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MILITAW CURRICULUM MERIAIS

The military-developed curriculum materials in this course

package were selected by the National Center for Research in

Vbcational Education Military Curriculum Prcject for dissemr

ination to the six regional Curriculum Coordination Centers and

other instructional materials agencies. The purpose of

disseminating these courses was to make curriculum materials

developed by the military more accessible to vocational

educators in the civilian setting.

The course materials were acquired, evaluated by project

staff and practitioners in the field, and prepared for

dissemination. Materials which were specific to the military

were deleted, copyrighted materials were either omitted or appro-

val for their use was obtained. These course packages contain
curriculum resource materials which can be adapted to support

vocational instruction and curriculum development.



The National Center
Mission Statement

" " -"
The National Center for Research in
Vocational Educatbn's mission is to increase
the ability of diverse agencies, institutions,
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and outcomes

Installing educational programs and
products

Operating information systems and
services

Conducting leadership development and
training programs
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an activity to increase the accessibility of
military-developed curriculum materials to
vocational and technical educators.

This project, funded by the U.S. Office of
Education, includes the identification and
acquisition of curriculum materials in print
form from the Coast Guard, Air Force,
Army, Marine Corps and Navy.

Access to military curriculum materials is
provided through a "Joint Memorandum of
Understanding" between the US. Office of
Education and the Department of Defense.

The acquired materials are reviewed by staff
and subject matter specialists, and courses
deemed applicable to vocational and tech-
nical education are selected for dissemination.

The National Center for Research in
Vocational Education is the U.S. Office of
Education's designated representative to
cquire the materials and conduct the project

activities.

Project Staff:

Wesley E. Budke, Ph.D., Director
National Center Clearinghouse

Shirley A. Chase, Ph.D.
Project Director
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What Materials
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How Can These
Materials Be Obtained?
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One hundred twenty courses on microfiche
(thirteen in paper form) and descriptions of
each have been provided to the vocational
Curriculum Coordination Centers and other
instructional materials agencies for dissemi-
nation.

Course materials include programmed
instruction, curriculum outlines, instructor
guides, student workbooks apd technical
manuals.

The 120 courses represent the following
sixteen vocational subject areas:

Agriculture
Aviation
Building &
Construction
Trades

Clerical
Occupations

Communications
Drat ling
Electronics
Engine Mechanics

Food Service
Health
Heating & Air
Conditioning

Machine Shop
Management &

Supervision
Meteorology &

Navigation
Photography
Public Service

The number of courses and the subject areas
represented will expand as additional mate-
rials with application to vocational and
technical education are identified and selected
for dissemination.

Contact the Curriculum Coordination Center
in your region for information on obtaining
materials (e.g., availability and cost). They
will respond to your request directly or refer
you to an instructional materials agency
closer to you.

CURRICULUM COORDINATION CENTERS

EAST CENTRAL
Rebecca S. Douglass

Director
100 North First Street
Springfield, IL 62777
217/782-0759

MIDWEST
Robert Patton
Director
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Stillwater, OK 74704
405/377 -2000

NORTHEAST
Joseph F. Kelly, Ph.D.
Director
225 West State Street
Trenton, NJ 08625
609/292.6562

NORTHWEST
William Daniels
Director
Building 17
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SOUTHEAST
James F. Shill, Ph.D.
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Mississippi State University
Drawer DX
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1776 University Av-
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Course Description

This course is designed to upgrade the Apprentice (semi-skilled) worker to the Specialist (skilled) and/or the Technician (advanced) level. It contains
basic review information as well as supervisory training. A television equipment repair person (specialist) is expected to install, maintain, repair, monitor,
and analyze the performance of television systems and equipment producing radiated or cable transmitted signals. Operation and maintenance of
associated test equipment is also required.

The technician level person is expected to install, troubleshoot, repair, inspect, overhaul, and modify television systems producing radiated or cable trans-
mitted signals; maintain associated peculiar test equipment; monitor, govern, and analyze.the performance of television systems; and direct performance
checks and measurement of operational and spare television equipment using precision test and measuring instruments to insure contir"mus acceptable
systems and equipment during operating periods. He/she must also coordinate activities with production agencies to insure availability of an operating
system to support production requirements; and supervise television maintenance activities.

The following outlines the scope of each volume:

Volume 1A

Volume 1

Supervision, Training, and Maintenance Techniques covers not only supervision and training, but also safety, maintenance
principles, oscilloscopes and test accessories, power and frequency test equipment, and electrcn tube and semiconductor
testing.

Equipment Maintenance discusses power supplies, sync generators, the camera chain, monitoring facilities, audio systems,
and color television. The first chapter on requirements and applications was deleted because of its reference to military
specific organization and forms.

Volume 2 Auxiliary Equipments discusses the maintenance requirements and operation of additional equipment required to support
various functions of television systems including studio lightina systems, intercom facilities, special effects, prompting facilities,
audio and video recording systems as well as specialized equipment required for maintaining television equipment. A discussion
of relay equipment, television VHF and UHF transmitters, receivers, antennas, and associated circuitry is presentet in this
volume.

Volume 3 Systems Maintenance covers troubleshooting, repair, and diagnosing system troubles. The chapters on operational responsibilities
and installation and modification were deleted because of references to military specific organization, procedures, and forms.

Each of the chapters has objectives, coded text, exercises, and answers keyed to the text for self-evaluation. A volume review exercise is provided, but no
answers are available. This material presents basic review material as well as supervisory concerns in the television equipment repair trade for student self-
study. The course would be best used in conjunction with a laboratory or on-the-job learning situation.
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Preface

IN THIS COURSE we discuss and analyze principles and maintenance of the
instrument landing system (ILS), terminal very-high-frequency omnirange
(TVOR). and tactical air navigation system (TACAN)the aids to navigation
classed as flight facilities equipment. The purpose of this and succeeding
volumes is to assist you through self-study in obtaining knowledge necessary to
perform maintenance tasks assigned to you. Emphasis is placed on principles of
tlight facilities equipment rather than particular models of equipment. Oc-
cassionally. specific equipment is discussed because we consider it to be
representative of the type, or because it includes features also found in other
equipment. An understanding of these principles is essential to all phases of
NAVAIDS maintenance.

This volume deals with supervision, training, maintenance techniques, safety,
and test equipment. Chapter I covers the supervision expected of a trained
NAVAIDS repairman and your responsibilities toward the Air Force con-
tinuous training program. The second chapter is on safety, with emphasis on
safe maintenance practices and emergency action. References to this subject
will reccur throughout this course.

Succeeding chapters describe maintenance principles, both preventive and
corrective, and include management. technical orders, test equipment, and
specific procedures for printed circuits. The information in these chapters
should enable you to employ test equipment confidently, ,....mose substitutes
when necessary, and evaluate measurements correctly.

If you have questions on the accuracy or currency of the subject matter of this
text, or recommendations for its improvement, send them to Tech Tng Cen
(TTOC). Keesler AFB. NiS 39534.

If ycu have questions on course enrollment or administration, or on any of
ECI's nstructional aids (Your Key to Career Development. Study Reference
Guides. Chapter Review Exercises. Volume Review Exercis, and Course
Examination), consult your education officer, training officer. or NCO, as ap-
propriate. If he can't answer your questions, send them to ECI, Gunter AFB.
Alabama 36118. preferably on ECI Form 17, Student Request for Assistance.

This volume is rated at 36 hours (12 points).
Material in this volume is technically accurate, adequate, and current as of

January 1972.
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Supervision and Training

THE QUALITY of communications-
electronic's systems depends on all
maintenance personnel performing their
assigned tasks at the right time, in the right
place, with proper equipment, and in a

professional manner. To accomplish this, we
must employ the basic element of all
organizationssupervision.What is a

supervisor? How do we become supervisors?
Why are some supervisors more successful than
others? These questions are simple to answer if
we memorize short statements. but statements
do not make a successful supervisor.

2. You are probably asking yourself, "Why
do I have to worry about supervision?" This
may be trueotoday. but as you gain experience
and knowledge. you may be placed in a

position requiring managerial knowledge, such
as a shift supervisor or trainer. To be a
successful supervisor in this C-E career field,
you must:

Use proper management techniques.
Train others.
Understand maintenance management
practices.
Maintain the equipment assigned to your
shop in peak operating condition by using
proper maintenance techniques and
applicable technical publications.

3. In this chapter we will examine only the
first two items Jisted above. As we discuss these
items indiVidually in this and succeeding
chapters, keep in mind that, in actual practice,
you may be involved with some or all of these
items simultaneously.
I. Supervision

1-1. The odds are highly in favor of your
being a supervisor sometime during your first
hitch. The Air Force works on the principle
that each member of an organization must be
able to lead as well as to follow.

1-2. Just what is a supervisor? A supervisor
is a person who directs the efforts of one or
more people in getting a job done. He is a
leader and a manager as well. Not only does he
lay out the details of a job. assign and advise
workers, but in many cases he has to assemble
equipment and materials. Further. he must rate
his workers and account for their time and the

CHAPTER 1

materials they use. The quality of his
supervision is measured by the degree of
success he achieves. There are four areas we
would like to eXplore briefly on this
subjectresponsibilities, employee relations,
production, and performance reports.

1-3. Responsibilities. Responsibility is
directly proportional to the importance of the
assigned position. The desire to assume
responsibility does not qualify a man for a
supervisory job; he must be able to accept the
responsibility without reservation.

1-4. As a supervisor, your responsibilities
will never cease. You will have a responsibility
to your mission, ta higher headquarters, to your
unit and other units, and to personnel under
your supervision. Often, it will seem that your
responsibilities conflict with each other. Under
these conditions you must choose one course of
action and proceed. You should have the
authority to assume your responsibilities, and
you must always remember never to assign
responsibilities without also delegating
sufficient authority to assure that the course
you have chosen can be followed.

1-5. You, must have the courage to "stick
your neck out" when the occasion arises, to act
contrary to all advice when your judgment
demands it, and to be willing to take full blame
when things go wrong. As a supervisor,
regardless of how you person_ally may feel, you
must be decisive and act promptly.

1-6. Responsibility to the mission.
Responsibility to the mission is your primary
objective. Your responsibilities to your unit
and your personnel are secondary. There will
be times when you will have to disregard the
needs and feelings of your subordinates in
order to accomplish the mission. At such times,
the esteem your men hold fcr you will suffer
unless they have been thoroughly indoctrinated
with responsibilities to the mission. You should
impress this fact upon them through talks,
discussions, training, and personal example. In
spite of such orientations, not all of your
personnel will support you in this. There are
always some who place personal desires before
duty; however, they will eventually fall in line
and follow the majority.



14. Resounsibility to your superiors. This is

another objective you must realize. Wheh y

fail to support your superiors, you jeopardize

your own efforts. When you criticize your

supervisors and their methods, you, in turn.
invite criticism by your subordinates. They are

simply following your example. To avoki this,

carry out the directives of your superiors as if

they were your own. Should you disagree with

the directives, take up your disagreement with

your superior and not with your subordinates.

If the directive still stands after you have
presented your disagreement, carry it out to the

best of your ability without excuse, alibi, or any
attempt to pass" the buck.

1-8. At times you may be directed to do
something contrary to directives from higher
headquarters. When this happens, do not
hesitate to bring it to the attention of your
superior. If you are still directed to carry out

his original instructions, do so without
reluctance. In such a situation your superior
assumes full responsibility for his action. You

must realize that he is nearer to the top and

knows more than you do about the overall
mission. Responsibility to the mission is your
prime interest, regardless of how unpleasant the

order may seem.
1-9. Responsibility to yourself Although

you know that your commander and your
workers have their own opinions of your
ability; you rpm constantly analyze yourself.

The following checklist can serve you as a

guide.
a. Understand my organization.

(1) Know the functions of my unit and
how they contribute to the total

.nission.
(2) Show each worker how his job fits into

the overall picture.
(3) Determine lines of authority and

responsibility.
(4) Determine number and type of

workers required in my unit.

(5) Make logical duty assignments based
on clear lines of responsibility and
authority.

b. Get the work out.
(1) Give directions that are simple,

understandable, and specific.
(2) Review work for progress in meeting

schedules.
(3) Coordinate the work of my unit and

take action as necessary.
(4) See that my workers do what is

rightfully expected of them.

(5) Emphasize the control of cost.
(6) Minimize overtime in my unit.
(7) Resolve my production problems

immediately.

c. Plan and schedule work.
(1) Know the work capability of my unit.
(2) Know the workload of my unit.
(3) Plan priorities of work and schedule

accordingly.
(4) Plan for best use of manpower, space,

and equipment.
(5) Establish rcaiistic goals for the group.
(6) Have my group participate in setting

its own goals.
(7) Plan to meet deadlines and

emergencies.
(8) Plan and schedule overtime when

necessary.
d. Improve work methods.

) Anoallyez. e operations of my unit as a

(2) Evaluate present methods of
performing jobi.

(3) Develop and apply improved

methods.
(4) Encourage and assist workers in

submitting their ideas.
e. Determine performance requirements.

(1) Determine what is expected of each
worker.

(2) Discuss tentative requirements with
each worker concerned.

(3) Make final determination of
requirements based on needs of
management, supervisory experience,

and workers' suggestions.
(4) Evaluate objectively each worker's

performance based on requirements.

f Develop workers.
I ) Select right person for the job.

(2) Help worker make adjustments on new

job.
(3) Determine training needs of workers

and provide training.
(4) Measure results of training in terms of

production cost and improved skills,
attitudes, and other factors.

(5) Let workers know how they are doing.

(6) Discuss career opportunities with

workers.
.(7) Develop an understudy.

g. Maintain a cooperative workforce.
(I) See that workers are rewaroed for jobs

well done.
(2) Commend entire group on

performance when deserved.

(3) Transfer and reassign workers for the

best use of their abilities.
(4) Earn worker's confidence and loyalty.

(5) Encourage workers to discuss their
problems with me.

(6) Adjust differences fairly and

objectively.
(7) Keep workers informed.



(8) Develop and maintain effective
discipline within the work group.

(9) Initiate corrective and punitive
actions as needed.

(10) Insure safety Ind welfare of workers.
h. Improve myself.

( I ) Recognize my "shortcomings."
(2) Improve my technical knowledge and

skills.
(3) Improve my ability to get along with

people.
(4) Develop a cooperative relationship

with my workers, my superiors, and
other personnel.

(5) Develop a good attitude toward my
job and the base.

1-10. Employee Relations. Much has been
written in psychology books about how you can
get along better with other people.
Considerable emphasis has been placed in base-
level management training programs on the
why and how of working with people in a team
spirit to reach a common goal.

I -1 I. Factors in good relations. In place of a
long discussion here on the factors concerning
employee reiations, we will list the normal
foundations necessary for good employee
relations and then -present an outline of an
effective procedure for handling human
problems. The following items will aid you with
many employee relation problems. They are not
all-inclusive, but are enough to give you a start
in the right direction. As you observe
supervisors at work and gain experience, you
can add to the list.

a. Let each worker know how he is getting
along.

(1) Figure out what you expect of him.
(2) Point out ways he can improve his

work.
(3) Praise in public, criticize in private.

b. Give him credit where credit is due.
(1) Look for extra or "beyond the call of

duty" type of performance.
.(2) Tell him while its "hot."

c. Tell people in advance about changes that
will affect them.

(1) Tell them why, if you know.
(2) Sell them on the idea of accepting the

change.
d. Make the best use of each person's ability.

(I ) Look for that extra ability that may
not be in use.

(2) Never stand in a man's way.
1-12. Handling problems. You may have

trouble at times handling problems. You may
be confronted with difficult situations which
appear to have no solution. There are,
fortunately, tried and true procedures which
you can (*se to help solve these problems. A

3

procedure you can apply in a difficult situation
is as follows:

a. Get the facts.
(1) Review the record.
(2) Find out what rules and regulations

apply.
(3) Talk with the individual concerned.
(4) Get opinions and feelings.
(5) Be sure you have the complete story.

b. Weigh and decide.
(1) Fit all the facts together.
(2) Consider their bearing on each other.
(3) Decide what possible courses of

action are available.
(4) Check practices and policies of your

organization at your level.
(5) Consider the solutions and their

effects on the individual or group, and
on work.

(6) Don't jump to conclusions.
c. Take action.

(1) Will you handle this yourself?
(2) Will you require help?
(3) Should you refer this problem to your

supervisor?
(4) Make your decision and time your

actions to fit your decision.
(5) Don't pass the buck.

d. Check results.
(1 )
(2)
(3)

(4)

How soon will you follow up?
How often will you need to check?
Observe changes in output,
relationships, and attitudes.
Has your action increased or
decreased the work output of the
individual or group?

1-13. Production. Whether your unit is on a
large base or at a remote site and whether your
unit is responsible for organizational-, field-, or
depot-level maintenance, the end results are
what count. There are four natural divisions
falling under production: (I ) assignment of
work, (2) review of work quality, (3)
production controls, and (4) performance
standards. First, let's look at assignment 'Of
work.

1-14. Assignment of work. Giving orders or
making job assignments is an important and
difficult part of a trainer's duties. Individuals
receiving instructions are all different in their
personality makeup. Some people just naturally
resent being "told" what to do. Still others may
not resent orders but. because of their own lack
of initiative, tend to blame their supervisor for
their own mistakes because of his inability to
properly assign work. On the other hand, there
are people who seem to have a "knack" for
receiving instructions and carrying them out
successfully.

1 7



1-15. Regardless of the kinds of peopk in
your work group, you should remember that the
manner in which work is assigned may be the
key to the successful completion of any job.
The following 10 rules are good ones to follow
when making assignments

(I) Be well informed about the work you
assign.

(2) Give each man a job you know he can do.
(3) Give clear, brief instructionsspeak

clearly.
(4) Do not take head-nodding as

understanding. Invite questions from
trainees.

(5) Repeat your instructions if they are not
understood. This may save much time
and unnecessary work in the long run.

(6) Give orders through proper channels.
(7) Demonstrate steps or job tasks wherever

necessary.
(8) Put complex instructions in writing,

choosing each word with care.
(9) Do not give too many orders at one time.
(10) Know your mentheir abilities,

qualifications, and limitations.
1-16. In connection with item (10), you must

learn what each man can do best. Perhaps one
is especially good at inspection. Another may
have the knack of untying knotty maintenance
problems. It's only good common sense to
place a man where he can do his best work. But.
remember this, just because a man does one job
exceptionally well, it is not always advisable to
keep him in. that job indefinitely. He should be
well rounded in his training, and be able to
perform all of the required duties of his job
description, his AFSC, and the Specialty.
Training Standard. Your job is easier when
every man can perform well on all the duties in
his specialty.

1-17. Review of work quality. When you
inspect a completed task, give it a thorough
examinationnot just a quick once-over. There
are at least two good reasons for a thorough
check .

1-18. First, the equipment that has been
worked on must operate properly for the
success of the mission, and it must be in safe
operating condition. Second, inspection of
completed work may be turned into an
excellent learning device for the man in
training. Your method or technique of
reviewing completed work determines the
inspection's usefulness as a teaching device.
Where is a better place for the trainee to learn
than on the equipment?

1-19. Properly reviewing job assignments
requires a considerable amount of skill and
tact, as well as a thorough understanding of the

mechanics of the job. As you talk to thf worker,
stress both the strong and weak points of his
work, Praise work that has been performed
skillfully but do not tolerate sloppy work.
.Avoid criticism, sarcasm, or personal
references since thesc comments may cut deeper
than you realize and leave the worker with a
strong feeling of dislike for you. in brief, don't
just use words. Demonstrate correct procedures
and give the man the opportunity to correct his
faults.

1-20. There is one other thing you should
do. Don't check completed work only., but also
check job progression. In short, don't wait until
the job is finished, because a job sometimes has
to be redone if an error enters the picture
before the job is completed.. Failure to check
job progression may cause loss of time and
work output and, in the end, may lead to harsh
feelings and loss of ambition on the part of the
man who finds his efforts wasted because he
was forced to do the same job over.

1-21. Production controls. Production
controls include mechanical and graphical
standrrds, time budgeting, and work
scheduling. Mechanical standards are largely
determined by your Specialty Training
Standard and the type of test equipment and
tools required on the job. Graphical standards
can be accomplished at the shop or higher level
with specially designed forms and graphs. A
chart can show you at a glance what man is
working on what job, how the job is
progressing, what aircraft and system is
involved, and so on.

1-22. Performance standards. One of the
biggest problems you face is the determination
of performance standards. In some cases, these
standards are prepared and handed to you from
higher authority. In other cases, you are faced
with devising standards of your own which will
fit the job to be done.

1-23. You are usually faced with measuring
performance from two standpointsthe
individual worker and groups of workers.
Usually, the task is eased somewhat by the fact
that the worker in the group is doing the same
type of work as his fellow workers. However,
evaluation of performance must be
accomplished, and it must be valid from the
level of the worker as well as the supervisor.

1-24. Performance standards are day-by-day
qualities which you, as a supervisor, should
observe. You should make mental notes, or
perhaps even written ones which may be
referred to in the future. Be mentally alert and
keenly observant of the jobs performed by those
you supervise.

4
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1-25. Noncommissioned Officer and
Airman Performance Reports. Another area
that you will find of major importance, as a
supervisor, is the NCO and airman performance
report. The preparation of this report requires
many of the qualities outlined in the preceding
paragraphs. The performance report requires
careful attention as it is the primary tool in
making nominations for training, special
assignments, and other special actions. In
addition, this document is an important part of
the Air Force promotion system.

1-26. The importance of proper evaluation
of all personnel cannot be overemphasized. As

a supervisor, you have the continuing
responsibility for the preparation of accurate,
honest, and objective performance reports.
When it becomes necessary for you to submit a
report. it is imperative that you be thoroughly
familiar with the instructions in AFM 39-62,
Noncommissioned Officer and Airman
Performance Reports. This manual will give
you the correct form number and complete and
up-to-date instructions on the preparation and
submission of the performance report.
2. Training

2-1. Because of constant changes in
communications and electronics equipment in

the Air Force, training is a continuous
requirement. When you enter the Air Force,
you are trained on equipment that is currently
being used. Later, as newer models are
developed, you require additional training to
qualify you to maintain them efficiently.

2-2. Besides the equipment. there are many
other facets of your job you must learn to
advance in your career field. How fast you
advance depends largely upon how hard you
work and how well you take 4frIvantage of the
many opportunities for training to improve
yourself technically, culturally, and militarily.

2-3. General Plan for Air Force Training.
Since training is always an important part of
your Air Force career, you should know the
training systems and methods employed. In
some instances, you are required to advise and
train other airmen to acquire the knowledges
and skills you already possess. But before you
start training others, let us look at the systems
through which you may be trained.

2-4. Although there are definite training
programs preparing airmen for the many jobs in
the C-E career field, each person, to a

considerable extent, must look after his own
interests. You already know that skill levels
and promotions are related; so how do you
move from the 3 skill level to the 9 skill level?
For a start, look at figure I.

2-5. This figure shows the route that your are
following in your Air Force career. You

attended a technical training course to reach
your present 3-level AFSC. You are now
entering on-the-job training (OJT), to qualify
you for the 5-level AFSC. This will he followed
by another period of OJT to qualify you for the
7-level AFSC. You become qualified for the 9-
level AFSC by experience in the unit to which
you are assigned. There is formal school
training that you may take to help qualify you
for the 9 level. The only mandatory
prerequisite for the 9 level is a passing grade on
the USAF Supervisory Test.

2-6. Another possibility is.to qualify for one
specialty at the 5 level, and then qualify in yet
another specialty at the 5 level before
advancing to the 7 level in either one of the two
specialties. Such qualifications are through
formal school and on-the-job training; this is
known as lateral training. This means training
from one ladder to another in the 30 Career
Field in those AFSCs designated by Air Force
Headquarters.

2-7. At various times in your career, you may
be enrolled in a formal school course. You will
find that these cpurses are identified .by a
combination of 1etters and numbers. The
principal identification is the AFSC number. In
addition to this, courses usually have a number
plus a three-letter prefix and a title.

2-8. For example, take Course 3ABR30430,
Radio Relay Equipment Repairman. The 3 tells
you that it is an ATC resident technical training
type course. The A tells you that it is an airman
course (officer courses begin with the letter 0);
the B tells you that it is a basic technical course;
and the R tells you that it is a resident (formal
school) course conducted by the Air Training
Command. The title is shown by the words
"Radio Relay Equipment Repairman."

2-9. You will find a large number of courses
described in Air Force Manual 50-5, Formal
Schools Catalog. Each has a title and
alphabetical-numerical identification similar to
the one just described.

2-10. The Dual-Channel Concept of On-
the-Job Training. Note by referring again to
figure 1 that there are three general ways of
increasing your usefulness to the Air Force and
advancing your caregr- at the same
timetraining in a formal technical school, on-
the-job training, or a combination of these two.

OJT is divided into two elementscareer
development and job proficiAlcy development.

2-11. Career development. Career
development is the acquiring of general
background knowledge required for
understanding military and career area
functions. In this element you study the general

Air Force subjects, principles of your
equipment, and the specific information

5
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necessary to perform the duties of your AFS. In
brief, the first step you take to qualify for a
higher skill level and higher rank in the Air
Force is to study the applicable Career
Development Course (CDC), of which this is
the first volume. This volume contains the
general knowledge you need to pursue your
career in whatever job you may be assigned in
the 304 career field.

2-12. Job proficiency development. Job
proficiency development is primarily the
acquisition of skill by actually performing the
duties and tasks of an AFSC; secondarily, it is
the application of the knowledge you learned
from studying the CDC. Your supervisor
during your on-the-job training uses as his
guide the applicable Job Proficiency Guide
(JPG).

2-13. OJT involves practical application.
You are placed in an operational situation
requiring you to perform certain specific tasks.
As you acquire skill in the simpler tasks of your
specialty, you are given other tasks which are
more and more difficult. Thus, you constantly
broaden your knowledge and skill until you
master all the elements of your job. In the
meantime, the Air Force benefits from your
productiveness while you are learning.

2-14. Learning in an OJT sifuation is the
result of the close association of the trainee and
the skilled technician who serves as the trainer.
Note, however, that this coach-pupil method
does not preclude short periods of group
instruction. Group instruction is sometimes the
most practical way for elaborating on matters
presented in the CDCfurther explanations of
such things as essential theory, background
material, safety precautions, and so onthat all
trainees must know.

2-15. Look again at figure I , and note that
the path you have followed to qualify for the 3-
level AFSC is the completion of a formal basic
technical course. You proceed to the 5 level by
on-the-job training. This entails satisfactory
completion of the applicable CDC and
receiving the supervisor's certification of
proficiency based upon the standards in the
JPG. You must also serve a minimum of 6
months in OJT status.

2-16. The-re are many supplemental special
courses that offer formal school instruction in
specialized areas, such as a particular model or
type ofsradio equipment. Since these courses do
not award the 5-level AFSC, you still must
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study the CDC, serve the minimum of 6 months
in your duty assignment at the 5 level, and be
recommended by your supervisor for award of
the 5-level AFSC. Some of the special and
supplemental courses are "shredouts" and are
identified by a suffix.

2-17. As already noted, to advance still
further in your career, you take a more
advanced CDC, plus a minimum of 12 months
in OJT, to qualify you for the 7 level.

2-18. There is one other special requirement
for advancing to the 7 level. All trainees must
take either ECI Course 6, Management for Air
Force Supervisors, or a comparable on-base
course usually called Management-1 (MGT-l).
Either management course provides you with
the vital knowledge managing men and
materials so that your unit can make its
maximum contribution to the mission of the
base. Usually, most airmen training for the 7

level take the MGT-I course on the base. If not
practicable, in isolated outposts or wherever

, the MGT-I course is not given, then ECI
Course 6 is acceptable.

2-19. After completing a minimum of I

year's experience in the 7-level AFSC,
completing the corresponding CDC, and being
recommended by your supervisor, you will be
awarded the 7 level (subject to the approval of

the Consolidated Base Personnel Office,
CBP0). Qualification to the 9 level is based on
experience and supervisory ratings. Although
there are a few 9-level formal courses, they do
not qualify you for the 9-level AFSC; final
award depends on recommendation of the
supervisor and approval of the commander.

2-20. OJT Record Documents. You have
been in the Air Force long enough to know that
there are many records on file which concern
you. This recordkeeping was started by your
recruiter and continues throughout your
training and total service. Although you don't
establish records nor post them, you do have
the responsibility of checking them for
accuracy at least once a year. So far as training
records go, the most important to you is AF
Form 623, Consolidated Training Record, as it
is your only complete record of your training.

2-21. AF Form 623, Consolidated Training
Record. Much of the success or failure of an
OJT program is determined by how well the
individual training records are maintained.
Completeness, currency, and accuracy of
entries on the Consolidated Training Record
are often determining factors in deciding award
or withdrawal of AFSCs, entry into or
withdrawal from OJT status, assignment or
withdrawal of proficiency pay status, or
selectivity for preferred assignments. The



Consolidated Training Record is an official Air
Force document and requires as much
consideration and care in its maintenance a:,
any other official record. The knowledge,
attention, and skill applied to the proper
maintenance of training records are as
important as the actual training conducted

2-22. AF Form 623 has four pages which are
subdivided into 11 parts on which to record the
airman's progress and proficiency in OJT. Each
section is individually identified according to
its designated purpose. This permits the
recording of all upgrade, lateral, and retraining
conducted on the job, in career development,
and in formal courses. The form may also be
used to record training which occurs after
upgrading has taken place. A copy of the
documents supporting entries to AF Form 623
may be filed with the form.

2-23. The AF Form 623 is not complete
until the Air Force specialty training standard
and/or the job proficiency guide for the
appropriate Air Force specialty are made a part
of the training records.

2-24. Since the AF Form 6.23 must be
available immediately to the supervisor, it is
ordinarily maintained in your immediate
working area; however, it may be maintained in
the squadron. When you are transferred, the AF
Form 623 must accompany your field
personnel records to the new organization. It is
normally expected that training will be
continued unless you are specifically
withdrawn from training by the gaining
organization. If the gaining organization
discontinues the training, then the authority for
discontinuance (appropriate personnel action
or orders) must be recorded on the AF Form'
623.

2-25. Specialty Training Standard (Srs).
The Specialty Training Standard for each AFSC
is developed from AFM 39-1. An Air Force
specialty description states the tasks which
airmen must be able to perform and the
knowledge they must have. By the use of the
self-contained code key, the standard indicates:

a. The extent to which personnel should be
trained on each knowledge and task in order to
qualify for upgrading to a specified skill level.

b. The extent to which airman courses
provide training on each of the listed tasks and
knowledges.

2-26. Your acquaintance with this document
is necessary since your initials as well as your
trainer's are required to indicate that various
phases of your training are completed.

2-27. In addition, it might be of interest to
you to know that the Specialty Training
Standard is the source of authority establishing
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the content of the technical training courses,
one of which some of you may have completed
at Kees ler AFB. MS.

2-28. Unit Document Lis:ing (UDL.). Bare
mention of this document is all that is necessary
at present. The 'UDL gives a picture of how
many airmen, by AFSC, wade, and specific job
title, are available and how many jobs there are.
For the AFSs which are short of personnel,
additional men are trained; for tho,:.e
overmanned, none can be trained,

2-29. Other Types of Airman Technical
Training. In addition to the two main types.of
trainingOJT and resident schoolsthere are
several other kinds. These are briefly discussed
below.

2-30. The field training program. This
training is conducted by Air Training
Command field and mobile training
detachments and traveling teams from ATC
technical training centers. These units operate
at the bases where there is a training need and
they conduct formal classroom instruction for
airmen. The scope of this program is
worldwide.

2-31. A field training detachment is. a
detachment or school, controlled by Air
Training Command, permanently assigned to
an Air Force base or other activity. The mobile
training detachment, also controlled by ATC,
travels to various bases as needed. It is
supported by a mobile training unit which
carries along with it the necessary training aids
and equipment. A traveling team consists of
one or more qualified instructors sent to
support a one-time training requirement at the
site of the requesting activity.

2-32. The field training program
encompasses a large variety of training activity.
Generally, it offers the technical instruction
necessary to qualify personnel in thc
knowledges, skills, and techniques required to
successfully operate. maintain, and control
assigned C-E equipment, aerospace and missile
systems, and their associated direct support
equipment.

2-33. Although training programs have
numerous and various names, don't let that
make you forget that all training programs have
one major purposeto qualify the right man
for the right job and to assure the highest level
of proficiency in operational and maintenance
personnel. So, in order to qualify personnel
with these capabilities, the Air Force must use
as many types ot training programs as
practicable.

2-34. Airman on-the-job retraining. As
provided by AFM 39-4, retraining is
designed to qualify an airman in an Air Force
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specialty not in the progression ladder of a
currently awarded AFSC. The principal
objectives of on-the-job retraining are:

a. To reduce the number of surplus airmen
in grade and skill by retraining them into
required grades and skills.

b. To prevent indiscriminate retraining of
airmen from required grades and skills.

2-35. In other words, the Air Force
endeavors to maintain a supply of airmen in the
grades and skills that are needed by initial
training or by retraining them from grades and
skills that become surplus.

2-36. If you should be retrained, you would
move from the career field in which you
presently hold an AFSC into another career
field, or you might train to qualify for a
different suffix to your AFSC.

9

2-37. Special training. Special training is

formal training that qualifies you in
maintaining new or special equipment.
Normally, all special training courses are short
and are designed to meet emergency
requirements. No AFSC is awarded upon
completioni. of a special training course unless
specifically approved by Headquarters USAF.

2-38. For futher information concerning the
administration of on-the-job retraining and on-
the-job training under the dual-channel
concept. you can refer to the Air Force manuals
which prescribe the administration of these

programs. These manuals are AFM 50-234.
On-the-Job Training and AFM 39-4, Airman'
Retraining/Lateral Training Programs.

2-39. At this time, work the chapter review
exercise for Chapter I in your workbook.
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CHAPTER 2

Safety

TWO PRINCIPAL factors to consider when
you learn how to maintain any piece of Air
Force equipment are: how to maintain the
equipment properly, and how to maintain it
safely,

2. Though you may think of these two factors
as being one in the same. there is a difference
for the purpose of our discussion in this
chapter. Of course, if you don't maintain
equipment properly, you may, at the same time.
be maintaining it unsafely, for improper
maintenance is often the cause .of accidents.
Furthermore, you may maintain a power saw
properly and, at the same time, get careless and
find your hand or fingers in the path of the
whirling blade. So, let us think of maintaining
equipment Ain the two ways statedproperly
(getting the job done quickly and accurately)
and safely (preventing any injury to yourself or
others).

3. In this chapter you will learn about good
housekeeping. accidem causes. fire prevention,
first aid. radioactivity, off-duty safety. and
accident reporting.

4. You migrteask yourself. "Why is safety so
important?" Offband, you might say. "Because
is saves hves, prevents injuries, and protects
property." Well, that's true enough. but there
are some other important reasons. You want to
earn promotions and progress in your career.
don't you? Of course. You'll find that your
supervisors will note not only how efficient you
are on the job but also how safely you work.
They aren't interested in productivity at the
cost of preventable accidents. If you're a safe
worker as well as an efficient one. you will
stand a better chance of earning that promotion
and also win the approval of your fellow
airmen. If you know the principles and
practices of safe operation of shop equipment.
you'll be able to give a timely warning to a
fellow airmana warning that might even save
his life!

3. On-Duly Safety
3-1. The safety-conscious airman knows that

accidents are preventable and that good
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housekeeping and good fire prevention practice
will eliminate most of them. The sate and
successful completion of a job demands
neatness and cleanliness in the work area.

3-2. Good Housekeeping. The first rule of
good housekeeping is personal cleanliness. If
you are an orderly person and present a good
appearance, it will probably be reflected in
your work. A person who keeps himself clean
has developed a habit which is carried over into
all his actions. You have made a great stride in
the right direction if you have learned to keep
yourself and your clothing neat and clean. .

3-3. Next. there is your work area. Many
accidents can be prevented, and much loss of
time and pain may he avoided if you keep your
work area clean and orderly. For example, oil
spilled on thc floor can cause you or another to
slip and be injured seriously. If oil or fuel is
spilled. cover it with an approved compound:
pr better still. clean it up immediately. Keep the
floor or ramp free of obstructions. You can trip
over an extension cord or a dropped tool and
injure yourself.

3-4. Some units that you will disassemble
have small parts which can be easily lost,
broken. or mixed with other parts. To avoid the
loss of time while you hunt or acquire another
part. keep your bench top in a neat and orderly
condition. A cluttered bench makes effective
work almost impossible and is the starting place
for an accident. Worn out or reparable parts
should be disposed of promptly in the correct.
placesnot on the floor.

3-5. Other items that always find their way
into your work area are soft drink bottles. They
should be kept in the break area and in the
proper container. A broken bottle is a very
dangerous object. Candy and gum wrappers
belong around candy and gurnor in a waste
basket. Never drop gum on the floor. It soils
the floor when you step into it. and can cause a

3-6, Every shop has a designated place kir
toolboxes when they are not in use. Keep theni
in place and keep the lids closed. It does not
require much time or effort to open the box



when you reed a tool, and you may prevent
someone from cutting or bruising his shin.
Most shops have a tool board to keep special
tools available to all who may need them. Keep
unused tools in their proper place.

3-7. If your shop maintains a stockroom.
keep cases and other goods stacked neatly in
the prescnbed location and to the designated
height. This prevents damage to the stored
items and also makes them easily available
when they are needed.

3-8. Good ventilation is conductive to good
work. Ventilation is actually necessary for the
good health and safety of personnel. Your work
output drops off considerably if you . are
uncomfortably hot or cold, or if there is a lack
of fresh air. If the air is dusty in your shop. or if
fumes are present. consult your supervisor or
trainer so that he can be made aware of the
cot ditions under which you are working and
can take the necessary corrective action.

3-9. Proper lighting is another requisite for
doing good work. Definite standards have been'
set up by the Air Force to provide the correct
illumination I r all installations. These should
be followed, since good lighting works hand in
hand with good housekeeping to eliminate
many accident hazards.

3-10. Accident Causes, Effects, and
Controls. It is trueaccidems are preventable.
The law of cause and effect is the basic
ingredient in all accidents. Accidents do not
happen without a reason. and the identification.
isolation. and control of causes are the basic
procedures of all accident prevention
techniques. Even natural elements can be
controlled to some extent, and it is only in the
realm of such phenomena as lightning, storms.
or floods that accidents are extremely difficult
to prevent. However, even the effects of these
can be minimized, as in the case of securing
aircraft when strong winds are expected.

3-11. Indirect causes. Theoretically.
preventable accidents may be traced to causes
originating in the heredity and environment
of individuals. These beginnings may further
manifest themselves in unsafe personal
characteristics which allow an individual to
perform an unsafe act or overlook or tolerate
an unsafe condition which may result in an
accident. The injuries, property damage. and
loss of combat capability which follow
complete the costly sequence. The detection
and elimination of unsafe personal
characteristics. such as inattentiveness.
excitahihty. impatience. and stubborness. are
normally extremely difficult. On the other
hand, the elimination of unsafe acts and
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conditions is a relatively simple and effective
means of accident prevention.

3-12. Direct. causes. As the last and most
obvious element f the cause sequence
preceding an accident, unsafe acts and
conditions may be considered the immediate or
direct cause of any accident. When this direct
cause is removed, the sequence is interrupted
and the accident cannot happen. Usually.
unsafe acts and conditions can be anticipated,
readily identified. and eliminated almost
immediately upon discovery. Because of this,
practical accident prevention measures are
designed to prevent or eliminate direct causes.
and suitable controls have been developed for
this purpose.

3-13. Approximately one-fifth of all USAF
ground accidents result from Government
motor vehicle operations. However. less than 5
percent of all injuries to military and civilian
personnel are attributed to this source, since
not all motor vehicle accidents result in
personal injury. Of the total number of these
accidents. some three-quarters are caused by
unobserved backing. excessive speeds for road
conditions. exceeding speed limits. following
too closely, and failure to yield right of way.
All of these unsafe acts can be eliminated.

3-14. Approximately two-thirds of the total
Air Force accident experience remaining is

sustained in activities such as aircraft and
motor vehicle maintenance, sports and
recreation. and domestic activities.

3-15. Direct costs. Each year accidents cause
hundreds of deaths and thousands of injuries to
Air Force personnel. These fatalities and
injuries, most of which could have been
prevented, impose a tremendous direct cost on
the Government for medical care. insurance
payments. claims, compensation for civilian
employees, and related services. Accident costs,
carefully computed over a representative period
of time. permit accurate estimates of the
average direct cost of each fatality, injury. and
first aid case. When these costs are added
together. the total is staggering, and should
emphasize to everyone the necessity for
preventing accidents. Equally as important as
money costs is the toll in human
sufferingsomething that cannot be evaluated
in dollars and cents.

3-16. An additional drain on Government
funds happens when equipment, property. and
supplies are destroyed or damaged by
preventable accidents. Not only is the cost of
repair or replacement significant. but
operations may also be seriously handicapped if
parts or replacements are not immediately
available. When aircraft or motor vehicles are



ot,.. of operation for any length of Ime.
assigned missions may be delayed, n ha

tazzical situation the results could bL critit:al.
3-17. Indirc cr costs. In additic 1 tu c..!

costs, every accident involves indir,:ct costs
estimated to be several times those that can h.:
readily counted. Indirect costs include the loss
of time and production of the injured and those
who aid them, timc lost by curious or
sympathetic people at the scene of the accident,
time lost in investigation, cost of training
replacements. interference with operations, and
damaged equipment. Though less tangible than
direct costs. indirect losses can be computed
and totaied in the overall cost of any accident.
Any installation can establish a valid indirect
cost ratio by calculating these losses over a
representative period of time and comparing
the total with equivalent direct costs. Studies
indicate that the ratio of indirect to direct costs
is at least 4 to I. For every one dollar of direct
accident costs, there are at least four dollars of
indirect costs. Again, these losses can be
prevented !

3-18. Accident control. Usually accidents
can be prevented through adequate safety
engineering and education. But there are some
people who are a hazard to themselves and
others because they fail to comply with
accepted safety standards. It is these persons for
whom the strict enforcement of safety practices
is necessary, backed by prompt corrective
action. No organized accident prevention effort
can be successful without effective enforcement.
because accidents are frequently the direct
result of the violation of safety principles. This
is particularly true of vehicle accidents, many
of which are caused by unsafe acts constituting
traffic law violations.

3-19. To be completely effective, accident
prevention controls cannot be applied -hit or
miss." All engineering, education, training.
supervision, and enforcement measureS must be
based on factual evidence and directed toward
the solution of specific problems. Only in this
way can controls be adequately applied.

3-20. Fire Prevention. Closely allied with
good housekeeping and absolutely necessary
for any organization is a smooth working fire
prevention system, since the best cure for any
fire is to prevent its occurrence. To do this
requires that you carry out ali safet%
precautions with regard to the prevention Of
fires. It also means that you must know what to
do and how to do it when a fire does occur.

3-21. Precautions. Many fires are caused by
carelessness and poor housekeeping. Oily rags
thrown in a corner are excelient material for a
healthy fire. Poor storage practice. especially
of inflammable materials, has caused many
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avoida:ile fires. Overloaded electrical outlets
coupled with defective circuit breakers may
ako cause a fire. No smoking signs were made
to he observed; lighted cigarettes and matches
thrown in wastepaper baskets full of, paper are
not usually put out by the fall. Here are a few
precautions ;hat you shoule observe with
regard to fire prevention; yoti can probably add
to the list from your own experiences and
warnings that you have read or heard.

a. Do not allow oily rags to accumulate.
b. Observe the signs in the :AO SMOKING

areas.
c. Never allow your clothing to become

saturated with fuel or oil. If it should become
that way accidentally. change your clothing as
soon as it is possible.

d. Do not permit gasoline, kerosene, jet fuel,
or any other inflammable fuels to be stored in
open containers.

e. Always make sure that the static lines are
in place and that the aircraft is grounded
properly before you work on it.

1. Never deposit cigarettes or matches in a
wastebasket even if they appear to be out.

g. Do not open any oxygen valve near a
flame or a lighted cigarette.

