-19 illustrates
only one four-station group. Each channel, re-
gardless of the station into which it is plugged,
can be connected to an associated individual
input transformer or to either one of two com-
posite input line transformers (designated as
RCV A and RCV B). The two composite input
lines are used in the frequency diversity/space
diversity system. In this system, two converter
modules are assigned to each channel. One
group of four converters (for the eight channels)
processes signals from radio receiver A, which
appears on the RCV A input line. The other
group of four converters processes signals
from radio receiver B, on the RCV B input
line. With the tone input switches set as shown,
the converters in stations Al and A3 are con-
nected to parallel A, and those in stations A2
and A4 are connected to parallel B. Converters
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Figure 10-17.—16-channel frequency-diversity terminal (utilizes 6-kc bandwidth).

in stations Al and A3 and those in A2 and A4
function as frequency diversity pairs. Con-
verters in Al and A2 and those in A3 and A4
function as space diversity pairs. By way of
illustration, converters in the first two stations
might be 425-cps channels; those in A3 and A4
would be 1785-cps channels, thereby forming
a narrowband frequency diversity/space divers-
ity combination. (See table 10-2.) In this
combination, outputs of the four channel dis-
criminators are added in series and are applied
between the bias network on the station Al
converter and the input to the keyer circuit
of the station Al converter. To combine the
outputs of all four channels, the four channel
circuit grounds must be tied together. This
function is performed by one bank of diversity
CHS switches through the associated cabinet
wiring.

To use the converters in stations Althrough
A4 as two frequency diversity pairs, the divers-
ity CHS switch on each converter is setto 2 and
the converters must be rearranged. (See fig.
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10-19.) Converters used in stations Al through
A4, for example, might be 425-, 1785-, 595-,
and 2125-cps channels, the first two andthe last
two functioning as narrowband diversity pairs.
With the diversity CHS switches on the four
converters set to 2, discriminator outputs on
station Al and A2 modules are placed in series
between the bias network and the input to the
output circuits on the station Al converter.

Outputs of discriminators on station A3 and
A4 converters are placed in series between
the bias network and the output circuits on the
station A3 converter. Grounds on station Al
and A2 converters are tied together, as are
those on station A3 and A4 converters.

Inasmuch as no space diversity pairs are
involved, all four tone input switches are set to
the same position so that all four converters
are connected to the same composite tone line.

As shown in figure 10-19, the composite
input transformers are connected tothe cabinet’s
mode switches, and the composite tone lines are




RADIOMAN 1 & C

I Al
[ — KEYER {425 (PS) (CMABSITNEEJ)
— KEYER (595 CPS} -
— KEYER (765 CPS} T
CONTROL~
ATTENUATOR

] o .
KEVING SIGNALS KEVER (935 CPS) > noup
FROM
8 DC TELEGRAPH Loopsi — ATTENUATOR
— KEYER (1105 CPS} .

— ~ KEYER (ers CPS\_I

— KEYER (1445 CPS)

— KEYER (1615 €PS)

-

G
( CABINET E
— KEYER (1785 CPS) (SLAVE) ES
S
a
i
— KEYER (1955 Cpsl}————— =

COMPOSITE

—1 KEYER (2125 CPS) I VF  SIGNAL

ATTENUATOR o TO COMMUNICATION 1INK

I

— KEYER (2295 CPS)

[

FROM
8 DC TELEGRAPH LOOPS J— KEYER (2465 CPS} -

— KEYER (2635 CPS)

— KEYER (2805 CPS) ]

L ———' KEYER (2975 CPS) J L";%,w,

TRANSILATED

(3 KC BANDWIDTH)
OMPOSITE
SIGNAL

COMPOSITE VF SIGNAL

MULTIPLEXER

e
——>{ KEYER (425 CPS) ’t—~— (CM‘;‘\:'TNEERT) [T pamn

|

F

-] KEYER (595 CPS) | iz

[ e o) <2

> O

— KEYER (765 CPS) - 2

e CONTRGL — e a
ATTENUATOR 3

— R ey

KEYING SIGNALS > KEYER (935 CPS) ‘_"' - J 3
FROM < o b S

ATTENUATOR

8 OC TELEGRAPH LOOPS CEYER (1105 CPS)
——] KEYER (1275 CPS)
- KEYER (1445 CPS)

— KEYER (1615 CPS)

. T
CABINET (

-—DLKEVER (1785 CPS) (SLavEY J
— KEYER (1955 CPS) }
— i KEYER (2125 CPS) }—-——— e T

- CONTROL ~
e ATTENUATOR

KEYING SIGNALS m fe2ss cPS)

FROM )
8 DC TELEGRAPH LOOPS ] KEVER (2465 CPS) B
— KEYER {2635 CPS)

— KEYER (2975 CPS}

NTERCONNECT

S GNAL

226




Chapter 10-TERMINAL EQUIPMENT

COMPOSITE
VF  SIGNAL
(5 KC BANDWIDTH)
FROM COMMUNICATION LINK

TUNOIS
31150dW0D

COMPOSITE VF SIGNAL

DIRECT

CABINET
(MASTER)

CONTROL—
ATTENUATOR

CONVERTER (425 CPS)

CONVERTER (595 CPS)

I

CONVERTER (765 CPS)

!