3-22. When fires do occur, you must be
ready to fight them quickly and effectively. This
means that you should knoW the telephone
number of the base fire department, the
location of the fire extinguisher, and which type
of extinguisher to use for the type of fire you
are fighting.

3-23. The telephone number for the base fire
department is usually posted in large ,letters.
These posters are spaced at intervals in the
shop, in the barracks, and on the flight line. As
a rule, the base telephone directory has this
number printed in large letters on the cover
page or on one of the first pages of the book. If
alarm boxes are installed on your base, learn
where they are and how to use them.

3-24. Fire extinguishers. Fire extinguishers
for the most part look alike, but a fire can
increase if you use the wrong type of
extinguisher on it. Figure 2 shows you what
types of fires each extinguisher can be used on
and its effective range. Above all, find the
location of the fire extinguisher in your work
area. determine what type it iS, and plan how
you are going to use it if the occasion should
present itself.

3-25. Radiation Prevention. You may. in
the future, be required to work around
radioactive material or materials that have been
contaminated by radiation. You must be aware
of the safety precautions to observe and. above
all, you must instantly recognize the radiation
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Type of
Estinguisher

,

Pump- Tank Soda Acid Foam Types.
Carbon
Dioxide

Chloro-
broriomethane

Use on-

I

Type A Fires:
Wood. trash.
paper. waste,

'

Type A Fires:
Wood, t rash.
paper. waste.

Type B Fires!
Casoftne. oil
and oil base
material var-
nigh... etc.

Type C Fires:
Electrical fires.
conlined fires on
oil, ordinary
combustibles.

Type Fires: I
Electrical fires.

May also
be used on

Wood. trash.
paper. wame.

Type A and B
fires.

Small fires.

Method
of using,

.
Direct stream
at base of
:lames.

I

Work close for
penetration. Dt-
race stream at
base of flames.

,

Apply complete
blanket of foam
over surface,
Avoid a direct
stream on oil
surfaces.

Apply so that gas
floods material in
a wave-working with
draft. Extinguisher
lasts only few
seconds.

Direct stream
on base of lire
or hot surface.

Effective
range

,

JO to 40 feet 30 to 40 feet 3 to 6 feet
,

15 to 30 feet

Principle of
extinguish-
Tent

,

Cools burning
surfaces below
ignition point,
Any stream
generated tends
to smother
flames. Practi.
catty no gas
l eeeee nasals.

blankets burning
material with
froth or foam.
which excludes
oxygen. Cools
and insulates
surface from heat
Blanket prevents
flaehbacks,

Flame is
smothered by
heavy blanket
of nentlamma
ble gas.

Upon contact
with flame or
het surface, the
liquid te
inte a heavy
smothering
vapor.

Wa rning Never use on
charged electri-
cal equipment,
varnish. oils or
other fuels. Pro-
tect from fresaing.

Never use on
charged *loser,-
cal equipment.
varnish. oils or
other fuels. Pre-
tact from freezing.

Never use on
charged electri
cal equipment.
Protect f rom
(teasing.

,

COZ will not sup-
port life. Avoid
extended exposure
in area where it
has been used. es-
pecially in pits.

De not use in
closed U
liquid comes inte
contact with skin
or eyes, wash
immediately with
water followed by
medical treatment.

Figure 2. The use of common fire extinguishers.

warnings. We have prepared a general list of
precautions that must he observed. Remember,.
you cannot: see radioactivity and it may be
several hours before you feel the effects of
radiation.

3-26. Precautions. Observe the following
rules when you work arounu radioactive
material:

a. You must have a physical examination if
you are exposed to radiation. If you are
working around radiation.. you will be
scheduled tor an examination periodically.

h. Re sure that the base monitor briefs you
(m the measures and hazards involved.

e. You must wear protective clothing while
working around radioactive materials.

Always wear a film badge and or a pocket
dosimeter when you are around radioactivity.

e Practice good hygiene. Wash your hands
and face thoroughly hetore eating or smoking.

t Do not eat. drink. smoke. or chew eum in
the area.

g Report any scratch or cut made hy a

radioactive object. Such scratches may cause
severesores and hg very slow in healing.
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h. Do not wear personally owned items such
as watches and rings. They may become
contaminated.

i. Do not handle telephones. reports, or
other similar objects while you wear protective
gloves. Your gloves may contaminate them.

j. Do not breathe dust or metallic particles
which come from radioactive materials.

3-27. AFTO 9 series. The AFTO 9 series
forms help you identify radioactive material.
These forms are yellow with a red symbol. The
00-110A series technical orders contain a
complete description of the forms and
instructions for handling cclitaminated items.
Figure 3 shows a radiation warning placard.
AFTO Form 9C. Be alert for radiation warning
placards. tags. or tables: any time you see one.
take the necessary precautions.

3-28. The AFTO 9 series forms and their
sizes are listed as follows:

a AFTO Form 9. Radiation Warning
Placard. is. 18 'x 24 inches

h. AFTO Form 9A. Radiation Warning Tag,
is 3 1/2 X. 6 1/4 inches.



YELLOW BACKGROUND MAGENTA INSIGNIA BLACK TYPE

AFTO

ApPROVA L. OF BUDGET BLJFIEu NOT REQUIRED

CAUTION

RADIOACTIVE

MATERIAL

AUTHORIZED ENTRANCE ONLY
CONTACT

RADIOLOGICAL MONITOR OR SUPERVISOR IN CHARGE

Form.JUL III C
PREVIOUS EDITIONS OF TmIS FORM ARE OBSOLETE AF C16 11211411 IBM

Figure 3 Radiation viarning placard .

c. AFTO Form 9B, Radiation Warning
Table, is 6 1/2 x 6 inches.

d. AFTO Form 9C. Radiation Area.
Restriction Placard, is 18 x 6 inches.

e. AFTO Form 9D, Radiation Ingestion
Hazard Placard, is 8 1/2 x 11 inches.

1 4

f. AFTO 1-orm 9E. Area Restriction. No
Radiation Material Placard. is '14 x 5 inches.
This placard warns personnel about taking
radioactive material into the posted area.

3-29. Accident Reporting. If you are
involved in an accident, yoursupervisor and
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the ground safety office will he required to fill
out forms reporting the circumstances and the
extent of damage and injuries sustained.
Although there are several forms, the USAF
Form 711 and 711a. Ground
Accident/Incident Report. is the one that will
concern you most. Your supervisor will
complete this form from your, information.
Your cooperation will be necessary. Accidents
are reported on forms prescribed by AFR
127-4 and involve.

Injuries to Air Force military and civilian
personnel or those stationed, assigned. or
employed at Air Force installations.

Injuries to non-Air Force personnel
resulting from Air Force ground operations.

Accidents and incidents resulting in
disabling injuries and/or property damage of
525 or more. Such accidents are referred to as
-reportable ground accidents." When an
accident is reported for any of the foregoing
reasons, all injuries without regard to their
extent or amount will be included.

4. First Aid
4-1. Air Force Pamphlet 50-55. GMT First

Ail!. is an excellent publication for studying
first aid. But first aid is so important to you. to
your friends, and even to total strangers that the
fundamentals should be repeated in this
publication.

4-2. There arc two types of emergencies that
few people escape meeting some time in their
hves. These emergencies require first aid or
lives can be lost. They are: (1) emergency
treatment of wounds or serious cuts and (2)
artificial respiration for victims of electrical
shock or drowning.

4-3. You don't have tw be a doctor or
medical technician to help an injured person.
For that matter, accidents seem to happen more

often than not beyond the convenience of
professional help. The life of an injured yrson,
therefore, often is held in the hands of many
people. Let's be sure we are ready.

4-4. Emergency Treatment. To treat a
wounded person. you should be able to carry
out the three life-saver steps which follow:

STOP the bleeding.
PREVENT or TREAT shock.
PROTECT the wound.

Memorize these three steps and learn the
simple methods of carrying them out.

4-5. Control of bleeding. Uncontrolled
bleeding may cause or increase shock and result
in death. Stop any severe bleeding immediately.
To stop bleeding. first apply pressure to the
wound with a dressing or. if necessary, some
substitute material such t.ls a clean shirt,
handerchief. etc. Be sure to use clean materials.
Place the dressing or cloth against the wound
and apply firm pressure. See figurn4. Continue
the pressure as long as needed. Use an
additional dressing to cover the wound if
necessary, Wrap the tails of the dressing around
the wounded part and tie the ends to hold the
dressing firmly against the wound.

4-6. If the wound is on an arm or leg and if
the bleeding continues, place the patient on his
back with the wounded arm or leg raised. The
bleeding is only slowed, not stopped. by raising
the arm or leg. so you still have to use the
dressing and pressure. DO NOT raise the limb
if you think the bone is broken. Moving a
broken arm or leg is dangerous, since it may
result in further injury to the victim and may
increase shock.

4-7. Often you can reduce or stop bleeding
by applying hand or finger pressure at various
points on a patient's body. The locations of
these points are shown in figure 5. The pressure

rigure 4 Moo the hleetlingpad r Jrcssink,
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IN FROW1 C.7 THE EAR

THC JAM
10 THE NECK

CIEHIND THE COLLAR DONE

ON THE INNER SIDE
OF THE ARM

IN THE GROIN'

0 TOURNIQUET

Figure 5. Stop the bleedingpressure points.

points in the groin and neck are particularly
important. If the wound is too high on the leg
for a tourniquet to be applied, the pressure
points in the groin can be used. A neck pressure
point should be used when the casualty has a
profusely bleeding scalp wound. Use the neck
pressure point only as a last resort when other
methods of stopping bleeding have failed.
Figure 4 shows a means of applying pressure
with the hand. This method may also be used
on the head and neck pressure points, using the
index and middle fingers. The heel of the hand,
is used to apply pressure to the groin.
CAUTION: Do not apply pressure to both
neck points at the same time. You would cut oft
the blood supply to the brain, which would
cause unconsciousness and death.

4-8. A tourniquet shourd be Used only for
severe, life-threatening hemorrhaging that
cannot be controlled by other means. It should
be used only when severe bleeding involves an
extremity in which the large arteries are
severed, or in case of partial or complete
severance of a body part. These are the only
instances where the application of a tourniquet
is justified. If necessary to use a tourniquet,
follow the procedure illustramd in figure 6.
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4-9.. A tourniquet should be tightened only
enough to stop arterial bleeding (gushing of
blood from the wound). The veins will continue
to bleed slightly until the limb is drained of all
blood; thus, bleeding will not be reduced by
further tightening of the tourniquet.

4-10. Always place the tourniquet between
the wound and the heart, and, in most cases, as
low as possible above the wound. However, in
the case of bleeding below the knee or elbow, a
tourniquet should be placed just above the
respective joints. When possible, protect the
skin by putting a tourniquet over the smooth
sleeve or trouser leg. CAUTION: The victim
should be seen by a medical officer as soon as
possible once the tourniquet is applied. The
tourniquet should not be loosened by anyone
except a medical officer prepared to stop the
bleeding by other means and to restore the
blood volume by transfusion. Repeated
loosening of the tourniquet by inexperienced
personnel -is extremely dangerous, because the
life of the individual is endangered by further
loss of blood.

4-11. Prevention and treatment of shock.
Shock is a condition of great weakness of the
body. It can, and often does, result in death



1. MAKE A LOOP AROUND THE LIMB. 2. PAZ A STICK UNDER ThE LCOP.

3. TIGHTEN JUST ENOUGH TO STOP BLEEDING. 4. SECIME TOURNIQUET IN PUCE

Figure 6. Stop the Dieedingteurnlyuet.

Shock may tie caused oy any kind of injury; and
the more severe the injury, the more likely the
occurrence of shock. Shock may not appear for
some time after injury. Always treat an accident
victim for shock whether or not he has
symptoms of shock.

4-12. Symptoms of shock are not difficult to
recognize. A person in shock may show one or
more of the following conditions:

a. He may tremble and appear nervous.
b. His pulse becomes rapid and weak.
c. He may be excessively thirsty.
d. He may become quite pale and wet with

sweat.
e. He may gasp for air and may even faint.
f He may vomit or complain of nausea.

Again, remember to treat for shock. Don't wait
for one of the above symptoms to appear.

4-13. The same procedures are used to
prevent and to treat shock. The first step is to
make the victim comfortable. He should be
kept lying down in order for greater amount of
blood to flow to the head and chest where it is
needed most. Loosen his belt and any other
tight-fitting clothing. Make sure there are no
broken bones before you move him. Cover him
to keep him warm and prevent chilling. If he is
unconscious. place him face down with his head
turned to one side to prevent choking should he
vomit. If he is conscious, give him some liquid
(nonalcoholic) to drink to replace body fluid.

4-14. Protect the wound. The third and final
step is to protect the wound from infection and
further injury. Tear or cut the clothing around
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the wound and be careful not to touch it with
your hand. Cover the wound with a sterile
dressing and bandage if available. Do not touch
the side of the dressing that goes next to the
wound. Tie something around the body or limb
to hold the dressing securely in place. Once the
dressing is applied, do not remove it.

4-15. Artificial Respiration. Artificial
respiration is a means of causing air to flow
into and out of the lungs of an individual when
his normal breathing system ceases to function.

4-16. Uses. Artificial respiration is not
restricted to the treatment of victims of
electrical shock. Even though we are primarily
concerned with electrical shock in this
discussion, we should Also mention a few
additional uses for artificial respiration. It may
also be used to stimulate breathing in
individuals whose breathing has stopped as a
result of drowning, carbon monoxide or other
gas poisoning, smoke, overexposure to heat, or
suffocation. When breathing is inadequate, the
victim is always pale or blue in color. In carbon
monoxide poisoning, the symptoms may be
giddiness, weakness, headache, vomitingthen
unconsciousness.

4-17. Obstructions to breathing. An
important consideration in any method of
artificial respiration is that the air passageway
be open. If there is an obstruction, air cannot
enter the lungs regardless of the method used.
There are three main causes for obstruction.
The first is liquid, false teeth, or other foreign
matter in the mouth or throat. The second is



Figure 7. Pulling the lower jaw outward.

relaxation of the jaw. The tongue, attached to
the relaxed jaw, falls backward and blocks the
throat (called "swallowing the tongue"). The
third is the position of the neck. When the neck
is bent forward so that the chin is down close to
the chest, there is a tendency for the throat to
become "kinked" and block the passage of air.
The air passageway can be kept open by placing
the head in a position with the chin jutting
outward.

4-18. Methods. There are four basic
methods of artificial respiration recognized by
the Air Force. They are as follows:

Mouth-to-mouth (exhaled-air).
Back-pressure-arm-lift (B-P-A-L).
Back -pressure-hip-lift (B-P-H-L).
Chest-pressure-arm-lift (C-P-A-L).

Of the four methods, the mouth-to-mouth
method has proven to be the most effectivi
because it can be used even though the victim
has suffered severe burns or injuries. It is the
surest method for getting oxygen into the lungs
and should always be used when conditions
permit.

Figure 11. Pulling the lower jaw outward on children.

4-19. Using the mouth-to-mo.lth ',exhaled-
Dir.) method you force air into the victim's lungs
with your own mouth. Since you retain only a
portion cif the oxygen from the air which you
inhale, the air you breathe into the victim's
lungs contains a sufficient amount of oxygen to
revive him

4-20. The step-by-step procedure for
administering mouth-to-mouth artificial
respiration is as follows:

Step I. Turn the victim on his back.
Step 2. Clean the mouth, nose, and throat. If

foreign matter such as vomit or mucus is visible
in the mouth, nose, and throat, wipe it away
quickly with a cloth or by passing the index and
middle fingers through the throat in a sweeping
motion. When these areas appear to be clear.
proceed as quickly as possible.

Step 3. Place the victim's head in the "sword-
swallowing" position. The head must be placed
as far back as possible so that the front of the
neck is stretched.

Step 4. Hold the lower jaw up. Approach the
victim's head, preferably from his left side.
Insert the thumb of your left hand between the
victim's teeth at the midline as shown in figure
7. Pull the lower jaw forcefully outward so that
the lower teeth are further forward than the
upper teeth. Hold the jaw in this position as
long as the victim is unconscious.. A piece ot
cloth may be wrapped around the thumb to
prevent injury by the victim's teeth. In the case
of young children (under age 3), where your
thumb would obstruct too much of the mouth,
or in a victim whose mouth cannot be opened,
proceed as follows. Grasp the angles of the
lower jaw just below the ear lobes with both of
your hands, one on each side of the victim's
head as shown in figure 8. Lift the lower jaw
forcefully outward so that the lower teeth are
furtner forward than the upper teeth. At the
same time, pull the lower lip down with the
thumbs to open the mouth. Hold the jaw in this
position as long as the victim is unconscious.

Step 5. Close the victim's nose by
compressing it between the thumb and
torefinger of the right hand as shown in figure
9. In the case of young children or in a victim
who has tight jaws, block the victim's nose to
prevent air leakage by pressing your right cheek
against the nasal opening as shown in figure 10.
(The hands will be occupied elsewhere.)

Step 6. Blow air into the victim's lungs. Take
a deep breath, and cover the victim's open
mouth with your open mouth making an
airtight contact. In the case of a baby, the
rescuer's mouth can cover both the mouth and
nose with an airtight contact. Blow rapidly
until the chest rises. If the chest does not rise
when you blow in, improve the position of the
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Figure 9. Closing the victim's nose.

victim's air passageway, and blow more
forcefully. Always blow forcefully into adults
and gently into children.

Step 7. Let air out of the victim's. lungs.
After the chest rises, quickly break lip contact
with the victim, and allow the victim to exhale
by himself. Repeat steps 6 and 7 vigorously at
an approximate rate of 12 times per minute for
an adult. Use shallow puffs of air at the rate of
20 times per minute for a child. A smooth
rhythm is desirable, but split-second timing is
not essential. Continue rhythmically without
interruption until the victim starts breathing or
is pronounced dead.

4-21. An alternate method of the exhaled-air
method can be accomplished with the use of a
plastic device called an airway, which is shown
in figure 11. This device tends to increase
efficiency because it prevents the tongue from
falling back into the throat. It also is more
sanitary. But never refrain from administering
the oral mouth-to-mouth method because this

Figure 10. Closing the victim's nose in the
case of small children.
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device is not available. CAUTION: DO NOT
use this plastic device on children under 3 years
of age.

4-22 The procedures are the same as for the
oral method with the exception of your position
and placing the airway in the victim's mouth.
Extreme caution should be exercised when
inserting the airway so as not to damage the
throat.

4-23. Assume a position at the top of the
victim's head. Insert the long end (short end for
children 3 years of age and over) into the throat
while holding the head back as shown in figure
12. If necessary, hold the tongue down to
prevent it from getting in the way while
inserting the airway. Insert the airway until'the
flange rests lightly against the lips. Once the
tube is inserted, retain the same position and
place the hands as shown in figure 13. Pinch the
nose with your thumbs and press the flange with
your index fingers to prevent any air leakage.

Figure t t. riutic device.

Be sure to hold the chin upward and. toward
yourself at all times.

4-24. Blow into the tube, watching for the
chest to rise, as indicated by figure 14. When
the chest moves, remove your mouth and allow
the victim to exhale. Repeat this process in the
same manner as in steps 6 and 7 of the oral
method. The first obvious indications that the
victim is responding to your efforts will be a
gurgling or gasping for air sound and possible
coughing and gagging.

4-25. If the victim appears to be breathing to
some degree, keep his air passageway open until
he aWakens by maintaining the support of his
lower jaw. If his tongue or fingernails are blue
rather than pink, he is not breathing adequately
and still requires assistance.. You should
breathe air into the victim's lungs each time the
victim himself breathes in. Synchronize your
timing to assist him.

4-26. After either method of -.exhaled-air
artificial respiration has been performed for a
period of time, the victim's abdomen may bulge
from the air blown in the victim's stomach. Air
inflation of the stomach is not dangerous;



Figure 12. With devicefirst step.

however, inflation of the lungs is much easier
when the stomach is empty. If the rescuer sees
the abdomen bulging, he should interrupt
blowing for a few seconds and press with his
hand on the upper abdomen between naval and
breastbone, causing the air to be "burped."
Since this maneuver may cause the victim to
vomit, the rescuer must be ready to roll the
victim's head to the side and clean the throat at
once.

4-27. The drowning victim usually swallows
large amounts of water. When the rescuer
performs the first few breaths of exhaled-air
artificial respiration. the water may be forced
from the stomach into the victim's throat
because of pressure transmitted through the
diaphragm by the extending lungs. The rescuer
must be Mart to this possibility and roll the
victim's head to the side immediately so that the
water and other, materials may drain out.
Exhaled-air artificial respiration should be
resumed as quickly as possible.

4-28. The drowning victim may or may not
have water in the lungs. This water cannot be
removed from the lungs satisfactorily by any
means; however, exhaled-air artificial
respiration will still be effective.

Figure 13. With devicesecond step.
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Figure 14. With devicezthird step.

5. Off-Duty Safety
5-1. A man assigned to a hazardous

operation as part of his daily duty is conscious
of that danger and prepares himself
accordingly. He is also under almost constant
superdsion during duty hours and is told what
he should and should not do to remain alive
and healthy. He knows that if he violates
regulations and directives he will be
reprimanded or disciplined for his wrong
doing. Thus, he is kept in line.

5-2. Now follow this same airman after
hours. He showers, relaxes, and looks around
for some recreation. His carefulness usually
relaxes right along with his body. Perhaps he
decides to go to the hobby shop, play some
sport, or go for a drive. For these activities,
there is no safety officer to caution him; many
times,.there are no posters to warn him and no
supervisor to admonish him. He is strictly on
his own, and, as the facts and figures prove,
often without the ability to handle the
assignment. Let's take a look at some Of the
hazards that might confront ths airman and
what he should do to meet them. This section
will deal with such items as safe driving during
off-duty hours, safety in sports, safe conduct in
the barracks, and safety in hobby shop
activities.

5-3. Safety in Driving. As a source of off-
duty pleasure, the automobile rates top billing
with Air Force personnel. Unfortunately, it is
also their, greatest threat to life and limb. For
example, in 1966 private motor vehicles driven
by Air Force personnel were responsible for
more than 443 deaths and 3,150 disabling
injuries, and those statistics haven't improved
in 1971.

5-4. About one-fifth of all Air Force ground
accidents can be.directly attributed to unsafe
operation of private vehicles. These accidents
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are many times more severe than accidents in
Government vehicles. with injuries reaching
approymately one-third of all ground
accidents. The major contributing factors to
private vehicle accidents include exceeding or
dropping far below speed limits. improper
speeds for road conditions. fatigue and falling
asleep. disregarding traffic controls. driving on
the wrong side of the road. .following too
closely. and unsafe or improper passing. These
causes account for approximately 90 percent of
the unsafe acts of drivers.

5.5. What can you do to reduce the off-base.
off-duty accident rate? First of all. learn the
traffic laws that are in effect in your particular
location. Second. observe these laws strictly.
Consider several factors ragarding the exact
observance of traffic laws.

Never try to travel too far in too short a
period of time. This can be assured by your
adhering to the local travel policies.

Don't continue driving when you are
sleepy or overtired. Remember that when you
have an accident you endanger not only
yourself but the driver and passengers of other
vehicles as well.

Make sure your car is in good mechanical
condition before starting on a trip.
Malfunctioning brakes. lights. and windshield
wipers. as well as badly worn tires. are very
conducive w auto accidents.

Keep in mind that alcohol and driving do
not mix.

Observe speed limits: highways are not
intended to be race tracks.

5-6. You can undoubtedly add many 'more
precautions to the ones listed. So. it' you want
to go on living with a whole and sound body
and have a desire to help others do the same,
drive carefully.

5-7. Safety in Sports. Sports should occupy
a very important place in your Air Force life.
Military planners are becoming more and more
conscious of this fact as a means for helping
people do their jobs better and develop
themselves physically. Among the more
common athletic activities sponsored by the Air
Force. both during duty hours and off duty. arc
swimming, football, boxing. wrestling.
basketball, baseball, track. and golf. When
properly organized and supervised, these
activities do much to train the airman
physically and mentally. However, when
engaged in improperly, they become a source of
danger and often a cause of injury.
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5-8. You will do well to read the Air Force
Sports Manual, AFM 215-2. This Air Force
publication, intended primarily for athletic
directors, will prove itself very helpful to you in
developing an attitude of sports safety.

5-9. Safety in Barracks. At first glance,
barracks life seems to be perfectly harmless.
However, by the very fact that so many different
types of men are living in one building, the
barracks can be a source of a great many
accidents which are not always accidental.

5-10. Horseplay should never be tolerated in
the barracks. During morning cleanups and
G.I. parties, serious injury can be and often is
caused by happy-go-lucky broom and mop
wielders who exhibit their prowess as fencing
experts rather than cleaners.

5-11. Smoking in bed is a practice that leads
to many unpleasant results. Dispose of cigarette
butts in butt cans and not in the center aisle of
the bay. In case of a fire in the barracks, use the
same procedure for extinguishing and reporting
fires as we have already outlined.

5-12. Safety In the Hobby Shop. The base
hobby shop. and most modern bases have one,
is a good place to relax after a day's work and
do something useful and practical with your
spare time. Even though most hobby shops are
built and equipped with a realization that the
using personnel are not fully skilled in what
they are doing, you must still exercise care in
using the equipment provided.

5-13. Carpentry equipment is especially
dangerous. Such tools as motor-driven saws,
power drills, and other wood-shaping
equipment should be used with caution and
according to directives. Failure to do so could
result in irreparable bodily injuries. Here are a
few desirable items which every hobby shop
user should note.

Make sure you are well oriented on the
use of equipment.

Use safety guards at all times.
Make sure the floor around machines is

free from stumbling and tripping hazards.
Keep the floor clear of sawdust and

scraps.

5-14. Bear in mind that hobby shop SOPs
were written fo,r your protection and to insure
that the equipment will fulfill its rated time of
serviceability. It is to your advantage to become
completely familiar with all operating
procedures before you attempt to use any piece
of hobby shop equipment

5-15. At this time work the Chapter Review
Exercise for Chapter 2 in your workbook.
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CHAPTER 3

Maintenance Principles

IN THE MODERN confmunications-
electronics field, operational requirements have
placed unbelievable demands on C-E systems.
Now our equipment must be faster and more
accurate. with pc (. rmance capabilities
unheard of even a decade ago.
Communications-electronics systems must be
capable of providing communications around
the world under all environmental conditions.

2. Basically, reliability must be
manufactured into the equipment,- but another
aspectmaintenancewill affect this
reliability. Poor reliability results in failure,
which jeopardizes the success of the mission;
therefore. equipment has to be designed for
ease of maintenance. But even with all the
methods we now have to reduce the
maintenance effort, complex electronic
equipment must still be maintained by a well-
trained repairman. This is you. You are a vital
contributor to the reliability of the equipment.
You are depended upon to report failures and
to feed back data from which the causes of
failures may be determined. Maintenance of the,
equipment is. of course, your responsibility.

3. Retaining equipment in, or restoriii it to,
a serviceable condition requires the applica-
tion of established maintenance pro .
cedurestroubleshooting and repair. To do
your work, you must thoroughly understand
electronic principles and must become familiar
with the operation of the equipment systems.
You must know proper troubleshooting and
repair principles, and how to use applicable
technical publications such as technical orders,
schematics, and wiring diagrams. (Note: We
discuss technical orders in the last section of
this chapter.) Repair principles include repair
of printed circuits, replacement of transistors,
and cable fabrication. Finally, you must know
how to test the finished job in a minimum of
time.

6. Preventive Maintenance
6-1. The best maintenance is preventive in
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nature, with potential failures being detected
and corrected before they have a chance to
develop. Preventive maintenance consists of the
measures taken periodically or when needed to
achieve maximum efficiency in performance. to
insure continuity of service, to reduce major
breakdowns, and to lengthen the useful lice of
the equinment or system.

6-2. This form of maintenance consists
principally of inspecting, cleaning, and
lubricating equipment during periodic
inspections. It is aimed at discovering
conditions which, if not corrected, may lead to
malfunctions that will require major repair. A
typical example of this type of maintenance is a
requirement for the bearings of a motor to be
lubricated at given intervals. If this is not done,
the bearings may become dry and burn up and
possibly destroy the whole motor and other
associated equipment. Today some motors have
sealed bearings that are permanently
lubricated, but the thought behind the
scheduied maintenance procedures applies to
all electronic equipment.

6-3. Inspection, Cleaning, and
Lubrication. Inspecting, cleaning, and
lubricating electronic equipment is one of the
most important jobs that you have as an
electronic equipment repairman. Most of this
work is done as you perform preventive
maintenance routines. While you are
performing these routines, you should be
continuously alert for potential defects in the
equipment. such as worn parts or overheated
components. Find the cause of these defects,
and correct the trouble. If you perform routines
properly, you greatly lessen the possibility of
future failures and malfunctions.

6-4. Technical manuals of preventive
maintenance instructions outline the step-by-
step procedures to killow when you inspect,
clean, and lubricate equipment. The purpose of
this section is to give you the general principles
upon which these procedutes are based.



6-5. Inspection. One of the most important
steps in performing preventive or corrective
maintenance is a complete visual inspection.
Many defects in electronic equipment are found
this wal.. You must visually inspect the
equipment tor discolored. hurnt. or cracked
resistors and capacitors, loose connections;
loose mountings; faulty tuhes; sluggish or dirty
relays. overheated transformers and motor
housings. and defective insulators. The
importance of the visual inspection cannot be
overemphasized. Make this inspection very
carefidly. Many simple troubles have been
overlooked and their correction has become
time-consuming because someone neglected to
perform the visual inspection properly.

6-6. 'At times potential troubles can be found
by touch As an example, feel the coupling
transformerS. They should be cool even after
the equipment has been operating a relatively
long time, If they are hot. something is wrong.
The transformers in the power supplies should
he rather hot, but not hot enough to burn your
hand.

6-7. During the inspection, carefully note
the areas that will require special attention
when you start cleaning the equipment. Most
dust can be easily removed by a vacuum
cleaner, hut more stubborn dirt. grime, grease.
and corrosion require other methods of
cleaning.

6-8. Cleaning. The first step in cleaning
electronic equipment is to remove all dust, dirt,
and foreign particles with a vacuum cleaner or
compressed air, When cleaning with
compressed air, be careful that it does not
damage fragile parts and be sure that the
alignment is not disturbed by your careless
handling of the air nozzle. Damage can be
prevented by not using excessive air pressure
and by careful handling of the air hose. A soft
dust brush can, be used to some advantage,
provided you exercise the proper care. After the
loose dirt has been removed from the
equipment. use a clean tintless rag moistened
with appmved cleaning solvent to remove
remaining dirt and grease spots.

6-9. Proper precautions must he observed in
thc storage and,.. use of cleaning solvents.
Trichloroethylene is one recommended solvent
for cleaning electronic equipment. Note,
however, that trichloroethylene is toxic and
should be used only in a well-ventilated room.
Where reference is made in technical
publications to the use of carhon tetrachloride
for cleaning purposes. trichloroethylene is to be
suhstituted. Carbon tetrachloride is eight tintes
.15 toxic as trichloroethylene and no more
effective as a cleaner. Trichloroethylene should
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nut be used for cleaning thermoplastics,
"doped" coils, or natural rubber.

6-10. Remove any corrosion found during
the visual inspection. Clean dirty, corroded
tube pins and relay prongs with crocus cloth or
fine ( # 0000) sandpaper and then wipe them
clean with a dry cloth. Clean fuse ends and
cable connector pins in the same manner.

6-11. Lubrication. For lubrication
instructions, use the applicable equipment
technical manuals in your organization.
Equipment technical manuals give you specific
instructions on the type of lubricants to use.
how to apply them, and the intervals at which
they will be applied. The following, however, is
applicable to the lubrication of any electronic
equipment:

Before lubrication, clean all the surfaces to
be lubricated with a lint-free cloth
dampened with a solvent.
Do not overlubricate. Accumulation ot' oil
or grease and dirt may cause serious
damage to movable parts.
Wipe off excess lubricant to prevent its
dripping on electrical parts.

6-12. Climatic Deterioration Prevention.
The purpose of climatic deterioration
prevention is to help prevent arcing. frequency
drift, short circui.ts, and the general
deterioration caused by excessive humidity.
condensation, and the resultant growth tit'
fungus. These are constant threats to electronic
equipment operation. The treatment to
minimize these deteriorating forces is listed in
the USAF publication. AFTO 12-1-3,
Climatic Deterioration Prevention Treatment,
Electronic Test and Communications
Equipment.

6-13. You should be particularly concerned
with the necd for climatic deterioration
prevention in hot, humid areas. Normally, you
will not be required to do this type of work
unless you are performing depot-level
maintenance. But even if you are not allowed to
perform this job in Your unit, you should
recognize adequate treatment and the need for
additional treatment. Some adverse climatic
conditions and their effects are listed in the
following paragraphs.

6-14. Relative humidity. This is a term
describing the relative amount of water vapor
in the air. It is usually expressed as a percentage
of the total amount of water the air can hold at
a given ,temperature. Thus. 50 percent means
the air contains one-half the total wafer it can
hold. and 100 percent means it contains all it is
capable of holding. Air can hold more water as
its temperature increases. In tropical areas the
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relative humidity varies between 60 and 100
percent. This high humidity accounts foi the
condensation of moisture, or sweating, on
various parts of radio and radar equipments
when they undergo temperature changes.
Condensed moisture on insulating materials
reduces their insulating qualities and results in
arc-over and shorts between terminals. The
water vapor may also be absorbed by the
insulation. The treatment described later slows
down the absorption of moisture and keeps
condensation away from the terminals. High
humidity also causes corrosian of metals. Other
sources of moisture include fog, salt spray, and
rain, which cause similar deterioration of
insulation.

6-15. Teinporwure. In general. equipment
may encounter extreme temperatures. ranging
from 65° F. to a maximum of 135° F., under
various conditions of high humidity, fog, rain,
salt spray. salt air, cold, insects, fungi, dust, etc,

6-16. Variations of temperature cause
moisture to be breathed through any small
cracks, pinholes, or vents in the eguipment. As
the temperature rises, the aif inside a piece of
equipment expands and is expelled, in part.
through the openings and vents. When the
temperature falls, the air inside the equipment
contracts, and outside air is admitted through
al4 openings and vents. The moisture which is
breathed into the equipment destroys the
insulating qualities of dielectrics and corrodes
the metal. Keeping the filaments turned on
helps keep equipment dry. This method,
however, depends on local policy and
conditions.

6-I.". Fungus. This is a form of plant life that
feeds on materials of vegatable and animal'
origin, including paper, cotton, and such things
as dead insects and other fungi. It may be
spread by wind, dust. dirt. and insects such as
ants. flies, and mites. Growth may take place on
materials other than those of organic origin if a
spot of dust or other nutrient substance is
present. Fungi thrive in high humidities and
temperatures. Fungus growth causes decay.
accelerates the deterioration of insulating
materials, and short-circuits items such as
relays. jacks. and keys. A fungicidal compound
in the coating material used in climatic
deterioration treatment retards the growth of
this fungus.

6-18. Some of the effects of moisture and
fungi are contained in the following list. Be
familiar with the effects of moisture and fungi
on materials and parts. Read and study this iist
eprefully.

Moisture causes swelling that may move
the supports out of alignment. resulting in
binding of parts.
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Moisture provides elect mai. leakage
paths. caUsing flashover and crosstalk.
Fungus growth reduces resistance between
parts mounted on plastic to an extent
where th e. item is useless._

o Rotting caused by moisture destroys-.
tanning and protective materials.
.High temperature and moisture vapor
cause rapid corrosion.
Different metals having different
potentials cause electrolysis when
moisture is present.

6-19. Chmatic Deterioration Treatment.
There is a preventive treatment which, if
properly applied to electronic equipment,
provides a reasonable degree of protection. It
guards against fungus growth, moisture,
corrosion, salt spray, insects, cold, desert heat,
etc. The treatment consists of using an
approved lacquer or varnish coating applied
with a spray gun and/or brush. A brief
description of the procedure in the proper
sequence is as follows:

Make all repairs and adjustments
necessary for the proper Operation of the
equipment.
Disassemble the equipment and strip It as
far as necessary: to reach inaccessible
points.
Clean all parts thoroughly of dirt, dust,
rust, and fungi. Cover parts such as air
capacitors, relay contacts, and open
switches with masking tape.

Dry equipment thoroughly to dispel
moisture that the circuit elements have
absorbed.
Spray all circuit elements with two or
three coats of protective compound.
Allow equipment to dry; it must not
remain tacky.
Remove masking tape and touch up with a
brush all points misSed by the spray.
Reassemble the equipment.
Retest, readjust. and realign the
equipment; mark all sets with MFP
(moisture fungi-proofed) to show that
they have been treated.

7. Corrective Niaintenance

7-1. Corrective maintenance is defined as
"returning equipment io operational status or
serviceability." Obviously. this .return to
operational status first requires locating and
repairing the trouble in the equipment. Sin,:e
location of troubles is commonly referred to as
-troubleshooting." corrective maintenance can
be more completely defined d s
-troubleshooting kind repairing electronic
equipment.- Corrective maintenance
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procedures are outlined in the appropriate
equipment manuals. A more detailed discussion
of testing principles appears in the TO
31 I 141 series. Basic Electronics
Technology and Testing Practices.

7-2. Because your career field includes a
large number and variety of equipments, we
shall not discuss how to apply corrective
maintenance to specific equipment. Instead, we
shall discuss generally the principles of
corrective maintenance. You must know
something about basic measurements, the
availability of troubleshooting data,
troubleshooting, repair. alignment, and
performance testing.

7-3. Basic Measurements. In order to
perform checks (performance tests) and
troubleshooting, the repairman must be
thoroughly familiar with the principles and use
of test equipment. You must apply all the basic
measurement principles required in doing
corrective maintenance. You must be able to
measure voltage, current, resistance,
waveshapes. frequency. power. modulation.
standing-wave ratio, and field intensity, and to
test electron tubes. Checklists for minimum
performance standards, contained in technical
manuals, prescribe the required standard to be
followed. These tests are an inherent part of
troubleshooting and should be used whenever
possible.

7-4. In corrective maintenance, you
troubleshoot in order to locate the defective
system, component chassis, circuit, and, finally,
the defective part. After replacement or repair,
you must test the unit (or the system), and apply
the performance-testing criteria. Therefore, it is
imperative for you. the repairman, to learn how
to make all the different measurements. The
order in which the basic measurements are
given is not a specific order of preference. Any
measurement can be a first step, depending
upon your ability to azalyze the existing
probJems and then to correct them.

7-5. Voltage and current measurements. In a
properly operating electronic circuit. the values
of voltage and current in the circuit fill within
certain specific limits. Hence, a voltage or
current measurement can given us an excellent
clue as to the cause of a malfunction.

7-6. Point-to-point voltage measurements.
compared with available voltage charts. help us
to locate troubles quickly and easily. The
repairman should keep in mind that. in certain
cases, a voltmeter (particularly one of low
sensitivity used on a low range) may distrub
some circuits to such a degree as to render them
inoperative. As a rule, current measurements
are not often taken in the course of testing.
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unless the ammeter is an integral part of the
equipment under test.

7-7. Resistance measurements. Because
resistance measurements are valuable when you
are locating trouble, many maintenance
manuals contain point-to-point resistance
charts that are referenced to points in the
equipment. Without these charts our resistance
measurements in a complicated circuit are slow
process. Sometimes we must unsolder one side
of a particular resistor in order to prevent
erroneous readings. Two precautions to be
taken when an ohmmeter is used are: (1) the
circuit under test must have all power removed,
and (2) any meters, tubes, or tansistors that may
be damaged by the ohmmeter must be removed
before any measurement is undertaken.

7-8. Waveform measurements. Waveform
measurements are very important, and are
applicable to all electronic devices. It is
necessary that you know the waveforms
associated with a circuit. After observing these
on an oscilloscope, you can determine whether
the circuits are operating normally. You must
remember, however, that all oscilloscopes have
certain limitations. You must know these
limitations before you can properly evaluate
the waveshapes.

7-9. Frequency measurements. It is very
important that receivers and transmitters be
accurately set to their assigned frequencies.
Setting a transmitter or receiver to a specific
frequency is generally done with a frequency-
measuring device. There are several types of
frequency meters, some more accurate than
others. Quick frequency checks are generally
make with a simple resonant-circuit wavemeter.
We will discuss frequency meters in more detail
in Chapter 5 of this volume. Since the
wavemeter is very sensitive, it is very useful in
determining the fundmental frequency in a
circuit having multiple harmonics.

7-10. In the UHF band, the extremely small
values of capacitance and inductance required
for resonance make it necessary to use either a
resonant-cavity or a resonant coaxial-line type
of wavemeter. Since both the resonant-cavity
and the resonant coaxial-line type wavemeter
absorb less energy from the circuit under test,
these wavemeters are more accurate than either
the reaction or theathe absorption types. If
either is calibrated against a primary frequency
standard, you may use it as a secondary
frequency standard.

7-1 I. Another method of measuring ultra-
high frequencies makes use of a Lecher line. A
meter indicates the peaks (or nulls) of a
standing wave that appears on a folded wire or
bar (Lecher line) that is resonated to that



particular frequency. The distance betweeo the
peaks (or nulls) is measured, and the
wavektIth is calculated.

7-1 2. Po w e r measurements. The
measurement of DC power and low-frequency
AC power presents little or no problem to the
electronic repairman. Rut, as frequency
increases, you need- a variety of power-
measuring instruments and a knowledge of
their operation and application.

7-13. In the course of routine rnaintenanCe,
power-level and power-output measurements in
the audio-frequency range have to be made.
These measurements are generally expressed in
decibels (power ratios). The decibel indicates
the power in a circuit with respectto zero or to
a standard reference level. The power output of
a transmitter is generally measured with a
thermocouple ammeter in conjunction with a
dummy load. Absolute power is not measured
often, since routine operating indications
provide enough information about transmitter
performance. In the UHF portions of the
spectrum, power is measured with a meter
employing a temperture-sensitive- element or
bolometer.

7- I 4. Modulation measurements. When
intelligence is superimposed on an RF carrier,
a phenomenon known as modulation takes
place. RF may be modulated in amplitude.
frequency, or phase. Each method of
modulation has certain advantages over the
others. However, at this point we are concerned
with measuring the degree of modulation.

7-15. The transmitter carrier is adjusted so
that efficient modulation takes place. ,When the
percent of modulation is low, the transmitter
efficiency is not fully utilized; when it is high
(in excess of 100 percent), serious distortion
results. Precise amplitude-modulation
measurements are made with an oscilloscope.
They may show the actual modulation envelope
or a trapezoidal pattern, depending on the
method of connecting the oscilloscope to the
transmitter under test.

7-16. Standing-wave ratio measurements. As
you recall, these measurements are useful for
the purpose of repair, preventive maintenance,
checking, and making adjustments to
transmitters. A transmission line that is not
terminated in its characteristic impedance has
standing waves of voltage and current along its
length. These are caused by reflections
occurring at the end of the line. The reflected
wave varies continuously in phase in much the
same way that the incident wave varies. At
points a half-wavelength apart, the voltage .is
maximum. At points one-quarter of a
wavelength from each voltage maximum, there
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is a voltage minimum. The ratio of the
maximum to minimum voltage is known as the
voltage standing-wave ratio (VSWR), or
frequently. the standing-wave ratio (SWR). A
:.;gh SWR indicates a poor impedance match
which results in a loss of power in the line, and
a low SWR indicates a good match with low
loss in the line. An SWR of I:1 is perfect and is
seldom obtained.

7-17. Field intensity measurements. The
magnitude of a radio wave at a given point is
known as the field intensity or field strength of
that wave; it is usualiy measured in millivolts or
microvolts per meter. The field strength of a
radio wave is determined by measuring the RF
voltage induced into a receiVing antenna.

7-18. Several types of test equipment for
measuring field strength (known as ratio test
sets and field strength meters) are available for
each frequency range. They make it possible to
measure either the relative or the absolute
magnitude of field intensity produced by an
excited transmitter antenna. They also enable
us to determine the efficiency and the
directivity characteristics of the.antenna. These
measurements are useful when we are (1)
selecting transmitter antenna sites. (2) making
surveys of field intensities, and (3) locating
sources of radio-frequency interference.