CONVERTER (935 CPS}

(3 KC BANDWIDTH)

DEMULTIPLEXER

PATH

TRANSLATED

PATH

{3 KC BANDWIDTH)

e

COMPOSITE VF SIGNAL

INTERCONNECT

SIGNAL

CONVERTER (1105 CPS)

CONVERTER (1275 €PS)

voror

CONVERTER (1445 CPS)

CONVERTER (1615 CPS)

'

_*5

CABINET
(SLAVE)

CONTROL —
ATTENUATOR

CONVERTER (1785 CPS)

CONVERTER {1955 CPS)

CONVERTER (2125 CPS)

———-——{ CONVERTER (2295 CPS) i—~>

i

CONVERTER (2465 CPS) -

CONVERTER {2635 CPS)

CONVERTER (2805 CPS)

CONVERTER (2975 CPS)

CABINET
(MASTER)

CONTROL—
ATTENUATOR

CONVERTER (425 CPS) —=

CONVERTER (595 CPS) L
CONVERTER (765 CPS)

fotin

CONVERTER (935 CPS)

INTERCONNECT

i

SIONAL

L

CONVERTER (1105 CPS) -

CONVERTER (1275 C€PS) —
CONVERTER (1445 CPS)

-

CONVERTER (1615 CPS)

P~

CABINET
(SLAVE)

CONTROL —
ATTENUATOR

CONVERTER (1955 CPS) -

CONVERTER (2125 CPS)

-

CONVERTER (2295 C PS) -

CONVERTER (2465 CPS) o g

CONVERTER (2635 CPS)

—-

CONVERTER (2805 CPS) B

CONVERTER (2975 CPS) -

2217

.

|

>

.

f

ELECTRONIC
KEYING SIGNALS

8 OC TELEGRAPH LOOPS

ELECTRONIC
KEYING SIGNALS

el
8 DC TELEGRAPH LOOPS

ELECTRONIC
KEYING SIGNALS

8 OC TELEGRAPH LOOPS

ELECTRONIC
KEYING SIGNALS
T0
8 DC TELEGRAPH LOOPS

109.34

Figure 10-18.—Telegraph terminal AN/UCC-1(V), overall functional block diagram.




RADIOMAN 1 & C

Table 10-1.—Channel Frequencies*

Center Mark Space
frequency frequency frequency
(cps) (cps) (cps)

425 467.5 382.5
595 637.5 552.5
765 807.5 722.5
935 977.5 892.5
1105 1147.5 1062.5
1275 1317.5 1232.5
1445 14817.5 1402.5
1615 1657.5 1572.5
1785 1827.5 1742.5
1955 1997.5 1912.5
2125 21617.5 2082.5
2295 23317.5 2252.5
2465 25017.5 2422.5
2635 26717.5 2592.5
2805 28417.5 2762.5
2975 3017.5 2932.5
**1955 2040 1870
*%*2380 2465 2295
**2805 2890 2720
**3230 3315 3145

*Signal sense switch in NORMAL position.
With signal sense switch in REVERSE position,
interchange mark and space frequencies.

**Wideband channels (+85 cps).

connected to interconnect A and interconnect B
connectors.

When more than one cabinet is used, com-
posite tone lines are connected to the cor-

Table 10-2.~Frequency Diversity Combinations

Narrow band (cps) Narrow width band (cps)

425 -1784 425 -1105
595 -2125 595 -1445
765 -1955 765 -1275
935 -2295 935 -1615
1105-2465 1955-2805
1275-2805 2380-3230
1445-2635

1615-2975
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responding lines in other cabinets. In this
case, the mode switch is set to master in one
of the cabinets, and to slave in each of the
other cabinets. The number ONE inputs are
then received through the input transformers in
that cabinet where the mode switch is in the
master position. In the 8-channel frequency
diversity/space diversity system, for example,
which employs four cabinets containing con-
verters, input transformers of the top cabinet
and of the third cabinet from the top are used.

Each converter can operate its own keyer by
placing the diversity CHS switch on the module
to the number ONE position. Each converter can
be connected to an individual input line by setting
the unit’s tone input switch to individual position.

When a group of converters is used in a
diversity combination, inputs to the AGC control
amplifiers (not shown) for all modules in the
group are connected together. This common
connection is on the anode of a diode (on each
converter) whose cathode is connected to the
output of the AGC detector for that channel. The
converter receiving the largest signal input
produces the most negative detector output,
which back-biases the diodes on other converters
of the group, effectively disconnecting them
from the common AGC control amplifier input
point. Thus, AGC control amplifiers on all
converters of the converter receive the largest
input signal. The AGC attenuation depends upon
the level of the AGC control amplifier output
with respect to a -12-volt reference level
developed by a Zener diode on each converter.

When station Al and A2 converters are con-
nected as a frequency diversity pair (diversity
CHS switches set to 2), the Zener diode of
station Al converter serves as the reference
for both converters. Similarly, if converters
are used as diversity pairs in stations A3 and
A4, A5 and A6, or AT and A8, reference voltage
is supplied by the Zener diodes on converters
in stations A3, A5, and A7, respectively.

When converters in stations Al through A4
(or A5 through A8) form a frequency diversity/
space diversity combination (diversity CHS
switches set to position 4), the reference level
is supplied by the Zener diode of station Al
(or station A5) converter.
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CHAPTER 11

SINGLE-SIDEBAND COMMUNICATION EQUIPMENT

Although a brief discussion of single side-
band (SSB) is included in the effective edition of
Radioman 3 & 2, NavPers 10228, the subject is
treated in greater detailinthis chapter. Because
single sideband is becoming increasingly im-
portant in naval communications, it is necessary
for Radiomen to understand the basic principles
of its operation. If you understand the prin-
ciples of operation, you will experience little
difficulty in utilizing the equipment technical
manuals in maintenance work.

It is, of course, impossible in one chapter
of reasonable length to include everything that
has been written on the subject of single side-
band. Some valuable articles appear from time
to time in the Electronics Information Bulletin
and the Naval Ship Systems Command Technical
News. You should make every effort to keep
abreast of advances in this field.

The purpose of this chapter is to list, first
of all, the advantages of single sideband and to
point out the differences between SSB and the
conventional system of amplitude modulation,
which utilizes both sidebands and the carrier.
Next, some of the more important problems in
SSB communications are discussed.

In order to approach the subject of equip-
ment operation in the most logical manner,
a description of a functional block diagram of
a single-sideband transceiver (model AN/URC-
32), widely used aboard ship, is given first.
This delineation is accompanied by adiscussion
of the functions performed in each of the blocks,
followed by circuit diagrams.

Also included in this chapter is a brief
description of model AN/WRT-2, the newest
high-frequency SSB transmitter in the fleet.

ADVANTAGES OF SINGLE-SIDEBAND
COMMUNICATIONS

Figure 11-1 shows a simplifiedblock diagram
of an SSB transmitter. In the SSB system the

desired audio, CW, or FSK tones (intelligence)
are used to modulate or heterodyne the inter-
mediate frequency (300 kc), sometimes called
the carrier frequency. These audio, CW, or
FSK signals are fed into the balanced modulator
along with the 300 k¢ from the carrier oscil-
lator and are heterodyned. The balanced modu-
lator is a circuit designed for obtainingthe side-
band components of modulation. If no modulation
is present, the output is zero. The output of the
balanced modulator is then fed into selected
filters in the upper or lower sideband sections.
If a 1-kc tone is used, the USBis 301 kc and the
LSB is 299 kc. In this instancea switch selects
the upper or lower sideband. Filters pass the
desired sideband (in this example, the USB 301
kc) to the HF modulator. This frequency is
sometimes called the intermediate frequency.
The intermediate frequency (301 kc) is hetero-
dyned in the HF modulator with the frequency
from the HF oscillator (4.7 mc) to give the
desired output. This frequency (5001 kc) or
band of frequencies is selected by tuned cir-
cuits and amplified to the required output
power. Thus, all of the transmitted power is
used for the intelligence, although in some
instances the carrier frequency may be in-
serted at reduced level for tuning purposes and
for automatic frequency control at the receiver
end. In voice or CW operation, there is no
radiated power when intelligence is not sent if
the carrier frequency isn’t inserted. In FSK
operation, either the mark or space tone is
transmitted.

A comparison of the frequency and power
relationships between single-sideband trans-
mission and conventional a-m transmission is
illustrated in figure 11-2. The SSB system is
shown in part A of the diagram. Although the
lower sideband is transmitted (in the illustra-
tion), the upper sideband could have beentrans-
mitted just as easily. In the AN/URC-32
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Figure 11-1.—SSB simplified block diagram.

and AN/WRT-2 transmitters, both sidebands
may be utilized independently.