7-19. The measurement of relative field
strength can be made with rather simple test
equipment; sometimes a grid-dip meter will
suffice. Other test equipment circuits use a
pickup antenna. a diode (or crystal). and a
microammeter. With this type of equipment. the
meter reading indicates the relative strength of
the field acting on the pickup antenna; it is not
directly proportional to the field intensity
(because of the nonlinearity of the crystal).

7-20. Troubleshooting Data. When
troubleshooting. you must use all available
resourcessuch as specific data on your
equipment (this data is found in TMs).
measurement techniques, and personal
experience of fellow workers. The technical
manual for a particular unit or set contains a
detailed explanation of the theory of operation
of each circuit in the unit, block diagrams.
practical wiring diagrams, and schematic
drawings of each circuit. It shows the locations
of test points and the readings (voltage and
resistance) or waveshapes that should he
present. The TM also contains troubleshooting
analysis charts, alignment, and minimum
performance checks.

7-21. Diagrams, The block diagrams show
the mechanical and the electrical
interrelationships between the stages in the
systems. You must become thoroughly familiar
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Figure 15 Vacuum tube, plug. and connector numbering system.

with block diagram analysis in order to
properly apply troubleshooting principles.

7-22. Schematic diagrams include all
components and show all the connections
(power. input, and output) to other units. They
are shown in boldface type in the list of
illustrations of TMs so that they can be located
rapidly. These diagrams will greatly aid you in
locating faulty components,

7-23. Socket and connector data. Viewed
from the bottom, pin connections on tubes and
tube sockets are numbered in a clockwise
direction, as viewed in figure 15. If viewed
from the top. they are numbered in the
counterclockwise direction. For example, on
octal sockets the first pin clockwise from the
keyway is pin I. Pin numbers appear both on
the schematic and the wiring diagrams so that
any tube element can be readily located. Figure
15 also shows an example of a tube and its
socket, which are counted from right to left of
the red dot.

7-24. Figure 15 is an example of a typical
plug connector. Generally, plug connectors are
numbered on the side to which the associated
connector is attached. To avoid confusion,
some individual pins are identified by letters
which appear directly on the connector.

7-25. The voltage and resistance charts
contained in the equipment technical orders

show the normal voltage and resistance values
at the pins of the connectors and tube sockets.
Figure 16 is a typical chart showing the
measurement values at each connection. When
taking meter readings, you must comply with
all information contained under "NOTES."

7-26. Component illustrations. In the
process of troubleshooting, it is sometimes
difficult to locate components. Front, top, and
bottom views aid us in locating and identifying
parts. The illustrated parts breakdown
contained in technical orders presents a
pictorial view of all components in the unit. An
example of a pictorial illustration is shown in
figure 17. The information contained therein is
required when ordering parts. Pin connections
at tube sockets, plugs, and receptacles are
numbered or lettered on the various diagrams.

7-27. Troubleshooting. A communications-
electronics equipment repairman is like a
detective. He must find out whether or not a
piece of equipment is working properly. And if
not, why not. When you run through a
performance test, you are looking for clues to
tell you how the equipment is operating. If you
discover that the operation of the equipment is
not up to the standards, or if trouble has been
reported. you must continue your detective
work. Troubleshooting is a process of
el: -nination. There are indications that give
definite clues as to where the trouble may be.
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Figure 16. Voltage and resistance measurements.

Begin by eliminating as many components or
circuits as your observations have shown to be
operating properly. Some parts can be
eliminated by the symptoms alone, while
elimination of others may call for the use of test
equipment. Regardless of the methods used,
every part eliminated brings you closer to the
source of the trouble.
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7-28. You will find troubleshooting analysis
charts in your equipment technical manuals.
These cover the malfunctions that have beer
found to occur over and over again in that
equipment. In addition to these common
troubles that have been covered in the
troubleshooting charts, you will find many
troubles peculiar to the specific set (or system)
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on which you are working. The unusual
problems force you to use your information
resources and your experience to solve them.
Every malfunction requires a thorough analysis
as a part of the troubleshooting procedure. This
is a challenge you must be prepared to accept;
only on your own initiative can you succeed.
We have described some of the resources you
can use in your analysis. In addition to using
these resources, you must know how to use the
test equipment.

10

L

7-29. You must be able to recognize any
symptoms of troubles (detected through routine
checks or as reported). Failure to do so may
result in the loss of many man-hours. Without
intensive observation of equipment, the first in-
dications of trouble may be overlooked. Many
troubles can be spotted through indicator
presentations, equipment meter readings, and-
performance reports. Some troubles such as low
receiver sensitivity, however, are not readily ap-
parent and must be detected by periodic per-

CP05A3KC104K CAPACITOR, FIXED, PAPER DIELECTRIC (mIL-C-25A)
2 REI3C4-17 RESISTOR, FIXED, FILM, 56.000 OHMS 1, 1 w 2
3 RC20OF101J RESISTOR, FIXED, COMPOSITION (MIL-R-11C) 2

RC2OGF203.1 RESISTOR, FIXED, COMPOSITION (mIL-R-11C) 1

5 Cm15C750J CAPACITOR, FIXED, mICA DIELECTRIC (mIL-C-5A) 1

6 Cm1513150K CAPACITOR, FIXED, MICA DIELECTRIC (mIL-C-5A1 2
RC2OGF633J RESISTOR, FIXED, COMPOSITION imiL-R-11C) 1

8 RC2OGF2231 RESISTOR, FIXED, COMPOSITION ImIL-R-11C) 2
9 4C2OGF362.1 RESISTOR, FIXED, COMPOSITION imIL-R-11C) 1

10 RC42GF6831 RESISTOR, FIXED, COMPOSITION (mIL-R-11C) 2
TI RE13C4-10 RESISTOR FIXED, FILM, 270,000 OHMS in, 1 2 'or 1

12 Cm1S8100( CAPACITOR, FIXED, MICA DIELECTRIC 1

11 RE i3C4-21 RESISTOR, FIXED, FILM, 620,000 OHMS I:, 1 2 w 1

0.415C121J CAPACITOR, FIXED, MICA DIELECTRIf: (mIL-C-SA) 1

Figure 1 7 Component illustration,
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formance checks. To minimize downtime
(inoperative period), you must develop a system
of troubleshooting. This should include
examination of all available equipment records,
evaluation of operator's comments, and
performance of operational checks when
possible.

7-30. Locating the trouble is usually the
most difficult step in corrective maintenance
and is therefore the one to which we give the
most emphasis. A mechanic's troubleshooting
technique is based on his knowledge of the
operational standards and diagrams of the
equipment. So, as part of the technique, you
must be able to read and understand technical
literature, such as cabling charts, schematics,
block diagrams, and voltage and resistance
charts.

7-31. The troubleshooting chart, shown in
figure 18. illustrates the proper troubleshooting
principles. This chart will help you develop a
systematic method of troubleshooting. First, by
observation and by making performance
checks, you eliminate all the subsystems which
are functioning properly. Next, by further
analysis. isolate the trouble to a subsystem.
Then trace or isolate the trouble to a circuit,
and from there to a specific part or parts. This
is done through further analysis, visual in-
spections. tube testing, waveshape and voltage
measurements, and finally, resistance
measurements. Some of the necessary literature
and test equipment required are shown in the
chart.

7-32. Figure 18 shows that the first step of
troubleshooting is trouble detection and
isolation to a subsystem. To do this, you must
understand the performance standards, know
how the equipment is operating, and be able to
recognize symptoms.

7-33. Having located the trouble in a par-
ticular subsystem. you are now ready to isolate
thc trouble within that portion of the equip-
ment. The subsystem may consist of many units
or components. In the next step (block 2 of fig.
18). you localize the trouble to a major
subgroup or unit.

SIGNL.
INPUT

*-6N-6101
ST AGE

2
a sTce

3
STGE

7-34. Isolation of the specific circuit begins
after you have localized the trouble to a unit. A
common technique of isolating the trouble is
the half-split method. You can apply this
teihnique to almost any situation. The object is
to isolate the defective stage as rapidly as
possible. We will use the block diagram of an
electronic system in figure 19 to illustrate this
practice.

7-35. Stage I is the signal source, and the
output is taken from stage 8. If the indicated
trouble is no signal output, the first point to:
check would be point D. This checkpoint is
located at the center of the chain. If the signal
is present in the output when the appropriate
signal is injected at poin, D, stages 5 through 8
are therefore eliminated. The second check-
point is B. This usually divides the remaining
section. If no signal is in the output when the
signal is injected at this point, the trouble is
isolated to stage 3 or 4. When the trouble has
been isolated to one stage, check the com-
ponents there, using the schematic diagrams.
Had there been no output when the proper
signal was injected at point D, the trouble
would have been somewhere between stage 5
and the output.

7-36. An oscilloscope, multimeter, or signal
substitution is generally used to isolate the
trouble to one stage. If a tube is involved, it is
usually checked first, or a tube known to be
good is substituted in its place. If the tube
proves to be good, additional checks are made,
using an oscilloscope or voltohmmeter.

7-37. To aid in these final checks, technical
manual references should be used. In some
cases a schematic is all that is necessary; in
others, voltage charts, resistance chart, or
waveforms may be needed. However, there is
no substitute for good, logical thinking. The
important things to remember are:

Use your block diagram.
Narrow the trouble down as far as
possible with indications from the equip-
ment itself.
Look for the most common troubles (bad
tubes) first.

ST AGE
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Figure 19. Typical half-split method
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In most cases, check voltages or
waveshapes before measuring resistinice.
Most important, think it out and andlyze
the symptoms carefully before remr:ving
components. A little effort in this direc-
tion can save a lot of time and labor.
Check your records. Do not overlook the
importance of your fellow workcr's
previous experience. This same trouble
could have happened to him.

7-38. General Repair. Since each repair is
an individual problem and differs from the
previous one in some respect, it is almost im-
possible to set up a routine or a production-line
technique and adhere to it. There are certain
principles, however, that should be followed in
all cases if you are to complete the repair with
the least arriount of time and expenditure of
parts. Let's discuss two of the principles that
apply to general repair.

7-39. Look phase. When a piece of equip-
ment needs repair, clean it first. Remove all
foreign matter and dry the equipment
thoroughly. By reviewing the. section on
preventive maintenance in this chapter, you
will become more familiar with the methods of
cleaning electronic equipment.

7-40. Since operating symptoms usually in-
dicate the source of trouble, understanding
them shortens your work in repairing the equip-
ment. Such symptoms should be described on
the AFTO Form 349 or 350, which is placed on
the equipment by the repairman. These forms
will be discussed in the next section of this
manual.

7-41. Before you start the actual repair, give
the equipment a thorough visual check and
replace all of the damaged parts. This will sim-
plify your work. If this is a piece. of equipment
that you know well, you may easily spot defects
during the visual check.

7-42. Replacement of parts. A replacement
part should occupy the same position as did the
original, and should be an exact duplicate of
the old part. When a part is to be replaced, it is
necessary to check the reference symbol in the
schemati.; and the illustrated parts breakdown
technical manual. The illustrated parts break-
down technical manual contains information
you need to order the parts.

7-43. When an exact replacement is not
available, however, use a part which is in ac-
cordance with the description of the original in
the maintenance parts list or the appropriate
stock catalog. Even though a part may have the
same electrical value as the original, if it differs
in physical size, it may cause trouble in high-
frequency circuits.

7-44. In replacing parts, use the same ground
point as did the original wiring. before un-
soldering a part, note the position of the leads.
if the part (such as a transformer) is to be
removed, tag each of the ieads. In addition, you
should draw a simple circuit diagram before
you remove any parts. Be careful not to damage
other leads or components by pulling, pushing,
or burning them.

7-45. Circuit Alignment. It should be clear
that it is impossible (or very impractical) to
manufacture electronic components with no
variations at all in the values. And, of course,
you also understand that aging of parts,
climatic conditions, vibrations, etc., may cause
the values of components to change. Because of
this, variable components are provided in some
tuned circuits that require circuit alignment.
Thus, by a slight retuning or adjustment from
time to time, the optimum performance
specified in the maintenance manuals or by the
manufacturer may be attained.

7-46. Reduced sensitivity or reduced output
may indicate a need for alignment; however,
alignment should not be undertaken until the
equipment has otherwise been checked out.
Every piece of equipment that is operating
poorly requires maintenance, but it does not
follow that every piece of equipment that needs
maintenance also needs alignment. However,
repairs that require the replacement of com-
ponents or the redressing of wiring may make
subsequent alignment necessary. Therefore, you
should not attempt alignment until all troubles
have been cleared and all defective parts
replaced. It cannot be stressed too highly that
before alignment is attempted, all available in-
structional or maintenance literature should be
carefully consulted.

7-47. Performance Testing. A performance
test is a check made to determine the condition
or the operating efficiency of the equipment.
The first checks are performed when the equip-
ment is initially installed. Such checks will con-
tinue to be performed periodically (at the
beginning of each shift, for example), at the
conclusion of either preventive or corrective
maintenance, and at any other time there is
reason to believe the equipment is operating
below accepted standards. At these times it is
necessary that you check the equipment against
the indicated performance standards in the
technical manual, using the proper test equip-
ment. While these checks do reveal improper or
defective operating circuitry, in many cases a
simple adjustment will correct the malfunction.
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8. Repair of Printed Circuits and
Transistor Replacement
8-1. The printed circuit assembly is a com-

paratively recent development in the electronic
field. Printed circuits have replaced con-
ventionally wired circuits in practically all ap-
plications.

8-2. Print circuits are easy to
troubleshoot. since all leads can easily be seen
and the circuit components are readily ac-
cessible. Generally, the measurements of com-
ponents can be made from the component side
of the board.

8-3. This section deals with the general
repair of printed circuits and not with specific
equipment. Before you begin repair of printed
circuity in specific equipment, read the ap-
plicable technical manuals. The quality control
directives pertinent to a particular system will
also govern methods of repair as you will see in
the next section.

8-4. Types of Printed Circuits. A true prin-
ted circuit is a pattern comprising printed
wiring and printed component parts, all formed
in a predetermined pattern. There are several
types of printed circuits, some of which are
listed below.

Chemically deposited. Formed by the
reaction of chemicals in an applied electrical
field.

Embossed foil. Formed by indenting a
metal foil into an insulating base and removing
the unwanted raised portion.

Etched. Formed by chemical or chemical
and electrolytic action. and removal of the un-
wanted conductive material.

These printed circuits mentioned are only a few
of many. We shall not try to explain all of them.

8-5. PrecautiOns. Printed-circuit bases.
made from fiberglass laminates or some other
plastic materials, are delicate in comparison to
metal chassis and must be handled accordingly.
Some precautions are:

Be careful in removing and installing
printed-circuit assemblies.
Carefully remove separable component
parts. Undue flexing may break the con-
ductive pattern.
Avoid excessive deposits of solder which
may cause short circuits.
Use the least amount of heat possible for
conductor repair.
Always use a heat sink for removal and
replacement of components.
Use small tools and handle them
properly:

8-6. Circuit Tracing. Circuit tracing of the
printed-circuit assembly is generally simpler

than that of conventional wiring, because of the
uniform layout of the conductors in a printed-
circuit assembly. Printed-circuit assemblies
have the path of the conductive pattern painted
opposite the component side. Here, on this op-
posite side. the component is marked with the
schematic symbol to aid in troubleshooting.
The latest assemblies have test points with the
appropriate voltage readings indicatee Some
bases are translucent. and a 60-watt lamp
placed opposite the side being traced will help
you to locate connections.

8-7. Tube socket test adapters may be used
to measure the voltage while the equipment is
in operation. The adapters let you get to each
pin socket without damaging the printed circuit
circuitry.

8-8. Resistance or continuity measurements
of coils, resistors. and capacitors can be made
from the component side of the assembly. The
voltage measurements can be made on either
side of the panel, but on the conductor side, a
needlepoint probe should be used.

. 8-9. Removal and Replacement of Com-
ponents. The removal and replacement of
defective components on a printed-circuit
board is not difficult. but it does require a cer-
tain amount of care because of the fragile con-
struction of the board. Misuse of a soldering
iron or the use of improper handtools can
result in the need for complete replacement of a
printed-circuit component repairs involve the
removal and replacement of resistors and
capacitors.

8-10. How components are mounted. Com-
ponents may be mounted on printed-circuit
boards in the following ways. Each type of
mounting 'may require slightly different
techniques in the removal.

The component lead is cold formed into a
tapered pin that is pressed into a plated
hole and soldered.
A tapered wrap is swaged to the
component lead and then inserted.
The bare component lead is passed
through an eyelet and soldered.
Cold wire wrap secures component to the
terminal pins.

8-11. Recommended tools. The tools used to
repair metal chassis are not practical in the
repair of printed circuits. Printed circuits are
small and should be repaired only with small
tools. Although many diversified tools might be
used for the various special jobs, here is a list of
those tools most frequently used.

Printed circuit board repair vise.
Heat sink.
Long-nose pliers.
Soldering aid with forked end.
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37-watt soldering iron with iron-clad tip.
Stiff wire brush.
Diagonal cutters.
Cleaning solvent.
60/40 solder.
Wiping cloth.
Solder sucker (coaxial-type braid soaked
in liquid resin).

8-12. Troubleshooting and repair aids.
There are many things that may aid you in the
troubleshooting and repair of printed circuits.
The most important "aid" is to practice good
common sense. The following items will help
you in the repair of printed circuits.

Magnifying glass. Aids in locating very
small breaks in the conductors.
Needlepoint probe. An aid in
measurements, since the varnish coating
on the circuit must be broken through if
you are to make proper contact.
Light. Facilitates circuit tracing if the
board is translucent.
Silicone resin varnish. Repaired areas
should be cleaned and then recoated with
silicone resin varnish for protection
against shorts.

8-1 3. Service terminal component
replacement. Replacement of resistors and
capacitors may be done in either of two ways.
The faulty component can be cut away from the
board and the leads remaining on the board can
be reshaped for use as soldering terminals for
the new component. In the second method the
defective component and its leads are com-
pletely removed from the board and the new
component, soldered into its place on the
board. The first method is more commonly
used because it is easier to do under normal
maintenance conditions and offers less chance
of heat damage.

8-14. The steps in repairing printed circuits
in this manner are listed below and shown in
figure 20.

CLiPPED
'LEA:

SERVICE .
7 ERmINALL`2-'-"---:-----r NE* CCMPONENT

SERVICE
ERAINI.i. r"-

BENG NEN COmPONENT
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NEW COMPONENT ATTACHED
TO SERVICE TERMINAL

SERViCE TERMINAL CRIMPED
TO CLIPPED LEAD

A

Figure 20 Service terminal method.

Remove the defective component by clip-
ping :he lead 3/16 of an inch from Pile top of
the terminal wrap.

Straighten the pnds of the clipped leads.
Clean each lead.
Slide the service terminal ltig (as shown in

fig. 20, detail A) over the clipped lead. Tne tip
of the clipped lead must be flush with the top of
the service terminal. Clip off any excess lead
material and crimp (squeeze) the service
terminal lug to the clipped lead.

Cut the new component leads to length so
that the tip of the lead is at least flush with the
service terminal lug to be crimped, as indicated
in figure 20, detail B.

If the component is a solid-state device or
precision resistor, a heat sink, similar to the
one shown in figure 21, must be used.

Solder the service terminal lug with a
suitable well-tinned iron and a minimum
amount of solder.

8-15. CAUTION. Care must be used to
avoid applying heat to the printed-circuit board
or the component.

8-16. In reattaching a comPonent that has
been clipped on one end only, the service
terminal lug should be rotated 180°.

8-17. Complete component replacement.
This second method of removal and
replacement of defective components is more
difficult than the first; it requires more precise
work, but it is a neater and more effective
method. Thc complete removal and
replacement of a defective component is usually
done by depot level maintenance. personnel.
Listed below are the more important steps for
complete replacement of a detective
component.

(1) Secure the printed circuit board in a test
jig or vise type of gripping holder.

(2) Grasp the lead on one end of the
defective component with the forked end of the
soldering aid. This should be done as close to
the component's body as possible. If you have
any doubts as to whether or not the component
is defective, place a heat sink on the lead as
close to the component as possible.

(3) Apply the soldering iron to the
component lead (on the side of the heat sink
away from the component), being especially
careful not to acutually touch the eyelet
through whieh the lead is soldered.

(4) When the solder within the eyelet begins
to flow, use a gentle lifting motion with the
soldering aid or heat sink to remove the
component lead front thc eyelet.

(5) Repeat the preceding steps on the other
lead of the component. Clean both eyelets; be
sure to remove all traces of resin.
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Figure 21 keat sink.

(6) Stiape the leads of the new component to
match those of the faulty component just
removed. Insert the component leads into the
eyeiet.

(7) Hold the new component with a pair of
long-nose pliers (or use a heat sink) to protect
the component. Apply the soldering iron to the
component lead and allow solder to run into
the eyelet.

(8) Turn the board over and make sure the
soldered connection is secure. There should be
a small solder bead formed. Be sure to do all
soldering operations in as little time as
possible. since excessive heating causes the
printed wiring to tear loose from the phenolic.

(9) Repeat the two previous steps to secure
the other lead.

8-18. NOTE: When using the long-nose
pliers as a heat sink, wrapping a rubber band
around the handles to hold them closed around
the component lead makes it possible for you to
use both hands in soldering.

8-19. Wire Wrap Connections. There are
many different types of wire connections that
you will be required to make. It is beyond the
scope of this course to show all the types, but
we will show you some of the more commonly
used wire wraps.

8-20. Eyelet terminal wire wraps. To replace
a wire lead into an eyelet, use the following
procedure:

(1) Strip and tin leads to be connected.
(2) Insert lead into eyelet (see fig. 22).
(3) Wrap the lead around the terminal and

crimp it to provide a good electrical
connection. Several satisfactory wraps are
shown in figure 22, detail A.
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8-21. Terminal wire wraps. These are much
the same as eyelet connections, except that the
wire is wrapped around a turret. To use this
type of wrap, follow this procedure:

Strip and tin the leads to be connected.
Wrap the lead around the terminal turrent

as shown in figure 22, detail B. Make at least
one and not more than two complete turns
around the terminal. NOTE: Jumper leads are
connected to the lower portion of the terminal
while the components are connected to the
upper portion.

Solder the lead to the terminal.

8-22. Old lead wrap. When replacing a
defective component and using the remains of
the old leads as connections, clean the old lead
wire wrap to provide a good electrical
connection. The following procedure is the
best.

Remove the defective component by
clipping the lead approximately 1/8 inch from
the component body.

Straighten the leads remaining on the
board.

Clean., the leads to assure a good
connection.,

With needle-nose pliers, bend into loops
the leads remaining on the board.

Insert the leads of the new component as
shown in figure 22, detail C, and solder the
connection,

8-23. New component wrap. The new
component wrap method is much the same as
that shown in figure 22, detail C. The
following steps result in a good electrical
connection when you are installing the new
component:

J
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Figure 22. Wire wrap connections.

(1) Remove the defective component by
clipping the leads 1/8 inch from the old
component body.

(2) Straighten the leads remaining on the
board.

(3) Clean the leads to assure a good
connection.

(4) Center the new component between the
clipped leads and wrap the component leads
around the clipped leads as shown in figure 22,
detail D.

(5) Crimp the component lead to the clipped
lead to provide a good connection. Remove
excess wire.

(6) Solder the new connection.
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8-24. Repair of Printed-Circuit Boards.
Cracks and crazes (surface separations that do
not extend completely through the body of the
board) are considered for repair only if all the
following conditions are met: (1) The crack
must not run under, or appear to run under, a
conductor on either side of the board. (2) No
single crack can be more than 5/8 inch in
length. (3) there will be no more than two
reparable cracks on a board. (4) no cracks may
originate at either of the mounting edges or
from the other edges of the board to within 1

inch of either mounting edge. (5) No cracks
may extend in a line parallel to the mounting
edge of the board. If the printed-circuit boards
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are not damaged to a point beyond repair. they
should be fixed. A crack in the base can allow
moisture to collect and form unwanted
conductive paths between the conductors. To
prevent this, the cracks must be sealed. This can
be done by using an epoxy-resin compound
applied as follows:

Secure board so that it will be held steady.
Use proper size equipment.

Drill a small hole at each end of the
crack. This prevents the crack from extending.

Open the crack on both sides of the base
material, using a saw, .a gouging tool, or a knife
to a depth sufficient to receive the epoxy-resin.

Clean the open crack and the surrounding
area with an approved solvent or by scraping
with a knife.

Apply the ready-mixed epoxy-resin
compound and allow the air to cure it for
approximately 24 hours.

Reclean the surface and varnish the
repaired area.

8-25. In addition to the repair of cracked
printed-circuit boards, you should have some
idea of how to repair raised foil when it is
damaged beyond serviceable condition.
Remember to handle printed-circuit assemblies
carefully and to use a low-wattage soldering
iron and low-temperature solder.

8-26. There are two methods that can be
used in the repair, depending upon the size of
the damaged area. If the break is small, as
shown in figure 23, details A and 13, in both
sides of the break, then flow solder across the
open area.

Figure 23, Open conductors.

8-27. Figure 23, detail C, shows a larger
break in the foil. Tin both sides of the break;
lay a piece of solid hook-up wire across the
opening and solder it to each side of the break.
Bare wire may be used if the break is not too
large.

8-28. In WM instances where the break is
large, it may be more feasible to **jump" the
damaged area. This may be done by installing a
wire from one component eyelet to the next in
series.

8-29. If the printed circuit foil becomes
raised from the board as shown in figure 24,
clip off the raised section. The repair of the
clipped-off foil then would be the same as
repairing an open conductor, as shown infigure
23, details B and C, depending on how large
the raised area is.

Figure 24. Raised foil repair.

8-30. Transistor .Replacement. Special
emphasis should be placed on our discussion
'regarding replacement of transistors. In many
instances, these components are mounted very
close to the printed-circuit board. This
closeness in itself makes a difficult situation,
which is compounded by the fact that the
transistor can be damaged by the application of
excessive heat. In view of this, special
precautions must be taken when a transistor
must be replaced. Some transistors have socket
connections much like a regular vacuum tube
which, of course, makes the replacement very
simple. However, the type that is most
commonly used must be soldered in place. The
following procedures outline the methods for
replacing transistors:

Secure the assembly holding the transistor
in a test jig or a vise.

Cut away the transistor body as shown in
figure 25.

CUT ALL LEADS
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Figure 25. Transistor replacement.

Heat the remaining leads and when they
are loose, pull them out.

Clean the excess solder from tfie eyelets.
Shape the leads of the replacement to

conform with the faulty component. Insert the
new transistor.



Grasp the lead as close to the transistor
body as possible with a pair of long-nose phers.
The pliers will function as a heat sink as well as
hold the transistor in place.

Flow solder into the eyelet. Repeat this
step until all leads are securely fastened. When
replacing a transistor, it must-be.remembered
that excessive heat will daniage the transistor.

9. Cable Maintenance
9-1. Occasionally, you will fabricate cables

for electronic equipment. It will be your
responsibility to insure that they are correctly
made and checked. An improperly constructed
cable may cause a piece of equipment to be
inoperative, prevent it from taking part in a
strategic mission, and even cost the lives of Air
Force personnel. It is well, therefore, that we
discuss here the proper procedures for
constructing, checking and repairing cables.

9-2. The material used in cable construction
should meet all the specifications in the
equipment technical manual or the
authorization for the particular installation.

9-3. Cable lengths, of course, depend on the
placement of the units. The various cables
required, their use, and their length limitations
are usually described in the equipment
technical manual or in the installation
directives. In most cases, high-voltage cables
are fabricated at the factory. The materials
necessary for other cables, supplied in bulk,
consist of the wire to be used and the cable
covering. Normally the fittings for terminating
these cables are supplied with the bulk
material. Vinyl plastic cable covering is the
most common covering in use at the present,
time.

9-4. Cables should be made long enough so
there is sufficient slack for connecting and
disconnecting the plugs from their receptacles.
If the cable lengths are nos specified, you may
have to tailor them to fit the installation after
the units have been installed.

95. Mulliconduclor Cables. Multi-
conductor cables vary from those having
two leads to those having many leads. In this
type of cable several different wire sizes may be
required, depending on the amount of current
each must carry. The amount of insulation
required on any lead is determined by the
potential that exists along the lead. For
extremely high voltages, a special high-voltage
cable is used. The exact specifications for all
muluconductor cables may be found in the
appropriate technical manual on the
equipment.

9-6. Coaxial Cable. Most electronic systems
use coaxial cable and connectors. Figure 26
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shows an example of a coaxial cable and the
assembly of the connectors. When hat:ling or
working near coaxial cables, observe the
following precautions:

Never bend a coaxial cable sharply
because of its special construction.

Check to insure that the bend radius is at
least six times the diameter of the cable.

Do not use spot ties unless specified.
Use only cushion-type clamps. The

clamps must not fit around the cable tighsly.
Always allow some slack between

mounted equipment and the first clamp.
Carefully inspect a coaxial cable for cuts,

flat spots, and other evidence of abuse before
installing.

9-7. Cable Identification. Generally,
electronic equipment (to facilitate the
installation and troubleshooting of wiring) will
have the wiring and coaxial cables identified by
a letter/number combination. The
letter/number identification is stamped directly
on the wire or on sleeving attached to it. On
standard wiring the idcntification number is
stamped on the wire at 15-inch intervals and
within 3 inches of each break and terminating
point. Wires from 3 to 7 inches in length are
stamped near the center only; wires less than 3
inches in length are not identified. Wiring
identifications are stamped in blackexcept
AC wires which are stamped in red. Coaxial
cables, multiconductor cables, multiconductor
cables, unjacketed shielded cables, wires which
do not retain a machine-imprinted
identification, and wires with a rough surface
which do not take a clear imprint are ideptified
by sleeving at the ends only. In any case, all
equipment wiring will have some form of
identification. For specific information on
wiring identification, refer to the equipment
technical order.

9-8. Safely Wiring. Electrical connectors,
emergent.y devices, and some electronic
equipment are secured with safety wire, where
specified in appropriate directives, to prevent
injury to people and equipment. For securing
coupling parts of AN connectors, use
corrosion-resisting steel lock wire. (Use .032-
inch lock wire whenever possible.) For securing
emergency devices where it may be necessary to
break the wire quickly, use aluminum or copper
wire. Zinc-coated carbon steel wire is used in
locations where the wire may come into contact
with magnesium. Only new wire should be used
when securing equipment. Do not attempt to
reuse old safely wire on any item that requires
replacement.

9-9. Two principles of safety wiring are
illustrated in figure 27. The double twiss
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Figure 26. Coaxial cable and connector.

method, shown in figure 27, detail A, should be
used whenever possible. The single wire
method, shown in figure 27, detail B, should be
used in only the following cases:

For emergency devices.
For safety wiring in areas difficult to

reach
For small screws in a closely spaced

pattern, as illustrated in figure 27. detail B.
9-10. Bonding and Grounding. The

principles to be followed in the preparation
and installation of bonding and ground
connections arc as follows: Bonding and
grounding connections (1) protect the
etwipment and personnel from lightning
discharge and electrical shock. (2) prevent
development of RF potentials, and (3) provide
current-return paths. When making bonding or
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grounding connections, observe the following
precautions and principles.

Bond or ground parts to the primary
structure (main frame) where practicable.

Make bonding or ground connections in
such a way as not to weaken any part of the
equipment structure.

Bond parts individually whenever
possible.

Make bonding or grounding connections
against smooth, clean surfaces.

Install bonding or grounding connections
so that vibration, expansion. contraction, or
movement incident to normal use will not
break or loosen the connection.

Whenever possible. locate bonding and
grounding connections in protected areas near
holes, inspection doors, or other accessible
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MODIrICATIONS

63 O of this publication has (have) been deleted in

adapting this material for inclusion in the "Trial Implementation of a

Model System to Provide Military Curriculum Materials for Use in Vocational

and Technical Education." Deleted material involves extensive use of

military forms, procedures, systems, etc. and was not considered appropriate

for use in voCational and technical education.



Oscilloscopes and Test Accessories

FROM YOUR training and experience, you
know how useful the oscilloscope and
synchroscope are for observing waveforms. The
pictorial presentation of waveforms makes it
possible to analyze the operation of many
electronic (and some mechanical) systems.
Malfunctions can usually be pinpointed by
wavcform inspections. You know also that
these instruments can be used to make
measurements of current. voltage, and
frequency. On the basis of such facts, it is
apparent that oscilloscopes and synchroscopes
are test equipments of utmost importance to
you and are, therefore. worthy of study.

2. In this chapter we describe the makeup of
oscilloscopes and synchroscopes. Much of the
discussion about their operation is, no doubt, a
review for you. Our coverage is sufficiently
complete to insure your understanding the
functions and capabilities of these test
equipments so that you can be sure that they are
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CHAPTER 4

properly used. Circuit analysis is unnecessary,
since most of the circuits within oscilloscopes
and synchroscopes are conventional ones that
you should know. Specialized circuits may
differ considerably in design because of
differences between manufacturers,
butfunctionallythey are similar. Therefore,
we will stress functions rather than circuits.

12. Functional Analysis of Oscilloscopes

12-1. The basic oscilloscope (fig. 30)
includes a cathode-ray tube, a sweep generator,
horizontal and vertical deflection amplifiers,
and power supplies. The synchroscope (see fig.
31) is a sophisticated oscilloscope which is
widely used in maintenance procedures. It
contains special circuits which provide
additional capabilities. The signal channel of
the synchroscope contains frequency-
compensating circuits which permit a much
wider frequency range than is provided by the
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general-purpose oscilloscope. The
potentiometer used as a synchronizing
amplifier with its own controls to provide
triggered sweeps. Retrace blanking, marker
generators, and voltage calibrators, which are
not ordinarily found in the general-purpose
oscilloscope, are also included in the circuitry
of the synchroscope; these features will be
covered under special circuits.

12-2. Cathode-Ray Tu.be. As you know, the
heart of an oscilloscope is the cathode=ray tube.
This is a special type of electron tube (see fig.
32) in which electrons emitted by a cathode are
focused and accelerated to form a narrow beam
having high velocity. The beam is controlled
and directed so that it strikes a flourescent
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screen, whereupon light is emitted at the point
of impact to produce a visual indication of the
beam position. The electronic process of
forming, focusing, accelerating, controlling,
and deflecting the electron beam is
accomplished by the electron gun in
conjunction with the vertical and horizontal
deflecting plates. A flourescent screen visually
indicates the movement imparted to the
electron beam. An aquadag (graphite) coating,
which partially covers the inside of the glass
envelope, provides a return path for electrons
and at the same time serves to shield the
electron beam electrostatically from external
electrical disturbances.

12-3. Electron gun. A simplified form of the
electron gun is shown in figure 32. The cathode
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Figure 32. Electrostatic cathode-ray tube.
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is an oxide-coated metal cylinder which, when
properly heated, emits electrons. These
electrons are attracted toward the accelerating
and focusing anodes, which are highly positive
with respect to the cathode. To reach these
anodes, the electrons are forced to pass through
a tiny circular opening in a cylindrical control
grid. The control grid effectively concentrates
the electrons and starts the formation of a
beam. Electrons leaving the grid aperture
continue to travel toward the focusing anode
(anode No. 1) and accelerating anode (anode
No. 2). Note that the anodes are also
cylindrical in shape and have openings to
permit beam passage. Between these two anodes
is an electrostatic field, shown by the dashed
lines in figure 32. which causes the electrons to
converge into a more concentrated beam. Thus.
this electrostatic field serves as an electron lens
which focuses the electrons in somewhat the
same manner that a convex lens focuses a beam
of light. The focal length of the electron lens is
changed by varying the potential on anode No.
I by means of a potentiometer located on the
front panel of the oscilloscope. The potential
on the second, or accelerating, anode remains
constant. The intensity of the beam (number of
electrons in the beam) is varied by varying the
grid potential with respect to the cathode, thus
permitting more or fewer electrons to flow.
Because the potentials applied to the grid and
both anodes are taken from a common voltage
divider network, any change made in the setting
of the intensity control requires an adjustment
in the setting of the focus control, and vice
versa.

12-4. Electrostatic deflection. Electrostatic
beam deflection is accomplished through the
use of two pairs of parallel plates located on
each side above and below the beam. Two
plates are horiiontally oriented so that they are
perpendicular to the two vertical plates; thus.
the electrons must pass between the plates of
each set t deflection anodes (see fig. 33). If no

electric field exists.between the plates of either
pair, the beam follows its normal straight-lin,
path, and the resulting spot is at or near the
center of the screen. A voltage potential
applied to one set of plates causes the beam to
bend toward the plate that has the positive
potential. and away from the plate that has the
negative potential. Deflection of the beam
occurs virtually instantaneously since it
possesses an infinitesimal mass, and the
bending is in direct proportion to the
amplitude of the voltage applied to the plates.
The second pair of plates influences the beam
in the same manner except that the bending
occurs in a plane perpendicular to the first. The
plates located nearest the gun structure are
generally designated as th ,. y-axis deflection
plates, and those nearest the screen as the x-
axis plates. A voltage that is variable and
recurrent with time, when applied to either set
of plates. causes the spot to move back and
forth across the screen along a straight line.
The movement of the spot across the screen
'appears as a solid line when its cyclic rate
exceeds the persistence of human vision or the
persistence of the phosphor material forming
the screen.

12-5. Nearly all applications of electrostatic-
type cathode-ray tube require that each pair of
deflection plates act on the beam independently
and simultaneously. This produces a motion of
the spot along a line which is the resultant of
the forces exerted by the deflection plates. In
this case, the electron beam is continually acted
upon by two forces which are at right angles to
each other. Figure 33 illustrates the resultant
spot motion produced by independent
deflection voltages applied simultaneously to
the x and y axes. When the sliders of
potentiometers R I and R2 are at ground
potential, all four deflection plates are at
ground potential and the spot appears at 0 on
the screen. If the slider of R2 is moved in a
negative direction, horizontal deflection plate
HP2 becomes negative with respect to HP1, and
the electron beam is repelled by this negative
voltage. Under the action of this repulsion. the
spot moves to point x on the screen. If the
slider of R 1 is moved in the positive direction,
vertical deflection plate VP I becomes positive
with respect to VP2, causing the beam to be
attracted from point x to point m. Now, if the
above adjustments of R I and R2 are made
simultaneously and at the same rate, the
resultant of the electrostatic forces exerted
along the x and y axes causes the spot to move
to point in along the line om. If the same
control setup is turned in the other direction,
the spot moves alone the line on. Thus, it is
demonstrated that when two -voltages. whether
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;hey be steady voltages Cir variable in nature,
are applied simultaneously, one to each pair of
deflection plates, the position of the spot at any
instant is proportional to the resultant of the
simullaneous forces exerted upon the beam at
that instant.

12-6. Deflection sensitivity. The distance
that the spot may be moved upon the viewing
screen in either the horizontal or. the vertical
direction by a potential of 1 volt applied to the
deflection plates is the deflection sensitivity for
the axis under consideration. This is usually
given in millimeters per DC volt by the
manufacturer, as one of the cathode-ray tube's
characteristics. The most accurate way of
measuring deflection sensitivity is to apply a
known DC potential directly to the deflection
plates and then to measure the distance the spot
moves. This distance, in millimeters, divided by
the voltage applied, is the deflection sensitivity
for that pair of deflection plates (expressed in
mm/volt). Most cathode-ray tubes have
sensitivities of less than 1 mm/volt.

1 2-7. Another way of expressing the ability
of an applied voltage to cause beam deflection
is called the deflection Actor. Deflection factor
is the voltage required on a pair of deflection
plates to produce unit deflection of the spot,
and is usually expressed at DC (or RMS) volts
per inch. If a tube has a deflection factor of 60
VDC per inch, the spot moves a total distance
on the screen of 1 inch for every 60 volts
applied to the deflection plates; hence, 120
VDC would displace the spot 2 inches.

12-8. If an AC voltage is applied to one pair
of the deflection plates, the spot is never
stationary on Lae screen of the scope because
the deflection of the beam is at all times
proportional to the instantaneous voltage on
the deflection plates. As a result, the electron
beam scans the screen in such a manner as to
produce a straight, luminous line, the length of
which is determined by the peak-to-peak value
of the voltage. It can be seen from figure 34
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that, when an AC voltage is applied to the
vertical deflection plates, the electroa beam is
deflected upward and downward from its rest
pusition by equal amounts. Assume that the
vertical deflection system shown in figure 34
has a deflection factor of 40 VDC per inch and
that the sine-wave voltage applied to the plates
has a peak-to-peak value of 40 volts. Under
these conditions, the upward and downward
deflections from the center are each 1/2 inch,
producing a vertical line I inch long. The spot
retraces this path at the frequency of the
applied signal.

12-9. The x and y deflection sensitivities for
cathode-ray tubes employing electrostatic
systems are'not equalthe vertical, or y,plates
generally have the greater sensitivity. The
inequality results from the differences in their
positions with repsect to the viewing screen,
because it is not a practical design to mount
both sets of plates at a common distance from
the screen. The most desirable characteristics
for a particular application should be chosen.
For example, if the ultimate in deflection
sensitivity is essential, then (1) the tube must be
long. (2) the second anode potential must be
kept low, and (3) the effective spacing of the
deflection plates must be small. If the tube must
be short or if the anode voltage must be kept
high for purposes of best spot size and high
brilliance, the sensitivity is reduced. A method
often used for increasing deflection sensitivity
is to increase the time during which the
deflection potentials may act upon the beam
and to decrease the spacing between plates.
This can be done effectively by installing long,
closely spaced plates that bend away from the
deflection path to permit a wide angle of
deflection without interception of the beam by
the plates.

12-10. Fluorescent screen. In order to
convert the energy of the electron beam into
visible light, that area where the beam strikes
(labeled screen in fig. 34) is coated with a
phosphor chemical which, when bombarded by
electrons, has the property of emitting light.
This property is known as fluorescence.The
intensity of the spot on the screen depends
upon two factorsthe speed of the electrons in
the beam and the number of electrons that
strike the screen at a given point per unit of
time. The amount of light per unit area which
the phosphor is capable of emitting is limited
and, once the maximum has been reached, any

.further increase in the electron bombardment
has no further effect on the intensity of the
light. In practical cases, the intensity is
controlled by varying the number of electrons
that are allowed to reach the screen. All
fluorescent materials have some afterglow,
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which varies with the screen material and with
the amount of energy expended to cause the
emission of light.

12-11. The length of time required for the
light output to diminish by a given amount after
excitation has ceased is the persistence of the
screen coating. The general classification of
screen materials is in.terms of long, medium, or
short persistence. Various phosphors are used
in oscilloscope work. each for specific
applications. For example, white and blue-
white phosphors of short and very short
persistence are used where photographic
records are taken of screen patterns. Again, for
general service work, where visual observation
is most important. a green phosphor having
medium persistence is used. In viewing a line or
pattern that is traced by a moving spot of light,
the persistence of humah vision, as well as that
of the screen material, plays an important part.
When the pattern is retraced at a rate of 16
times or more a second, the persistence of the
eye retains the image from each previous sweep;
therefore. the spot in its movement is no longer
distinguishable as a spot, and the path traveled
appears as a continuous illuminated line. In the
case of long-persistence phosphor materials, the
persistence of the screen rather than the eye is
the governing factor, and the scanning rate
required to produce a solid line is substantially
lower.

12-12. Aquadag coating. As we have
previously described, the fluorescent screen of
a cathode-ray tube is bombarded by a beam of
electrons. If these electrons were allowed to
accumulate upon the screen, the screen would
soon acquire a negative charge that would
effectively repel and disperse the electron
beam, thus blocking the tube in its primary
function. However, this does not occur because
the beam. upon striking the screen, dislodges
electrons from its surface (a process known as
secondary emission). These dislodged electrons
are attracted to positively charged tube
elements, whereupon they are returned to the
power supply. When the number of secondary
electrons conducted away from the screen
equals the number of electrons that return to
the screen plus those that are delivered to the
screen, there is no accumulation of charge.
Present-day cathode-ray tubes have a coating of
graphite painted upon the inner surfaces but
not connected with the screen. The functions of
this coating are ( ) to collect and return
secondary electrons to the power supply. (2) to
serve as an electrostatic shield against external
electrical fields. and (3) in some tube types, to
act as au accelerating anode.
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12-13. Basic Circuits, Oscilloscopes and
synchroscopes require power supplies,
amplifiers, and sweep generator circuits.

12-14. Power supplies. High-voltage and
low-voltage power supplies are required for the
operation of scopes. The high-voltage power
supply provides operating potentials to the
cathode-ray tubes. The low-voltage power
supply provides operating potentials to the
'associated amplifiers and oscillators.

12-15. The output of the high-voltage power
supply is usually over 1000 VDC, depending
upon the size of the cathode-ray tube. Its
polarity is negative to permit the second anode
and the deflection plates to be operated at
ground potential; this also provides an
additional safety factor. Half-wave rectification
and a simple resistance-capacitance filter
network aye used for these high-voltage
applications because the current required to
operate the cathode-ray tube is very small. A
voltage divider, which includes the focus and
intensity controls, provides the necessary
operating potentials for the various cathode-ray
tube electrodes.

12-16. The output of the low-voltage power
supply is usually in the 250- to 400-volt range.
Full-wave rectification and a pi-type filter
network are used in this power supply because
of the moderate current, good regulation, and
low ripple voltage requirements.

12-17. Both the low-voltage and high-
voltage power supplies use a common
secondary on the power transformer. This
design, in conjunction with the use of half-wave
rectification for the high-voltage supply,
permits a saving in copper as well as space,
because the low-voltage secondary provides a
portion of the high-voltage output.

12-18. Vertical and horizontal ampltfiers.
The deflection system of the cathode-ray tube is
relatively insensitive, requiring voltages on the
order of several hundred volts for full-scale
deflection. Therefore, it is necessary to use
amplifiers to increase the amplitudes of the
voltages for, both the vertical and horizontal
deflection plates so that test signals of low
amplitudes may be 'effectively presented.

12-19. Most oscilloscopes use a cathode
follower input stage followed by push-pull
amplifiers to obtain better linearity at the
output of the horizontal and vertical deflection
channels. One of the most important advantages
of using push-pull amplifiers, instead of single-
ended amplifiers, is that the deflection plates
produce a uniformly balanced field with respect
to the second anode of the cathode-ray tube.
This eliminates the tendeficy for the spot to
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Figure 35. Thyratron sweep waveform.

defocus as the electron beam approaches the
limits of tne viewing area. From a given power
supply, a push-pull amplifier candeliver twice
the output signal that a single-ended stage can
deliver. Moreover, push-pull operation tends to
reduce the generation of internal noise. The use
of a cathode follower as an output circuit
provides the advantages of a higher input
impedance and less frequency discriMination.

12-20. In synchroscopes and some general-
purpose oscilloscopes, the design of the
amplifiers provides complex frequency-
compensating networks and direct coupling in
plate, grid, and/or cathode circuits, to extend
the high- and low-frequency response. Wide
frequency response, however, is obtained at the
expense of signal gain. Thus, to broaden the
response, the number of amplification stages
must be increased if the same deflection
sensitivity is desired.

12-21. When an amplifier is used between
the signal source and the deflection plates of
the cathode-ray tube, the signal is faithfully
reproduced only when the amplifier over-
loading point and frequency range are not ex-
ceeded. The overloading point is reached
when the amplitude of the signal unaer
observation exceeds the dynamic operating
capabilities of the input amplifier.
(Ncilloscopes using a simple potentiometer as
an input gain control are especially susceptible
to overloading conditions. High input signal
levels can produce deflection voltages so large
that the display dimensions exceed the viewing
area dimensions; signal extremities are not
visible. Such a display is not usable in this
condition; therefore, the-gain control must be
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decreased until the point is reached where the
control is so near the end of its rotation that
adequate control of the display dimensions is
difficult to obtain. Two other difficulties
encountered with the use of a single gain
control are frequency discrimination and phase
distortion. As the higher input frequencies are
varied, they are adversely affected by the gain
control because of the shunting effects of the
distributed capacitance of the high-resistance
potentiometer rotor to ground. The problem is
complicated by the fact that the shunting effect
is increased or decreased for the same
frequency with a change in the resistance
setting. Phase distortion is also a function of
this control for the sam-e reason.

12-22. Many oscilloscopes include a step-
type, frequency-compensated attenuator switch
preceding the first vertical amplifier and gain
control to reduce the effects of overloading,
frequency discrimination, and phase distortion.
This switch often provides a direct-current
position, connecting the grid of the first vertical
amplifier so that circuits producing a direct-
current restoration may be observed and
measured. Attenuators of this type are seldom
encountered in the horizontal amplifier.
because routine maintenance procedures
generally require the use of the internal time-
base generator and also because the sensitivity
of the horizontal amplifier is lower due to the
location of the horizontal deflection plates
within the cathode-ray tube.

I 2-23. Sweep generators. The sweep
generator circuits in many general-purpose
oscilloscopes employ a thyratrun to generate a
sawtooth sweep. The sweep generator provides
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Figure 36. Multivibrator sweep.

a wide range of fundmental sawtooth
frequencies with a reasonably linear forward
trace and a rapid retrace time for general-
purpose time-base applications (see fig. 35).
The advantage of a thyratron sweep circuit over
the simpler gaseous discharge circuits is more
liable synchronization of the sawtooth sweep
with other waveforms in various harmonic.
subharmonic. and phase relationships to
produce a stationary display.

12-24. The operation of the thyratron sweep
generator is based upon the fundamental
principle of charging a capacitor througn a
resistance from a constant potential source (see
fig. 35). The frequency of the sweep generator
is primarily determined by the time constant of
the charge time capacitor and resistor, but the
exact frequency is also affected by the
ionization and deionization levels of the
thyratron. In general, increasing the resistance-
capacitance (RC) time constant decreases the
sawtooth frequency, while decreasing this time
constant increases the frequency. At the lower
frequency sweeps. the desired control over the
generator frequency is more positive acting and
more easily obtained by the use of a high-
resistance potentiometer to increase the RC
time constant.

12-25. The forward trace time of the sweep
occurs when the amount of charge accumulated
within the timing capacitor increases with equal
increments of time. The forward trace, then, is
produced by the charge time of the resistor-
capacitor combination. Near the end of the
forward trace time. the amplitude of the
charging wave becomes equal to the ionization
level of the thyratron sweep tube. At this time
in the cycle. the gas-filled tube conducts to
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discharge the time charging capacitor. When
the RC combination has been discharged to the
point where the deionization potential of the
thyratron is reached, the thyratron ceases to
conduct. This portion of the sawtooth wave is
called the flyback. or retrace, time. The
sawtooth waveform is completed at this point,
and the circuit continuously repeats the entire
cycle of events. There are three generally used
terms to describe the sweep with this mode of
sweep generator operation: continuous, free-
running, and recurrent.

12-26. Vacuum tubes and transistors are also
commonly used to produce sawtooth sweep
signals for, driving the horizontal deflection
amplifiers. Multivibrators of various types, as
well as blocking oscillators, are used to
generate these signals. Multivibrators used for
the generation of sawtooth signals are
asymmetrical; that is, two pulses are produced
per operating cycle, but they are of unequal
time duration. The longest pulse is used to
derive the forward trace time, while the shortest
pulse is used to derive the retrace time, as
shown by the dotted lines in figure 36 A
comparatively large capacitor is placed across
the output terminals of the multivibrator to
convert the rectangular pulses into .a sawtooth
sweep signal. Blocking oscillators are usable as
sweep generators, but general-purpose
oscilloscopes used by the Air Force seldom
have blocking oscillator sweep circuits.

12-27. Sawtooth sweep signals derived from
constant voltage sources, such as those just
described: do not produce a sweep of sufficient
linearity for some applications. The reason is
that the charging voltage follows an
exponential curve instead of the desired
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Figure 37. Synchronizing the sweep.

straight line. By replacing the resistor in an RC
time-determining network with a pentode
vacuum tube, a more linear sWeep can be
obtained. The high plate resistance of the
pentode, together with its constant current
properties. makes it well suited for this
purpose.

12-28. In addition to linearity,
synchronization is important. While it is true
that a stationary display can be obtained by
adjusting the sweep generator to some
harmonic or subharmonic relationship with the
unknown signal in the vertical amplifier, it does
not mean that the dispiay remains stationary
indefinitely. Fluctuations in either the sweep or
test signal, or both, cause the two signals to lose
this synchronism. If the sweep is not precisely
in step with the voltage under test, the resulting
display is a moving display, and unless the
movement is very slow, the display is
unintelligible to the observer. Many times, it is
extremely difficult to obtain a stationary
display despite the harmonic relationship of the
test and sweep signals.

12-29. Although more stable synchronous
operations, can be obtained with vacuum-tube
and solid-state sweep circuits than with a
thyratron sweep circuit, many oscilloscopes
employ the thyratron because it permits simpler
design and is satisfactory for ordinary
applications. A method of locking the sweep
generator to the frequency of the test signal is
to inject a portion of the test signal being
processed in the vertical amplifier into the grid
of the thyratron. For example. if no
synchronizing voltage is applied to the gridof
.the thyratron, the sweep generator becomes
uncontrolled and operates in a free-running
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condition; i.e., its frequency is governed solely
by the RC time constant of the circuit, shown
by the solid line sawtooth signal in figure 35.
Reference to figure 37 shows that even though
the solid line synchronizing sine wave does not
materially affect the free-running sweep
frequency, synchronism is obtained. If the
sweep signal tended to change along the time
axis, the sine wave would trigger the thyratron
to terminate the forward trace time. Figure 37
also shows how the horizontal sweep is brought
into synchronism if the same sine-wave
frequency is advanced in phase by 0°. Note the
dotted line sine-wave and sawtooth sweep
portions.

12-30. Special Circuits. As we have
mentioned earlier, scopes may have special
circuits to make them more accurate and
versatile.

12-31. Triggered sweep. The sawtooth sweep
generator in the general-purpose oscilloscopes
is usually of the free-running type. Although a
synchronizing signal injected into the sweep
generator can control and initiate the sweep,
the free-running frequency of the sawtooth
sweep must .closely match or be some multiple
of the synchronizing signal to provide lock-in
operation. Consequently, when the
synchronizing signal consists of random pulses.
or pulses having low repetition rate.
satisfactory displays cannot be obtained,
Consider the case where a pulse of 1/2 Asec in
width is to be observed at a repetition rate of
1000 pulses per second (PPS). The sawtooth

sweep would have to be about I Asset: long to
display the pulse; however, for each pulse
observed there are 999 idle sweep periods of
the time .base generator. Loss of

62



aoas
s°/".4.141 i4v1 /13 15/131

A a
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synchronization during the 999 idle periods
could produce an erratic display, because the
pulse could be located in a different position
for each successive sweep. Furthermore, in
most cases. the observed pulse is small and faint
as compared with the long, bright baseline
representing the idle periods.

12-32. To overcome this difficulty, the

synchroseope was developed.-It has a triggered

or driven sweep which is time controlled.
During quiescent signal conditions, the
capacitor in thc time-determininrnetwork is

held in a discharged state. The spot remains at
the left-hand side of the scope viewing area
during this time. When a synchronizing pulse of
the proper amplitude and polarity is derived
from the signal under investigation, the sweep-

forming capacitor is permitted to charge,
commencing a single sweep. Following the
attenuator of the vertical amplifier is an

artificial delay line or a low-pass filter circuit
with a cutoff frequency higher than the highest
frequency to be passed. One purpose of this
delay circuitry is to retard the signal to be
observed until the sweep has been initiated by a
portion of the input signal. which is not
delayed. If the delay were not used, the initial
portion of the waveform would not appear on
the trace, because a certain amount of time is
tequired for the input signal voltage to rise to
the level needed to trigger the sweep circuit.

12-33. The delay period may be fixed or
variable, lf the delay is variable, the triggered
sweep may be initiated to lead or lag the signal
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source by some predetermined amount to
permit investigations of any portion of a
particular waveform. Figure 38,A, shows the
undistorted waveform displayed by a single
sweep from the internal time-base generator. In
figure 38,B. the sweep frequency and delay
were changed so that the sweep would be
initiated 20 issec after the start of the waveform
to be displayed. The undesired detail of the line
segment represented by line ab is eliminated by
the delay circuit, and the entire step pulse is
expanded .along the horizontal direction.
Changing the sweep frequency and delaying the
sweep for 45 Asec, as shown in figure 38,C,
permits an even greater expansion of the step
pulse for the examination of any detail along
the peak of the pulse.

12-34. A secondary purpose of the delay line
is to provide a means of reflection, a series of
accurately spaced pulses suitable for calibration
of short time intervals. To accomplish this, a
switch is provided to cause a mismatch in the
termination of the delay line so that when a
sharp pulse is fed into the line, a series of
reflections will occur similar to those shown in
figure 39. Since the time required for a pulse to
travel down the line and back is 1 Msec, a series
of pulses occurring I Asec apart is produced.
Of course, each successive pulse is smaller
because of losses in the delay line, but a
significant number is available for most high-
speed calibration purposes.

12-35. Sweep calibrator. The .length of the

sweep signal used for general waveform



hgure 39. Marker pulses tram a mismatched &la!, hnc.

Inspection need not be cahbrated. Thi- sweep
controls are manipulated until a certain
reference waveform specified by the
maintenance routine is obtained. In many
maintenance applications, however, calibration
of the time axis is necessary. Such calibration is
made with a sweep calibrator which supplies a
highly stable output tit* known frequency.
Consider the case where the output from the
sweep calibrator provides a sine-wave signal of

1 megahertz per second (MHz) which is
injected into the vertical deflection amplifier.
The horizontal amplifier and sweep controk
are then adjusted to produce a single sine-wave
cycle display 1 inch wide. Since 1 MHz
corresponds to a cyclic period of I ihsec. the
horizontal sweep is not calibrated for 1

hcsec/inch. If the sweep calibrator supplies a
frequency of 10 kHz, a cyclic period of 100
hcsee is obtained. A trace made to be I inch
long, therefore, has a horizontal sweep
calibrated at 100 hcsec/inch. Expanding the
display to 4 inches results in a calibration of 25
p..sec/i n c h.

12-36. Retrace time is atso ,.t,ncluded in this
type of time axis calibration. and thus produces
a small error. The retrace time generally
occupies only a small percent of the total sweep
time; therefore, this calibration error can
usually be neglected. In those applications
where such an error cannot be tolerated, a
marker generator must be used.

12-37. Marker generator. Sweep-time
calibration is made with the aid of marker
pulses produced by accurately adjusted tuned
circuits. Ma-ker pulses are often produced by
the "ringing- of a succession of tuned circuits
by the sweep oscillator itself, or hy a separate
oscillator of the multivibrator type, which
produces a continuous series of harmonics
spaced at convenient intervals.

12-38. Some types of internal marker
generators are connected by suitable amphfiers
to the grid of the cathode-ray tube and are also
controlled by the sweep generator so that both

'the sweep and the markers are initiated at zero
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:itne. In this way the sv cep is divided
info :qual increments. The displayatrace is
iniensified during that period of the marker
signal which makes the grid-to-cathode
pot..ntiat less negative. The displayed signal
:rum the vertical araphfier is then :chopped
up- into a i,eries of bright segments of known
length in terms of time: Typical marker
intervals are switch seleieu to give 0.2-, I-, 10-

100-. and 500-ihsec markers.
12-39. Another method, using the vertical

deflection amplifier, mixes a succession of fixed
markers with the signal under hwestigation.
Figure 40.A, shows a signal undergoing
inspection that does not have markers; thus,
there is no way of gauging whether the pulses
are of the correct width or whether the spacing
between the pulses is accurate. By injecting
marker pulses into the vertical amplifier,
spaced at accurately known intervals (see fig.
40,11), we can now determine whether or not
the pulses are arriving at the precise time
desired and whether or not they are of the
correct width.

12-40. Other types of markers, such as signal
or absorption markers, are also used. These
types of markers are generally obtained from
auxiliary equipment and are injected or mixed
with the signal under observation at the vertical
input terminak of the oscilloscope or
synchroscope.

12-4 I. Voltage calibrator. In many test anu
alignment procedures, a signal of known
amplitude and waveform is required at the
input of an amplifier, so that the resultant
output of the amplifier may be observed,
measured, and analyzed.

12-42. The amplitude of the waveform
displayed may be measured by using a device
known as a voltage, calibrator. Voltage
calibrators may be manufactured as auxiliary
equipment. or they may be featured as part of
the internal circuitry.

12-43. The fixed reference type tit voltage
calibrator clips the peaks ot the 60-hertz AC
filament source to closely approxinute the
shape of a square wave. The chpping diodes act
also as clamps to produce a fixed peak-to-peak
signal of 3 volts at an wtput terminal. Injection
of this 3-volt peak-to-peak signal into the
vertical amplifier permits you to manipulate the
controls to obtain a display deflected to some
convenient number of divisions on the scope
calibration gnd. 1 he calibrating signal is then
reinoed and. without changing any control
settings. the unknown signal is hubst II wed to
give a new display The number of diisions
the calibration end are counted and the peak-
to-peak signal is calculated: the calculation is
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Figure 40. Marker injection.

hosed upon proportionate deflection with
respect to the original display.

12-44 Other voltage calibrators provide a
variable calibrated control. permitting you to
measure the amplitude of displayed signals by
comparing the unknown voltage with a variable
amplitude pulse of known value. The displayed
amplitude of the calibrating signal is adjusted
to equal the amplitude of the displayed signal
under investigation. The reading of the
calibrated control may then be used directly or
it may he calculated, as required.

12-45 Retrace blanking. The sawtooth
waveform generated by the sweep generator has
been discussed in detail with respect to the
trace time, hut little has been said about the
retrace. or flyhack, time.

12-4t) Retrace time is the time required to
switch the electron beam from the right-hand
side of the viewing area to the left-hand side
prior to initiating a new sweep. The time
required to switch the beam varies with circuit
constants. ranging from a few percent of the
total sawtooth sweep time in special-purpose
oscilloscopes to as much as 15 percent in
general-purpose oscilloscopes. The intensity of
the retrace depends upon the fundamental
sawtooth repetition rate. If the fundamental
repetition rate is low, the retrace is still clearly
visible, even though the retrace, as compared
with the forward trace, is extremely rapid.

12-47. Displays of low-frequency waveforms
are least affected by retrace time, since the
percentage of the waveform lost during the
trace is small. The effect of this portion of the
sawtooth sweep becomes progressively more
no(iceable until at some higher frequency a full
cycle is displayed during retrace.

12-48. Rectangular waveform displays at
high .repttition rates can become confusing
1.(ecare of the retrace portion 9f the display
(sec fig. 41). A segment of a recurring cycle is
dispioed. consisting of a series of rectangular
pulses that are periodically blanked in
accordance with sonic circuit operating cycle.
The disola is confusing because it does not
show the waveform expected.

b I
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12-49. To overcome this difficulty, a pulse
of the proper amplitude and polarity is used to
drive the grid of the 'cathode-ray tube to cutoff
during retrace time. Thus, retrace blanking is
actually an interruption of the electron beam
during the time when the beam is being
switched from the right-hand side to the left-
hand side of the viewing area prior to the next
sweep. When the sawtooth sweep is initiated
once again, the grid of the cathode-ray tube is
unblanked, permitting the electron beam to
excite the screen phosphor.
. 12-50. Figure 42 shows the same signal as
previously shown in figure 41, but with retrace
blanking taking place. Notice that the retrace
time used throughout the discussion shows that
retrace time can prevent the display of a
considerable portion of the total signal under
observation. This is true whenever the
repetition frequency is high enough. As we have
previously explained, the loss of the pulse is
due to a relatively long retrace time and cannot
be altered by retrace blanking.

12-51. Expanded sweep. Circuitry to permit
the expansion of selected segments of thee
display in the horizontal direction are featured
in many types of oscilloscopes and
synchroscopes. By the use of such equipment,
the leading and trailing edges of expanded
pulsesespecially in radar maintenance
routinescan be explained in much greater
detail. A positioning potentiometer is used to
control a delay trigger circuit so that the
expanded sweep commences at any selected
point with respect to the normal forward trace
of the sawtooth sweep. Additional
amplification of the sweep from the trigger
point produces a sawtooth waveform that is
deliberately distorted by a known factor. This
added amplification is fixed to some value such
as 3X, 5X, or 10X, or a switch may be
provided to select the expansion factor desired.
The switch is calibrated as a multiplier so that
the sweep rate through the expanded portion of
the display may be calculated. Provision is
made in some of these instruments for adjusting
the expansion notch to a width that is 15 to 25
percent of the total sweep length anywhere
along the length of tne normal sawtooth length.
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Figure 41 Effect of retrace.

13. Oscilloscope Controls and Operating
Considerations

I 3-1. You are well aware of the fact that the
measurement and comparison of waveforms is a
very important part of the circuit analysis used
in troubleshooting. In some circuits (for
example, pulse circuits), waveform analysis is
indispensable. Waveforms may be observed at
test points s,hown in waveforrh charts or
schematic diagrams that are a part of Air Force
technical manuals supplied for each equipment.
You should realize, however, that the
waveforms given in instruction hooks are often
idealized and do not show some of the details
that are normally present when the acual
waveform is displayed on an oscilloscope. or
synchroscope. Nevertheless, by comparing the
observed waveform with the reference
wraveform, faults can be localized rapidly'.
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13-2. If there is no trouble present in the
equipment, a waveform observed at a point in
the equipment should closely resemble the
reference waveform given for that test point.
The reference waveforms supplied in the
technical manuals are the criteria of proper
circuit performance. However, test equipment
itself or the use of test equipment can cause
distortion of the observed waveforms, even
though the equipment is operating normally.
We discuss several of the most common causes
of these conditions in this sectionand also
remind you of some practical considerations
and precautions ot importance.

I 3-3. Controls. Most Air Force technical
manuals clearly state when and wnere to
connect an oscilloscope int,) a circuit to
perform preventive or corrective maintenance
procedures. These manuals also have
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Figure 42. Effect of retrace blanking.

illustrations to show you the appearance of the
desired waveform at selected points. The choice
and manipulation of oscilloscope controls,
except for special routines, is left to your
discretion. NOTE: Unfortunately, displays
often show waveforms at points not discussed
by these manuals; in addition, the displays
shown may be modified by adjustment of
controls which are not mentioned in the text of
the routine, because you are expected to
manipulate the controls without being
instructed to do so.

13-4. Focus and intensity. The two basic
controls affecting the readability of the scope
display are the beam intensity and focusing
controls. These two controls are considered
together because they interact to such an extent
that the adjustment of one usually requires the
adjustment of the other.

13-5. The intensity control is used tu adjust
the spot to the brightness desired. When the
spot has no motion, ir becomes brighter; larger,
and out of focus as the intensity control is
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rotated toward maximum intensity. Further
rotation of this control produces secondary
emission effects, causing a halo around the
spot. When the halo appears, the intensity
control must be decreased to eliminate the halo
before the fluorescent screen is permanently
damaged. The halo from an excessively bright
spot disappears to some extent when the
electron beam is subjected to the deflection
fields, because the energy in the electron beam
is distributed over a much greater area. The use
of the spot in this condition produces a wide
trace and tends to obliterate or mask any
available fine detail.

13-6. The focus control is used to produce a
round spot with a clearly defined edge. A
stationary spot becomes smaller and charper
when the focus control is rotated toward the
maximum value. Further rotation of this
control beyond the focal point again, produces
an out-of-focus spot.

13-7. A poorly focused spot can result in an
elliptical instead of a round spot. When the

6 7



Figure 43. Poor focusing.

elliptical spot is set into motion under the
influence of deflecting fields, it is noticeable as
a line of variable thickness. For example. if the
ellipse is lying horizontally, it produces a thin
line only at the peaks of a sine wave, while the
positive- and negative-going portions of the
sine wave are considerably thickened, as shown
in figure 43.

13-8. Depending upon the velocity of the
spot, an increase in spot intensity may be
required, because the rapidly moving spot does
not remain in one position long enough to fully
excite the phosphor screen of the cathode-ray
tube. This effect may often be observed when
you are viewing sqaure waves where the rise
and decay times are extremely rapid (see fig.
44).

13-9. Gain. The basic controls that
determine the size of the oscilloscope display
are potentiometers used as the horizontal and
vertical gain controls. The horizontal gain
control permits the width of the display to be
increased or decreased; similarly, the vertical
gain control permits the height of the display to
be increased or decreased.

13-10. An attenuator preceding the gain
control is sometimes encountered and is usually
associated with the vertical amplifier. The step
attenuator, often referred to as a multiplier, is
usually calibrated in steps of IX, 3X, 10X,
30X, and 100X; the attenuation at each step is

Figure 44. Effect of trace speed on beam intensity.
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expressed with respect to the attenuation range
at step 1 X. Operation of this control, results in
abrupt changes in the oscilloscope display
because ot sharp changes in the input signal
level. The attenuator is called a multiplier
because the oscilloscope can be-used as a direct
reading, peak-to-peak voltmeter, once the
vertical amplifier is calibrated. Calibration is
accomplished by setting the attenuator to I X,
injecting a signal of known amplitude, follwed
by a display adjustment to vertical dimensions
of convenient known height. Advancing the
gain control too far for a given signal or
applying a signal that exceeds the amplification
capabilities of the horizontal or vertical
amplifiers results in overloading and,
consequently, distortion.

13-1 I , Interpretation of an observed
waveform depends greatly upon proper
proportioning of the horizontal and vertical
dimensions of the oscilloscope display.
Uncertainty or lack of knowledge concerning
the signal that an amplifier is processing,
together with improper display proportioning,
can lead to an erroneous conclusion
concerning the test circuit. Figure 45 shows the
display of a trapezoidal waveform where the
horizontal and vertical dimensions are
acceptable. By contrast. if both the horizontal
and vertical gain controls are changed in a
random manner so that the change in the
vertical direction predominates to produce the
oscilloscope display shown in figure 45,A, the
characteristics of the trapezoidal waveform
shown in figure 45,B, become masked. If you
had no previous knowledge that the waveform
was supposed to be a trapezoid, you could
reach the erroneous conclusion that the display
was a sawtooth waveform. On the other hand, if
you know that the circuit processes a
trapezoidal wave and wish to closely inspect the
waveform for any irregularities, such a
proportioning of the display is entirely
acceptable and advisable. Changing the
horizontal and vertical gain controls once more
to the opposite extreme so that the display is
exaggerated predominantly in the horizontal
direction produces a waveform like that shown
in figure 45,C. Under these conditions, the
trapezoidal waveform viewed on the
oscilloscope screen could be interpreted as a
sawtooth waveform with excessive retrace time.

13-1 2. A height-to-width ratio of
approximately 2:3 or 4:5 provides optimum
display proportions for general-purpose
waveform examinations. Once you are certain
of the waveform you are inspecting, expansion
(maintaining the same ratio) or exaggeration of
the waveform in the vertical or horizontal
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TRAPEZOIDAL WAVEFORM CORRECTLY PROPORTIONED

TRAPEZOIDAL WAVEFORM INCORRECTLY PROPORTIONED:
VERTICAL GAIN LOW, HORIZONTAL GAIN NIGH

Figure 45 Vertical-co-horizontal proportioning.

direction to observe waveform irregularities
may be very advantageous.

13-13. Sometimes the signal at the point
under examination is so small that a display of
more than 1/2 inch in the vertical dimension
cannot be obtained. The horizontal dimension
of the display must also be reduced so that the
display is correctly proportioned. A reduction
in beam intensity, followed by a refocusing of
the spot, generally produces a display that is
easier to view.

13-14. Positioning. The vertical and
horizontal positioning controls permit you to
shift the position of the entire desplay to any
portion of the viewing area desired. The
yertical positioning control is a continuously
variable potentiometer that permits the display
to be moved up or down by any amount,
including those positions away from the
viewing area. Similarly, the horizontal
positioning control permits the side-to-side
movement of the entire display.
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13-15. Occasionally, during an examination
of a waveform, irregularities may be noticed at
or near some extremity of the display. The
display may be enlarged by means of other
scope controls and then positioned by the
horizontal and vertical positioning controls so
that the irregularity under inspection appears
within the center of the viewing area. The
remainder of the signal, of which the
irregularity is only a small part, is then
deflected off the screen toward the neck of the
cathode-ray tube where these portions of the
signal cannot be viewed. At the edges of the
tube, the display being deflected off the screen
widens and becomes considerably blurred at
the rim of the tube. This distortion is due to the
curvature and reinforcing thickness of the glass
at this point of the tube envelope.

13-10. When expanding a display for the
purpose of close signal inspection, you may
also expect some distortion at or near the
maximum control positions. Such distortion
should not be attributed to the cathode-ray
tube, because it is due to nonlinearity
characteristics of the horizontal and vertical
amplifiers.

13-17. The horizontal and vertical
positioning controls also serve a secondary
purpose. Since the structural imperfections in
the manufacture of cathode-ray tubes may cause
the beam to strike at some point other than the
center of the screen when no deflecting signals
are applied, it is necessary to provide some
means of positioning the beam. This is usually
done by applying small DC potentials to the
deflection plates by means of potentiometers
similar to those described earlier and
illustrated in figure 33.

13-18. Polarity reversal. Comparison
between the reference waveform and the display
obtained from operating equipment can best be
made if it is known which direction the spot
moves when a positive voltage is applied.
Normally, oscilloscopes provide an upward
spot deflection with a positive input signal.
However, some oscilloscopes provide a

switching arrangement in the vertical amplifier.
whereby the beam can be switched to provide
either an upward or a downward deflection
with a positive input signal. This switch may be
located in the grid section of the vertical input
amplifier or at the grid pr grids of the vertical
output amplifier.

13-19. Frequency. The coarse and fine
frequency controls of an oscilloscope permit
you to chanue the trequency of the sawtooth
sweep generator. The course frequency control
is a multiposition rotary su.itch that permits you
to select the desired range of sawtooth



frequencies by selecting the forward swecr time
charging capacitor. The fine frequer,
is a potentiometer that allows the adiesuies ,:!
the sweep circuit time constant to ,biain th-
exact frequency needed to prcAide (.1

display;
13-20. The selection of different types of

horizontal amplifier signals is.also determined
by the setting of the coarse frequency control.
Five or six positions of the coarse frequency
control are used to cover the full frequency
range of the internal shwtooth sweep generator.
Sine-wave signals are widely used for time-base
sweep applications. Such signals are easily
obtained from the 60-hertz power source
within the oscilloscope. This 60-hertz, or line
sweep. signal is usually available at the coprse
frequency control, but some oscillosopes
provide this signal from a separate terminal. In
some applications, the 60-hertz signal is not
suitable for the best display. A "direct" position
is provided on the coarse frequency control to
permit the use of sine waves at frequencies
other than 60 Hz and to display waveforms
resulting from time bases other than those
available within the scope. The sawtooth sweep
generator is disabled by the coarse frequency
control when either the line sweep function or
the direct function is selected.

13-21. The fine frequency control, in
conjunction with the coarse frequency control,
permits you to select the time base required to
display as many cycles or pulses as desired to
view the waveform under investigation. This
control is uncalibrated, except for markings
which permit you to estimate some previous
position. Calibration of this control is not
required because you are not actually interested
in the time-base frequency. except as a means of
obtaining a convenient display. The frequency
of the time-base sweep generator can be easily
determined by injecting a known frequency into
the vertical amplifier and then manipulating the
coarse and fine frequency controis for a
stationary pattern of one complete cycle. Under
these conditions, if the injected signal is a sine
wave of 1000 Hz, then one sine wave lasting
1/1000th of a second is displayed by one
sawtooth wave, also lasting for 1/100th of a

second. Therefore, the frequency of the time-
base sweep generator is also 1000 Hz and is
thus a 1:1 frequency ratio. If the pattern is not
stationary, then the method described is not
valid and cannot be used with accuracy. It is
easy to stop an oscilloscope waveform
displayed by use of these controls if the
frequency of the waveform under investigation
is within the frequency limits of the
oscilloscope.

13-22. Thus far, our discussion of the coarse
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and tin:: frequency conirri: nas been limited to
tnose cases where the swecp trequeetcy is equal
to the frequency of tne waveform under
investigation. Let us briefly recall two cases
where the time-base swe,T frequency is lower
or higher than the frequency of the waveform
applied to the vertical input terminals.

13-23. Whenever two or more complete
cycles of an input waveform are displayed,
whether stationary or not, the frequency of the
time-base sweep generator is lower than that of
the input waveform. When the display is
adjusted for a stationary pattern. the frequency
of the time-base generator may be calculated, if
the input frequency is known, by dividing the
input frequency by the number of complete
cycles displayed.

13-24. Many apparently odd and unusable
patterns arc displayed on the oscilloscope when
the frequency of the time-base sweep generator
is higher than the frequency of the waveform
under investigation. Such patterns are not
entirely unusable since they may convey useful
information to the observer.

13-25. Assume you have a sine-wave input
signal of 60 Hz to the vertical amplifier. At the
same time, the time-base generator is furnishing
a sweep signai to the horizontal amplifier at
20 Hz to give a stationary display. Refer to

figure 46,A. One complete sweep of the time-
base generator displays only one-half of the
sine wave before returning to the left-hand side
of the scope viewing area. If the sine wave starts
from zero toward its maximum value at thc
same instant that the time-base generator starts
sweeping from its zero value, then the entire
positive portion of the sine wave (points a, h.
and c.) is displayed during this sweep. As the
generator once more initiates its sweep, the sine
wave is at its zero point, going toward its
maximum negative value. The display at the end
of this second sweep shows one complete sine
wave, with the positive half positioned over the
top of the lower half.

13-26. Now assume that the sawtooth sweep
is initiated at point b, the maximum positive
value of the sine wave, at the same instant that a
sweep is initiated. A second stationary pattern.
as shown in figure 46,B. can be obtained under
similar conditions by changing the phase of the
60-hertz sine-wave input with respect to the
sweep of the time-base generator.

13-27. The entire positive-to-negative
alternation of the input waveform is displayed
during the first sweep of the time-base
generator. After being returned to the left-hand
side of the viewing area during the retrace
period, the sweep is initiated tor the second
time to display negative-to-positive alternation
of the sine wave. Once again, the time-base
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Figure 46. Patterns when sweep-to-signal ratio is 2:1.

generator has used two sweeps to display one
complete cycle of the input waveform.

13-28. In either case cited, the input
waveform has been "chopped up" into two
segments for the display. Figure 47 shows the
stationary displays presented by an oscilloscope
for a vertical-to-horizontal frequency ratio of
1:3. The 1:3 ratio is shown for two different
phase relationships. These traces may also be
inverted, depending again upon the phase
relationships between the two signals.

13-29. Synchronizing. The synchronizing
control found on all oscilloscopes permits a
portion of the signal beigg amplified in the
vertical section to be injected into the time-base
generator for the purpose of pro'ducing a

stationary waveform display.
I 3-30. Throughout our dicussion about

time.base sweep controls, we have emphasized
the stationary display. A signal supplied to the
vertical amplifier which. bears some integral
frequency, and phase relationship to the signal
produced by the horizontal amplifier produces
a stationary display. A consideration of the
frequency tolerances and stability
characteristics of electronic equipment, in
general.. shows that it is improbably to
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consistently maintain these frequency and
phase requirements. Therefore, the
synchronizing control is included as a par Of
the oscilloscope circuitry to obtain a stationary
display for a detailed waveform investigation.

13-31. A potentiometer is used as !he
synchronizing control, to permit you to injec*.
as much of the synchronizing signal as

necessary to produce a stationary display
pattern. The adjustment of this control is no-.
critical, but the use of too much synchronizing
signal can cause severe distortion of Ow
observed signal. This is due to erratic
functioning of the time-base generator.

13-32. If the synchronizing control Is

advanced too far, the amplitude of eite

synchronizing signal produces a distorted
sweep signal. Inspection of figure 48 reveals
that the excursion of the injected signal has
initiated two sweeps per cycle of the applied
signal. Under these conditions, the resultant
time base was plotted against the applied signal
produced by the vertical amplifier to obtain a
graphical representation of the scope display. as
shown in figure 49. The display is undesiraole
in this form because it is difficult to visuali-te
the type of signal applied at the vertical input
terminal. Despite the undesirable double
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Figure 48. An effect of excess synchronizing

signal upon the sweep.
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Figure 49 Display resulting from a distorted stable sweep.

sweep, inspection of the resultant time base
with respect to the synchronizing signal shown
in figure 48 shows that the repetition rate of the
time-base signal remains constant. The pattern
remains stationary, being continuously
displayed as a signal trace, until corrective
action is taken.

13-33. Another example of excessive
synchronizing signal amplitude is shown in
figure 50 and 51. Investigation of figure 50
shows how the frequency of the time-base
generator has become unstable because of

CHARGE

incorrect sychronizing control adjustment.
Note that the amplitude and length of the linear
sweep are different for each sawtooth. This time
base is plotted against the signal output from
the vertical amplifiers to obtain the resulting
display shown in figure 51.

13-34. The synchronizing signal may be
injected directly into the time-base generator
from a source external to the scope. The need
for external sync depends chiefly upon the type
of signals undergoing observation.

13-35. Intensity modulation. Many scopes
provide an external terminal for the injection of
a signal directly into the cathode-ray tube,
through its grid or cathode circuit, to modulate
the moving electron beam. This terminal is
called by one of two common namesZ-axis
input or intensity modulation input.

13-36. Variation of the grid-to-cathode
potential changes the density of the electron
beam within the cathode-ray tube and in this
manner determines the intensity of the light
emitted from the fluorescent screen.

13-37. Although any type of waveform
produces intensity modulation, the preferred
type of signal is in the form of sharp pulses to
permit precise measurement of the time interval
between pulses. These pulses, termed markers,
should be of short duration with a high
repetition rate with respect to the signal being
examined. The resultant display on the
cathode-ray tube will have a number of
alternate bright or dark spots corresponding to
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Figure 50. Distorted sweep caused by improperly adjusted sync.
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Figure 51. Display resulting from a distorted unstable sweep.

the occurrence of the markers, depending upon
whether they increase or decrease the beam
intensity.

13-38. If the marker signal is introduced at
the grid of the cathode-ray tube, negative pulses
cut off the electron beam so that no trace is
produced; during the next interval, the beam is
permitted to stroke the fluorescent screen to
produce a normal intensity. spot. If, on the
other hand, the marker pulses are positive, the
beam intensity is increased so that a trace of
increased brilliance can be observed; during the
next interval, the beam is returned to normal
intensity. The amplitude of the marker signal is
relatively unimportant, except that the
amplitude of the negative marker signals must
be sufficient to drive the grid of the cathode-ray
tube to cutoff. When the marker signal is
produced at the cathode of the display tube, the
polarity of the marker signals must be
interchanged to maintain the conditions
presented in the preceding paragraph.

13-39. In most scopes that provide this
feature, the intensity modulation circuit is. a
simple RC network. The frequency of the
marker signal must lie within the passband of
the Z-axis circuit, or frequency discrimination
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in the form of signal differentiation will take
place.

13-40. The input terminal for the Z-axis is
not always located on the front panel of the
oscilloscope. It is often found on the rear
chassis apron.

13-41. Operating Considerations. The
oscilloscope and synchroscope are subject to
limitations and malfunctions, just as any other
electronic device. Although some precautions
for scopes have been previously stated or
implied, we also include them here for added
emphasis and convenience.

13-42. Precautions. When you use
oscilloscopes, it is advisable never to operate
an oscilloscope with the case removed, since
high voltages are exposed that can cause fatal
shock. Removal of the case also reduces
shielding of the instrument from stray external
fields.

13-43. Extreme caution should be exercised
by personnel handiing cathode-ray tubes. The
giass envelope incloses a high vacuum; undue
stresses and rough handling can cause serious
injury, due to tube impiosion. The fluorescent
coating of the cathode-ray tube is extremely
toxic. When handling broken cathode-ray
tubes, avoid contact with this material.



13-44. Remember that a bright spot must not
be permitted to, remain in a stationary position
on the fluoreseent screen; the energy of the
electron beam concentrated in a small area will
burn the screen coating. Remember also to
provide a good bonding between the
oscilloscope, operating equipment, and ground.
Grounding is a good general practice to
eliminate electrical shock hazards and to
produce clear displays that are free of stray

, noise signals. Ground connections can be
greatly improved by placing the equipment
being tested, the oscilloscope, and other
accessory equipment on a large sheet of
conductive material insulated from the
workbench top. A single connection between
the metal sheet and ground can then be made.
There is usually an exception to any rule, and
those circuits that operate above ground are the
exception. When dealing with this type of
circuit, (1) insulate the oscilloscope from
ground, (2) use caution during measurement,
and (3). break the connection as soon as the
measurement is completed.

13-45. Know the operating condition of
your scope and other test equipment.
Maintenance routines using a signal generator
and a scope are misleading and inconclusive if
either or both test equipments are causing, or
contributing to, a faulty display.

13-46. Input impedances of oscilloscopes
are generally high enough to produce negligible
loading of the circuit under observation; so
impedance matching is seldom required.,
However, the input impedance of the scope
must be higher than or equal to the impedance
of the circuit under investigation if detuning
and loading effects are to be avoided. Technical
manuals supplied for scope maintenance
usually state this impedance in terms of a
resistance shunted by a capacitor. Low-
impedance coaxial cables are often used in
pulse maintenance engineering teehniques. It is
imperative in these cases to consider the types,
lengths, and input impedances of the
connecting leads. High-impedance frequency-
compensated probes are often provided as
accessories for the oscilloscope to prevent any
loading and detuning effects of resonant high-
frequency circuits. These probes are discussed
later in this chapter.

1 3-47. Oscilloscope test leads should be
adequately shielded to prevent undesired
coupling effects. The lengths of open wire leads
and their attendant stray capacitance to ground,
coupled with a high input impedance. can cause

the oscilloscope amplifiers to develop an

appreciable display from random or Amy
signals.`The shielding of the test leads should
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be connected to the ground terminals adjacent
to their input terminals to prevent interaction
of common impedance ground loops between
different terminal points on the scope panel.
This is especially important when observing
pulses, while using external synchronizing and
triggering cables; otherwise you risk erratic
triggering of the sweep generator.

13-48. Voltages which overload the input
circuits of the oscilloscope should not be
applied to the input terminals. This precaution
applies to the external synchronizing and Z-
axis input terminals as well as the vertical and
horizontal input terminals. Vertical and
horizontal amplifiers often contain an
attenuator to. provide control over large
amplitude signals, but many of these same
oscilloscopes do not provide similar controls
for the synchronizing or Z-axis input channels.
When working with large amplitude signals at
oscilloscope inputs lacking attenuators, wrap
the insulated test lead around the input
erminal concerned to provide sufficient
coupling.

13-49. Some oscilloscopes provide a second
vertical input terminal connected by a strap to
the oscilloscope ground terminal. The purpose
of the two vertical input terminals is to provide
for the observation of balanced signal sources;
the strap is used to ground the unused terminal
during inspection of single-ended amplifiers.

13-50. Malfunctions. Malfunctioning
circuitry within the oscilloscope can cause
erratic and faulty displays, or it can cause
difficulties in the manipulation of various
operating controls. Potentiometers used as the
variable amplitude control of vertical and
horizontal amplifiers develop small scratches in
the resistive element oi on the rotor contact
from small abrasive particles contained in dust.
As the rotor moves over the marred resistive
element, noise signals are generated, creating a
display which is extremely ragged in
appearance and which may or may not bear
some resemblance to the original input signal.
The characteristic "grass" display resulting
from noise signals may disappear as soon as the
control is released, ccintinuing the display of
the original input signal. On the other hand, the
"grass" display may persist, indicating poor
contact between the rotor and the resistive
element at that point. Other causes of noise
displays are poor input connections and
microphonic amplifier tubes.

13-51. The input impedance of the first
amplifier is quite high, making the dicilloscope
susceptible to stray external signals. External
fields, especially at powerline frequencies, can
be picked up by unterminated oscilloscope
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observation. Figure 53 is an example of the
effect these devices can have upon the display
of sine waves.

Figure 3. Distortion caused hy tuw-frequency hum.

14. A Typical Oscilloscope
14-1. Now that you have learned the basic

principles of an oscilloscope, let's study the
waveform interpretation and controls of a
typical multitrace oscilloscope. The functional
circuits and front panel controls of most
oscilloscopes are very similar. Therefore, we
explain only the functions and controls of a
model commonly used in communications and
electronics maintenance.