In the familiar a-m system of communication
(fig. 11-2, part B), the radiated signal includes
the carrier and an upper- and a lower-sideband
frequency for each frequency in the modulating
signal. For example, if a 1-mec carrier is
modulated by a 1-kc¢ tone, the radiated signal
includes the 1-mc carrier, the lower sideband
frequency (1-mc—1 ke = 999 ke), and the upper
sideband frequency (1 me + 1 ke = 1001 kc).
If the modulating signal contains many frequen-
cies, there are, of course, many frequencies
in the sidebands. Inthis system oftransmission,
none of the transmitted intelligence is con-
tained in the carrier, and therefore the power
put into the carrier is wasted insofar as
transmitting intelligence is concerned. Like-
wise, because duplicate information is contained
in each of the two sidebands, the intelligence
content of the transmitted signal could be
recovered from one sideband only.

In a conventional a-m system, where both
sidebands and the carrier are transmitted, the
power in the sidebands depends on the amount
of modulation. For 100 percent modulation,
the power in the sidebands is equal to one-half
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that in the carrier. Thus, a conventional a-m
transmitter with 100-watt carrier power has
50 watts in the sidebands (25 watts in the upper
sideband and 25 watts in the lower sideband)
at 100 percent modulation, making the total
power transmitted 150 watts. (Refer to fig. 11-2.)
It can be seen, then, that two-thirds of the total
radiated power in a conventional a-m system
(assuming 100 percent modulation) is in the
carrier and is therefore not useful in conveying
intelligence.

When the r-f signal is demodulated in the
conventional a-m receiving system, the audio
output is a combination of the upper and lower
sidebands. In this conventional type of detection,
the audio output is proportional to the power
contained in the two sidebands.

In a single-sideband system, only one side-
band is transmitted, hence the audio output of
the SSB receiver is proportional to the power
contained in the one sideband.

It therefore becomes apparent that an SSB
transmitter and an a-m transmitter perform
equally (from signal-to-noise ratio) under ideal
propagating conditions, if the total sideband
power of the two transmitters is equal. Con-
sidering the relationship between sideband power
and carrier power ina conventional a-msystem,
it is evident that an SSB transmitter performs
as well as an a-m transmitter of twice the
power rating under ideal propagating conditions.
Thus, a single-sideband transmitter rated at
50 watts produces the same signal intelligence
level at a receiver as a conventional a-mtrans-
mitter rated at 100 watts.

As propagating conditions become less than
ideal, the SSB system shows an even greater
advantage over an a-m system. Under poor
propagation conditions, a-m transmission is
subject to distortion. The reason for this
condition is that all three components of the
transmitted signal (the upper sideband, the
lower sideband, and the carrier) must be
received in the exact amplitude and phase
relationship as transmitted to realize perfect
reception. Because there is only one com-
ponent in the transmitted signal for an SSB
system, it is not so affected by poor propagating
conditions. Studies show that reception in the
SSB system improves from 0 to 9 db under
various conditions of propagation when the total
sideband power in SSB is equal to thatin ampli-
tude modulation (fig. 11-3).

INTELLIGIBILITY IN EQUIVALENT DB

GOOD POOR AWFUL
{(AVERAGE) (SEVERE FADING
AND
INTERFERENCE)
PROPAGATION CONDITIONS
1.161
Figure 11-3.—Comparison of amplitude

modulation and SSB under varying propaga-
tion conditions.

Note that under the average conditions (good),
the SSB system shows about a fourfold ad-
vantage over the a-m system. In other words,
in normal use, an SSB transmitter rated at
100 watts (peak envelope power) gives equal
performance with an a-m transmitter rated at
400-watt carrier power.

As far as bandwidth is concerned (assuming
one sideband only), the SSB system requires
only about one-half the frequency spectrum as
does the conventional a-m system.

The advantages of SSB over the conventional
a-m system may be summarized as follows:

1. The SSB transmitter performs as well
as an a-m transmitter of twice the power
rating under ideal propagating conditions. Under
average conditions there is also an additional
3-db advantage of an SSB system over an a-m
system having the same sideband power.

2. If only one sideband is used, the SSB
system requires about one-half as much r-f
spectrum as the a-m system.

3. The SSB transmitting system uses smal-
ler units than comparable a-m units because
less power is required.

4. By virtue of less power in the antenna,
lower voltages are obtained, with attendant
reduction of potential breakdown.

5. The SSB system is subject to less noise
interference because the bandpass is narrower.
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PROBLEMS IN SINGLE-SIDEBAND
COMMUNICATIONS

The advantages of SSB cannot be realized
without the use of specially designed components
and circuitry. First of all, thereisthe problem
of frequency stability, especially when the car-
rier is totally suppressed. Frequency stabiliza-
tion means that the oscillators in the transmitter
and in the receiver must not drift more than 30
cycles. Actually, the permissible frequency
variation for SSB systems is 1/100th of that for
an a-m system.