14-2. Figure 54 is a front panel view of the
Tektronix 585A with type 82 plug-in unit
installed. Like most test equipment, it is

composed of numerous sections and
subsections which have specific functions to
perform. As each section is discussed, all front
panel controls associated with that section are
also discussed..Throughout this discussion you
will be referred to figure 54 to locate the
controls.

1 4-3. Sweep Generation a n d
Synchronization. The versatility' of any
oscilloscope depends largely upon its sweep
and sweep synchronization circuits. To obtain a
stable presentation. the sweep circuits must be
able to produce a sweep voltage that is in sync
with the displayed signal. The sweep generator
must also he able to produce a sweep voltage
beginning at selected times with respect to the
vertical signal. If the sweep generator can do
these things. then it is possible to present any
desired part of the vertical signal on the CRT
indicator. Some oscilloscopes accomplish these
functions by using dual-sweep generators that
call operate either separately or in conjunction
\sith each other. To show these-principles. let's
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use the oscilloscope shown in figure 54. The
HORIZONTAL DISPLAY switch on the upper
right front of this oscilloscope is used to select
the desired sweep function. These functions,
reading counterclockwise around the control
from 2 o'clock, are as follows:

"A" SINGLE SWEEP.
"A" SWEEP.
"A" SWEEP DELAYED BY "B"
SWEEP.
"B" SWEEP INTENSIFIED BY "A"
SWEEP.
"B" SWEEP.
EXTERNAL SWEEP
(UNATTENUATED -
X1).
EXTERNAL SWEEP (ATTENUATED -
X10).

Let's discuss these in the order of most frequent
use, starting with the A SWEEP.

14-4. A sweep. When this sweep function is
selected, the A sweep generator and its
.associated circuits function independently of
the B sweep. the A sweep circuit is made up of
these units:

A synchronized sweep trigger generator.
A sweep generator.
A horizontal sweep amplifier.

14-5. The trigger generator generates the
trigger for the sweep generator. This trigger is
synchronized by the signal being displayed by a
6.3-volt AC line signal, or by an external sync
signal. When using this type of oscilloscope, it
is up to you to decide how thesweep can be
most effectively synced and then set the
associated front panel control to the desired
trigger source position. Now let's discuss the
factors that must be considered when making
this decision.

14-6. To analyze a waveshape, we must be
able to see it clearly. Without sweep
synchronization, you can see the signal but in
most cases it is nothing but a blur. An
indiscriminately triggered sweep starts without
regard to time displacement of the signal being
displayed. Each succeeding sweep starts at a
different relative time with respect to the signal
on the vertical deflection plates. This causes the
signal to appear to run across the face of the

indicator. Figure 55 is an example of an
unsynchronized display of a uniform sine wave.
The running effect can be eliminated by
adjusting the sweep frequency until it is the
same as or an exact multiple of the vertical
signal; however, this method is impractical
since even the slightest signal variatiOns require
readjustment of the sweep frequency. If the
sweep is started at exactly the same point with
respect to the vertical signal, each trace

7,
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Figure 54. The Tektronix 585A oscilloscope.

presents the exact same portion of the vertical
signal. This action is shown in figure 56. Note
that each time the sweep occurs, the same
portion of the vertical signal is traced on the
indicator. To obtain this type of sweep, the
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oscilloscope sweep generator is triggered by (1)
an external signal of a frequency that is equal to
or a multiple of the vertical signal or (2) by the
vertical signal itself. Now let's see how this is
accomplished.
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14-7. The oscilloscope shown in figure 54
can be synchronized by a line, internal, or
external signals. depending on the setting of the
TRIGGERING SOURCE switch (upper right).
In the INTERNAL SYNC positions, a sample
of the input signal is taken from the vertical
amplifier: in the EXTERNAL SYNC positions,
a sample is taken from an external sync signal

vENTICAL SIGNAL

NON,ZONTAL WEI. SIGNAL

2

that is connected to the TRIGGER INPUT jack
(fig. 54, upper right); and in the LINE position,
the oscilloscope 6.3-volt, 60-hertz filament
signal is used.

14-8. At this point it is important to
remember that the sync signal selected by the
TRIGGERING SOURCE switch does not
trigger the sweep generator but triggers the
trigger generator, which in turn produces a
trigger for the sweep generator.

14-9. Now let's look a little deeper and see
what happens under the various triggering
conditions. When the TRIGGERING
SOURCE switch is in one of its INTERNAL
positions, a sample of the input signal is talc_
from the vertical amplifier and fed as an input
to the trigger generator circuits. The first thing
that the trigger generator does to the input
signal is set its reference level. This level is
determined by the setting of the
TRIGGERING LEVEL control (see fig. 54,
top center). Figure 57 shows the input signal at
four different reference levels ranging from
maximum negative (Level A) to maximum
positive (Level D). The triggering level line
shown in figure 57 is the reference level that the
input signal must cross for the trigger generator
to produce a sweep trigger. Now let's see what
happens when the TRIGGERING LEVEL
control is set to each of the four reference
levels shown in figure 57.

Figure 56. Synchronized display.
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Figure 57. Effects of triggering level and slope control.

Level A. This reference level is obtained
by setting the level control to its makimum
negative position. Note that as the signal
alternates above and below this reference level,
it never crosses the triggering level and thus no
sweep trigger is generated.

Level B. As the level control is turned in
the positive direction, reference level B is
obtained. With this reference level setting, you
can see that the triggering level is crossed at
time TI and at time T2. Now, to obtain a stable
sweep for any given signal, iv do not want to
develop sweep triggers at more than one point
on the signal. Look again at figure 54 and note
the TRIGGER SLOPE switch. It is the toggle
switch located between the TRIGGERING
LEVEL and TRIGGERING SOURCE
controls. With this switch in the positive
position, the trigger generator produces a
trigger only on the positive slope of the input
signal as it passes the triggering level (T1). For
this same signal and with the switch in th6
negative position, a sweep trigger is produced
at T2. The trigger and the conditions under
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TRIG LEVEL "C"
POS SLOPE

which the trigger is generated are shown below
each trigger point, T1, 12, T3, and 14, in
figure 57.

Level C. Now assume that you change the
TRIGGERING LEVEL control to obtain
signal reference level C. As the signal alternates
above and -below reference level C, it crosses
the triggering level at times 13 and 14. If the
SLOPE control is set to its positive position,
the sweep trigger is produced at 14. With the
SLOPE control in its negative position, the
sweep trigger is produced at T3.

Level D. Setting the TRIGGERING
LEVEL control to its maximum positive
position results in the signals' riding reference
level D. Once again the signal never crosses the
triggering level and no trigger is produced.

14-10. Now you should be able to come to
an important conclusion; that is, to insure that
a sweep trigger is generated, the initial setting
of the TRIGGER LEVEL control should he at
or near midrange.

14-11, Now let's assume that you do not
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wish to trigger the sweep with the vertical
signal In this case you must use either the
EXTERNAL or LINE positions of the
TRIGGERING SOURCE switch. In each of
these positions. the trigger generator functions
the same as it did in the INTERNAL position.
When using these positions, you must
remember that to obtain a stable presentation
the sweep triggers must be produced at the
frequency of or at a frequency that is a multiple
of the signal being displayed. Because of its 60-
hertz frequency, the LINE SYNC position has
little practical value except in cases such as
checking for ripple in power supplies or hum in
signal lines. 'External sync, however, is

frequently used when troubleshooting or signal
tracing. In many equipments a master liming
signal is used to produce all other signals. It is
therefore convenient to connect this signal to
the TRIGGER INPUT jack (fig. 54, upper right
corner) for use as an external sync signal. When
you are testing signals from different points in
the equipment where signal amplitudes and
shapes vary, the use of a standard sync signal
eliminates the necessity for continual
readjustment of the triggering controls.

14-12. Another factor to be considered when
synchronizing the trigger generator is the
frequency of the sync signal. Wide variations in

sync signal frequencies require adjustments in
the input circuits of the trigger generator. Look
again at the TRIGGERING SOURCE switch in
figure 54. Note that there are three internal and.
three external positions. These different
positions adjust the trigger generator input
circuits for various frequencies of input signals.
In either of the high-frequency sync positions
(FIF SYNC), the trigger generator circuits
couple the sync signal directly to the sweep
generator for use as a sweep trigger. In all other
positions the trigger generator functions as
discussed in the previous paragraphs.

14-13 Before going on to the sweep

generator. let's summarize. The trigger
generator produces a trigger for the sweep
generator. The TRIGGER LEVEL and SLOPE
controls are set to produce this trigger when the
sync signal is at the desired level and swinging
in the desired. direction. The sync signal must
have a definite frequency relationship to the
vertical signal in order to produce a stable
trace.

14-14, A typical sweep generator may

consist uf a sweep multivibrator, a Miller
Integrator. a holdoff cathode follower, and a
trigger gate interconnected, similar to the
generator shown in figure 58. Normally, you
will find tha«he mukivihrator is a bistable type
and ctvinges state only when triggered. With
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this type of sweep multivibrator, it is possible to
start and stop the sweep at specific times.

14-15. When a trigger is received from the
trigger generator, the state of the sweep
Multivibrator changes, and a negative level
pulse is coupled to an RC network in the grid
circuit of the Miller integrator. The charge rate
of the capacitor in the RC network is held
constant by a feedback between the plate and

grid circuits of the integrator; thus the
integrator produces a very linear sawtooth
which is coupled to the horizontal amplifiers.
The sawtooth output of the integrator 'is also
coupled to the holdoff circuit. This circuit
adjusted so that when the integrator output
reaches a required level (this level is a function
of the indicator deflection factor and the
physical length of the sweep desired), the
output of the holdoff circuit retriggers the
sweep multivibrator back to its normal resting
state. The sweep is thus terminated and will not
start again until the next trigger is received
from the trigger generator.

14-16. Before going on, there are two
important points you should remember:

(1) The generator is set to produce a

sawtooth of a specific amplitude. The TIME
PER CENTIMETER control (fig. 54, just to
the right of the indicator) varies with the rate of
ch-trge, not the amplitude.

(2) When using the scope, if you notice that
the sweep is not of the proper physical length,
first check to see if the sweep generator output
is the correct amplitude. If it is not, your
problem may be only an improper feedback
adjustment. This adjustment is usually made by
an internal sweep length control such as the
one shown in figure 58.

14-17. Now look at the triiger gate block
shown in figure 58. This block controls the bias
on the sweep multivibrator when it is at rest.
When operating the scope in the A SWEEP
function, the trigger gate is controlled by the
STABILITY control (fig. 54, top center, small
knob). The STABILITY control sets the bias
on the trigger gate, which in turn controls the
bias on the sweep multivibrator. To set the
STABILITY control, you perform the
following steps:

(I) Set the control fully counterclockwise.
(2) Turn control clockwise until a sweep

fi rst appears.
(3) Turn control counterclockwise again

until the sweep just disappears.

Now the sweep multivibrator can be triggered
as soon as a signal is connected. .-

14-18. To see more clearly how the sweep
generator works, you should be able to
visualize what is happening at each of the major

(



signal points. Let's assume that a sine-wave
signal is applied to the vertical input of the
oscilloscope. You set the TRIGGERING
SOURCE switch to the proper internal
position, the TRIGGER SLOPE switch to
negative, and the TRIGGERING LEVEL to 0
volt. Under these conditions, the sweep starts
when the negative alternation is applied to the
vertical plates.

14-19. Look now at figure 59 and see how
the sweep circuits accomplish this. Waveshape
A is the vertical input signal, and waveshape B
is the same signal applied to the input of the
trigger generator. With the controls set as stated
in the previous paragraph, the trigger generator
produces sweep triggers (signal C) each time its
input (signal B) passes through zero in a
negative-going direction (points 1, 2, 3. and 4).
The first trigger is applied to the sweep
multivibrator and causes its output to go
negative (signal D). During the time the sweep
multiyibrator output is negative, the sweep
generator output rises at a linear rate (signal E).
Part of the sweep signal is fed to the holdoff
circuit, where it causes the output of:the holdoff
circuit to rise (signal F). The output of the
holdoff circuit is the bias on the sweep
multivibrator. When signal F reaches point X.
'the sweep multivibrator is retriggered back to
its resting state and the sweep is terminated.
The sweep circuits remain at rest until the next
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trigger is received from the trigger generator
(signal C, pulse # 3) and the same actions are
repeated. The darkened areas of tfie input
signal (signal A) are thus traced on the
indicator as the presentation shown at H in

, figura 59.
14-20. You may wonder how the indicator is

blanked during retrace time. In the scope in
figure 54, for example, the indicator is
normally biased to cutoff and is allowed to
conduct only when sweeping. This is done by
taking the positive output of the sweep
multivibrator and coupling it to the CRT as an
unblanking signal (signal G, fig. 59). Since the
sweep multivibrator determines sweep length
and the unblanking signal is of the exact same
duration as the sweep,.only thc sweep is visible.

14-21. Let's go back now and discuss the
TIME PER CENTIMETER control in a little
more detail as it applies to period and
frequency measurements. As a maintenance
man you will measure pulse widths, periods,
frequencies, and any other events that may be a
function of time. The TIME PER
CENTIMETER control indicates exactly what
its name implies; that is, it indicates the time
required for the electron beam to deflect 1

centimeter horizontally. It is relatively simple
for you to determine the number of centimeters
that the beam is deflected horizontally and
then, with a little mathematics (number of
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Figure 58. Sweep generator
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Figure 59. A sweep generation and display.

centimeters times the setting of the TIME PER
CENTIMETER control), determine the time
for any event associated with the display signal.
As for frequency measurements, frequencies
can be readily determined by use of the
following formula:

Frequency w
time per cycle

.... ISM,

control as shown in A, B, and C of figure 60.
The sweep length is always 10 centimeters.
Frequency determination under these
conditions is as follows:

a. The A setting of the TIME PER
CENTIMETER control is 1 I.Esec. Note that
1/2 cycle occupies the full sweep. The time per
cycle is 20 Asec. You can calculate the
frequency by using the following formula:

Frequency..
time per cycle

(F

14-22. For an example of frequency
measurements, look at figure 60. Here a 50-
kHz sine wave is an input to the oscilloscope
shown in figure 54. The TRIGGER LEVEL
and TRIGGER SLOPE controls al'e set to
develop sweep triggers at the 0-volt level of the
negative slope. Now consider three different
settings of the TIME PER CENTIMETER One
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Figure 60. Frequency caIcuIatIon.

frequency determination is that it is very
difficult to determine when the scope displays
exactly 1/2 cycle. If you err in determining the
time for a half cycle, this error is compounded
by doubling the value to determine the time per
cycle. When possible, you should not use
settings of the TIME PER CENTIMETER
control that present less than one cycle.

b. The B control setting of 2 Asec results in a
one-cycle presentation. Here again it-is difficult
to determine when exactly one cycle is
presented; however, this time the error is not
compounded by multiplying.

c. The C control setting of 5 Asec results in a
display of 2 1/2 cycles. Here the point at which
the signal crosses the zero reference line is
much more definite because of the steepness of
its slope, and a more accurate calculation can
be made.

14-23. There are several ways you can
calculate the frequency in this case; the
following method is recommended. One
centimeter represents 5 p.sec; therefore, the full
10-cm sweep represents 50 Asec (5 X 10
50). The time for 2 1/2 cycles is then 50 p.sec,
and the time per cycle is 20-p.sec
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In practice you will find that the most accurate
frequency determinations are obtained by
setting the time controls for presentations of 2
to 10 cycles.

14-24. B sweep. The B SWEEP position of
the HORIZONTAL DISPLAY switch shown in
figure 54 selects another set of circuits
containing a trigger generator and sweep
generator that operate similarly to the A sweep
and triggering circuits. Look at the B sweep
time-base controls in figure 54, and note the
similarity to the A sweep time-base controls.
Since their functions and operations are
similar, it is not necessary to cov..m- them again.

14-25. "B" buensified by "A." Until now we
have discussed a single sweep function with its
associated triggering circuits. Used alone, the
addition of another sweep generator and its
associated circuits adds nothing to the
capability of the oscilloscope. However, when
one sweep is used to modify the other sweep,
much is added to the scope's capabiliiies.
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14-26. The two sweep generators in the
oscilloscope in figure 54 can be triggered by the
same synchronizing signal or by separate
signals. Regardless of the trigger source. there
are two sweep voltages and two unblanking
voltages that can be applied to the indicator.
This particular scope uses the unblanking
voltage of the A sweep to intensity-modulate a
portion of the B sweep. The intensified portion
may be expanded to give you an enlarged
presentation.

14-27. In the "B" INTENSIFIED BY "A"
position of the HORIZONTAL DISPLAY
switch, the B sweep generator functions
normally. When triggered, it develops a

sawtooth horizontal sweep voitage and a

positive unblanking signal. These signals are
coupled to the indicator, and a normal sweep
pattern begins. The sawtooth sweep voltage is
also sent to a trigger pickoff circuit. The trigger
pickoff circuit is set to produce a trigger pulse
when the B sweep sawtooth voltage rises to
some predetermined (pickoffl point. The bias
on the pickoff circuit can be varied so that the
pickoff point can occur at any desired
amplitude of the sawtooth voltage. In the
oscilloscope shown in figure 54, the pickoff
point is controlled by the DELAY-T1ME
MULTIPLIER control. This is thc second
control from the bottom on the right-hand side.
Regardless of the slope of the sweep voltage. it
always takes the same voltage to deflect the
beam 1 centimeter; therefore, the delay control
which sets the voltage of the pickoff point is
calibrated in centimeters. The delay time (the
time between the beginning of the sweep and
the start of the intensified portion) is then
calculated by multiplying the setting of the "B"
TIME PER CENTIMETER control by the
number of centimeters on the DELAY-T1ME
MULTIPLIER control.

14-28. Now let's see how this sweep
intensification works, using a practical
example. Look at figure 61. Signal A is a 40-
kHz input that is applied as a vertical input and
as an input to trigger generator B. Time-base 13
controk are set as follows: (1) TRIGGERING
SOURCE to INT. (2) TRIGGERING LEVEL
to 0. and (3) TRIGGER SLOPE to positive.
Signal B in figure 61 shows the output of trigger
generator B. Note that a trigger is produced
when the input signal (signal A in fig. 61)
reaches point X. This trigger is fed to the B
sweep generator. It initiates a sawtooth sweep
voltage (signal C) and a positive unblanking
puke (signal D). The sawtooth sweep voltage
and the unblinking pulse are coupled through
appropnate circuits to the indicator to unblank
and sweep the electron beam horizontally
across the scope.

8 I

14-29. Before going on. let's assume that the
A sweep generator is set for a 5-u.sec-per-centimeter.sweep, the STABILITY control is
fully clockwise, and the B sweep generator is
set for a 20-msec-per-centimeter sweep. Also,
assume that the indicator beam is deflected 1

centimeter for every 15 volts of sweep signal
(signal C). You have set the DELAY-TIME
MULTIPLIER control to 3 1/3 centimeters,
which means that the delay pickoff circuit
produces a 'trigger (signal E, fig. 61) when the
sweep has moved 3 1/3 centimeters. Now let's
look a little closer at how the pickoff trigger is
produced. The sweep voltage (signal C) is fed to
the pickoff circuit. Remember that the delay
time was to be 3 1/3 centimeters. If horizontal
deflection takes 15 volts per centimeter, then 3
1/3 centimeters require 50 volts. What the
delay control actually does is set the pickoff
circuit bias so that the sawtooth (signal C) must
rise to 50 volts before the pickoff. circuit is
triggered. Now the xrigger from the pickoff
circuit (signal E) is fed to the A sweep
generator. The A sweep generator is triggered
and p:oduces a sawtooth sweep voltage (not
shown ,n fig. 61) and an unblanking pulse
(signal F. fig. 61). The indicator circuits
combine the A and B sweep unblanking pulses
(signal G. fig. 61). This combining of the
unblanking pulses results in an increase in CRT
current, thus intensifying the trace for a period
equal to the unblanking pulse time of sweep A
(pattern H of fig. 61).

14-30. Look again at the A sweep
unblanking pulse in figure 61 (signal F). Note
that it lasts for 50 ihsec. If the TIME PER
CENTIMETER control is set to 5 ihsec per
centimeter as previously stated, then the A
sweep generator produces a sawtooth of the
same amplitude as the B sweep sawtooth but in
a shorter time.

A sweep time = 5 ihsec/cm x 10 cm =
50 Asec.
B sweep time = 20 ixsec/cm x 10 cm =
200 Msec.

In this application the A sweep sawtooth is not
used, but its unblanking pulse is used. This
puke is equal in duration to the A sweep
sawtooth, so its duration must also equal 50
Asec. The indicator sweep is the result of the
much slower B sweep signal. so the.50-ihsec A
sweep unblanking pulse intensifies the B sweep
for only 2 1 2 centimeters (50 Asec, 20 4sec per
centimeter = 2 1 2 cm),

14-31. Now let's summarize what we know
about the ''B INTENSIFIED BY A'
function.

The B sweep is triggered and functwns
just like the A sweep.
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The B sweep sawtooth voltage is fed to a HORIZONTAL DISPLAY control (fig. 54) to
pickot'f circuit that produces a trigger for the "A" DELAYED BY "B" position.
the A sweep generator at a time
determined by the DELAY-T1ME
MULTIPLIER control.
The A sweep unblanking pulse intensifies
a portion of the B sweep.
You can select the portion of the B sweep
that you wish to intensify by varying the
setting of the DELAY-TIME
MULTIPLIER control:

14-32. There are times when you may wish
to use this intensification principle to
determine the frequency of the signal being
displayed, the period or pulse width of the
signal, or the signal rise time. To do this,
rttluce the setting of the A sweep TIME PER
CENTIMETER control until the A sweep
unblanking pulse is so short that the intensified
portion of the trace appears as a small
intensified dot.

14-33. Now look at figure 62. This figure
shows three examples of how ihe intensified dot
can be used. In figure 62,A, you can determine
the frequency of the displayed signal in the
following manner:

First, place the dot at point X by setting
the DELAY-TIME MULTIPLIER control to
zero centimeters.

Now turn the MULTIPLIER control until
the dot moves to point Y, a distance that
represents one cycle, and record the control
setting.

Subtract setting X from setting Y (the
result in this case should equal setting Y. since
setting X is zero). Now multiply this difference
by the setting of the "131- TIME PER
CENTIMETER control to obtain the time per
cycle. Convert the time per cycle to frequency
by the formula F = . This same procedure
can be used to determine the pulse width in
figure 62.B, or the time between pulses in figure
.62.C. You may wonder why it is necessary to
do this when you can simply count-the number
of centimeters directly off the face of the
indicator. This can be done, but not with the
accuracy obtained by using the micrometer type
DELAY-T1ME MULTIPLIER control. These
are only a few examples of how the intensified
sweep can he used; however, in your day-to-day
performance of maintenance. I am sure you will
find maw, other useful applications.

14-34. You will . find it convenient at times
to he able to obtain an expanded view of one
particular part of a display. This is probably the
most important application of the intensified
sweep. %his can be done hy intensifying the
area you wish to expand and switching the
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62. Measuring time with the intensity dot.
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14-35. "A" delayed by "B." This sweep
:unction is relatively simple. The only
difference between it and the 13"
INTENSIFIED. BY "A" is that the indicator
receives only the A sweep unblanking pulse and
the A sweep sawtooth. The B sweep circuits are
triggered just as they were in the "B"
INTENSIFIED BY "A"; however, the B sweep
outputs are not used by the indicator. The B
sweep sawtooth triggers the pickoff circuit,
which in turn triggers the A sweep. This
happens at a time when the part of the input
signal to be intensified is present at the vertical
plates. The A sweep sawtooth and A sweep
unblanking pulses are coupled to the indicator
circuits and allow the intensified area to be
displayed over the entire 10 cm.

14-36. Figure 63 shows more clearly what
happens. The intensified sweep shown in figure
63,F, is obtained while the HORIZ^NTAL
DISPLAY switch is in the "B" INTENSIFIED
BY "A" position. The HORIZONTAL
DISPLAY switch is then switched to the "A"

A VERT
INPUT

g B SWEEP SAWTOOTH

...1

c B SWEEP UNBLANKING

DELAYED BY "IV position. The ver next
trigger received results in the generation of a B
sweep sawtooth (fig. 63,B) and a* 1,3 sweep
unblanking p,.!lse (fig. 63.C). The 13 unhlanking
pulse is not used. However, the B sweep
sawtooth is fed to the pickoff circuit and when
it rises to the pickoff point (fig. 63. 13). the A
sweep is triggered:The A sweep sawtooth (fig.
63,D) and the A sweep unblanking pulse (fig.
63,E) arc coupled to the indicator. Illus. the
intensified area between X and Y of figure
63,F. is displayed aerbss the entire face ot the
indicator, as shown in figure 63,G.

14-37. The intensity-modulation principle
can also be used to compare parts of a serial
pulse train. Look at the display in figure 64.A.
If you want to compare pulse A and pulse B.
the best way is to superimpose one upon the
lther. Let's see what steps are necessary to do
this with the oscilloscope shown in figure 54.

Set the HORIZONTAL DISPLAY switch
to the "13- INTENSIFIED BY "A" position and
adjust the "A" TIME/CM and the DELAY-

111111

PICKOFF POINT

D A SWEEP SAWTOOTH

E A SwEEP UNBLANKING

B INTENSIFIED BY A

Figure 63. Displa% expansion
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Zol
pulse (fig. 54, +GATE B jack) and the pickoff
trigger output jack (fig. 54, DLY'D TRIG
jack).

14-38. When the B sweep unblanking pulse
starts, it is coupled via the DLY'D TRIG jack
to the A sweep generator. The A sweep
generator is triggered and its unblanking pulse

A intensifies the pulse A area on the indicator.
The pickoff circuit was already set to trigger the
A sweep, so the pulse B area is intensifed. Now
think about what is happening. Each 5 sweep
triggers the A sweep twice, once at the
beginning of the sweep_and once at the pickoff:
point. Now switch the HORIZONTAL
DISPLAY switch to the "A" DLY'D BY "B"
position. The first time the A sweep is triggered
it displays pulse A, and the second time it is
triggered, it displays pulse B. This display is
shown in figure 64,B, with the two pulses not
quite matched, A slight adjustment of the
DELAY-T1ME MULTIPLIER control will
move pulse B from where it is shown in figure
64,B, and position it directly over pulse A as
ihown in figure 64.C.

14-39. The oscilloscope shown in figure 54
is capable of two other sweep applications that
are not a function of the dual-sweep generator
principle, so sees take a look at them.

14-40. -A" single sweep. Look again at
figure 54 and note the HORIZONTAL
DISPLAY switch position that is labeled "A"
SINGLE SWEEP; also observe the RESET
button above and to the right of the display
..witch. With the-switch in this position, a single'
sweep (one time across the scope) is obtained
each time the RESET button is depressed. Your
eyes and mind can obtain very little knowledge
;rom seeing a signal for so short a time;
however, with a camera and high-speed film a
picture can be taken of this single trace. This
picture then becomes a permanent record of the
function displayed and the function can be
analyzed at your leisure.

14-41. External sweep. Most oscilloscopes
have provisions for the direct application of an
external signal to the horizontal amplifiers. The
EXTERNAL SWEEP function is especially
applicable if you are to compare the phases of
two sine waves. One signal is applied to thc
vertical input and the other signal is applied to
the horizontal circuits via the HORIZONTAL
INPUT jack (fig:54, just to the right of the
HORIZONTAL DISPLAY switch). With the
HORIZONTAL DISPLAY switch in the X1
losition, the horizontal input signal is fed

TIME Mt:Li IPLIER controls until Pulse B is Jirectly to the horizontal amplifiers. In the
mtensitied XIO position, the horizontal input signal is

Cunnect a small capacitor (approximately attenuated by a factor of 10 before application
100 mmt) between the B sweep unblanking to the horizontal amplifiers. Figure 65,A,

"IS" INTENSIFIED SY "A"

A"A" DELAYED BY "A"

Figure 64 Pulse comparison
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FREQUENCIES EQUAL
90° OUT OF PHASE

FREQUENCIES EQUAL
PBASE RELATION
0° TO 900 OR 900 TO 150°

FREQUENCIES EQOAL
IN PHASE OR 1110° OUT OF PHASE

Figure 65. Lissajous patterns.

shows the display obtained when applying two
sine waves of equal frequency. but 90° out of
phase. This pattern and the other patterns of
figure 65 are based on equal horizontal and
vertical deflections (the venical input
attenuator must be adjusted to make the vertical
deflection equal to the horizontal deflection).
An oval pattern such as shown in figure 65,8, is
obtained when the phase difference is between
0° and 90° or between 90° and 180°. A single
line presentation as shown in figure 65,C, is
obtained when the signals are in phase or 180°
out of phase. Figure 65,D, is the display
obtained when the horizontal and vertical input
signals are not of the same frequency. These are
the basic Lissajous patterns which you learned
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in basic electronics, and they may be used to
measure unknown frequencies when you have a
known standard, or to calculate phase
differences in known signals

14-42. The Plug-In Unit. The oscilloscope,
like many other pieces of test equipment, u.,es
various plug-in units to increase its versatility.
The oscilloscope shown in figure 54 has a type
82, dual-trace plug-in unit installed. This plug-
in unit is just one of many that can be installed
in the oscilloscope. All of these plug-in units
provide preamplification and/or attenuation of
the vertical input signal. Other functions
performed by the various plug-in units follow:

Vertical positioning of the display.
Acceptance of two vertical input signals.



Display of either of two verticri input
signals separately.

Alternate display of two vertical input
signals on separate baselines.

Chopped display of two input signals
alternately selected and displayed on separate
baselines while the sweep is in progress.

Display of the algebraic sum of two
vertical input signals.

14-43. Your choice of the plug-in unit you
wish to use depends on the frequency response
necessary, pulse characteristics, and the type of
display that provides the most convenient
analysis of the signal. You will learn of many
needs through practical experience. To aid you
in making the proper choice, let's discuss the
use of plug-in unit controls to obtain the
functions listed above.

14-44. Vertical positioning. All plug-in units
have ftont panel vertical positioning controls.
This control references the input signal so that
it can be moved vertically on the indicator. The
input signal is applied to a paraphase amplifier,
which produces two outputs that are 1800 out
of phase. These two signals are amplified, and
each is applied to a vertical plate. One signal is
applied to the upper deflection plate, and the
other to the lower deflection plate to produce a
push-pull vertical deflection. The VERTICAL
POSITION control varies the DC reference
level that these two signals ride and thus
positions the signal in the vertical plane.

14-45. The input selector. The input signal is
applied to the INPUT jack either directly or via
an attenuator probe. In the AC position of the
INPUT selector switch (see fig. 54), a capacitor
is placed in series with the input signal. This
capacitor eliminates any DC component of the
input signal. If you wish to check DC levels or
DC reference levels of AC signais, place the
INPUT selector switch in the DC position. In
this position the signal is directly coupled to
the vertical preamplifier.

14-46. The input attenuator. All vertical
input signals are applied to an input attenuator
network. The amount of attenuation is a
function of the VOLTS/CM control (see fig.
54). The positions of this control indicate the
amplitude of the input voltage necessary to
deflect the beam I centimeter vertically; thus, if
the switch is in the 5-volt position, an input
signal will deflect the beam 1 centimeter for
every 5 volts amplitude. Look at the
VOLTS/CM control and the display shown in
figure 66. The signal displayed occupies 3.5 cm
vertically,.and the VOLTS/CM control is set at
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the 0.5-volt position. You can calculate its
peak-to-peak voltage amplitude as' follows:

Volts/cm X cm of deflection amplitude (peak to peak)
0.5 x 3.5 as 1.75 volts

I CO

111111111111r1M11
e=or

VA ?I CO CONTIOL

Figure 66. Measuring aMplitude.

14-47. To measure the amplitude of a DC
signal, you first set the sweep baseline to some
logical reference level before applying the
signal. You use the VERTICAL control to do
this. Now when you apply the signal, you need
only to determine the distance in centimeters
that the baseline has moved and multiply this
figure by the setting of the VOLTS/CM control.
An example of a DC voltage measurement is
shown in figure 67. Note where the baseline
was set prior to the application of the input
signal. If you count the number of centimeters,
you can see that the input signal moved the
baseline 2 1/4 centimeters. The VOLTS/CM
control in the figure is set to the 5-volt
position; therefore, the amplitude of the DC
input equals 11.25 volts (5 X 2 1/4 i 11.25).

14-48. You may at times be required to
determine the DC reference level of an AC
signal. To do this, place the INPUT selector
switch in the AC posiiion. With the
VERTICAL POSITION control,.set the signal
to some reference level. Place the INPUT
selector to the DC position and deteritine the
number of centimeters that the reference level
shifted. In figure 68,A, the signal is shown set
to a zero reference level with the INPUT
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Figure 67. Measuring DC voltages.

selector in the AC position. Figure 68,B, shows
that the reference level shifted 1 centimeter
when the INPUT selector was set to the DC
position. The DC reference voltage of this
signal can be determined by multiplying the
setting of the VOLTS/CM control by 1

centimeter. If the VOLTS/CM control was set
to its 20-volt position in the example of figure
68, the DC reference level would be: 1 cm X
20 volts/cm = 20 volts.

14-49. Dual trace. The principles discussed
thus far apply to all types of preamplifiers. In
dual-trace preamplifiers (the one shown in
figure 54) these functions are duplicated, and in
addition there is an input attenuator and.,a
vertical control for both the A and B seaions
of the preamplifier. In addition to dual
controls, the dual-trace plug-in unit has two
vertical input jacks and a switching
multivibrator. The switching multivibrator and
its associated cificuits arc used to alternately
select one of the two vertical inputs on ar time-
sharing basis for application to the vertical
amplifiers.

14-50. If you wish to compare two signals
for phase, amplitude. shape, or any other
reason, connect one input to the B section and
the other input to the A section (see fig. 54).

For ka two-sweep comparison you perform the
following setup procedure:

Place the MODE switch (see lig. 54) in
the "A" ONLY position and adjust the A
vertical positioning and the A attenuator
controls until the presentation occupies the
upper half of the display area (see fig. 69,A).

Pl-ace the MODE switch in the "B" ONLY
position and adjust the B vertical positioning
and B attenuator controls until the B input
occupies the lower half of the display area (see
fig. 69,B).

Place the MODE switch in the ALTER
(alternate) position and the dual-sweep display
is as shown in figure 69,C.

14-51. With this setup, the A vertical input
signal triggers the sweep circuits, is coupled to
the vertical plates, and is displayed. When the
first sweep is completed, the switching
multivibrator is then used to select the B
vertical input. The next sweep displays the B
vertical input signal. This switching action is
repeated at the end of each sweep. If you wish
to use this type of display to check the phase
relationship of two signals, use an external
trigger source of known relationship to the
signals under test. Internal triggering should
not be used because each signal would trigger
its own sweep and the phase relationship could
not be checked.

1111111111111111111111111
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Figure 68. Measuring DC' reference levels .
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Figure 69 Signal comparison using alternate mode.

14-52. In the CHWPED mode of operation
the multivibrator in the plug-in unit switches
the vertical inputs continuously as the indicator
is swept. If two sine waves that are equal in
frequency but opposite in phase (fig. 70,A) are
applied as A and B inputs, a display similar to
the oneshown in figure 70,C. is obtained. The
output of the switching multivibmtor is shown
in figure 70,B. The A input is displayed eacn
time the output of the multivibrator is at its
high level, and the B input signal is d',,played
each time the output of the multivibrator is at
us lower level. The resultant display is shown
in figure 70,C.

14-53 We have stated previously that the
rhoice of plug-in units for a particular
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applicAtion depends on many factors, factors
that you will learn through continued use of the
oscilloscope in the performance of day-to-day
maintenance. Sometime, after you have attained
your 5 level, you may be called upon to help set
up a maintenance shop, and you will have to
decide what plug-in units your shop will need
to best accomplish the assigned tasks. When
this happens, you will have to apply principles
learned in this CDC plus knowledge acquired
on the job in making the selection. Before
leaving the oscilloscope and going on to other
test sets. let's discuss built-in calibration and
indicator control circuits.

14-54. Calibration. In the performance of
your job there are many times when you must



measure signal levels and signal excursions In
displayin r. signals to see if they meet pri rer
specifications. it is necessary to know that your
scope is properly calibrated. There are two
calibration check procedures that you must
perform.frequently. These are:

Volts per centimeter.
Attenuator probe.

14-55. To perform these checks, you need a
standard that provides a square wave of known
amplitude. In the ase of the oscilloscope
shown in figure 54, such a source is provided as
a built-in feature. This circuit is called the
amplitude calibrator. Its control and output
jack are located in the lower right corner of the
front panel (see fig. 54). The various positions
on the amplitude calibrator control provide, at

A

vERT INPUT

8
vERT INPUT

2millammimmmWWI '14,,

A VERT IOPUT
SELECTED

vERT INPUT
SELECTED

the CAL OUT jack, a square-wave signal
ranging from 0.2 millivoit peak to petk to 100
V.,Its peak to peak. This output is applied as a
verocal input to determine whether the
VOLTS/CM control is accurately calibrated.
After you 'Awe checked the VOLTS/CM
control and found it to be accurate, the
attenuator probes are placed between the CAL
OUT jack and the VERT IIPUT jack to
determine their accuracy.

14-56. When checking the attenuator probes,
it is also necessary to check them to see if they
cause any differentiation or integration of the
input signal. lf, when the CAL OUT is
connected directly to the vertical input, a
perfect square wave is presented on the
oscilloscope indicator, but distortion is noted

111111MEMEMMEM
HIMMUUMBHUUMUUHUM
MEMEMMEMEM

SWITCNING AV

SIG A

SIG B

Figure 70. Chopped mode
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Figure 71. Adjusting the attenuator prr be.

with the probe in the line, then an adjustment
of the probe is necessary. Two common types of
probe distortion arc shown in figure 71, A and
B. The distortion shown in figure 71,A, is due
to integration, and that shown in figure 71.13, is
due to differentiation. Probe distortion can
usually he eliminated by adjusting the capacitor
within the probe until the display appears as
shown in figure 71,C. There is no set schedule
for performing these calibrations, but you will
find it good practice to check your scope in this
manner before each use of the probes.

14-57. Indicator Controls. There are four
front panel controls associated with the
indicator of the oscilloscope shown in figure
54. The SCALE ILLUM controls the intensity
of a light that illuminates the centimeter
markings on the etched scale in front of the
indicator face. The FOCUS and
ASTIGMATISM controls are uses together to
obtain a clearly defined horizontal trace across
the face of -the indicator. The INTENSITY
control sets trace brightness by varying the
emission of the indicator cathode. Once set, the
SCALE,. 1LLUM. the FOCUS, and the
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ASTIGMATISM controls will usually need no
readjustment; however, the INTENSITY
control may need resetting for each new signal
measured. This is due to the fact that the
illumination of the trace is a function of both
the strength of the electron beam and the
frequency of the sweep. It may also be
necessary to adjust the intensity when you wish
to look at the leading and trailing edges of
pulses that have very short rise and fall times. It
is good practice to turn the intensity down
when you leave your oscilloscope for extended
periods, because a high-intensity beam will
burn the coating on the indicator face.

15. Probes
15-1. In this section we discuss probes which

are commonly used to extend the capabilities of
meters and oscilloscopes. Two important types
of probes are high-voltage and isolation probes.
Their construction, purpose, and use'should
clearly understood since they are necessary
accessories for many kinds of measurement.

15-2. High-Voltage Probes. Test



instruments usually have a voltage measuring
range that extends up to a maximum of 2.(100
volts. Relatively few have ranges that extend up
to 6000 volts. When it is necessary to measure
voltages.that exceed the maximum rated voltage
of your test instrument, you must extend the
voltage range to a higher value. There are two
ways to do this: (1 ) Connect an external
multiplier resistor of suitable value in series
with the input circuit of the test instrument or
(2) use a capacitive divider circuit. We show
how each of these ways is used in probes
designed for high-voltage measurements.

15-3. The multiplier resistors normally used
with 20,000 ohms/volt VOMs and VTVMs are
generally of the high-voltage cartridge type,
using a spiral film-type resistive element
printed on a ceramic core, as illustrated in
figure 72. The probe body housing for the
removable multiplier resistor is composed of an
insulating material having a high dielectric
strength and a low leakage factor. Safety flanges
are normally placed on the probe body to
minimize surface leakage and corona and to
protect the operator's hand froM high-voltage
shock or RF burns. The probe tip may be
pointed for making proue contact, or it may be
of the clip-on type for a more permanent
connection. An insulated handle is provided
for protection from electrical shock. A shielded
cable is normally used from the probe to the
meter to eliminate stray field pickup. An
intern shield, grounded to the external cable
shield, is used to ground accumulated
electrostatic charges and thus minimize the
ck.,,,sibility of RF flashover voltages.

15-4. Figure 73 shows a resistor probe
connected to a volt-ohm-milliammeter (VOM).

NuL TtPL 1ER
CANTRIGGE

111.A611

You must bear in mind that the input resistance
of the VOM is changed for each setting of the
DC voltage range switch. Therefore, the
calculated value of the multiplier resistor
required to obtain a given multiplying factor is
valid only for the particular range switch
setting that was used in the original calculation.
By contrast, the value of the multiplier resistor
need be calculated only once for all meter
range settings if a VTVM is used. As shown in
figure 74, the range switch of a VTVM select,: a
definite proportion of the input voltage for
application to the voltmeter bridge circuit. But
since the VTVM tube draws no current from
the input circuit, the resistance of the voltage
divider located in the input circuit is constant
for all ranges. Thus, the probe multiplies each
range of the VTVM by the same factor.
Therefore, the same resistor may be used with
all range scales This is not true, however, for
VTVM models having different values of
internal voltage divider resistance.

15-5. The internal resistor contained in the
probe body also provides circuit isolation. This
resistor, usually having a value of I megohm,
performs a double function: (1) it reduces the
capacitance which the probe introduces to the
circuit under test, and (2) it acts as the resisthe
element of an RC filter network to aid in the
removal of high-frequency AC components
from the output of the measured equipment.

15-6. For example, the combined total input
capacitance of the VTVM, inciuding the input
cable of the probe and the test probe itself, is
approximately 100 picofarads. Th;s
capacitance, if applied across the circuit under
test as shown in figure 75, loads down and
unbalances the RF circuits while you are

INSULATOR
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Figure 72. High-voltage DC probe.

9 2

At4b



EXTERNAL NIGH
VOLTAGE PROBE IDC1

PROSE
TIP

- - -
AuLTPLIER RESISTOR

HIGN vOLTAGE
.TO St

20.000 ONmS-PCR-
voLr

Figure 73 Probe connected to DC voltmeter.

measuring the associated DC voltages with the
VTVM Your DC measurements under these
circumstances are both erroneous and
misleading. Therefore. the isolation resistor
contained in the probe used with a VTVM is
necessary to remove or reduce these capacitive
effects from the circuit being tested. A case in
point be the measurement of the DC grid
bias of a high-frequency oscillator, Elimination
of the cable shielding does not eliminate the
capacitive effects because stray fields are then
induced into the tested equipment through the
unshielded cable. Therefore, you must insert a
high-ohmage resistor between the circuit test
point and the shielded cable from the VTVM
input voltage divider circuit (see fig. 76).
Although there still is some capacitance from
'he probe tip to ground. it is comparatively
;mall. If the original reactance of the probe is
in the neighborhood of 100.000 ohms for a
particular test circuit frequency and you inject
a series I-megohm resistor into the circuit, the
total impedance is greater than a megohm. This
makes the reactive component only 10 percent

EXTERNAL
PROBE NV OC

"WwWW.W.0*.V.%.
MULTIPLIER RESISTOR

GROLIND

rather than the original 100 percent of the total
input impedance.

15-7. The resistor probe is also employed
with an oscilloscope to measure peak-to-peak
waveform values or simply to observe the
general form of the measured waveform.
Furthermore. the input terminals of most
scopes are rated at 600 volts maximum;
therefore, the probe is used to prevent the
application of excessive voltage that may, at the
very least. distort the reproduced waveform or,
more seriously, puncture the input capacitor,
damage or burn out the internal scope
attenuator resistors, carbonize terminals strips
by an arc-over process, or cause additional
attendant damage by completely overloading
the input scope amplifier. The isolating resistor
in the probe add the internal resistance of the
oscilloscope may be used as a form of voltage
divider network for either DC or low-frequency
measurements and, in some cases, provides a
voltage reduction ratio as high as 1000:1. A
10,000-volt signal, in this instance, would
cause an actual value of 10 volts to be applied

DC

Figure 7 4 . Probe connected to VTVNI.
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Figure 75. Effective input capacitance.

to the vertical input terminals cif the scope.
Unfortunately, some oscilloscopes do not
provide an internal resistance network across
the vertical terminals; therefore, you may have
to construct a voltage divider network to
protect the scope input circuits.

15-8. By simply connecting a large ohmage
resistor, such as 1 megohm, across thc vertical
input terminals of the scope, the required
voltage division can be obtained. However, this
type of resistive voltage divider has limitations
which may preclude its use. The AC voltage
division is not accurate at the higher
frequencies because the amount of capacitance
present between the probe body and ground
changes with each new probe position. In
addition, stray fields in the vicinity of the
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unshielded parts of your probe produce
undesirable currents which distort the observed
waveforms. Therefore, if this be the case, you
cannot use this method to measure the exact
amplitude and waveshape of a signal.

15-9. In the capacitive divider probe, the
high voltage under test is applied across two
capacitors connectcd in series. Figure 77,A,
shows a diagram of the actual capacitive probe,
and figure 77,B, illustrates tne voltage dividing
arrangement which protects the scope. The
input voltage is divided across CI and C2 of
figure 77.8, in inverse proportion to their
capacitive value. Normally, CLiv-made much
smaller than C2 so that most of the voltage will
be dropped, or lost, across the capacitor. Thc
remaining voltage, dropped across C2, is small
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Figure 76. DC probe with isolating resistor.
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enough for safe application to the vertical scope
terminals. The formulas required for the
calculation of the capacitor values to provide
the desired division of the applied high voltage
are as follows:

NOTE:

E2C2
El E3 E2

CI

E3 = C 2
E2 C I

E3 stepdown ratio (R)-
E2

C2 w CI (R 1)

where: El is the voltage drop across Cl, E2 is
the voltage drop across C2, and E3 is the
voltage applied to the divider network.

15-10. The high-voltage capacitance divider
probe must contain an extremely high input
impedance to prevent loading of the circuit
under test. This high impedance is provided by
using a high-voltage rectifier tube as an
inexpensive capacitor with a breakdown voltage
of up to 15,000 or 20,000 volts. The probe
must have a body which provides high-voltage
insulation features in its makeup, and the probe
must be shielded to prevent stray field pickup
which would distort the desired scope
waveform. In figure 77,A, trimmer capacitor
C2 and tube capacitance Cl form a voltage
divider network. This trimmer capacitor, which
is normally incorporated within the probe
body. may be varied to provide the proper
voltage ratio for application to the
oscilloscope. The normal ratio is 100:1.
Therefore, with an applied signal of 20,000
volts to the probe tip, only 200 volts appear
across C2 and are delivered to the vertical
terminals of the scope. In this case, the voltage
breakdown rating of C2 need be only slightly
higher than approximately 200 volts. Since the

input and shielded cable capacitances,
represented by C3 in figure 77,A, are in
parallel with the trimmer capacitor located in
the probe, C2 must be readjusted to the proper
voltage stepdown ratio each time a different
cable or scope is used with the probe.

15-11. If the stepdown voltage ratio is lb0:1
and you measure 1000 volts, only 10 volts is
applied to the scope. In this instance, you may
calibrate the scope screen so that 1 volt is equal
to 1 square; therefore, 10 volts approximate 10
vertical squares of height and represent 1000
volts of measured signal. The calibration
procedure required to obtain a 10:1 or 100:1
voltage ratio is relatively simple. Many scopes
do not contain a compensated input circuit,
and therefore the oscilloscope trace varies in
direct proportion to the input capacitance
variation. This effect causes the probe
calibration to change. Additional waveform
distortion is apparent on such a scope because
of frequency discrimination and phase-shift
distortion. If the scope contains a compensated
input, the following sequence of calibration
applies:

a. Connect the vertical terminals of your
scope directly across some low-impedance,
low-voltage source, and set the scope step
attenuator to its "times one" (x I ) position.

b. Vary the vernier attenuator for any
convenient number of squares of screen
deflection.

c. Connect the probe between the voltage
source Oecified in step a above and the vertical
scope terminals, and advance the scope step
attertuator to its "times 100" scale (x 100).
The waveform should now occupy the exact
same number of scale divisions as it did
previously.

d. If the number of squares occupied by the
waveform are different from the number
obtained in step b above, adjust the probe
trimmer capacitor with an insulated

A

Figure 77. Capacitive voltage divider.
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screwdriver until the waveform is the same.
Now the scope is calibrated to receive of
any voltage applied to the probe tip, provided
that you always use the same connecting cable
and scope.

15-12. Isolation Probes. We have aiready
spoken of the isolation feature of high-voltage
probes, but more needs to be said about prohes
designed especially to provide isolation.

15-13. Across the vertical terminals of an
oscilloscope there is normally a resistive
element of from 0.1 to 2.0 megohms, in parallel
with a small amount of capacitance. The
capacitance is a combination of the capacitance
normally present across the vertical terminals
and the capacitance of the probe and its
shielded cable. When such a scope is used in
conjunction with a shielded cable and probe, it
contributes from 0.1 to 2.0 megohms of
resistance and from 40 to 90 picofarads of
capacitance in shunt with the output of the
circuit under test. If the circuit under test has a
high output impedance or contains high-
frequency components, this test equipment
shunting effect detunes resonant circuits, loads
other circuits, or simply distorts the desired
waveforms. This undesirable condition is
prevented or its effect decreased if you increase
the impedance shunting the tested circuit. You
can do this by using a low-capacitance high-
impedance probe of proper design. Figure 78
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Figure 78 Compensated low-capacitance isolation probe

illustrates the method of connecting a small
variable capacitor in parallel with a large
resistor within the probe head. This parallel
combination is in series with the shielded cable
and, consequently, is in series with the scope
input. The scope-blocking capacitor is
relatively large, so its rcactance at high
frequencies can be considered negligible. The
small variable capacitor, Cl, in series with the
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scope, c.;,;,ie, :,nd robe capacitance, CL
deLreases the total eftective capacit,inee and
thereby increase:, the capacitive reactance. The
large value resistor. R I, acts as-an isolating
resistor. as discussed previously, and also
effectively decreases the total input
capacitance These two parallel circuits, which
are effectively connected in series, act as a
voltage divider and, of course, decrease the
amplitude of the AC signal being measured.
Although this decrease in amplitude is wanted
in a high-voltage probe. it is one of the
unfortunate side effects of compensation and is
termed probe attenuation.
.15-14. The amount of probe attenuation

must remain fairly constant during
mcasurement at both low and high frequencies.
Therefore, not only must the RIC1 provide a
voltage ratio of 100:1, 10-1, or some other
fraction, but RIC! must be equal to R2C2 of
the scope, probe. and cable. With these two
time constants equal, the arrangement divides
AC voltages at all frequencies by the same
ratio, except when either resonance or
antiresonance effects change the voltage
delivered to thc scope. (Thc latter effects occur
so rarely that they may be neglected in most
cases.)

15-15. Another way to provide isolation is
to use a probe that is constructed by connecting
an additional resistor. R, across the vertical
scope terminals, as shown in figurc 79. Thus,
the isolating resistor and R comprise a resistive
attenuation path for DC. This protects the
scope blocking capacitor from DC voltage
surges and, in addition, stabilizes the scope
impedance as the vertical vernier control is
varied. A probe of this design has one primary
disadvantage; it may cause too much resistance
loading on critical high-impedance DC circbits.
Therefore. this type of probe is normally not
used in such circuits unless a capacitor is
inserted in series with the probe tip to block
DC.

15 - ! 6. Yet another way to provide isolation
is to use a cathode-follower probe. It has a
cathode-follower circuit within the probe body
to obtain a very high input and low output
impedance characteristic. This type of probe
has excellent high-frequency response and,
since its input impcdance is higher than its
output impedance. it acts as ati impedance
transformer. Figure 8t; illustrates the schematic
diagram of thc probe. The light circuit loading
of this probe results from the use of a 6-
megohm resistor shunted by approximatel 10
picofarads of stray circuit capacitance. As
shown. the 6-megohrn resistor, the 0.05-
microfarad coupling capacitor, and the 300-
ohm cathode resister are all in series and
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Figure 79. Isolation probe with shunting resistor.

shunted across the output of the circuit under
test. The output from the cathode follower is
obtained across ,the 300-ohm cathode resistor
which is in parallel with the high impedance of
the scope (or other test instrument). Therefore,
the scope input circuit does not load down the
cathode-follower output.

15-17. Shielding and Loading Effects of
Probes. As you may have surmised from ,the
foregoing discussion, the test leads or cable that
you use as the electrical link between a VOM,
VTVM, or sctpe and the equipment under test
becomes an integral part of the test instrument.
You can use many different types of
interconnections, such as two independent
separated wires, two parallel wires in a cord
arrangement, or a probe and shielded cable.
The effect of the shunting input capacitance
may be negligible in one circuit under test and
may completely upset the normal operation of
other circuits under te' t. In some cases, the use
of unshielded test leads results in spurious
pulse- or hum-voltage pickup. which distorts
the signal applied to the VTVM or scope. ThiS
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VERTICAL
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condition can exist because a magnetic field is
produced around each wire having current
flowing through it, and a potential between
wires establishes an electrostatic field at right
angles to the magnetic field. The magnetic field
o produced represents a lumped value of
inductance along the wires. The electrostatic
field represents a lumped value of capacitance
between the wires. Unfortunately, each time the
leads are moved or shifted, the distance
between them changes, and this changes the
distributed capacitance between the wires or
between the wires and nearby objects. At higher
frequencies, the inductance and capacitance
values may cause the tested circuit to actually
oscillate and produce ri,isleading meter.
indications. Also, the use of unshielded open-
wire test leads and probes may have other
adverse eftects; for example. the test leads may
act as an antenna and radiate a signal from an
isolated or shielded circuit section to other
circuit sections to cause circuit crosscoupling,
regeneration, or oscillation. In addition, this
stray field and adjacent circuit pickup or

11200 OHMS

POwER
SUPPLY

300 ONMS
0 3'

OUTPUT

OSCILLOSCOPE

vEPTICAL
INPUT

TVItRIALS

Figure 80 Cathode-follower isolatton prohe

97

101



crosscoupling may be fed directly to your scope
and be integrated with the desired scope trice
to provide confusing or ambiguous results.

15-18. A shielded input cable does no:
always correct the difficulties encountered with
twin-wire unshielded test leads. Both the
shielded cable capacitance to ground and the
VTVM or scope input capacitance may cause a
loading effect on the circuit under test. In fact,
errors in peak-to-peak signal measurement, as
well as waveform distortion, may be evident. As
we have explained previously, the use of an
isolating resistor within your probe decreases
the loading effect of your shielded cable and
avoids the possibility of detuning high-
frequency reuonant circuits under test. In some
areas of low-frequency measurement, however,
the unshielded cable has less loading effect than
the shielded test lead.

15-19. The use of a high-voltage 100:1
capacitance probe is a distinct advantage except
when the output of the tested circuit is below
about 5 or 10 volts. Theselow voltages will
produce probe output signals less than 0.05 or
0.1 volt, which may not provide sufficient
deflection for a good display.

15-20. The input impedance of a capacitor
divider high-voltage probe is relatively high,
but it becomes less as the frequency increases.
At extremely high frequencies, the probe
impedance becomes so low that this type probe
cannot be used because of its loading effects.

15-21. When connecting test equipment to a
circuit, you should always have some idea of
the internal impedance of the circuit. This
knowledge is necessary because the loading
effect on the circuit is not determined solely by
the shunt capacitance or inductance of the test
equipment and leads. Since this shunt
capacitance or inductance is in parallel with the
internal impedance of the circuit under test (as
shown in fig. 81), it is the relative values of the
reactance and the internal impedance which
determine whether or not the loading is
appreciable. If Z is small compared to Xc,
there is little or no effective loading. However.
if Z is large in '.:omparison, the loading is heavy
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Figure 81. Probe and cable loading.

enough to alter the operation of the tested
circuit and distort the peak-to-peak signal or
observed waveform. It is on the basis of this
reasoning that we can say a given shunt
impedance loads down a high-impedance
circuit more heavily than it does a low-
impedance circuit.

15-22. Safety Precautions. As a safety
precaution, the meter or scope ground terminal
should be physically connected to the probe
cable shield and to either the chassis or the B-
line of the equipment being tested. If you do
not ground the test instrument in this manner.
it may be electrically hot and present a severe
shock danger. When you test circuits containing
no power transformer, you should remember to
connect an isolation transformer between the
equipment being tested and the line. This
prevents you from shorting out the powerline if
the meter case or chassis should become
inadvertently or accidentally grounded. For
maximum safety, the wearing of insulated shoes
is advisable; if shoes which have exposed nail
hu.ids are worn, you should stand on a rubber
mat or other insulated material. Keep one hand
in your pocket at all times, and hold the probe
by its handle with your other hand. Connect the
probe tip to the equipment to be tested prior to
the application of power. We have reviewed
these precautions because you should bear them
in mind whenever high voltages are measured.

15-23. At this time work the Chapter Review
Exercises for Chapter 4 in your workbook.
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Power and Frequency Test Equipment

IN ADDITION TO the test instruments already
covered, there are many test instruments
designed to test television, flight facilities, and
radio equipments and many others designed for
microwave measurements. In this chapter we
will discuss the most important and commonly
used in electronic test instruments that C-E
repairmen need to perform their job. The
instruments included are those that measure
power and frequency. Signal generators will
also be considered, since they are requi.'ed for
testing and troubleshooting.

16. Power Measuring Instruments

16-1. Electrodynamic wattmeters are widely
used for thc measurement of power. Other
power-measuring instruments of importance
are: output power meters, bolometer bridges,
and calorimeters.

16-2. Electrodynamic Wattmeters., The
electrodynamic wattmeter measures power
taken from alternating-current or direct-
current power sources. When measuring AC
power, this instrument indicates the in-phase or
real power. It can be modified, however, to
indicate reactive power instead of real power.
This instrument uses the reaction between the
magnetic fields of two current-carrying coils
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Figure 82 Circuit of an electrodynam4 wattmeter.

99

CHAPTER

(or sets of coils), one fixed and the other.
movable (see fig. 82). When the current
through the fixed-position field winding(s) is
the same as the current through the load, and

POWs
i:OutsCa

'IUD CON. irlitOCaulausese mnagmfos
vs mom wool Ne

plit0 COIL ?MO Comcomma CV/Me
SINOhNO Imsousci

wilsOilso

ISCrovOLTAOS

TCACIA

NO COIL

NON- IRIOUCT Pit
Risisyncs

Figure 83. A compensated wattrneter.

the current through the moving coil is
proportional to the load voltage, the
instantaneous pointer rotation is proportional
to the instantaneous power. Since the moving
system cannot follow rapid variations in torque
because of its longer natural period of
vibration, its deflected position is where the
average driving torque is equal to the restoring
torque of the springs. Meter deflection is thus
proportional to the average power.

16-3. The dynamometer-type wattmeter
automatically compensates for the power factor
error of the circuit under test, since it indicates,
only the power resulting from in-phase
components of current and voltage. With out-
of-phase relationships, a current peak through
the moving coil never occurs at the same instant
as the voltage peak across.the load. The result
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is less pointer deflection than when the current
and voltage are in phase.

16-4. The simple meter shown in figure 82
indicates that power is being consumed after
the load is disconnected. This difficulty can be
eliminated by incorporating two compensating
windings, mounted with the primary fixed-coil
current windings, as shown in figure 83. These
stationary windings produce a magnetic flux
proportional to the current through the moving
coil. As shown by the arrows in figure 83, the
currents through the current windings and the
compensating coils flow in opposite directions.
Since these opposing fields cancel with the load
removed from the circuit, the meter will
indicate zero power.

16-5. Electrodynamic wattmeters are subject
to errors arising from various factors, such as
temperature and frequency characteristics of
the moving system. Aside from heat dissipation
in the various coils, heat through the control
mechanism will cause the springs to lengthen
and lose tension, producing deflection errors.
Figure 84 illustrates cne mechanical equivalent
of the electrodynamic wattmeter. Large
currents within the circuit will also produce
appreciable error. Therefore, the maximum
current range of electrodynamic wattmeters is
normally restricted to about 20 amperes. When
larger AC load currents are involved, a current
transformer of suitable range is used in
conjunction with the wattmeter. However, when
measuring total power, a current transformer
cannot be used if the AC circuit under test
contains a DC component.

16-6. The voltage range of wattmeters is
generally limited to several hundred volts
because pf heat dissipation within the voltage
circuit. However, the voltage range can be
extended by using external voltage multipliers.

16-7. Wattmeters used as laboratory

Figure 84. Mechanism of a wattmeter.
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standards have an accurac; of O. percent,
high-grade portable wattmeters have an
accuracy of 0.2 to 0.23 percent, and nigh-grade
switchboard-wattmeters have an accuracy of 1
percent. Because electrodynamic wattmeter
errors increase with frequency, the accuracy
decreases appreciably for frequencies above
1000 hertz.

16-8. When using, an unshielded
electrodynamic wattmeter, you should not
place it in the vicinity of stray magnetic fields.
Also take care not to exceed the current.
voltage, and power ratings of the wattmeter.
Damage may result when any of these ratings is
exceeded, although excessive meter deflection
may occur only when the power rating is
exceeded.

16-9. The electrodynamic wattmeter may be
converted into an instrument for measuring
reactive power by replacing the resistance,
which is normIlly in series with the voltage
coil, by a large inductance. A 90° current lag
within the voltage coil provides a direct reading
proportional to the reactive power in the
circuit. Compensating networks must be used to
cause the phase chift to be exactly 90°.

16-10. Output Power Meters. Unlike the
electrodynamic wattmeter. the output power
meter is restricted to the measurement of the

Figure 85. Basic output power meter circuit.

dissipated power in a selective resistive load
provided by the instrument inself. A diagram of
a simple output power meter is shown in figure

E:85. The power is where E is the voltmeter

reading. Since R is a fixed resistance of known
value, the voltmeter can be calibrated to read
directly in watts. By using different values of R
or by providing various multiplier resistors in
the voltmeter, it is possible for you to extend
the range of the instrument. For the
measurement of AC power. a tapped
transformer can be used for extending the range
(see tig. VI). The voltmeter Is usually calibrated
to read watts or decibels.

16-11. Dh meters. A db meter is a rectifier
type of AC voltmeter or an AC electronic
voltmeter calibrated in db. The db meter can be
incorporated as part of a volt-ohm-
milltammeter, and the same jacks and switch
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Figure R6. Tapped transformer for output power meter.

positions used for AC voltage measurements
are used for db measurements. When the db
meter is calibrated, a reference point, based on
a specific power or value of voltage across a
specified resistance, is selected to represent 0
db. Many electronic voltmeters use a db scale
based on I milliwatt into a 600-ohm load to
represent 0 db. Based on this reference point,
various voltage readings could be made on the
low AC voltage scale. To provide a single
calibrated db scale for use on all db ranges, -I-
db numbers corresponding to the voltage ratios
existing between successive ranges and the low
AC range are computed for each range. These
numbers, shown on the front panel of the
instrument, are added algebraically to each
successive range reading to produce the correct
value for that range.

16-12. It should be cleariy understood that
the term "decibel" does not, in itself, indicate
power. It does indicate a ratio or comparison
between two power levels that permits you to
calculate the power. Often, it is more desirable
to express performance measurements in terms
of decibels by using a fixed power level as a
reference. The original standard reference level
w as 6 milliwatts, but to simplify calculations, a
standard level of I milliwatt has been adopted.
Thus, when the expression dbm is seen, it
should be understood that the reference level is

milliwatt.
16-13. Vu meters. The volume unit (vu)

meter, used in audio equipment to indicate
audio level, is a special kind of power meter. Its
meter movement has a rapid rise and a slow
fall, so that it follows the audio peaks and
modulation envelopes. The unit of
measurement is the volume unit, which is
numerically equal to 1 db above or below the
reference level of 1 milliwatt into a 600-ohm
load. A change of I vu is, therefore, the same as
a change of 1 dbm. It should be emphasized
that a vu meter can always be used as a db
meter; however, a db meter can be used as a vu
meter only when the audio output is a steady
tone. Some vu- meters arc calibrated to read
percentage of modulation, as well as volume
units, when calibrated to the equipment with
which they are used.
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16-14. Boiometer Bridges. The
measurement of power an also be made with a
bolometer bridge instrument. A bolometer is a
specially constructed element of temperature-
sensitive material._ The active material can be a
short, ultra-thin wire (called a barretter), a
semiconductor bead supported between two
pigtail leads (called a thermistor), or a thin
conducting film of small dimensions. The most
common types of bolometers used to measure
low power at high frequencies are barretters
and thermistors.

16-15. When RF power is applIW to a
bolometer element, the power absorption by
the element heats the element and causes a
change in its electrical resistance. Thus, a
bolometer can be used in a bridge circuit so
that small resistance changes can be easily
detected and power measurement accomplished
by the substitution method (that is, su itution
of DC or low-frequency power to proluce an
equivalent heating effect). A D'Arsonval meter
movement is usually employed as the null
indicator. According to one principle of
measurement (the principle used in the
balanced bridge), the bridge is initially
balanced with low-frequency bias power; then
RF power is applied to the bolometer, and the
bias power is gradually removed until .:he
bridge is again balanced. The actual RF power
is equal to the bias power removed. According
to another principle of measurement (the
principle used in the unbalanced bridge), the
bridge is not rebalanced after the RF power is
applied. Rather, the indicator reading is
converted directly into pow0 by use of a
calibration previously performed. Figure 87
illustrates the basic bolometer bridge circuit.
The bolometer element must be: (1) physically
small to be highly sensitive, (2) equally
responsive to low-frequency and RF power,
and (3) matched to the RF input powerline.

16-16. Calorimeters. Calorimeters (heat
measuring devices) are the most accurate of all
instruments for the measurement of high power.

Figure 87. Basic bolometer bridge circuit.
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They depend on the complete conversion of the
input electromagnetic energy into heat. Direct
heating requires the measurement of the heatne,
effect on the medium, or load, terminating the
line. Indirect heating requires thc measurement
of the heating effect on a medium or body other
than the original powcr absorbing material.
Power measurement with true caiorimeter
methods is based solely on temperature, mass,
and time. Substitution methods use a known
low-frequency power to produce the same
physical effect as an unknown RF power being
measured. Calorimeters are classified as static
(or nonflow) types and circulating (or flow)
types.

16-17. The static calorimeter uses a
thermally shielded body and, since an isolated
body loses little heat to a surrounding medium,
the temperature increase of the body is in direct
proportion to the time of applied power. The
product of the rate of temperature rise in the
calorimetric body and its heat capacity equals
applied power. Figure 88 illustrates a static-
type calorimeter.

16-18. Flow calorimeters are . classified by
(1) the type of circulating method used (open or
closed), (2) the type of heating used (direct or
indirect). and (3) the type of measurement
performed (true calorimetric or substitution).
Water or other calorimetric fluid is used only
once in an open system. An overflow system is
used to maintain a constant rate of flow. Closed
systems recirculate the fluid continuously by
means of a pump, and a cooling system restores
the fluid to ambient temperatures prior to its
return to the calorimeter. Closed systems are
more elaborate, but this self-contained method
permits the use of fluids other than water.

16-1 9. Flow calorimeters provide the
primary standards for the measurement of high-
power levels and, in conjunction with
calibrated directional couplers, attenuatch's.
power dividers, or other similar devices, serve
to standardize medium- and low-power
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Figure 88. Static calorimeter.
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measuring instruments. The meawrernent time
depends upon the required time for te entering
fluid to reach the outlet where the rise
temperature is measured.

16-20. The circulating fluid may serve in a
dual capacity as the dissipative medium and
coolant, using the direct heating method, or
solely as a coolant, using thc indirect heating
method. Because of its excellent thermal
properties and high dielectric loss at 1000 MHz
or higher, water is normally used in both
heating methods. Water is rarely used as the
fluid at frequencies lower than 1000 MHz
because of insufficient dielectric losses. The
indirect heating method offers a wider
frequency and power range coverage and can be
used in substitution type measurements.

16-21. Substitution methods do not involve
direct heat-dissipation measurement of moving
fluid. Greater accuracy is obtained because
known low-frequency power is substituted for
unknown RF power, with all other
measurement parameters remaining constant.
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CALI GRATED
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Figure 89. Flow calorimeter.

The accuracy depends on the exactness of the
low-frequency power determination and on the
degree that all factors remain fixed during the
substitution of one type of power for another.
Figure 89 illustrates a flow calorimeter using
low-frequency power substitution. Two
different measurement techniques are possible
with this type of meter: (1) the calibration
technique and (2) the balance technique.

16-22. The calibration technique uses an
adjustable known power to reproduce exactly
the same temperature indication originally
obtained by the unknown RF power
measurement.

16-23. The balance technique uses an initial
low-frequency power (P1) to provide a steady-
state temperature rise in the calorimetric fluid.
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Figure 90. Balanced flow calorimeter.

When unknown RF power is applied, the
original power (P1) is reduml to a new power
(P2) to maintain the same temperature
indication. Therefore, the actual pcwer equals
PI P2. Figure 90 illustrates a widely used
method of power measurement, using a
balanced-flow calorimeter. Temperature-
sensitive resistors are bridge connected as the
thermometric elements and are balanced at
ambient temperature prior to the application of
power. Low-frequency balancing power and the
unknown RF power are applied to maintain the
bridge at null. This occurs when the
temperature rise due to the unknown RF power
equals the temperature rise which is due to the
know low-frequency power.

16-24. Airflow calorimeters use the
subsitution power principle and are used in the
UHF region to measure power on the order of
20 watts. This instrument consists primarily of
a coaxial line section containing a tungsten
filament center conductor within an evacuated
envelope, to act as both the low-frequency and
RF load. A thermopile indicates the
temperature difference between the forced air
that enters and leaves the coaxial inclosure that
houses the termination.

17. Frequency Test Instruments

17-1 There are several types of frequency
test instruments which are useful to the
electronics repairman. These are wavemeters.
grid-dip meters. heterodyne (beat) frequency
meters. and frequency counters.

17-2. Wavemeters. Wavemeters are of two
basic types: (I) reaction 3n d (2) absorption.
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Both types are passive; that is, both absorb part
of the output power of the equipment whose
frequency is undergoing measuremen: The
reaction wavemeter abs `-'s very little power
and is, therefore, preft..7.eo for use when
frequencies in low-power equipment are to be
measured. An indication of resonance is
supplied by the equipment undergoing
measurement, usually in the form of an
ammeter of suitable range. The absorption
wavemeter is more accurate than the reaction
wavemeter, but it absorbs slightly more power
from the device under test. Since it tends to
load the equipment undergoing examination, its
use is generally restricted to high-powered
equipment. The indicator of resonance, usually
a meter or a lamp, is connected into the tank
circuit of the wavemeter. When the ultra-high
radio frequencies (300 to 3000 MHz) are
reached, it is physically impossible to use the
ordinary type of absorption wavemeter. The
reason for this is that such small values of
capacitance and inductance are required for
resonance at these high frequencies, that it is
hot feasible to manufacture them. If the
wavemeter type of frequency meter is to be used
in this region of the radio-frequency spectrum,
it is necessary to use either a resonant-cavity or
resonant-line type of frequency meter.

17-3. For conducting preliminary
adjustments on transmitters and for general
experimental work, the simple resonant-circuit
wave-meter is a valuable tool. However,
wavemeters cannot be used where accurate
measurements are required, because they tend
to detune self-excited oscillator circuits to
which they are coupled. The brightest lamp
indication or highest meter indication normally
registers the fundamental frequency. Therefore.
this type of meter is very useful (1) for checking
a transmitter to determine whether or not the
master oscillator is operating close to the
correct fundamental frequency. (2) for
checking the neutralization of an amplifier, (3)
for detecting the presence of radio-frequency
parasitic oscillations. and (4) for determining
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radiated field strength in relative measurement
terms.

17-4. Reaction wavemeters. The circuit of a
raction-type wavemeter, containing a coil and
a variable capacitor, is shown in figure 91. The
range of frequency measurement of the
wavemeter is changed by the use of plug-in
coils. The coil, which is external to the
wavemeter, is loosely coupled to the circuit
whose frequency is to be measured. The
resonant frequency of the waverneter is made
equal to the frequency of the circuit under
measurement by varying tne capacitor. At some
point within the frequency range of the
capacitor-coil combination, the indicating
device will indicate maximum or minimum
deflection, depending upon the circuit location
of the indicator. When the wavemeter is
adjusted to the resonant point (maximum
loading effect), it is important that the coupling

CIRCUIT
UNDER TEST

be reduced to the point which produces a
barely usable indication. If the coupling is not 04.
reduced, a sharp indication of resonance wil1
not be obtained and a consequent error will be
introduced.

1 7-5. Absorption wavemeters. The
absorption wavemeter, shown in figure 92, is
basically the same as the reaction wavemeter
previously discussed. An inspection of figure
92 shows that the indicator has been included
as part of the internal circuitry of the
absorption wavemeter. The fixed capacitor,
connected across the terminals of the indicating
lamp, has a much greater capacitance than the
variable capacitor. This large capacitance
permits a voltage to be developed at resonance
to light the lamp, and at the same time it has
negligible effect on the resonant circuit because
of its low reactance.

17-6. When this type of wavemeter is
coupled into the circuit under test, care must be
used as resonance is approached so that the
lamp will not burn out. The dial should be
rotated slowly and, as the lamp begins to glow,
the wavemeter coupling should be reduced. For
greater accuracy, the wavemeter should be
coupled so that maximum brilliance is only a
faint glow. A well-constructed instrument will
provide an accuracy of 0.25 to 2 percent.
Because of changes in capacitance or induction
from vibration or from temperature and
humidity changes, it is often necessary to
recheck the calibration.

17-7. Grid-Dip Meters. It is often desirable

Figure 93. Grid-dip meter.
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Figure 94. Block diagram of a basic
heterodyne frequency meter.

to determine the approximate frequency of a
tuned circuit before power is applied to it. Such
a determination can be made with an
instrument called a grid-dip meter. This
instrument is essentially an oscillator, as shown
in figure 93. The variable capacitor is
calibrated in kilohertz or megahertz. To make a
measurement, the coil is coupled inductively to
the tuned circuit under test. The variable
capacitor is adjusted until the meter iddicates a
minimum grid current. At this point, the tuned
circuit under test is absorbing the maximum
amount of energy from the grid-dip oscillator.
Therefore, the grid-dip meter is tuned to the
frequency of the circuit under test. This
frequency is read directly on the calibrated dial
of the instrument.

17-8. Since the grid-dip meter generates a
signal. it is an active instrument. A wide
frequency range is obtained by using plug-in
type coils. It is designed so that the coil can be
inductively coupled to the circuit under test.
For maximum accuracy, the grid-dip, meter
should be loosely coupled so that the dip in
grid current is distinct.

17-9. Heterodyne-Frequency Meters.
Frequency can be measured more accurately
with a specially designed instrument called a
heterodyne-frequency meter. It is a precision
instrument that measures an unknown
frequency by heterodyning it with a known
frequency which is obtained from a calibrated,
high-precision, variable-frequency oscillator
(VFO). When zero beat is obtained, the
unknown frequency is that of the VFO. The
zero-beat indicator in test equipment of this
type is generally a pair of headphones;
however, some heterodyne-frequency meters
employ an oscilloscope for this purpose.

17-10. Operation. The basic heterodyne
meter (shown in the block diagram of figure 94)
is a calibrated variable oscillator with
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associated circuits, which heterodynes against
the frequency to be measured. Coupling is
arranged between the frequency meter and the
output of the device under test. The calibrated
oscillator is then tuned so that the difference
between the oscillator frequency and the
unknown frequency is in the audio-frequency
range. This difference in frequency is known as
the beat frequency; when- detected and
amplified, it is audible in a headset. This region
of beat frequencies is shown diagrammatically
in figure 95. Starting at point A on the figure, a
very high-pitched rtzle can be heard in the
headset. As the two frequencies are brought
closer to the same value (decreasing difference),
the tone decreases in pitch down to point B.
Here the tone is replaced by a-series of rapid
clicks.

17-11. As.the process continues still further,
the clicks decrease in rapidity until they stop
altogether at point C. This is the point of zero
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Figure 95. Beat frequency diagram.
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beat, where the frequency generated in the
calibrated oscillator is equal to the frequency of
the unknown signal being measured. Fo: all
practical purposes, zero beat is obtained. when
clicks are heard at rather infrequent intervals.
since it is extremely difficult to maintain a
condition of absolute silence in the headset
over a prolonged interval of time. When the
incoming signal is fairly strong, the clicks are
sharp and distinct. When the signal is weak, the
zero-beat condition is evidenced by a slowly
changing swishing or rushing sound in the
headset.

17-12. If one of the tWo original frequencies
is varied still further, the rtpidity of clicks
increases to point D. At ths point, a low-
pitched tone is heard. Further variation in the
same direction causes a gradual increase in
pitch until point E is reached, where the beat
note becomes inaudible again. This region of
increasing pitch on both sides of the zero beat
is characteristic of this procedure.

17-13. After the zero beat is obtaint:!, the
dial reading, when properly interpolated,
corresponds to the frequebcy under
measurement. Aura/ beats, heard by the use of
headphones, may be acceptable to obtain an
approximate indication of zero beat. It should
be apparent that this method leaves a small
doubtful region in the shaded area, BCD on
figure 95. The generally accepted audible range
of the normal human ear has a lower limit of 15
to 20 hertz. Under these circumstances, the
area BCD could represent an error of 30 to 40
hertz, 'or more in some cases.

17-14. To overcome this type of difficulty,
simple oscilloscope circuitry is included as a
part of wme heterodyne-frequency meters to
provide exceptional sensitivity. The sensitivity
of the device increases with the amount of
amplification preceding the cathode-ray tube.
No vertical deflection occurs at the zero-beat
condition. An effective indicator suitable for
incorporation within a frequency meter uses an
electron-ray indicator tube. The sensitivity of
this simple deyice is excellent. Other types of
visual indicators are vacuum-tube voltmeters,
rectifier-type audio-frequency voltmeters, and
neon lamps.

17-15. The variable-frequency oscillator
(VFO) is the source of the signals used in
making frequency checks on receivers and
transmitters. One of the prime requisites of the
variable-frequency oscillator is stability of
oscillations. As you know, there are various
means of obtaining this stability.

17-16. The use of plug-in coils or switches is
generally unsatisfactory since they are
mechanically unstable. Many VFOs are tuned
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by having their tuning capacitor rotated by a
precision-type split bronze worm wheel and a
hardened stainless steel worm gear. This
portion of the tuning unit is not readily
replaced without materially affecting the
calibration of the frequency meter. When
construction throughout the meter is sturdy and
high-grade ceramics are used as insulators in
the oscillator circuit, a precise frequency
calibration will hold over a long period of time.

17-17. The circuit usually employed as the
variable-frequency oscillator is the electron-
coupled oscillator. One of the reasons for this
choice of oscillator circuit is that the output
frequency can be made very stable with respect
to loading conditions in the output circuits.
Another reason is that with the use of screen-
grid tubes, the generated frequency can be
made relatively independent of tube supply
potentials, as long as the ratio of the plate-to-
screen potentials is maintained near the desired
value. Sometimes frequency-determining
elements of the VFO are inclosed within a
temperature-compensating oven to prevent the
effects of ambient temperature.

17-18. Crystal checkpoints. Accumulated
errors from changes in temperature, humidity.
and power-supply potentials, as well as rough
handling, can be corrected at a number of
places throughout the tuning range of the
instrument. This can be done by means of the
beat notes between the fundamental frequency
of the VFO (or its harmonics) and the
fundamental frequency of crystal oscillator (or
its harmonics).

17-19. The harmonics of both oscillators are
present in an unbroken series, with decreasing
amplitude as the order of the harmonic
increases. Since any harmonic of one oscillator
beating with any harmonic of the other can
produce a beat note, there is considerable
variation in the strength of the beat notes as the
dial is tuned across its tuning range. For
convenience and accuracy, the relatively strong
beat notes are chosen as crystal checkpoints.

I 7-20. By calibrating and correcting at a
crystal checkpoint, the heterodyne-frcquency
meter is adjusted so that the frequency
generated by the variable-frequency oscillator
at a given dial setting is actually the same as the
frequency listed opposite the dial setting in the
calibration book.

17-21. Calibration hook. The calibration
book is a very important part of the frequency
meter; in fact, the book is so important that it
bears the same serial number as the instrument
itself. The information contained within this
book is a list of the dial settings and the
corresponding frequencies produced by the
meter at those dial settings. Concise operating
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instructions for the frequency meter are also
included. Crystal checkpoints are usually
entered in this book in red-ink numerals at the
top and bottom of each page, and apply only to
the settings on that page, while the black-inked
entries are the settings for the actual measured
frequency.

17-22. Main tuning dial. The main tuning
dial is an assembly to two mechanical drive
units connected to the variable-frequency
oscillator tuning capacitor. A drum dial,
located behind a small window (see figure 96),
indicates the setting of the main tuning dial in
units of 100 per division. The main tuning dial
itself is the large drive dial on the front panel of
the meter. It is calibrated in units of 1 per
division. For one complete revolution of the
main tuning dial, representing 100 units, the
drum dial will move one division. A vernier is
mounted in a fixed position above and on the
outside edge of the main tuning dial. The
vernier indicates tenths of a division of the
main tuning dial.

13. Frequency Counters

18-1. The frequency counter is an electronic

INPUTC>I AMPL .

measuring instrument designed to register and
display, by digits, the number of cycles that
occur during a specific time interval. This
instrument permits the rapid, direct
measurement of the frequency of period of a
signal.

1 8-2. Frequency counters have
predominantly used electron tubes, but there is
a definite trend toward the increased use of
transistors and magnetic devices. Although
counters differ in many details, they are all
essentially the same. The differences are
primarily those of capabilities and range. This,
of course, means that their circuitry differs. in
complexity. Since the details of difference are
too numerous to discuss in this course, let us
give our attention to the principles of operation
and the essential sections contained within
these instruments.

18-3. Functional Sections. Figure 97 shows

INPUT
SECTION

GATE
SECTION

TIME BASE
SECTION

DISPLAY
SECTION

RESET
SECTION

Figure 97. Block diagram of a frequency counter.

a block diagram of a basic frequency counter.
The signal to be measured is fed into the input
section, where it is amplified, and shaped before
reaching the gate section. The purpose of the
time-base section is tu generate a stable square
wave of known frequency. The output from the
time-base section is modified by the gate
section to provide a pulse for the reset section,
and to develop a precise time interval for
transfer of the unknown signal to the display
section. The display section counts the number
of pulses and gives a digital readout. This, in

AMPL.

NEGATIVE FEEDBACK

SQUARER

Figure 98. Input section.
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INPUT

Figure 99. Schmitt trigger circuit.

brief, is what takes place; but you need to know
more about each of the sections to understand
how a counter operates.

18-4. Input section. The input section
consists oC one or more amplifiers and a
squarer stage. Figure 98 shows two stages of
amplification preceding the squarer. These
amPlifiers are conventional types; therefore, we
need not analyze them. The indicated negative
feedback may be obtained in a number of ways
to increase the input imped4nce and stabilize
the system. The squarer shapes the signal into a
near perfect rectangular waveform. Because the
Schmitt trigger circuit is particularly well suited
for this, it is commonly used. A review of the
operation of this type of squarer will reveal why
it is an excellent waveshaping circuit for

counters.
18-5. The basic Schmitt trigger circuit is

actually a bistable multivibrator (see figure 99).
We have chosen to use electron tubes for
explanation purposes, but bear in mind that
transistors (NPN or PNP types) are also used.
Although component values and bias voltages
are quite different, the operating principles and
circuit configuration are fundamentally alike

for electron tubes and transistors. Bias
adjustments are critical for proper operation.
Switching from full conduction to cutoff of the
amplifying device is virtually instantaneous.
This rapid switching is a very desirable feature.
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of course, since it produces an output signal
with steep leading and trailing edges. Let us
now briefly discuss why biasing is critical and
how rapid switching occurs.

18-6. Refer again to figure 99. Note that in a
basic Schmitt trigger circuit, the plate of VI is
coupled via a voltage divider to the grid of V2.
The capacitor connected across the upper
portion of this voltage divider is to increase the
initial response of V2 to a voltage change on
the plate of VI . Note also that the cathode
resistor is common to VI and V2; it therefore
provides feedback coupling in addition to bias
for both tubes. The bias is established by Rk
and Rg so that VI is cut off and V2 is
conducting its maximum. Consequently, the
plate of VI is at a high voltage (practically B-I-)
and the plate of V2 is at a low voltage. This is
the normal stable state when there is no signal
input to the circuit shown.

18-7. We have intentionally distorted the
input signal in figure 99 to point out that the
shape of the input signal is not critical, which is
another advantageous feature of this circuit.
Tube VI is biased below cutoff to a degree that
prevents noise signals from actuating the
circuit. This adjustment is important, since only
the signal under test should trigger the circuit.
Once the bias is adjusted, VI will be driven into
conduction at a prescribed signal voltage. We
see, in figure 99, that this voltage is reached at
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time T1. and V I conducts. Instantaneously, the
plate voltage of V 1 decreases, thereby
decreasing the grid voltage of V2; thus, the
cathode voltage of V2 decreases. Because the
cathodes of V I and V2 are direct coupled, this
decrease in cathode voltage effectively
decreases the bias on V I and causes it to
conduct harder. In other words, we have
regenerative feedback, which accounts for the
rapid switching action from one stable state to
the other state. Between the times T1 and T2.
V I is conducting and V2 is cut off. At time T2
the process works to reverse the stable states of
the tubes, VI is driven to cutoff, and V2 goes to
full conduction. Study the waveforms in figure
99 and note that at times T3 and T4 switching
occurs exactly as described at times T1 and T2,
respectively. The recurring rectangular output
is seen to have a frequency which is identical to
that of the input signal; the period is the time
interval between TI and T3.

18-8. Schmitt trigger circuits vary a great
deal in design, depending upon the
requirements that must be met, such as
switching times and driving voltage. Like other
multivibrators, the output can be taken from
the plate of either tube. Modifications ir
Schmitt trigger circuits, however, do not change
the operating principles that we have covered.

18-9. The output from the Schmitt trigger
circuit or another type squarer is fed out of the
input section into the gate section. Before
discussing the gate section, however, we need to
learn what is contained within the time-base
section, since the output of this section is also
fed into the gate section. The precision of the
counter is greatly dependent upon the
operation of the units within the time-base
section.

SQUARER
100 1114s

18-10. Time-base section. The units that
comprise the time-base section are shown in
figure 100. You know there are many kinds of
sinusoidal crystal oscillators. Whichever kind is
used, its crystal is contained within a
temperature-controlled oven to insure a high
degree of frequency stability. A constant output
frequency is of utmost importance. Loading
effects upon the oscillator are reduced by
feeding its output into a buffer amplifier. We
have shown only one stage of amplification, but
you should realize that more amplifiers may be
employed. The squarer shapes the sine wave
generated by the oscillator. Often, the squarer
is simply a limiter stage that clips the positive
and negative alternations to produce a square
wave. The square-wave output is applied to a
series of decade frequency dividers.

18-11. Each frequency divider steps down
the frequency by a fixed ratioin this case
10:1. One popular way is to differentiate the
output of the squarer and to use every tenth
positive- or negative-going pulse to trigger a
monstable multivibrator. Since you should
already know how frequency divisions can be
accomplished, we will not discuss circuitry.