In one type of independent sideband genera-
tion, filters of extreme selectivity are needed.
Linear power amplifiers, which are difficult to
design, are also needed.

Another problem, when SSB equipment is
used on high-speed aircraft, is doppler shift.
This shift is especially noticeable at the higher
radiated frequencies.

SSB TRANSCEIVER AN/URC-32

One of the Navy’s most versatile modern
communication equipments is the AN/URC-32
(fig. 11-4). It is a transceiver operating in the
2- to 30-mc high-frequency range, with atrans-
mitter peak envelope power (PEP) of 500 watts.

A transceiver, as you know, uses part of the
same electronic circuitry for both transmitting
and receiving. For this reason, itcannottrans-
mit and receive simultaneously.

The AN/URC-32 is designed chiefly for
single-sideband transmission and for reception
on either the upper or lower sidebands, or on
both sidebands simultaneously, with separate
audio and i-f channels for each sideband. In
addition to single-sideband operation, provisions
are included for a-m (carrier reinserted), CW,
or FSK operation.

The frequency range of 2 to 30 mc is covered
in four bands. The desired operating frequency
is selected in 1-kc increments on a direct-
reading frequency counter. Frequency accuracy
and stability are controlled by a self-contained
frequency standard.

AN/URC-32 BLOCK DIAGRAM

The transmitter of the AN/URC-32 (fig. 11-
5) produces voice, CW, or FSK modulated sig-
nals on a single-sideband r-f carrier or on a
compatible amplitude modulated r-f carrier.

ANTENNA L —JuNCTION
NETWORK
(ACCESSORY)

POWER
AMPLIFIER

DYNAMIC

HANDSET FREQUENCY
GENERATOR

RACKN

<~ SIDEBAND
b GENERATOR

CW AND FSK
UNIT

S
HIGH-VOLTAGE

POWER SUPPLY

~«—FREQUENCY
COMPARATOR

~——HANDSET
ADAPTER

LOW-VOLTAGE
POWER SUPPLY

32.135
Figure 11-4.-—Single-sideband transceiver
AN/URC-32.

Voice input signals from the dynamic hand-
set are fed to the handset adapter. Input
signals from a remote control unit also are
applied to the handset adapter, permitting the
operator to select either the local or remote
audio input. Teletypewriter signals are applied
directly to the CW and FSK unit, whichprovides
separate audio tones for the mark and space
conditions. These frequencies are later con-
verted to the required frequency shift signals
for FSK transmission.

The output fromthe handset adapter is ampli-
fied in the audio and control unit. Two separate
audio input paths to the audio and control unit
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Figure 11-5.—AN/URC-32, transmit function,
block diagram.

are provided through the 600-ohm remote audio
lines.

The audio and control unit amplifies the
audio signal and feeds it to the sideband gen-
erator. During single-sideband voice operation,
the audio and control unit output is fed through
a selector switch in the CW and FSK unit. For
CW or FSK operation, the CW and FSK unit
supplies audio tones to the sideband generator.

The sideband generator converts the audio
input to the selected sideband of a 300-kc
intermediate frequency. The modulated 300-kc
output is fed to the frequency generator. This
unit provides the necessary number of hetero-
dyning processes (while preserving the signal
intelligence) to produce the selected nominal
carrier frequency in the 2- to 30-mc range.
The output signal is amplified in the power
amplifier to the required peak envelope power of
500 watts and is fed to the antenna.

During receive operation (fig. 11-6) the an-
tenna input signal in the range from 2 to 30 mc

L
CW AND FSK
UNIT
y
THROUGH AUDIO
REMOTE ——| AND smea:no
AUDIO LINES CONTROL GENERATOR
TO HANDSET UNIT
TO
SPEAKER ™ | 300KC
Y
AUDIO TO
REMOTE w¢msrawmer| HANDSET FREQUENCY
HANDSET ADAPTER GENERATOR fa—
AUDIO
TO
LOCAL
HANDSET
Y
DYNAMIC
HANDSET
32.137

Figure 11-6.—AN/URC-32, receive function,
block diagram.

is heterodyned in the frequency generator so
that the output will be a modulated 300-kc
signal. This signal is detected and amplified
in the sideband generator, is further amplified
in the audio and control unit, and is fed to the
speaker.

During FSK reception, the CW and FSK unit
supplies a 300, 550-kc signal to the sideband
generator as a beat frequency for the received
signal. The beat frequency can be changedover
a range of +1 kc.

DYNAMIC HANDSET

The dynamic handset (fig. 11-7) consistsofa
noise-canceling dynamic microphone incorpor-
ating a transistor amplifier, a dynamic receiver,
and a push-to-talk switch, Thedynamic handset
has the same plug-in connections, output im-
pedance, and output level as the Navy 51007A
carbon handset, which makes these two units
interchangeable. The dynamic handset, however,
provides improved audio quality over a carbon
handset.

Both the transmitter and receiver are sealed
plug-in units. The transmitter contains the
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RECEIVER

32.138
Figure 11-7.—Dynamic handset.

noise-canceling dynamic microphone and the
transistor amplifier. Thereceiver is a standard
600-ohm dynamic telephone receiver.

HANDSET ADAPTER

The handset adapter (fig. 11-8), permits
local operation of the transmitter-receiver,
using the dynamic handset just described, or
remote operation using a C-1138/UR radio set

control and the AN/URC-32 dynamic handset.
Local or remote operation is selected by the
handset control on the front panel. A connector
on the front panel is provided for the handset.

In the LOCAL position, handset switch S1
(fig. 11-9) connects the audio output from the
receiver (terminals 5 and 6) to the handset
(terminals A and B), and connects the audio
output from the handset transmitter to the sys-
tem transmitter. Also, in local operation, the
key line is connected to contact 4 of relay K1.
Contacts 4 and 3 of Kl are open (as shown)
for receive operation. When the handset push-
to-talk button is depressed, relay Kl energizes,
and contacts 4 and 3 close to apply a ground to
the key line. In turn, this action operates the
various control circuits of the transmitter.

A 12-volt power soucce supplies power for K1
and the handset microphone. This supply uses
transformer T1 and rectifiers CR1-CR4 in a
full-wave dry-disk bridge rectifier circuit,

In the REMOTE position, handset switch S1
connects the audio output from the receiver to
the remote control circuits, and also connects
the audio output from the remote control circuit
to the transmitter. In remote operation, the
key line and 12 volts from the handset adapter
power supply are connected to the remote con-
trols.

AUDIO AND CONTROL UNIT

The audio and control unit (fig. 11-10) is a
dual-channel amplifier. It can provide audio

ey
ManosET

<

LOCAL

32.140

Figure 11-8.~Handset adapter.
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Figure 11-9.—Handset adapter, schematic diagram.

inputs from two 600-ohm balanced lines, a 600~
ohm unbalanced line, or a high-impedance mi-
crophone. In the normal AN/URC-32 installa-
tion, the 600-ohm balanced lines and the dynamic
microphone input are not used.

Block Diagram

On transmit, when using the 600-ohm un-
balanced input, the audio signal from the handset
adapter is fed to the audio and control unit via
audio transformer T6 (fig. 11-11). This input,
after amplification, can be applied to the upper
sideband line amplifier or to the lower sideband
line amplifier in the audio and control unit.

The sideband selector switch controls the
signal transmission and reception., With the

switch in the OFF position, the microphone
amplifier circuits and the remote audio input
are disconnected from the line amplifiers. This
action also connects the upper and lower sideband
600-ohm audio line inputs to the line amplifiers.

With the sideband selector switch in the
UPPER position, the microphone audio or remote
audio is fed into the upper sideband line ampli-
fier. ‘This also selects the upper sideband
audio output from the sideband generator and
applies it to the speaker amplifier circuits.

The reverse of this action happens when the
sideband selector is placed in the LOWER
position. When earphones (not shown) are
plugged  into the phone jack on the front panel
(fig. 11-10), the audio output normally fed to
the speaker is removed.
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Figure 11-11.—Audio and control unit, block diagram.
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The upper and lower sideband line amplifiers
(fig. 11-11) are controlled by the upper and lower
sideband audio inputs. Withthe sideband selector
switch in the OFF position, the two sideband
amplifiers can be used either individually or
simultaneously.

Assume the audio input is on the upper side-
band. This input is coupled by audio trans-
former T2 and the sideband selector switch (in
the OFF position) to the first upper sideband
line amplifier A1Q101 for amplification. The
amplified output of A1Q101 is coupled to the
power amplifier A1Q102 for further amplifica-
tion. The output is fed via T1 to the upper
sideband balanced modulator in the sideband
generator. The gain of the sideband line ampli-
fier is controlled by attenuator R1. Operation
is the same for both the upper and lower side-
band line amplifiers.

When the sideband selector switch is in the
UPPER position, the upper sideband audio is
removed from the audio amplifier A1Q101 andis
terminated by R14. Either the microphone
amplifier circuit or the remote audio is then
connected to the audioamplifier A1Q101.

With the sideband selector switch in the
LOWER position, the lower sideband audio is
removed from A2Q101 and is correctly term-
inated by RI15. The microphone amplifier
circuits are then connected to the audioamplifier
A2Q101.

SIDEBAND GENERATOR

The sideband generator (fig. 11-12) trans-
lates audiofrequencies to intermediate frequen-
cies during transmit condition, and intermediate
frequencies to audiofrequencies during receive
condition.