18-12. Our block diagram shows six
frequency dividers (see figure 100), each of
which gives an output square wave that is one-
tenth the frequency of its input. By .a selector
switch, the desired time period is chosen and
sent to the gate section. The time markings on
the selector switch correspond to the period of
the respective frequencies. Less dividers may be
used if a wide range is not necessary. Counters
designed for high-frequency measurements use
higher frequency crystals and may also have a
heterodyne unit to extend its low frequency
range.
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18-13. Gate section. Here, again, we are
confronted with numerous ways of
accomplishing the desired results. The system
that we will explain demonstrates the necessary
functions that must be performed by the gate
section. Refer again to figure 97 and note that
the gate section has two inputs (one from the
input section and one from the time-base
section) and two outputs (one to the reset
section and one to the display section).
Recalling what we previously said, you know
that both inputs are rectangular waveforms. Let
us now find out how these inputs are used and
what outputs are produced.

18-14. At point A in figure 101, we see the
input rectangular waveform that has the
frequency of the signal under test. After being
differentiated, it appears at point B as a series
of alternately positive and negative pulses.
These pulses are applied to a circuit that gates
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when two positive inputs are received
simultaneously (this circuit is called a positive
AND gate). This gate is normally disabled
because the input from point Y is normally low.
Both multivibrators, MI and.M2, are normally
set to have a low output at points S and Y,
respectively.

18-15. Looking now at point C in figure
101, we see the input waveform from the time-
base section. This waveform is differentiated as
shown at point D. Because of the diode in series
with the input to M I ,only the negative-going
pulses (calied clock pulses) appear at point E.
These pulses will not actuate MI when it is in
its normal stable state. The same is true for M2,
which is receiving negative-going clock pulses
also.

18-16. Thus far, we have established the
normal state of affairs. The AND gate is
disabled, so no output pulses appear at point 0
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to he fed into the display section. Moreover,
until a change ot stgte is effected in MI, there is
no pulse at point S to 1-e fed out into the reset
section.

18-17. Let us now apply an input (called a
read pulse) to point R. This pulse actuates MI
at time TO. Immediately the voltage at S goes
high and stays high until time T I. At TI, the
clock pulse to M 1 (point E) is effective and
restores M 1 to its normal state. Note that this
action has produced a positive pulse at point S
which goes out to the reset section. This same
pulse is differentiated and appears at point X as
a positive and a negative trigger pulse. The
positive trigger pulse does not affect M2, but
the negative ones do. Thus, at time T1, point Y
goes high and stays high until time T2, when
the clock pulse to point restores M2 to its
normal state. During the time interval TI to T2
(which is the period of the time-base signal), the
AND gate is enabled. This means that pulses
appear at point 0. These pulses, which have the
frequency of the signal under test, are fed out to
the display section, where they are counted.
Therefore, a count is made for the precise time
interval, T1 to T2. When Y returns to a low
voltage at time T2, the entire section is back to
its normal state. No further action occurs until
another read pulse is injected at point R. Read
pulses may be applied by manual operation 'or
by automatic recycling controls.

18-18. The time relationships of the signals
can be readily seen in figure 102. Study this
figure in conjunction with figure 101. Note
particularly that the output to the reset section
(point S) precedes the output to the display
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FIguee 102. Frequency counter waveshapes.

section (point 0). Although we show only five
output pulses at point 0; you should realize that
several thousand or more pulses may occur
during the time interval TI and T2.

18-19. As you know, there are other gating
arrangements that could produce similar
outputs. Multivibrators may be tube or
transistor types. Sometimes magnetic bistable
devices are used in place of multivibrators.
Nevertheless, the system we have just discussed
should give you a general idea of the purpose
and function of the gate section.

18-20. Reset section. The function of this
section is to reset (or preset) the counting units
within the display section. Remember that an
output pulse from the gate section is fed into
the reset section before the display section
receives its input signal. This is necessary, of
course, because the counters must be cleared
(reset to zero) prior to the initiation of the
counting period.

18-21. The reset section consists of a
mechanical or electronic relay, e.g., a thyratron
tube and associated circuitry to feed reset
pulses to all o the counting units. By shaping
and amplifying the input pulse from the gate
section, this relay develops triggers of sufficient
power to drive all the counting units back to
their zero setting. Each time a read pulse is
injected into the gate section, the reset section
is actuated. Therefore, if the read is automatic,
so also is the reset.

18-22. Display section. This section
generally contains five or more counting units
connected in cascade. These units total and
display the number of pulses fed from the gate
section during the counting period.

18-23. A counting unit recycles on every
tenth pulse. More specifically, the unit registers
nine pulses and resets itself to zero on the tenth
pulse. When it resets, it sends a pulse (called a
carry) to the next counting unit. Since all the
units operate in an indentical manner, each
subsequent unit registers a count which is
greater by a factor of 10. Thus, the first unit
registers ones; the second, tens; the third,
hundreds; the fourth, thousands; the fifth, ten
thousands; and so on. Five counting units will
register a maximum of 99,999.

18-24. The display is generally an in-line
readout of the frequency count (see fig. 103).
This type readout can be obtained in several
ways. The Nixie indicator, patented by the
Burroughs Corporation, is a popular device
used to provide in-line readout. It is a gas-filled
tube that has one anode and 10 stacked cold
cathodes that are shaped like numerals from 0
to 9. Each cathode has a separate input
terminal. When a voltage is applied between the
anode and any one of the cathodes, an
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Figure 103. In-line readout.

ionization glow appears around the energized
cathode. Thus, the cathode's numeral shape is
illuminated to provide a visud readout.

18-25. The display illustrated in figure 103
consists of six Nixie indicators. The count
displayed shows the frequency of the signal
under test to be 79,502 Hz, if the counting time
is 1 second. If, however, the counting time is 10
seconds, the signal frequency is 7,950.2 Hz.

18-26. Measurements. As you have
obserVed, most frequency counters are designed
to measure a wide grange of frequencies.
Therefore, let's see how greater accuracy can be
attained by using the counter wisely.

18-27. Let us assume, for example, that a
counter has a display of five digits, as
illustrated in figure 104. We will also assume
that when the time interval selectOr switch is set
at 0.1 sec, a reading of 08573 is obtainable
(see fig. 104,A). If we know the frequency is
below 100 kHz, then this reading means that
the signal frequency is 85,730 ± 10 Hz, since
the least significant digit (3) may be nearly a
full count off either way. By moving the
selector switch to 1 sec, a more accurate
reading of 85,737 ± 1 Hz is obtained (see fig.
104,B). If the counter has a 10-sec selector
switch position, a still more accurate reading
can be obtained, but you must realize that the
most significant digit (8 in this case) will not be
displayed. The readout (see fig. 104,C) of
57374 will, therefore, mean the frequency is
85,737.4 ± 0.1 Hz; the digit 8 is known from

0.1SEC GATE

1SEC GATE

10SEC GATE

Figure 104. Reading sequence.
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the previous reading. By taking successive
readings in this manner, you can ifhprove the
accuracy of measurement appreciably.

18-28. Ordinarily, 10 sec is the longest time
interval (gate) available. This limits the
accuracy obtainable for low-frequency
measurements since relatively few pulses are
counted during the time interval. Suppose the
unknown signal frequency is between 10 Hz
and 100 Hz. If the longest time interval used is
10 sec, the reading will be off from 0.1 to 1

percent. If the signal frequency is between 1 Hz
and 10 Hz, tne accuracy is from 1 percent to 10
percent off. So you see the lower the frequency,
the lower the accuracy.

18-29. To attain an accurate measurement of
a low-frequency signal, provision can be made
for the counter to measure the period of the
unknown signal. This method is quite simple
and easily accompiished. The inputs to the gate
section from the input section and time-base
section are interchanged by a switch (see fig.
105). This makes the unknown signal establish
the gate time for counting the frequency of the
time-base signal. By using a high-frequency
time-base signal. the counting units will register
a large number of pulses during one period of
the unknown signal. The period of the
unknown signal. The period of the unknown
signal can be determined, since each pulse
counted represents a known amount of time.
For example, let us assume a readout of
100,000 when the time-base selector is set on
10Asee (100-kHz time base signal). From this
reading, we know that 100,000 pulses were
counted. Since each pulse represents 10 gsec,
the time interval is 100,000 x 10 gsec
1,000,000 ± 10 Asee. This time is the period
of the unknown signal; thus, 1 ± 0.00001 Hz is
the unknown signal frequency. The accuracy of
this measurement is 1 part in 100,000. or 0.001
percent. By comparison, if the unknown signal
frequency is counted during the longer time-
base period of 10 millisec, a readout of 00100
is obtained and the accuracy is 1 part in 100, or
1 percent. So we note a marked difference.
Even greater accuracy can be achieved with the
period measurement method in the low-
frequency range if a 1-megahertz output is
avilable from the time-base section. A I -MHz
signal will provide I -Asec counts and, for the
case cited, an accuracy of 0.00001 percent.

18-30. The ratio of two frequencies can be
determined with a counter by letting the lower
frequency establish the time interval (gate) and
feeding the higher frequency into the input
section. The higher frequency is counted during
t.ne peroid of the lower frequency. This count
is actually the ratio of the higher to the lower
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Figure 103. Period counter arrangement.

frequency. For example, if a 40-Hz signal is
used to establish the time gate and a 20-kHz
signal is counted, 500 hertz of the 20 kHz will
be counted and displayed. This readout, 500, is
the ratio 20 kHz/40 Hz.

18-31. Some counters are designed so that
the time gate can be started by one signal and
stopped by another. This capability is valuable
for certain types ,of measurements. Such
counters are called time-interval meters..

18-32. As mentioned earlier, counters are
made to be very versatile. The usefulness of this
instrument depends on your knowledge of the
counter's capabilities and an understanding of
the matters which we have just discussed.

19. Signal Generators

19-1. Since signal generators comprise a
large and diverse group of tell equipment, we
will highlight their important features and
describe them in a general manner. A signal
generator usually consists of three major
sections: ( 1 ) a variable-frequency oscillator
with a meter which indicates its output level.
(2) a modulating circuit. and (3) an output
attenuator. The circuits are usually shielded to
prevent the oscillator from radiating its signal
to the equipment under test. When the switch is
in the CW position. the output of the oscillator
is a continuous modulated wave.

19-2. The Oscillator.. In most signal
generators. the oscillator is variable over a
specific frequency range. When the equipment
is designed for a special purpose, however, the
oscillator may generate one or more specific
frequencies.

19-3. The oscillator is made as stable as
possible. As you know, stability is difficult to

' achieve when a VFO' is employed. For this
reason, some signal generators have a crystal
oscillatoi which provides a standard reference
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frequency for the VFO. The VFO can be
compared with the standard prior to using the
test equipment, and any deviations in frequency
can be corrected.
. 19-4. An LC-type oscillator is generally used
to generate frequencies below 300 MHz. A
Hartley or modified Hartley oscillator circuit is
very popular. Above 300 MHz, a klystrom-type
oscillator is commonly, used because it
provides a highly stable UHF output. Band
switches are used to place different components
of various values into the oscillator circuit so
that the oscillator can operate over a wide
range of frequencies.

19-5. The Modulator. Most signal
generators have circuits to modulate their
output. AM or FM may be used, depending
upon the purpose for which the test equipment.
is designed. Three types of AM are employed:
sinusoidal, square wave, and pulse. The
sinusoidal type of modulation is most often
used with the LC oscillators. Reflex klystron
oscillators are modulated with a square wave to
minimize incidental frequency modulation.
Pulse modulation is frequently found in signal
generators that produce simulated signals for
various types of electronic equipment. When
FM is used, the modulator varies the output
frequency with a sine wave or with a linear
sweep signal.

19-6. Output Attenuator. The output
attenuator is an important and useful part of a
signal generator. When a signal generator does
not have a calibrated attenuator, the strength of
the output signal is *not known and the
usefulness of the test equipment is limited.

19-7. The two types of attenuators commonly
used are the resistor and the waveguide. Both
are suitable for frequencies below 200 MHz,
but the waveguide type is used almost
exclusively above 200 MHz. The attenuator
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may be calibrated in one continuous range, but
it is not uncommon for it to be calibrated
several steps. To prevent stray raCiiation from
affecting the calibrated output, the attenuator
should be well shielded. The accuracy of the
attenuator depends upon the requirements. A
high degree of accuracy is obtainable with a
waveguide because its attenuation is determined
by its physical dimensions.

20. Calibration and Repair of
Test Equipment

20-1. The accuracy and performance of test

equipment in your shop can mean the
difference between a system that is functioning
properly and one that is just getting by and not

fulfilling its mission responsibility. As a

repairman, you will be responsible for the
equipment assigned to your shop. Operating
instructions are sometimes found on the front
cover of the test equipment; however, explicit
instructions are contained in the 1 series of
applicable technical orders (T0s). To insure
that the system is operating at iis maximum
capability, it is mandatory that you be

thoroughly familiar with the operation of the
test equipment necessary to maintain the system

at its peak performance.
20-2. There is a 1 technical order for each

piece of test equipment you have in the shop.
To obtain the necessary TOs, check TO

0 1-33 (test equipment index) for a listing of
publications applicable to the test equipment in
your inventory. The missing TOs should be
ordered through the channels established by

your organization.
20-3. Categories of Test Equipment. For

maintenance purposes, test equipment is

divided into four categories. These are:

(1) Category I. Operational equipment
installed in systems. subsystems, or equipment
whose performance parameters are to be

measured, verified, or tested.
(2) Category II. Peculiar precision

measurement equipment used to check out.
maintain, and calibrate Category I equipment.
("Peculiar- is applied to precision measurement
equipment designed for and used with only one
system, subsystem, or equipment. as contrasted
with "common" items, which have general-
purpose cross-system application).

(3) Category III. Common commerical and
military precision measurement equipment used

for maintenance, troubleshooting, testing,
verification, and calibration of Category I and
II, equipment.

(4) Category IV. Standards and accessories

used to calibrate Category II and III
equipment. This equipment normaliy is located
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in and used by the base Precision Measurement
Eouipmeht Laboratory.

20-4. Responsibilities for Test Equipment.
There are two organizations that have the
primary responsibilities for maintaining all
equipment in Categories I and 11. These are (I)

the using organization of which you are a part

and (2) the bas.;s' Precision Measurement
Equipment Laboratory (PMEL). A:, part of the
using organization, you have the responsibility
for the calibration of all Category I and II
equipment, with the following exceptions:

Base PMEL calibrates all general-purpose

and commercial Category 11 test equipment that

can be moved to the PMEL. This does not
include test equipment that must be calibrated
while it is in your bench equipment.

Maintenance of test equipment that
requires special skills or special equipment
(whether it be Category I or 11) that is available
only at the PMEL is the responsiblity of the

base PMEL.

20-5. If you are in doubt as to whose area of

responsibility a particular piece of test
equipment falls into, go to your technical order

file and look it up in TO 33K-1-100.
R espo nsi bi lities and Calibration Measurement
Areas. This TO lists all test equipment in the

Air Force inventory, tells who is responsible
for its calibration, lists any applicable TO
containing the procedures for calibration, and
lists the maximum number of days between
required calibrations.

20-6. Calibration of Test Equipment. The
PMEL should automatically reschedule your

test equipment and call for it when calibration
is required. If you should determine that

calibration is required sooner than the

scheduled date, then you must contact PMEL
and have them reschedule that particular test
set. When possible, regular calibration
requirements must be reported by you to the
PMEL to insure prompt compliance.

20-7. Test equipment that is an integral part
of your equipment and cannot he removed, but

which requires special skills and equipment for
calibration. may be calibrated by the using
organization with the assistancc of PMEL
personr.el.

20-8. You are a part of the lowest echelon in

the test equipment calibration ladder. Each
higher step in the ladder has standards

available to be used in the calibration of test
equipment. The standards of each next higher
echelon can then be used to check the standards

of the lower echelons. At the top of this ladder
is the National Bureau of Standards for

Electrical and Electronics Equipment. Boulder,
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Colorado, And the National Bureau of Standards
for Electromechanical and Dimensional Equiment,
Washington, DC.

20-9. You may have standards in your shop;
if so. these standards are called shop standards.
A shop standard is defined as a precision
measurement equipment known to have been
officially calibrated and certified fOr use as a
comparison in checking other items in the
maintenance shop. These standards are not
used for routine maintenance functions unless

an emergency exists or all like items are
inoperative.

20-10. It is extremely important that you be
thoroughly familiar with your test equipment.
Knowing how to use it effectively and care for
it properly cannot be overemphasized. Properly.
used, it will provide you with years of
dependable service. Know its capabilities, and
it will aid you immeasurably in the
performance of your equipment maintenance.

20-11. At this time work the chapter review
exercise for Chapter 5 in your workbook.
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CHAPTER 6

Electron Tube end Semiconductor Testing

TO BE OF practical use in the field, a tester
must provide a simple mcans to appraise the
condition of an electron tube or
semiconductor. A field-type tester is designed
to simply indicate how the tube or device under
test compares with the manufacturer's
standards. These standards are predetermined
parameters and ratings that have been obtained
by exacting laboratory methods. Although the
field-type tester does not tell you that a tube or
device necessarily functions as it should in a
particular circuit, it does provide 'a quick way
of finding a substandard tube or
semiconductor. In this chapter, we discuss the
circuits used in testers and the indications of
various tests. So that you can better evaluate the
readings obtained from field-type testers, we
also point out some limitations of these
instruments.

21. Electron Tube Testing
21-1. There are two different types of tube

testers commonly used in the field. These
testers, which are distinguished by the main
tube characteristic they check, are known as the,
emission tester and the transconductance tester.
Field-type tube testers may also be capable of
performing short circuit, noise, gas, 6athode
leakage, and filament activity tests.

21-2. Emmission Testers. The emission-
type tube tester indicates the condition of the
cathode emitting surface. Usually, the end of
the useful life of a tube is preceded by a
reduction in emissivity; that is, the cathode
becomes unable to supply the number of
electrons necessary for proper tube operation.
Also, if the tube has an open element, the defect
prevents proper emission, and the tester
indicates it as a weak or bad tube.

21-3. The emission-type tester has several
disadvantages. Since the manufacturer of a tube
does not state a definite 100-percent emission
point which could be used for reference, the
emission test is not conclusive. High emission
does not necessarily indicate a good tube,
because this condition might be present in a

tube with a faulty grid structure or in one which
has a highly emissive spot on its cathode; very
high emission has also been observed just
before a tube fails completely. Furthermore.
low emission does not necessarily indicate in
all cases that a tube is near its end-of-life point.
Another disadvantage of the emission test is
that gas may be liberated within the tube when
AC test voltages are applied, unless the test is
made quickly. Also, because the tube is not
operated with its recommended DC electrode
voltages in this test, it is not tested under actual
operating conditions. Sometimes a tube will
show normal emission and yet not operate
properly. The reason for this is that the
efficiency of a grid-controlled tube depends on
the ability of the grid voltage to control the
plate currect. The emission-type tester checks
only the plate current developed and not the
ability of the grid to control the plate current.

21-4. To %.heck the emission of a grid-
controlled tube (triode or multigrid types). the
tube is 'connected as a half-wave rectifier, as
shown in figure 106. The rated filan.ent power
is furnished by the tester. The plate and grids of
the tube are connected. DC milliammeter MI
and variable resistor RI are connected in series
with the tube, and the entire circuit is
connected in series with the tube. and the entire
circuit is connected across a secondary of

Figure lOh. Emission test circuit.
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traiwormer TI. Since the plate and grids are
connected, the tube functions as a diode
rectifier. conducting current only on the
alternate half cycles when the plate and grids
are positive with respect to the cathode. The
anmunt of current that flows is an indication ot
the condition St. the cathode emitting surface.
On emission-type tube testers. the milliammeter
scale is usually divided into three 'areas which
are labeled good, weak and bad, or other
similar designations. Thus. when using an
emission-type tube tester. you will not
determine the actual current flow through the
tube. hut only the general condition of the tube.

21-5. The emission test for diode detector
and rectifier tubes and the diode portion of
multisection tubes is similar to the emission test
for grid-controlled tubes. The rated filament
power is furnished by the tester, and an AC test
sig.tal is applied to the diode when switch SI is
closed. The amplitude of the test signal may be
varied by the tapped secondary of transformer
T1. and current through the tube can also be
regulated by variable resistor RI. The amount
of current flowing through the test circuit is
measured by meter MI. The value of this
current depends on the electron emission
within the tube, and therefore. is an indication
of the condition of the tube.

21-6. *Transconductance Testers. The
transconductance type of tester provides a more
accurate evaluation of the condition of a grid-
controlled tube than the emission-type testers
because it measures the amplification ability of
the tube under simulated circuit conditions.
The transconductance is measured and then
compared with the ratings of the tube
manufacturer. The meter scale of this type of
tube tester may be cafibrated to read the
transconductance (Gm) in micromhos. Often
the scale is divided into sections that '..,licate
whether the tube is good, weak, or cad. A
voltage or power- amplifier tube is considered
defective when its transconductance decreases
to 70 percent of the value stated in standard
tube tables; the oscillator section of a converter
tub.; is considered defective when its
transconductance decreases to 60 percent of
table values.

21-7. As you know. the term
"transconductance (also called mutual
conductance) indicates the effect of the control
grid voltage upon the plate circuit of a tube.
This characteristic is expressed mathematically
as the ratio of a change in plate current to a
small change in control grid voltage, with all
othei electrode voltages held constant. The
equ,ition for transconductance is:

Gm IP
Eg
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where Om is the transconductance in
micromhos. i lp is the change in plate current
in microamperes. and Eg is the change in
control grid voltage. When the control grid
voltage changes I volt, the current change in
microamperes is equll to the transconductance
in microhms. Thus,,if a I-volt change in control
grid voltage produces a 200-microampere
change in plate 'current, the tube has a
transconductance of 200 micromhos. The
transconductance of a tube may be measured by
two methods: one is the static (DC) method and
the other is the dynamic (AC) method.

21-8. Static method. In the static (also
called the grid shift) method of measurinz
transconductance, the DC bias voltage on the
control grid of the tube under test is changed.
and the resultant change in the steady plate
current is measured with a DC milliammeter.
The simplified circuit for this test is shown in
figure 107. Filament voltage is furnished to the
tube under test by the tube tester. When switch
SI is set at position I , a negative bias voltage is
applied to the control grid of the tube and the
resultant plate current is measured by meter
MI. Switch SI is then set at position 2; the
control grid bias becomes less negative and the
plate current increases in value. r' esistor R3 is
adjusted so that current through the test circui,
produces a known voltage drop across resistor
R2. The transconductance can then be
determined by the change of plate current
divided by the voltage drop across resistor R2.
To simplify testing. the meter scale can be
divided into good, weak, and bad sections in
the same manner as on many emission-type.
testers. When this type of circuit is used to test
various types of tubes, .he voltages applied to
the electrodes must be made adjustable so that
the correct operating conditions for a
particular tube may by obtained.

21-9. Dynamic method. The dynamic
method of determining transconductance
makes use of a circuit which applies an AC test

TUSE
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Figure 107. Transconductance static test circuit.
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signal and a DC bias voltage to the control grid
of the tube under test. A simplified circuit for
this test is shown in figure 108. The tube under
test serves as the load for rectifier VI. With a
fixed value of bias voltage (Eg) applied to the
control grid of the tube under test, the circuit
operates as a simple full-wave rectifier. On the
half cycle of the AC voltage, when plate 1 of
rectifier V1 is positive, there is current flow
through resistor RI, and the force exerted on
the pointer of meter MI attempts to deflect the
pointer in one direction. When plate 2 of
rectifier VI becomes positive, current flows
through resistor R2, and the force exerted on
the pointer of meter M 1 is equal and opposite
to thc previous force. Since these alternations
cccur at a relatively rapid rate (60 times a
second), the resultant force exerted on the
meter pointer is zero; consequently, the meter
pointer remains stationary in the ZERO
position if there is a fixed DC bias.

21-10. In addition to the fixed DC bias
voltage, an AC voltage from the secondary of
transformer T1 is applied to the control grid of
the tube under test. When this AC voltam
becomes negative at the same time that plate 1
of VI is positive, the plate current of the tube
under test decreases for this half cycle. This
current flows through resistor R 1 , decreasing
the deflecting force on the meter pointer in one
direction. When the AC voltage applied to the
control grid becomes positive, this voltage
increases the plate current of the tube under
test. During this half cycle, plate 1 of VI is
positive and the current through R2 increases.
As a result, the deflecting force on the meter
pointer during this half cycle exceeds the force
exerted during the previous half cycle. Hulce,
the meter deflection is undirectional and is
proportional to the difference of the currents in
RI and R2 resulting from the application of the
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AC voltage to the grid of the tube under test.
Therfore, the meter indicates the: change in
plate current produced by a change in grid
voltage under dynamic conditions. The meter
can be calibrated in micromhos, or the meter
scale can be divided into sections to indicate
good, weak, or bad. Any pronounced deviation
from the rated, or normal, transconductance
for a specific tube indicates a defertivP tube.

21-11. Additional Test Circuits. Besides
testing emission or transconductance, there are
several other useful tests that can be made.

21-12. Short-circuit and noise test. It is very
important that you apply the test for short-
circuited elements to a tube of doubtful quality
before any other tests are made. This procedure
protects the meter (or any other indicator) from
damage. Also, it follows logically that if a tube
under test has elements which are short-
circuited, there is no further need to apply
additional tests to that tube. 3hort-circuit tests
usually indicate leakage resistance less than
about 1/4 megohm. The proper heater voltage
is applied so that any tube elements which
might short as a result of the heating process
will be detected. The short-circuit test is similar
to the test used to detect noisy (microphonic)
or loose elements. Since the only difference
between the two tests is in the sensitivity of the
device used as an indicator, the noise test will
be discussed as part of the short-circuit test.

21-13. Figure 109 shows a basic circuit used
for detecting shorted elements within a tube.
With the plate circuit switch set at position 2, as
shown, the plate of the tube under test is
connected to the leg of the transformer
secondary containing the neon lamp. All other
elements are connected through switches to the
other leg of the secondary. If the plate element
is shorted to any other element of the tube, the
transformer secondary circuit is completed; as a
result, both plates of the neon lamp glow since
AC is applied to the lamp. If no short exists, no
indication will be present (or only one plate of
the neon lamp will glow because of rectification
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Figure 109 Short circuit and noise test circuit.
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hy the tube), Each ot the other elements is
tested hy means 01 the switching arrangement
show n. Resistor R2 limits the curren«hrough
the neon lamp to a sate value. Resistor R I
hypasses any small alternating currents in the
circuit which might he caused by stray
capacitance and thus prevents the neon lamp
from indicating erroneously. Tapping the tube
lightly is recommended to detect loose
elements which might touch when the tube is
vibrated.

21-14. The noise test is.. in effect. nothing
more than a very sensitive short-circuit test. In
figure 109, two leads are taken from the neon
lamp (one lead from each side) and brought to
external receptacles which are labeled noise
test. An external amplifier and a speaker (not
included with the equipment) are connected to
these receptacles. Perhaps the handiest
amplifier for this test is an ordinary radio
receiser. The antenna and ground terminals of
the receiver are connected to the noise-test
jacks. and a normal short-circuit test is made
while you are tapping the tube. If tube elements
arc loose (hut perhaps not loose enough to
indicate on the neon lamp), loud crashes of
noise (or static) will be heard from the receiver
over and above the amount of noise that is
normally present. The noise test may also be
made without-the use of the high-gain amplifier,
merely by inserting the leads from a pair of
headphones into the noise-test receptacles. The
latter check. of course, is not as sensitive as the
test made with the amplifier but is generally
more sensitive than the short-circuit test made
with thc neon lamp as an indicator.

21-15. Gas test. In all vacuum-type electron
tubes, the presence of gas is undesirable. When
gas is present. the electrons emitted by the
cathode collide with the molecules of gas.
These collisions cause electrons to be dislodged
from the gas molecules. and positive gas ions
are formed. These ions are attracted by (and
cluster around) the negatively biased tontrol

Figure 110. Gas test circuit.
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grid of the tube. If the amount of gas in the tube
is appreciable, the resulting flow of grid current
is noticeably high. The basic circuit used for the
gas test is shown in figure 110. With switch S

set to position I. a certain value of plate
current is measured by the DC milliammeter. If
there is no gas (or a negligible amount) present
in the tube, throwing switch S to position. 2
does not change (he plate current reading. If
gas is present, current flows through the grid
resistor (large value), causing a voltage drop
with the polarity as shown. The net effect is to
reduce the negative bias voltage on the grid of
the tube. resulting in an increase- of plate
current. Small plate current increases are
normal; large increases indicate excessive gas.

21-16. Cathode leakage test. When a tube
which uses an indirectly heated cathode
develops noise, it is likely that a leakage path is
present between the cathode sleeve and the
heater wire. This is true because in the design of
a tube the heater must be placed as close as

,possible to the cathode so that maximum tube
efficiency is attained. Continual heating and
cooling of the tube structure may cause small
amounts of the insulation between the cathode
and heater to become brittle or to deteriorate,
leaving a high-resistance leakage path between
these elements. Under extreme conditions, the
insulation may shift enough to allow actual
contact of the elements. Since the heater and
cathode are seldom at the same potential, any
form of leakage causes noise to develop in the
tube. The cathode is normally maintained at a
higher positive potential, because cathode bias
is the most common type of bias used. The
heater circuit is usually grounded to the chassis,
either on one side of the filament supply or by a
centertap arrangement. Therefore, if a

resistance path is present, a leakage current
may flow from the heater to the cathode. Thus,
the cathode receives electrons. Assuming the
existence of high-resistance leakage, the current
flow from the heater to the cathode will vary
with any vibration of the tube, because
vibration will vary the amount of resistance. If
the cathode and heater are completely shorted
(zero ohms), it is impossible for the tube to
develop any cathode bias.

21-17. Figure 111 shows a basic circuit
which is used to detect leakage between the
heater and cathode elements of a rabe. With
switch S set to position 2, a certain value of
plate current flows. When switch S is thrown to
position 1, the cathode becomes a floating
element; if no leakage path is present, the plate
current should fall to zero. If the elements are
completely shorted, the plate c irrent reading
remains the same as the initial reading (switch S

123

l/5"-



10

Figure 111. Cathode leakage test circuit.

in position 2): if they are only partially shorted,
a plate current less than normal but greater
than zero is indicated.

21-18. Filament activity test. The filament
activity test is used to determine the
approximate remaining life of an electron tube
insofar as the longevity of the cathode emitter is
concerned. The test is based on the principle
that the cathode in almost all electron tubes is
so constructed that a decrease of 10 percent of
the rated filament or heater voltage causes no
appreciable decrease in emission.

21-19. On tube testing equipment
incorporating this test, there is a two-position
switch (filament activity test), which has one
position marked NORMAL and the other
marked TEST. The switch remains in the
NORMAL position for all the tests other than
the filament activity test. When the switch is set
to the TEST position, the filament (or heater)
voltage applied to the tube under test is reduced
by 10 percent.

21-20. The filament activity test is
performed as follows: After the quality test is
made, the TUBE TEST button is held
depressed, and the FILAMENT ACTIVITY
TEST switch is set to the TEST position. If the
indicator shows a decreased reading after a
reasonable time is allowed for the cathode to
cool, the useful life of the tube is nearing its
end.

21-21. A PRECAUTION: Before the tube to
be tested is inserted in the correct test socket,
be certain all front panel controls are set to the
positions listed for that type of tube in the data
chart furnished with the tester. This precaution
is necessary to prevent excessive voltages from
being applied to the tube elements (especially
the filament).

22. Semiconductor Testing
22-1. Since semiconductor devices are

extensively used in electronic equipments, it is
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important to know how these devices can be
tested. We will cover the checks that indicate
the condition and quality of crystal diodes and
transistors in this section. Circuits with which
these checks can be made are also presented to
further your understanding of semiconductor
testing.

22-2. Diode Testers. General-purpose
germanium and silicon diodes can be checked
with a static-type tester or a dynamic-type
tester. Zener diodes are tested to determine
how well and at what voltage they regulate.

22-3. Static diode tester. A common type of
crystal diode tester is a combination ohmmeter-
ammeter. Measurements of forward resistance,
reverse resistance, and reverse current may be
made with this instrument. The condition of the
crystal rectifier under test can then be
determined by comparison with typical values
obtained from test information furnished with
the tester or from the manufacturer's data
sheets. The simplified circuit of a crystal diode
tester is shown in figure 112. A check which
provides a rough indication of the rectifying
property of a diode is the ratio of the diode's
reverse and forward resistance at a specified
voltage.

22-4. Dynamic diode tester. To effectively
test crystal diodes used for some special
applications, it is necessary to obtain reverse
resistance measurements for a large number of
different voltage levels. This can be done
efficiently by using a dynamic diode tester in
conjunction with a cathode-ray oscilloscope to
display the diode reverse-current-versus-
voltage curve.

22-5. A simplified circuit of a diode dynamic
tester is shown in figure 113. The test voltage
from the input transformer is applied across
resistor R4 and the parallel combination of
resistor R5 and rectifier CR1. Crystal diode
CR1 rectifies the voltage developed across
resistor R5, and the resultant half-wave
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Figure 112. Semiconductor diode reverse-to-forward
resistance test circuit.
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Figure 113. Semiconductor diode dynamic test circuit.

rectified voltage is applied to the horizontal
input of an external oscilloscope. The amount
of horizontal sweep of the associated
oscilloscope is. therefore, proportional to the
input voltage which is applied to the diode
under test and the reference resistor.

22-6. The input test voltage is applied
through resistor R3 to the moving arm of
selector switch S3. With switch S3 in the REF
position, a test current flows through internal
reference resistor R7 and current measuring
resistor R6. The internal reference resistor can
be adjusted to equal the value of the minimum
acceptable reverse resistance of the diode under
test. A value of 500K may be typical for a new
diode, and a value of 250K may be acceptable
fof the same type diode which has been in use.
The signal developed across resistor R6 is
applied to the vertical input of the external
oscilloscope. Thus, the voltage drop across
resistor R6 produces a vertical deflection of the
oscilloscope trace which is proportional to the
current through the test circuit. The action of
crystal rectifier CR 3 causes thi> signal to be
applied to the oscilloscope only during the
same hal4 cycle that the horizontal sweep
voltage is applied. As a result, during each
active half cycle, a diagonal straight line is
displayed on the oscilloscope, as shown in
figure I I 4.A. This pattern is the reference trace
to which the characteristic curve of the diode
under test can be compared.

22.7. When selector switch S3 is turned to
ihe DIODE position, current flows through
resistor R6. In this case, the voltage applied to
the oscilloscope horizontal input remains the
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OSCILLOSCOPE
0 NORIZONTAL

INPUT

_OSCILLOSCOPE
vERTICAL

INPUT

same, but the vertical input indicates
instantaneous values of the reverse current in
the test diode. This 'results in a curved line trace
on the oscillok-Ope, as shown in fugure 114,B.
This is the dynamic characteristic curve of
reverse current versus voltage for the diode
under test. When selector switch S3 is in the
DIODE position and AUTO switch S2 is
closed, the test current is applied alternately to
the diode under test and to the reference
resistor. This gives a display of both traces
simultaneously on the oscilloscope. The
switching operation is accomplished by relay
K1. Voltage applied to this relay through
switch S2 is rectified by CR2. Current flowing
through the relay is controlled by resistor R2,
which is adjusted so that the relay armature will
vibrate and produce a minimum amount of
joining of the, diode and reference resistor
traces. The vibration of the relay is rapid
enough to create the illusion of a simultaneous
display of the diode and reference resistor test
current patterns on the associated oscilloscope
(see fig. I14,C).

22-8. Trace 'calibration is done by closing
SI. The input signal is rectified and the

A 8

Figure 111. Semiconductor diode linearity test.
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Figure I IS. Zener diode I versus E test circuits.

pulsating direct current indiates the signal level
on the DC microammeter. Adjustment of
resistor RI permits calibration of the meter to
read the voltage developed across the
secondary winding of transformer T2.

22-9. Regulator diode tests. Zener
(avalanche) diodes, which are used for voltage-
regulating applications, may be checked by the
use of a dynamic tester in conjunction with an
oscilloscope. This tester develops signals to
display the diode reverse-current-versus-
voltage curve on the associated oscilloscope,
for determination of the diode's Zener voltage,
dynamic impedance, and noise characteristic.

22-10. In figure 115, we show a simple
circuit that can be used to obtain a dynamic
characteristic curve of a Zener diode. The
AC input is adjusted until the display shows the
breakdown operation as illustrated on the
scope screen of figure 115. The crystal diode
blocks the negative alternation Of the input,
thereby preventing forward conduction of the
Zener diode; thus, the trace shows only reverse
current versus voltage. Note that the reverse-
current signal is developed across the 1-ohm
resistor and is applied to the vertical input
terminals of the scope; the voltage across the
Zener is applied to the horizontal input
terminals of the scope. This makes the vertical
axis of the scope represent current, and the
horizontal axis represent voltage. If the axes are
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calibrated, the Zener breakdown voltage, Vz,
and dynamic impedance, Zz, can be
determined.

22-11. When you wish just to check the
operating voltage of the Zener diode, the
circuit shown in figure 116 can be used. Adjust
the variable resistor to obtain the value of

4 DC

Figure 116. Zener voltage test circuit
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operating current specified for the Zener diode
under test. If the Zener diode is good, the
reading on the DC voltmeter will e0oftsrm
closely to the rated operating voltage. For
example. a 15-volt Zener diode under test
should cause the voltmeter to indicate near 15
volts. The acceptable tolerance, of course,
depends upon the application and is something
you must know.

22-12. Transistor Testers. We will discuss
transistor tests that are of practical value to a
maintenance repairman. The basic circuits are
illustrated so that you can understand the test
for ( I ) collector leakage current, (2) punch-
through voltage, (3) direct-current gain, and (4)
hybrid parameters.

22-13. Collector leakage current test. As you
know, the amount of collector leakage current
is normally a very small value (about 10
microanips or less). The collector leakage
current will be appreciable, however, when the
transistor is contaminated, internally shorted,
or damaged by overheating. A measurement of
collector leakage current can, therefore,
indicalP the condition of a transistor.

22-14. Figure 117 shows the method of
determining collector leakage current. When
thc transistor is connected as illustrated, the
amount of collector-to-base leakage current.
leo. can be read directly on the DC
tnicroammeter. The reading should check
closely with the manufacturer's value of leo at
the specified collector-to-base voltage, Vcb.
This current is also referred to as collector
cutoff current or reverse current.

22-15. Punch-through voltage test. The
punch-through voltage (Vpt) is that Vcb at
which the collector-base barrier region has
widened sufficiently to contact the base-emitter
barrier region. This effectively eliminates the
base region; therefore, transistor action is
stopped and collector-to-emitter resistance is
greatly reduced. The punch-through voltage
can be applied without damaging the transistor
if the collector current is limited to prevent

ADJUSTABLE
DC VOLTS

1.tgurc.117. Collector leakage current teSt circuit.
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Figure 118. Punch-through test circuit.

over-heating. When the collector-to-base
voltage is lowered below the punch-through
value, normal transistor action will resume.

22-16. The value of punch-through voltage
is generally specified only for switching-type
transistors. A circuit that can be used to check
the Vpt of a transistor is shown in figure 118.
The transistor is biased to its typical operating
values; then the collector voltage is increased
until voltmeter V2 shows a sudden increase.
Thisincrease is caused by the increased current
flow through RE when punch-through occurs.
The reading of VI is the punch-through voltage
of the transistor under test.

22-17. Direct-current gain test. The ratio of
the output direct curent to the input direct
current indicates the direct-current gain of a
transistor. This parameter is useful ?when a
traniistor is used in a low-frequency power
amplifier, switching control, and logic circuits.
If the direct-current gain decreases with age,
the reduced amplification can produce
distortion and changes in impedance which
cause mismatching.

22-18. Direct-current gain is commonl)
specified for the CE configuration and is
designated p or hie. This parameter, p, is equal
to the direct-currant ratio [Sib. A method of
determining this. ratio for PNP transistors is
shown in figure 119. After adjusting for proper
biases, the milliammeters are read to obtain the
values of lc and lb. NPN transistors can be
tested simply by reversing the polarity of the
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Figure 119. Direct-current gMn test circuit.

bias supplies and reversing the meter
connections.

22-19. Another test circuit uses a null
detector as shown in figure 120. This circuit is
biased for an NPN transistor. Biases must be
adjusted to the specified values for the
transistor under test. The differences of the
voltages V1 and V2 are indicated on the null
detector. By adjusting the potentiometer,
voltage VI is made equal to V2, and the null
indicator reads zero. Hence,

le V2/R2 RI
lb VI/RI R2

when VI V2

22-20. Note that there is linear relation
between current gain and RI since R2 is fixed
vaiue. It is, theretore, possible to calculate a
dial on the potentiometer to read p directly:
The maximum p that can be measured will, of
course, be the maximum ration R I/R2
obtainable with the tester

ADJUSTABL E
DC VOL TS

Figure 120. Null detector direct-current gain test circuit.
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22-21. When testing for direct-current gain.
you should disconnect the transistor, from its
circuit. Any associated circuit that shunts the
transistor will introduce error.

22-22. Hybrid parameter tests. When a
transistor is considered to be four-terminal
network (see fig. 121), various relations
between input and output voltages and currents
can be defined in terms of AC parameters.
These are known as small-signal parameters
that indicate the performance capabilities and
characteristics of a transistor.

22-23. Most manufacturers' transistor data
sheets specify hybrid (h) parameters; hi is the
input impedance in ohms with the output
shorted (fig I 22,A); hr is the reverse voltage
gain, or ratio of VI to V2, with the input open

Ii $2

INPUT OUTPUT
TERMINALS 611 I I 2 T MURAL S

Figure 121. Four-terminal network.

circuited (fig. 122,B); hr is the forward current
gain, or ratio of i2 to i 1 , with, the output
shorted (fig. 122,C); and ho is the output
admittance in mhos with the input open
circuited (fig. 122,D). To indicate whether the
parameter is for the common base, common
emitter, or common collector transistor circuit,
an additional subscript (b, e, or c) is added to
the h parameter. For example, the common
base forward current gain, which is the same as
a , is designated hfb; and the common emitter
forward current gain, which is the same as /3. is
designated hk.

22-24. Since we know that a and is are
related by the following equations,

ce P--- and /3
I I

it follows that

hf b hfe htband hfe
1 + hie hfb

/2.0

Lif';3)
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Figure 122. Hybrid parameter equivalent circuits.

Thus, regardless of how current gain of a
transistor is specified, you can determine its
gain capability. Values of hfb usually range
from 0.95 to 0.99; values of hfe range from
about 20 to 100. Hybrid parameters are
generally specified as shown in figure 123.

22-25. A basic transistor test set for
measuring h parameters is shown in figure 124.
A single AC meter, M, calibrated to read

voltage and current values, is used in
conjunction with calibrated voltage source. 02.
and current signal source. 01, to determine the
four hybrid parameters of a common base
transistor configuration. The magnitude of the
output from the voltage and current signal
sources is controlled by range switches, which
are not shown in this basic circuit diagram. The
parameter to be measured is chosen by a single
selector (four ganged switches), which also
connects the proper bias. Since the emitter bias
supply has an internal dynamic resistance of
approximately 10 megohms, it may be
considered an open circuit for AC.

22-26. Let us consider each position of the
selector td see how each parameter is
determined.

o. Position I. The calibrated voltage
generator, 02, applies e2 to the collector, and
the meter reads the 'circuit current 12 (the
resistor RI develops the signal that is measured
by the meter M). Since the emitter is open-
circuited for AC, the value of hub is the ratio
e2/12.

b. Position 2. Note that meter M is now
connected between the emitter and ground and,
therefore, reads the voltage el . The calibrated
generator 02 applies e2 to the collector. The
ratio el/e2 is the value of hrb.

c. Position 3. The calibrated current
generator, GI, is connected to the emitter. This
means the value of il is known. The meter M
now reads the input voltage el. Because the
output circuit is virtually short-circuited (R2 is
a small resistor), the value of h, is the ratio of
il/e I.

d. Position 4. The cnlibrated current
generator is connected to the emitter; thus il is
known. The metm- NA in conjunction with shunt

PARAMETER MINIMUM
VALUE
DESIGN

CENTER

.

MAXIMUM DIMENSION

hob 0.1 0.11 1.3 A4, mhos

ht. (1) 30 42 66 non

htb 25 29 33 ohms

0.1 X 10-3 0.3 X 10-3 1.3 X 10-3 non

Figure 123. Example of hybrid parameter values.
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Figure 124. Hybrid parameter test circuit.