Transmit Function

The block diagram of the sideband generator
is shown in figure 11-13. The balanced modu-
lator, carrier generator, and transmitter gain
control (TGC) operate during transmit condition.
The audio input to the sideband generator is
taken from the audio and control unit (fig. 11-11)
and applied to the sideband generator via T3
and T4. Audio input transformers T3 and T4
(fig. 11-13) couple the upper sideband andlower
sideband audio inputs tothebalanced modulators.

The balanced modulators modulate a 300-kc
carrier to produce separate and distinct upper
and lower sideband signals with the carrier
suppressed. The 300-kc carrier is produced in
the carrier generator by tripling the 100-kc
reference oscillator signal from the frequency
generator (discussed later).

The balanced modulator contains two 300-kec
balanced modulators. Because of a frequency
inversion in the r-f tuner, the lower sideband
balanced modulator is followed with an upper

RES EIVER
RE QBN

XXX X) ¢
co'Otoooooooooouocoo
000000 000000000000000°

32.145

Figure 11-12.—Sideband generator.
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Figure 11-13,~Sideband generator, block diagram

sideband filter, and the upper sidebandbalanced
modulator is followed with a lower sideband
filter. The inversion process which takes place
in the r-f tuner is explained later.

The outputs of the balanced modulator are
connected in parallel and fed to the transmitter
gain control. The TGC circuit is controlled by
a TGC voltage received from the power ampli-
fier unit. This circuit maintains the 300-kc
i-f output voltage at a sufficiently low level
to prevent overdriving any of the subsequent
stages.

The 300-kc SSB signals are fed via line TX
to the r-f tuner and power amplifier (described
later). During tune and a-m transmit conditions
only, the unmodulated 300-kc carrier generator
output is reinserted in the upper sideband signal
at the inputs of V1Ainthe r-ftuner. Reinsertion
of the carrier at the transmitter eliminates re-
insertion at the receiver and the necessity for
special equipment to receive the transmitted
signal. The absence of the lower sideband does
not affect the quality of the received signal.
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Only one sideband plus carrier is transmitted,
however, and the received signal is considerably
stronger than it would be for double-sideband
a-m operation.

Receive Function

The i-f and audioamplifiers (lower sideband,
upper sideband, and a-m) operate only during
the receive condition to amplify the modulated
300-kc i-f signal from the r-f tuner (via line
RX). These units also demodulate the signal
and amplify the detected audio. A 300-kc
carrier is reinserted into the lower sideband
and upper sideband i-f/a-f amplifiers from the
carrier generator.

When the front panel SSB a-m switch is in
the a-m position, the LSB and USB i-f/a-f
amplifiers are disabled. The carrier generator
(a-m receive only) also is disabled, as will be
shown later. The audio output from the am i-f/
a-f amplifier is fed throughthe SSBa-m switch in
the a-m position to the upper sideband audio
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output lines viatransformer T1. The a-mi-f/a-f
amplifier is disabled when the SSB a-m switch
is in the SSB position.

CW AND FSK UNIT

The CW and FSK unit (fig. 11-14) enables
the AN/URC-32 transceiver tobe operated in the
CW and FSK modes of operation. On FSK trans-
mit operation (tone modulation), the CW and FSK
unit converts the keying input from a teletype-
writer current loop to audio tones of 1575 cps
for space (no loop current) and 2425 cps for
mark (loop current). On CW transmit operation
the unit provides a keyed audio tone of 1000
cps or 1500 cps as selected by the OSC control
switch on the front panel.

During FSK receive operation, the CW and
FSK unit provides a bfo (beat frequency oscil-
lator) signal required for FSK reception. This
signal is centered on 300.550 ke, andis variable
approximately 1 kc above or below this fre-
quency. This variation raises the space and
mark tones 550 cps to make the AN/URC-32
compatible with other teletypewriter terminal
equipments.

The CW and FSK unit (fig. 11-15) consists
of (1) an oscillator-buffer-amplifier (V1A, V1B,
and V2A), (2) a bfo (Q1), (3) a CW break-in
relay and relay amplifier (V2B), and (4) a mon-
itor circuit (via S2). The monitoring circuit
contains a meter M1, which is used for moni-
toring the receive and transmit audio outputs
of the audio and control unit, as well as for
monitoring the output of the CW and FSK unit.

The function of the CW and FSK unit is
determined by the position of the oscillator

control switch S1 located on the front panel.
In the OFF position, S1C disables the CW and
FSK unit by removing the B+ voltage (+130 v)
from the circuits. Also, in this position, S1E
connects the upper sideband transmit audioinput
line from the audio and control unit to the
upper sideband transmit audio output line con-
nected to the upper sideband balanced modula-
tors of the sideband generator. Thus, in the
OFF position, the CW and FSK unit circuits
(fig. 11-15) are deenergized, and the voice input
signals from the handset are transmitted.

When S1 is moved one position (from the
position shown), FSK signals are transmitted.
In the final two positions of S1, CW signals are
transmitted.

During FSK and CW operation, the upper
sideband transmit audio input line fromthe audio
and control unit is disconnected, and the output
of the oscillator-buffer-amplifier circuit is
connected to the upper sideband transmit audio
output line. In the FSK position, the frequency
of the oscillator V1A is shifted by the teletype-
writer loop input from 1575 cps for space to
2425 cps for mark.

In the CW positions, the oscillator frequency
is 1000 cps (corresponding to the 1-kc position)
or 1500 cps (corresponding to the 1.5-kc¢ po-
sition), depending on the setting of oscillator
control switch S1 on the front panel. Buffer
stage V1B permits passage of the V1A oscilla-
tor output when the CW and FSK key line is
completed to ground.

CW and FSK Oscillator

The oscillator V1A frequency is adjusted,
as determined by the mode of operation, by
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Figure 11-14.—CW and FSK unit.
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changing the components in the grid cathode
tank circuit. With S1B in the FSK position,
the tuned circuit of oscillator V1A consists of
L1, C3, and the capacitors in the FSK circuit.
The teletypewriter input signal at pin 1 of J1
determines which capacitors of the FSK keying
circuit are inserted in the tuned circuit, and
therefore determines the frequency of the os-
cillator.

The FSK keying input circuit has arelatively
high impedance. For this reason, if the CW
and FSK unit is to be used with a teletypewriter
operating on a standard loop current, an ex-
ternal resistor of approximately 800 ohms or
larger should be placed across the signal line
to permit the 20-, 30-, or 60-ma loop current
to develop a positive voltage pulse of 25 to 50
volts at the input terminal.

With no current in the teletypewriter loop
(corresponding to space condition), voltage di-
vider R11 and the teletypewriter terminating
resistor in parallel with R12 applies a negative
voltage across CR2 and CR3 from the -90 volt
bias line. This condition causes CR2 and CR3
to conduct. With CR2 and CR3 conducting, C4
and C5 are placed in the tuned circuit of the
oscillator in parallel with C6 and C7. This
action produces an oscillator output frequency
from V1A of 1575 cps, which represents the
space condition FSK output frequency.

When a mark current is present in the tele-
typewriter loop, a positive voltage is developed
across the external resistor in parallel with R12,
This voltage exceeds the negative voltage that
appears across R12 and the external resistor
during the space condition. Also, the direction
of current through these resistors changes di-
rection from downward through the resistors to
upward.

The resulting positive voltage at the R12-
CR2Z junction cuts off CR2 and CR3, and ef-
fectively removes C4 and C5 from the tuned
circuit of the oscillator. As a result of the
decrease in capacitance, the oscillator fre-
quency changes to a higher frequencyto produce
2425 cps. This frequency corresponds to the
mark condition of the FSK output. The os-
cillator signal is fed through the buffer V1B
and the output amplifier V2A, S1E, and S1F, to
the upper sideband transmit audio output lines.

In the CW 1-kc position of S1, section S1B
removes the capacitors in the FSK keying input
circuit and inserts C8 in the oscillator tank.
This action tunes the oscillator to 1 ke. In the
CW 1.5-kc position, C9 is connected in the

241

oscillator tank circuit to tune the oscillator to
1.5 ke.

Buffer and Output Amplifier

The output of the oscillator V1A is fed to
the grid of buffer V1B. In the FSK position
(12), S1A applies a ground to grid resistor RS,
and the buffer stage functions continuously. In
the two CW positions (1 and 2) of Sl1A, the
buffer (V1B) is biased to cutoff. The cutoff
voltage is applied to the V1B grid through R8
and R9 from the junction of R10 and R17,
which are connected from the -90 volt supply
to ground. The buffer is keyed by the CW and
FSK line, which applies a ground (when closed)
to the junction of R10 and R17 through contacts
1 and 4 (or 5) of SID. Thus, closing the CW
key removes the bias from the buffer stage, and
V1B passes the ocillator (V1A) output.

The V1B output is fed through a bandpass
filter which rejects 3 ke. On CW operation,
C18 is connected in the filter input path by S1G,
in parallel with C17, and the filter attenuates
the second harmonic of 1.5 ke and the third
harmonic of 1 ke. During FSK operation
(position 12), S1G removes C18 from the filter
input circuit, and the second harmonic of the
1575-cps space frequency is attenuated.

The filtered output from V1B is developed
across output control R19. The T1 secondary
provides a 600-ohm balanced output (CT
grounded) via S1F and S1E (CW and FSK po-
sitions 5, 6, and 7) to the upper sideband audio
output line. In the OFF position (as shown),
S1E connects