R2 reads the collector current, which is i2. The
ratio 12/0 gives us the value of hfb.

22-27. The tester we have just discussed is,
of' course, a very simple one. Transistor testers
for general use in the field are more complex
since they are designed for both in-circuit and
out-of-circuit testing. Moreover, they provide

US. GOVERNMENT PRINTING OFFICE: MS-441420/ 67

AUGAFS, ALA (760240) MOO

for short-circuit tests, bias selection, beta
measurement, and collector reverse-current
tests. In other words, a practical transisior
tester generally incorporates all circuits that we
have discussed separately, plus other testing
features.

22-28. At this time, work the Chapter review
exercises 'for Chapter 6 in yc Jr workbook.
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WORKBOOK

SUPERVISION,. [RAINING, AND MAINTENANCE TECIINIQUES

C:.41_ 641tVACAING
CRE

SRG

This workbook places the materials you need where you need thcm while you
arc stud)ing. In it. ou will find the Study Reference ,Guide, the Chapter Review
livereiscs and their answers. and the Volume Review Exercise. You can easily
compare textual references with chapter exercise it6ms without flipping pans
hack and forth in your text. You will not misplace any one of these essential
study materials. You, will have a single reference pamphlet in the proper sequence
for learning.

These devices in your workbook arc autoinstructional aids. They take the
plaee of the teacher who would be directing your progress if you were in a
classroom. The workbook puts these self-teacheri into one booklet. If you will
follow thc study plan given in -Your Key to Carcer Development," which is
-in your course packet.- you will be leading yourself by easily learned steps to
mdstery of your text.

If you have any questions which you cannot answer by referring to "Your
Key to Career Development" or your course material, use ECI Form 17, "Student
Request for Assistance." identify yourself and your inquiry fully and send it to
EC I.

Keep the rest of this workbook in. your files. Do not return anY other part
of it to EC.

EXTENSION COURSE INSTITUTE

Air University
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STUDY REFERENCE GUIDE

1 11,e tlav Guide as a Study Aid. It emphasizes all important study areas of this volume. Use
the Guide for review before you take the closed-hook Course Examination.

2. the Guide for Foihnv-up after you complete the Course Examination. The CE results
w It he sent to on on a postcard. w hich will indicate -Satisfactory" or "Unsatisfactory- comple-
tion, '1 he card w ill li.st Numbers relating to the items missed. Locate these numbers in the
Guide and draw a line under the Guide Number. topic. and reference. Review these areas to
insure onr mastery of the course.

Guide
Vuuther

Guide .Vunthen thhuigh 024
001 Supervision and Training; Supervision: pages

1.5

002 'Ft:lining: pages 5.9

ou t Safely; On-Duty Safety: pages 10.15

004 I :rst Aid: pages 15-20

005 Otf-Duty Safety: pages 20-21

Maintenance Principles; Preventive
Maintenance; pages 22-24

Otr Corrective Maintenance: paies 24-32

(10s Repair of Printed Circuits and Transistor
Replacement; pages 33.38

o09 Cable Maintenance: pages 3840

010 Maintenance Management; pages 4046

011 Technical Order System: pages 46-50

012 Oscilloscopes and Test Accessories:
Functitinal Analysis of Oscilloscopes:
Cathode-Ray Tuhe --Vertical and Horizontal
Amplifiers: pages 51-56

Guide
Number

013 Functional Analysis of Oscilloscopes: Sweep
GeneratorsExpanded Sweep; pages 56-62

014 Oscilloscope Controls and Operating
Considerations: ControlsFrequency; pages
62-67

015 Oscilloscope Controls and Operating
Considerations: Synchronizing
Malfunctions; pages 67-73

016 A Typical Oscilloscope: Sweep Generation
and SynchronizationA Sweep; pages 73-80

017 A Typical Oscilloscope: B SweepIndicator
Controls: pages 80-91

018 Probes; pages 91.98

019 Power and Frequency Test Equipment;
Power Measuring Instruments; pages 99-103

020 Frequency Test Instruments; pages 103-107

021 Frequency Counters: pages 107.113

0" Signal Generators; pages 113.115

023 Electron Tube and Semiconductor Testing;
Electron Tube Testing: pages 116-120

024 Semiconductor Testing; pages 120-126

1.33
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CHAPTER REVIEW EXERCISES

The following exercises are study aids. Write your answers in petwil in the space provided after caeh

exercise. Immediately after completing each set of exercises, check your responses against the answers for

that set. Do not submit your answers to ECI for grading.

CHAPTER I

Objective; To demonstrate a knowledge of supervision principles and the types of training programs

available to the airman, whether formal, informal. correspondence, on base, or off base.

1. What is a supervisor? (1-2)

2. With the assignment of responsibility, what else is due to the supervisor? (1 -4)

3. Where does a supervisor's primary responsibility lie? (1-(,)

4. How demanding are the responsibilities of a supervisor to himself? ( 1 -9)

S. In solving an employee relations problem, what steps should you use? 41-12)

6. Must all workers be told how, when, and what to do in work assignment? ( I-14-16)

7. Give two reasons for a thorough examination of a completed repair job on a piece of equipment. ( 1- I 8)

8. How can you measure a worker or group of workers as to performance? (1-22.23)

9. Why is the performance report so important? (1-25)

10. You have successfully arrived at the 7 level in your chosen career field. How can you quality foi the

9 level (superintendent)? (2-5)

1 3



I I . What is lateral training? (2.6)

I 2. Formal airman courses are identified by the AFSC, by title, and by letter prefixes and suffixes, as
needed. What does the first letter in the prefix tell you? (2-8)

1 ;. What are the two divisions of on-the-job training? (2-10)

14. What is the nieannig of the term "career development"? (2-11)

15. In which phase uf the Dual-Channel Concept would you make the greatest progress in perfecting the
skilk in your chosen field? (2-12,13)

I o. What must you do in order to receive the award uf the 5 or 7 skill level of yuur AFSC? (2-15)

17. Why is the AF Form 623. Consolidated Training Record, so important to the airman? (2-21)

Is. What trainine publication lists the knowledge required of a person on a certain job task? (2-25)

19. In what three ways is the Field Training Program conducted? (2-10)

20. Suppose that the Air Force has a surplus of airmen qualified in a certain AFSC. What is its must likely
ontrse of action? (2-34)

CHAPTER 2

_

i(hiItve to demonstrate a knowledge of the principles and objeCtives uf ground safety applicable to the
communications-electronics repairulinfs jub.

I. What is the objective of safety education? (Intro.-1-4)

3
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can a start be made MI good house:xt:;!::ty! 3.21

3. How does a clutteied workbench affect yout work? (3.4)

4. What is the bask ingredient of all accidents? (3-10)

S. While accidents involving Air Force people and Property can be described iwterms of money costs. what

is the most dangerons effect they can have? 13-16).

6. What must you have before an organized accident prevention effort can be successful? (3.18)

7. What is the best method for the prevention of tires? (3-20,21)

8.. Which type of fire extinguisher would you use to extinguish a gasoline fire? 1324: Fig 2)

9. How can you know thSt you are in an area contaminated by radioactivity? (3-27)

10. What kind of accidents should be reported? (3-29)

11. You don't live many years before you meet two types of common emergencies. What are they? (4.2)

12. What are the three life-saver steps in the treatment of a serious cut or wound? (4-4)

13. Name three ways to stop bleeding. (4-5-8)

14. What should you always treat an accident victim lot , whether or not he has the symptoms? (4-I

136
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/1
I 5. What are the sytnptoms of shock? (4-12)

16. What is arttficial respiration? (4-15)

.17. Although there are four methods of artificial respiration, why is the mouth-to-mouth method the most
effective? (4-18)

18. What are the seven steps for administering mouth-to-mouth artificial respiration? (4-20)

19. What are the indications that the victim is responding to artificial respiration? (4-24)

.20. What can you do to reduce the off-base, off-duty, privately owned vehicle accident rate? (5-5)

21. What good authority is available on sports safety? (5-8)

22. Why is life in the barracks subject to accidental injuries and deaths? (5-9-11)

23. List the safety items that every hobby shop user should be familiar with. (5-13)

CHAPTER 3

Objective: To demonstrate a knowledge of maintenance principles, printed card repair, man-hour reporting,
matittenance data collection system, organizational structure, Chief of Maintenance functions, product
improvement program, and the scope and application of technical order systems.

I. During what type of maintenance procedures are you likely to detect circuits which are in marginal
condition? (6-2)

2. What would you look for when making a visual inspection of resistors and capacitors? (6-5)
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3. NVhat is the piimary consideration when using solv:nti'' 16 9 )

4. What is the purpose of climatic deterioration prevention? (6-12)

5. In what TM can you find resistance measurements? (7-7)

6. What is the first precaution you must observe before making a resistance check?17-7)

7. Name some uses of SWR measurements? (7-16)

8. In what direction are the bottoms of tube sockets counted? (7-23)

9. Where would you find the normal voltage and resistance values at the pins of connectors and tube

sockets? (7-25)

10. List some things that you should include in your method of troubleshooting? (7-28.29)

11. Refer to figure 19 in the text. Using the half-split method. where would you check if there is no output

from stage ,8 and a check shows no output at point D?(7-34)

12. Why is it necessary to try to replace a defective component with one of identical characteristics .ind

physical size? (742)

13. At what point in the corrective maintenance procedures would you normally align a circuit? (7-46)

14. What is determined by a performance test? (7-47)

15. Why is it necessary to handle printed circuits with care?18-5
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lo. What type uf solder do yuu use tu repair printed circuits? (8-11)

17. Name four types of wire wraps that you may be required to make? (8-19-23)

18. What is the smallest radius that you can bend a coaxia) cable? (9-6)

li). What dues a red printed identification code on a line signify? (9-7)

20, At what point on a ground wire 6 inches long would the wire identification code be printed? (9-7)

21 , When should you use the sinele-wire safety method? (9-9)

22. Why is it necessary that bonding and grounding connections be properly made? (9-10)

13J
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Rey of this publication has (have) been deleted in

adapting this material for inclusion in the "Trial Implementation of a

Model System to Provide Military Curriculum Materials for Use in Vocational

and Technical Education." Deleted material involves extensive use of

military forms, procedures, systems, etc. and was not considered appropriate

for use in vocational and technical education.



CHAPTER 4

Objectives: To demonstrate a knowledge of the components of an oscilloscope and how they operate, and to

show ability to operate a sample synchroscope by analyzing presentations under given operating conditions.

I . List the basic circuits that make up an oscilloscope. (12-1)

2. Name four of the five special features usually found on a synchroscope. (12-1)

3. Mat are the functions of the anodes in a cathode-ray tube? (12-3)

4. How is the deflection sensitivity of an oscilloscope usually expressed? (12-6)

S. If I SO VDC causes a 3-inch displacement of the spot on the face of an oscilloscope, what is the

deflection factor? (12-7)

-- 141 i



b. What is generally used as the screen coati4., genciai purpos:. CRT? (12-10)

7. What happens to the electron beam if the lead con:tee:in the aquadag to the powe 7. supply is open?
(12-12)

8. What type of rectifier is normally used in the high-voltage power supply of an oscilloscope? (12-15)

9. What type of rectifier is normally used in the low-voltage power supply of an oscilloscope? (12-1(,)

10. What type of gas tube is used for sweep generators? (12-23)

11. Why must an oscilloscope sweep be linear? (12-27)

12. How is a stationary display obtained? (12-28,29)

13. What is the distinguishing feature of a synchroscope? (12-31,32)

14. If the sweep calibrator is set for 10 4sec/inch and the signal under test makes a complete cycle in 4 inches.

what is the signal frequency? (12-35)

15. What is the purpose of a voltage calibrator on an oscilloscope? (1242,43)

16. What is the purpose of retrace blanking? (1246,50)

17. After you have adjusted the intensity control, what other control may you have to adjust? (13-4)

18. When a halo appears around the spot on an oscilloscope screen, what control should you adjust? ( 1 3-5 )



to. When the spot is elliptical on the screen, what control should you adjust? (13-7)

20. What happens if you increase the gain control too much? (13-10)

21. What height-to-width ratio.provides optimum display proportions for general purpose waveform
exatiiinations? (13-12)

22. What controls do you use to center the spot on the screen? (13-14)

23. II J stable display of 2 cycles ('or a I-kHz signal appears on a scope, what is the sweep frequency?
t 13-23)

24. What happens if you advance the synchronizing control too far? (13-32,33)

25. What is the purpose of the Z-axis in an oscilloscope? (13-35,36)

26. List precautions that you should take when using an oscilloscope to protect yourself and the
equipment. (1342,44)

27. What indication do you get when there is poor contact between the rotor and the resistive element in
the vertical gain potentiometer? (13-50)

18. When operatine the Tektronix 585A (fig. 65) in the "B" INTENSIFIED BY "A" sweep function,
unhlanking is a function of which sweep unblanking pulse and intensification is a function of which
sweep unblanking pulse? (14-26-31)

11
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29. Name the oscilloscope control that performs each lunction listed below.

a. Determines input voltage required to deflect beam 1 cm vertically.
b. Sets voltage level required to trigger the trigger generator.
c. Positions intensified area of display.
d. Selects desired sweep and unblanking signals.
e. Adjusts trigger generator input circuits.
j: Adjusts slope of sweep sawtooth.
g. Selects sync signal slope that is to trigger the trigaer generator

Selects dual or single vertical input functions.
(Sec. 14, all paras.)

30. For best results, which triggering should you always use when checking phase relationships with the
dual-trace oscilloscope plug-in adapter? (14-51)

31. What type of meter has a valid multiplying factor for all ranges when a highvoltage probe is used? (15-4)

32. List two purposes of a high-voltage resistive probe. (15-4.5)

33. lithe small capacitor of a high-voltage capacitive probe is 5 ppf and the step-down ratio is 50. what is

the value of the other capacitor? (15-8,9)

CHAPTER 5

Objective: To demonstrate a knowledge of the circuits used to check power and frequency.

1. What power does an ordinary AC wattmeter measure? (16-2)

2. What is the purpose of the compensating coils used in wattmeters? (16-4)

3. Wattmeters are usually limited to approximately how much current? (16-5)

4. What would you use to extend the range of a wattmeter to measure high AC power? (16-5)



5. Why does the accuracy of a wattmeter decrease when it is used to measure power above 1 kHz? (16-7)

ty. What is the standard reference level for dbm? (16-12)

7. What type of meter would you use to clteck the input power to a transmitter? (16-13)

S. What measurement is the equivalent to I vu? (16-13)

9 In what power-measuring instrument is a thermistor commonly used? (16-14)

10. What power-measuring instrument uses an ultra-thin wire to measure power at microwave frequencies?

(1(-14)

11. What instrument would you use to get the most accurate measurement of high power? (16-16)

12. What fluid is normally used in flow ca1oriumeters that measure power at 1000 MHz and higher?

(1(-18-20)

13. List four types of frequency test instruments. (17-1)

14. What type of wavemeter is more suitable for measuring the frequency of low-power equipment? (17-2)

15. You want to check the approximate frequency of a tuned circuit before applying power. What type

of meter would you use? (17-7)

16. What type of frequency meter uses a VFO for its internally generated frequency? (17-9)

rwarilor.
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17. What indication do you get when the frequency of the set under test and the frequency ot the V1.0 of

the heterodyne frequency meter are equal? (17-9)

18. What must you use with a heterodyne frequency meter when measuring frequencies at crystal

checkpoints? (17-20)

19. What circuit is used in the input section of a frequency count to shape the output pulse? (18-4,5)

20. What section of the frequency counter contains the decade frequency dividers? (18-10)

21. What is the purpose of the read pulse in the frequency counter? (18-17)

22. What section provides the input td the input section of the frequency counter? (18-20)

23. If the gate-time selector switch of a frequency counter is set on 0.1 second and its readout is 47302,

what is the frequency of the signal under test and the accuracy of the reading? (18-27)

24. How can you increase the accuracy of a frequency counter when measuring a high frequency? (18-27)

25. What happens to the accuracy of a frequency meter at lower frequencies? (18-28)

26. List three major sections usually found in a signal generator. (19-1)

27. What type of oscillator is commonly used in a signal generator above 300 MHz? (19-4)

28. You have a bench mockup with an oscilloscope installed as part of the test harness. Who has the

responsibility for repair of this oscilloscope? (204)

14
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34. What technical order du you refer to if you are in doubt as to the responsibility of calibrating a certain
pieLe of test equipment? (20-5)

CHAPTER 6

Objective: To demonstrate a knowledge of the circuits used to test vacuum tubes and transistors.

1. State three disadvantages of an emission-type tube tester. (21-3)

2. The transconductance of an amplifier tube should be at least what percent of its rated value to be
considered acceptable'? (21-6)

3. Concerning transconductance, (a) what is it and (h) what does it indicate? (21-7)

4. What method of measuring transconductance is being used when DC bias is held constant and an AC
test signal is applied to the grid of the tube under test? (21-9)

5. To protect the tester meter from damage. what test should you perform first on a tube? 121-12)

6. What tube check is a very sensitive short-circuit test? (21-14)

7. What are the symptoms of a tube with cathode leakage? (21-16)

t3. A tube is considered substandard if a noticeable decrease in emission occurs during a filament activity
test. What percent of the rated value must the emission decrease to indicate substandard operation?
(21-18)

c). What indicates the rectifying ability of a crystal.diode? (22-3)

15
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10. When using the dynamic diode tester m figure 113, what curve is diTlayed on a scope to analy/i the
behavior of a crystal diode? (2:4)

11. A Zener diode regulates at approximately what voltage? (22-10)

12. How is collector leakage or cutoff current designated? (22.14)

13. What hybrid values correspond to alpha and beta for a kransistor? (22-23)

14. If htb is 0.96, what is the value of hfe? (22-241

15. If hfe is 50, what is the value of htb? (22-24)

16
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ANSWERS FOR CHAPTER REVIEW EXERCISES

CHAPTER 1

I .
A supervisor is a person who directs the efforts of one or more people in getting a job done.

Adequate authority must go hand in hand with the assignment of a responsibility. Under most
circumstances, workers would doubt the wisdom of a supervisor who has been given inadequate or no

authority on the job.

A supervisor's primary responsibility is always to the mission. Other considerations may be important,

but are secondary.

4. Using a checklist as a guide. the supervisor must understand his organization, plan and get the work out,
determine performance requirements, train workers, and work at self-improvement.

5. The following steps are the best in solving a problem: (I) get the facts; (2) weigh and decide; (3) take

action, and (4) cheek results,

6. While some workers know what to do without being told, others will resent the supervisor who does not

specifically lay out each detail. Then there are some who want instructions and cheerfully carry them

out. No matter the type of workers. the supervisor must be sure that all know their duties.

7. A thorough examination of a job will ( 1) reveal whether the equipment will operate successfully and

safely and (2) afford an opportunity to review with the worker the steps he has taken. This review can

be used as a teaching device.

8. The Specialty Training Standard is your guideline so far as-the skills and knowledges of a job are

concerned. In many cases, you have to devise your own standards of measurement for workers against

workers.

The performance report is the primary source for information on training, assignments, special actions,

and promotion.

W. By experience on the job, a passing score on the USAF Supervisory Test, and a recommendation from

your supervisor.

1 I .
Lateral training is qualifying as a 5 level in a specialty other than your own before qualifying for the 7

level.

12. The first letter in the prefix tells you whether it is for airmen or officersA for airmen and 0 for

officer courses.

13. Career development and job proficiency development.

14. Career development is the acquiring of the background knowledge and specific information needed to be

able to perform the duties of the AFSC in question.

15. Your greatest progress in perfecting your skills would be on-the-job training under the applicable Job

Proficiency Guide.

17
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16. Be certified by your supervisor, and serve a stipulated period in OJT status.

17. The AF Form 623 is the only complete recOrd of training.

18. The specific Specialty Standard defines the task knowledge levels.

19. By field training detachments permanently assigned to a unit, by mobile training detachments, or by

traveling teams.

20. The airmen will be given ou-the-job training into a related AFSC in which there is a shortage.

CHAPTER 2

I. The more you know about the potential hazards of your job and off-duty activities, the better your
chances for an accident-free life. You must periodically expose yourself to instruction in safe

procedures for your own sake as well as for others.

2. By acquiring the habit of personal cleanliness and neatness, you will automatically extend the same

habits to your work area.

3. A cluttered workbench makes effective work almost impossible and is the starting place for an accident.

4. The basic ingredient of all accidents is the law of cause and effect.

5. The missions of the Air Force may fail through accidents to people and equipment. This is the most

dangerous effect.

6. You must have effective enforcement because accidents are frequently the direct result of violation of

safety principles.

7 . Good housekeeping prevents fires. Overloaded electric circuits, accumulation of oily-wastes and rags,
careless handling and storage of flammable or explosive materialall add up to poor housekeeping and

become fertile causes of tires.

8. A foam-type extinguisher would be used on gasoline fires.

9. Where AFTO 9 series forms are displayed.

10. Report all accidents resulting injury or property damage.

I 1. Wounds or cuts and drownings are emergencies most of us face.

12. In treating a serious cut or wound (I ) stop the bleeding, (2) prevent or treat shock, (3) protect the

wound.

13. When trying to stop bleeding (1) apply a bandage and pressure directly to the cut, (2) apply hand or

finger pressure at various points on a patient's body, and (3) apply a tourniquet (a tourniquet should be

uscd only for source, life-threatening hemmorrhaging that cannot be controlled by other means).

18
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14. You should always treat an accident victim for shock.

15. The symptoms of shock are: (a) trembling and apparent nervousness; (b) rapid and weak pulse; (c)
excessive thirst: (d)becurning quite pale and perspiring; (e) gasping for air and even fainting; and
(1) vomiting or complaining of nausea.

16. Artificial respiration is a means of causing air to flow in and out of the lungs of a person when his normal
breathing system ceases to function.

17. Mouth-tomouth artificial respiration can bc used even though the victim has suffered serious fractures .

burns, or uther injuries. It is also the surest method of getting oxygen into the lungs.

18. (1) Turn the victim on his back: (2) clean the mouth, nose, and throat; (3) place victim's head in the
"sword swallowing position"; (4) hold the lower jaw up; (5) close the victim's nose; (6) blow air into.
the victim's lungs; and (7) let air out of victim's lungs.

19. The first indications of the victim responding to artificial respiration will be a gurgling or gasping for
air and possibly coughing and gagging.

20. Learn the traffic laws that are in effect in your location and observe these laws strictly.

21. The Air Force Sports Manual, AFM 215-2, is an authority on sports safety.

Barracks life, like home life, can produce many accidents. Carelessness and horseplay are common causes.

23. (a) Make sure you are well oriented on the use of the equipment; (b) use safety guards at all times;
(c) make sure that the floor around machines is free from stumbling and tripping hazards, and
Id) keep the floor clear of sawdust and scraps.

CHAPTER 3

I. Preventive maintenance procedures are designed to detect conditions that may lead to malfunctions. This
includes marginal operations.

2. Resistors and capacitors that are discolored, burnt, or cracked.

3. Adequate ventilation.

4. To prevent arcing. frequency shift, short circuits, and general deterioration due to excessive humidity,
condensation. and the resultant growth of fungi.

5. The maintenance manual for the particular piece of equipment on which you are working.

6. Remove power from the circuit under test.

7. To indicate a poor or good impedance match. in making repairs, for preventive maintenance, and in
checking and making adjustments to transmitters.

S. Clockwise.
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9. In the voltage and resistance charts in yOur equipment tedmical otde,s.

10. Examination of all available equipment records. evaluation of operator's comments, and performance
of operational checks when possible.

11- Point B.

12. Because in high-frequency circuits. the dit ferent characteristics may cause the circuit frequenc to
change.

13. After all repairs haVe been corrected, and only then if it is absolutely necessary.

14. The operating efficiency of the equipment.

15. Because the materials used are very fragile.

16. 60/40 solder.

17. Eyelet terminal wire, terminal wire, old lead, and new component wraps.

18. Six times the diameter of the coaxial cable.

19. That it is an AC line.

10. Near the center.

11.

For emergency devices, for areas difficult to reach, and on small screws in a closely spaced pattern.

Bonding and grounding connections must be made properly to protect equipment and personnel 11-oin
lichtning discharges and electrical shock, to prevent development uf RF potentials. and to provide
current return paths.

20
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CHAPTER 4

1. Cathode-ray tube, sweep generator, horizontal and vertical deflection amplifiers, and power supplies.

2. Triggered sweep, retrace blanking, marker generator, and voltage calibrator.

3. The anodes accelerate the electrons and focus the beam.

4. In millimeters per DC volt.



5.
5(1 VI`C

= 50 VDC per inch.
3 in.

6. Green phosphor.

7. lt disperses and illuminates the screen.

8. Because the current required to opetme a CRT is very small, a half-wave rectifier is normally used.

9. Full-wave. The current required is moderate.

10. Thyratron.

11. To prevent distortion of the displayed signal.

12. By synchronizing the sweep generator with the incoming signal.

13. The sweep of a synchroscope is triggered.

1 106
14. = 25 kHz.4 X 10 psec 40

15. To enable you to use the oscilloscope as a voltmeter.

16. To keep the electron beam from being seen during fly-back time.

17. The focus control.

18. The intensity control.

19. The focus control.

20. The vertical amplifier is overdriven and the display is distorted.

21_ A height-to-width ratio of 2:3 or 4:5 is optimum. These ratios usually assure that a true representation
of the wave is displayed.

22. The vertical and horizontal positioning controls.

1000
23. 400 Hz.1.5

24. The sweep generator operates erratically and the display is distorted.

15. For intensity modulation of the electron beam by the input signal.

26. Do not operate an oscilloscope when its case is removed and be sure the oscilloscope is properly
grounded. Handle a CRT ,:arefully, do not allow a bright spot to remain stationary on a CRT screen.

27. Grass on the display.

11
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2N. B. A.

. a. Volts/on.
b. Triggering level.
c. Delay.time multiplier.
tl. Horizontal display.
e. Triggering source.
I. Time!cm.
g. Trigger slope.
h. Mode.

30 Me external signal. This keeps each signal from triggering its own sweep.

31. VTVM.

$2. It decreases the effect of boltmeter loading and provides isolation.

.13. C2 = 5 (50 . 1) puf = 245 upf.

CHAPTER 5

1. Real or in.phase.

2. To insure a zero reading with no load.

3. 2') ainperes.

A eurrent transformer.

5. The accuracy decreases because at high frequencies magnetic fields affect the meter.

(). I milliwatt,

7. A vu meter.

8. I dbin.

9. Bolometer.

10. Bolometer.

11 . Calorimeter.

1.2. Water is used at frequencies above 1000 MHz because of its excellent thermal qualities.

1$. Wavemeter. grid-dip meter. heterodyne frequency meter, and frequency counter.

14. Reaction type.

23
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15. Grid.dip meter.

I. Ileterodyne frequency meter.

17. The best frequency is zero.

18. Calibration book.

19. Schmitt trigger circuit.

20. Time-base section.

21. To activate the gate section.

22. The gate section.

Arr*:

I 0
13. 473,020 ± 10 Hz is the frequency. Accuracy is X 100 percent = 0.002 percent.

4.73 X 105

24. By taking readings for progressively longer time-gate intervals.

25. The accuracy decreases.

26. A VFO, a modulating circuit, and an output attenuator.

27. A klystron-type oscillator.

28. The using organization.

29. TO 33K-1-01, Calibration Procedures and Responsibilities. This TO lists all test equipment and tells
who is responsible for its calibration.

CHAPTER 6

I . a. A definite 100-percent point is not known.
b. High emission does not necessarily indicate a good tube.
c. The tube is not tested during simulated operating conditions.

2. 70 percent.

(6) It indicates the amplifying ability of a tube.

4. When an AC test signal is applied to the grid, the dynamic method of measuring transconductance is
being used,

5. The short-circuit test. If the tube is shorted and other tests are made, the high current could damage the
tube tester.

156
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6. Noise.

7. Noise when the tithe vibrates.

8. If the emission decreases more than 10 percent during the filament activity test, the tube is considered
substandard.

9: The ratio of the reverse-to-forward resistance.

D. The reverse current-versus-voltage curve.

11. Breakdown or Zener.

12. By the symbol lc°.

13. 1-1tb and hfe.

14. hte 0.96 24.
1 0.96 0.04

50
15. ht-b = 3T)-74.-7 = 0.98.

25
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STOP-
1.MATCH ANSWER

SHEET TO THIS
EXERCISE Nvn.
BER.

30455 01A 22

2.USE NUMBER 1
PENCIL.

VOLUME REVIEW EXERCISE

Carefully read the following:

DO'S:

1. Check the "course." "volume," and "form" numbers from the answer sheet
address tab against the "VRE answer sheet identification 'number" in the
righthand column of the shipping list. If numbers do not match, take action
to return the answer sheet and the shipping list to ECI immediately with a
note of explanation.

2. Note that numerical sequence on answer sheet alternates across from column
to column.

3. Use only medium sharp #1 black lead pencil for marking answer sheet.
4. Circle the correct answer in this test booklet. After you are sure of your

answers, transfer them to the answer sheet. If you have to change an answer
on the answer sheet. be sure that the erasure is complete. Use a clean eraser.
But try to avoid any erasure on the answer sheet if at all possible.

5. Take action to return entire answer sheet to ECI.

6. Keep Volume Review Exercise booklet for review and reference.

7. If niandatorily enrolled student, process questions or comments through your
unit trainer or OJT supervisor.
If voluntarily enrolled student, send questions or comments to ECI on ECI
Form 17.

DON'TS:

I. Don't use answer sheets other than one furnished specifically for each review
exercise.

2. Don't mark on the answer sheet except- to fill in marking blocks. 'Double
marks or excessive markings which overflow marking blocks will register as
errors.

3. Don't fold, spindle, staple, tape, or mutilate the answer sheet.

4. Don't use ink or any marking other than with a #1 black lead pencil.

NOTE: TEXT PAGE REFERENCES ARE USED ON THE VOLUME
REVIEW EXERCISE. In parenthesis after each item number on the VRE
is the Text Page Number where the answer to that item can be located.
When answering the items on the VRE, refer to the Text Pages indicated
by these Numbers. The VRE results will be sent to you on a postcard
which will list the actual VRE items you missed. Go to the VRE booklet
and locate the Text Page Numbers for the items missed. Go to the text and
carefully review, the areas covered by these references. Review the entire
VRE again before you take the closed-book Course Examination.
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Multiple Choice

' 1. (001) As a supervisor, your primary objective is responsibility to

a. your unit.
b. the mission.

c. your superiors.
d. your subordinates.

(003) "Praise in public, criticize in private" is a part of what principle of supervision?

a. Telling people in advance about changes that will affect them.
b. Letting each worker know how he is getting along.
c. Making the best use of each person's ability.
d. Giving credit where credit is due.

3. (003) When you review a man's record in solving a personnel problem, you are

a. weighing and deciding.
b . checking results.
c. getting the facts.
d. taking action.

4. (004) Production controls include all of the following except

a. time budgeting. c. management analysis.
b. scheduling of work. d. mechanical standards.

5. (005) Course 3ABR30334 is

a. an Air National Guard course.
b. a basic technical course.

6. (007) On-the-job training is conducted

c. a Reserve officer course.
d. an instructor course.

a. within the unit where the airman is assigned.
b. at resident technical schools as graduate training.
c. in special schools established by Hq USAF.
d. solely through correspondence courses and group study classes.

7. (008) Which of the following is the source of authority establishing the content of technical training
courses?

a. Specialty Training Standard. c. Job Proficiency Guide.
b. Airman Classification Manual. d. Unit Document Listing.

8. (011) Approximately what percent of all USAF ground accidents result from Government motor
vehicle operations?

a. 10 percent.
b. 20 percent.

c. 30 percent.
d. 40 percent.
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g. (012) Which of the following is not a type of tire?

3. Type A.
b. Type B.

c. Type C.
d. Type D.

W. (012) Soda-acid fire extinguishers have an effective range of

a. 40 to 50 feet.
b. 30 to 40 feet.

c. 15 to 30 feet.
d. 3 to 6 feet.

11. (013) If you work around radioactive material or materials, which of the following is not true?

a. Wear protective clothing.
b. Do not eat while in the area.
c. Good hygiene is unnecesary.
d. Wear a film badge.

12. (015) Which Air Force publication prescribes the forms to be used for accident reporting?

a. AFR 27-4.
b. AFR 100-27.

c. AFR 124-7.
d. AFR 1274.

13. (016) A tourniquet, once applied, should be loosened only if

a. a doctor does it.
b. the blood has stopped gushing.
c. the wound is close to the foot.
d. the patient is turning blue in his face.

14. (017) Artificial respiration must be applied if the patient

a. is not 'preathing. c. is weak from loss of blood.
b. has been poisoned. d. is suffering from a back injury.

15. (018) Which method of artificial respiration is the most effective?

3. Chest-pressure-arm4ift. c. Back-pressure-hip-lift.
b. Back-pressure-arm-lift. d. Mouth-to-mouth.

16. (019) Concerning the mouth-to-mouth method of artificial respiration, you should force air into the
victim's lungs approximately how many times per minute for an adult and for a child, respectively?

a. 8 and 12.
b. l6 and 1.2.

c. 12 and 20.
d. 20 and 16.

/

17. (020) An airman driving an Air Force vehicle is safer than when driving his personally ownedautomobile
because

a. his Air Force job has built-in safety reminders.
b. Air Force vehicles are in perfect mechanical condition.
c. the Air Force has special punishments for careless drivers.
d. driving Air Force vehicles requires more skill than driving private ones.
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18. (022) Mita of the following is included in preventive maintenance?

a. Inspection and installation.
b. Inspecting, cleaning, and lubricating the equipment.
c. Bench check of equipment. siting. and lubrication.
d. Climatic deterioration prevention and periodic overhaul.

19. (023) Whkh of the following abrasives should you use tu clean reby contats?

a. Coarse sandpaper.
b. Emery cloth.

c. Crocus cloth.
d. Steel wool.

20. (024) Which of the following is not a true statement about fungi?

a. Fungus is a form of animal life that feeds on paper and cotton.
b. Fungi thrive in high humidity.
c. Fungus growth causes deterioration of insulation.
d. Fungi cause decay.

11. (025) Which of the following is a precaution to observe when using an ohmmeter?

a. Remove any transistors that may be damaged by the ohmmeter.
b. Apply low voltage only to the circ-uit.
c. Turn on the high voltage first.
d. Observe polarity across resistances.

12. (026) Which of the following is usually measured with a meter containing a bolometer?

a. DC power. c. Percent of modulation.
b. AC power in the audio range. d. UHF transmitter output power.

13. (031) Refer to figure 19 of the text. The primary of the output transformer uf stage 2 is open. \Midi
of the following statements is true?

a. There is no output with a signal injected at point A.
b. The output is weak with 3 signal injected at point D.
c. There is no output with a signal injected at point F.
d. The output is normal from ell points of signal injection.

24, (032) What is the final step in corrective maintenance?

a. Giving the equipment a performance check.
b. Isolating the trouble to a subsystem.
c. Replacing the defective component.
d. Eliminating all properly functioning subsystems.

25. (033) What type of printed circuit is formed by indenting a metal foil into an insulating base and

removina the unwanted raised portion?

a. Etched. c. Chemically deposited.
b. Embossed foil: d. Electrolytic indentation.



2b. (033-034) What wattage rating soldering iron is most appropriate for work with printed circuits?

:I. 5-watt.
1). 35-watt.

c. 100-watt.
d. 250-watt.,

27. (034) An advantage of the complete component replacement method of replacing components on a
printed-circuit board, as compared to the service terminal component replacement method, is that
the former

a. can be easily done by squadron maintenance personnel.
b. does not require the use of a vise or heat sink.
c. requires standard size tools only.
d. is neater and more effective.

(036) You can consider repairing a crack in a printed-circuit board when

a. the crack runs under a conductor.
the crack is parallel to the mounting edge of the board.

c. the crack does not start at either of the mounting edges.
d. there are no more than three repairable cracks on the board.

24. (037) When replacing a transistor. what is the most important thing to remember?

a. Not to apply an excessive amount of heat.
b. Not to use any type of pliers to hold or shape the transistor leads.
c. To leave all excess solder remaining on the eyelet to solder the new component.
d. Always use a very hot soldering iron to prevent holding the iron in place for long intervals.

30. 1038) When working with coaxial cables used in electronic equipment, you should check to be sure that

a. spot ties are always used.
h. they are loosely bent to prevent damage.
c. the clamps fit around the cable tightly.
d. they do not have a bend radius of more than six times the cable diameter.

31. (040) Which level of maintenance performs cleaning where such cleaning does not require disassembly
of the equipment?

a. Depot.
b. Field.

c. Limited.
d. Organizational.

32. (041) Which of the following units collects, maintains, and analyzes data relating to the maintenance
complex?

a. Programs analysis. c. Data control.
b. Control analysis. d. Data surveillance.

33. (042) Which element of maintenance control manages and controls those maintenance actions
scheduled in the maintenance plan which change equipment or facility status?

a. Materiel control c. Quality control.
b. Plans and scheduling. d. Job control.
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34. (042) All of the following are included in Quality Control except

a. Technical order library. c. Deficiency control.
b. Deficiency analysis. d. Standardization and evaluation.

35. (044) You have discovered that Airman Jones was loaned to another work center yesterday for 4 hours,
but you thought at the time that he was at the orderly room and turned in an exception card to reflect
this situation. To correct this erroneous entry that is charged to your work center, you should turn in
only

a. a transferee card.
b. a correction 'clrd.
c. a correction card and a backdated card.
d. another exception card with the corrected information.

36. (045) Which of the following is not a responsibility of Maintenance Control?

a. Act as the critical item monitor for the maintenance complex.
b. Provide the maintenance input to the programming function.
c. Maintain liaison with the maintenance property custodians.
d. Identify and verify not-operationally-ready-supply (NORS) conditions.

37. (046) Equipment deficiencies of a routine nature are normally reported through the

a. maintenance data collection system.
b. USAF product improvement program.
c. maintainability program.
d. reliability program.

38. (046) What type of technical order will direct the corrective action when a condition exists that may
cause the loss of an aircraft?

a. Urgent action. c. Routine action.
b. Record action. d. Immediate action.

39. (048) TO 0-1-01 is the index to

a. Air Force NI&RTs. c. airborne electronics TOs.
b. general aircraft TOs. d. ground electronics TOs.

40. (048) TO 0-2-1 provides

a. dates of all current TOs.
b. an alphabetical list of equipment TOs.
c. a list of technical orders in numerical order.
d. an alphabetical list of commercial publications.

41, (048-049) The procedures for distribution and storage of TOs is explained in

a. TO 00-5-1,
b. TO 00-5-2.

c. TO 0-1-01.
d. TO 0-4-1.
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42. 4049) Concerning a TO number composed of three parts separated by dashes, what is true e- the part
following the first dash?

a. ft is the subgroup designator.
b. It is the major group designator.
c. It is the series number.
J. It is the base number.

4,t. ;050) fo-deficiencies are reported if

a. the information in the TO is incorrect, to whatever degree.
b. they adversely affect performance of the mission.
c. a drawing is affected.
d. a change is impending.

44. (053) Which statement describes electrostatic deflection in a CRT?

a. Instantaneous beam deflection toward the positive plate.
h. Instantaneous beam deflection toward the negative plate.
c. Circular sweep deflection caused by a rotating potential around the deflection coil.
d. Beam deflection proportional in length to the deflection voltage frequency.

45. (054) What is the vertical deflection sensitivity of an oscilloscope if a 150 VDC applied to its vertical
deflection plates deflects the spot 3 centimeters?

a. 0.2-mm/volt.
b. 0.5-inm/volt.

c. 4.5-mm/volt.'
d. 5-mm/volt.

46. (054) What is the amplitude of the voltage applied if the spot is deflected 2.5 inches on an
oscilloscope that has a deflection factor of 50 VDC/inch?

a. 0.05 volt.
b. 12.5 volts.

c. 20 volts.
d. 125 volts.

47. (055) What is usually the output of the low-voltage power supply of an oscilloscope?

a. Over 1000 volts. c. Between 250 volts and 400 volts.
b. Between 500 volts and 750 volts. d. Less than 200 volts.

48. 055) To obtain full-scale deflection on a cathode-ray tube, how much internal voltage is applied by the
vertical and horizontal amplifiers to the deflection plates?

a. Several millivolts. c. Several hundred volts.
b. Several volts. d. Several thousand volts.

4'). 1056-057) A portion of a test signal is applied to the grid of the thyratron within an oscilloscope to
obtain

a. focus. c. synchronization.
h. intensity control. d. positioning.
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50. (057) A thyratron sweep generator operates in what mide of operation?

a. One-shot.
b. Blocked.

c. Triggered.
d. Free-running.

51. (059) What is the distinguishing feature of a synchroscope?

a. Its triggered sweep.
b. Its voltage calibrator.
c. Its marker generator.
d. Its sweep calibrator.

51. (061) Which of the following are least affected by the retrace time of an oscilloscope?

a. Sine waves.
b. Square waves.

c. High-frequency waveforms.
d. Low-frequency waveforms.

53. 1061) What is the purpose of the blanking pulse and to what CRT element is it applied?

a. It is applied to the cathode and drives it to cutoff during retrace time.
b. It is applied to the control grid and drives it to Cutoff.during retrace time.
c. It is applied to the cathode and holds it at cutoff during equipment warmup.
d. It is applied to the control grid and holds it at cutoff during equipment warmup..

54. (063) What two oscilloscope controls interact to the extent that an adjustment of one usually requires
an adjustment of the other?

a. Focus and intensity.
b.-focus and positioning.

c. Gain and positioning.
d. Frequency and gain.

55. (064) The optimum height-to-width ratio for general-purpose waveform displays is approximately

a. 1:2 or 2:1.
b. 2:1 or 2:3.

c. 2:3 or 4:5.
d. 4:5 or 5:4.

5 . (065) The controls that are used to shift the entir CRT display to any desired portion of the viewing
area are the

a. centering controls. c. positionine controls.
b. deflection controls. d. displacement controls.

57. (066) What is the frequency of the time-base generator if five complete cycles of a 25kHz test signal
are displayed on the scope?

a. 2.5 kHz.
b. 5 kliz.

c. 30 kHz.
d. 125 kHz.

58. 1067) The purpose of the synchronizing control is to

a. apply a portimulthe vertical signal to the sweep circuit.
b. apply a portion of the horizontal signal to the sweep circuit.
c. adjust the amplitude of the sweep signal.
d. adjust the frequency of the sweep signal.
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59. (069) To produce markers by intensity modulation, the marker signal is fed to the

a. vertical input.
b. horizontal input.

c.. sync input.
d. Z-axis input.

O. (0694)70) A series of posit iveloing marker pukes applied to the cathode of a CRT will appear in the

t ace as

a. bright spots.
I. dark spots.

c. positive-going pulses.
d. negative-going pulses.

61. (071) Which of the following does not cause a "grass" display?

a. A bad input potentiometer. c. Poor input connections.
b. Microphonic amplifier tubes. d. A faulty intensity control.

62. (075) Which of the following best describes how the sweep generator of the 585A oscilloscope is
trieeered when operating in its internal triggering mode?

a. A sample of the vertical signal is fed to the sweep generator as a trigger signal.
b. A 6.3-volt filament signal is fed to a trigger generator circuit which, in turn, produces a sweep

generator trigger.
c. A sample of the vertical signal is fed to the trigger generator which, in turn, develops a sweep

generator trigger.
d. A 6.3-volt filament signal is used to trigger the sweep generator via a differentiating network.

63. (077) An important point to remember about the TIME PER CENTIMETER control of an
oscilloscope is that it

a. varies the rate of charge of the sawtooth sweep generator, not the amplitude of the output voltage.

b. varies the amplitude of the sawtooth sweep generator output voltage, not the rate of charge.

c. causes the holdoff circuit to trigger a horizontal sweep voltage.

d. triggers the sweep multivibrator to the rest position after each horizontal sweep.

Special Situation. Questions 64 through 67. The controls on a Tektronix 585A (see figure 54 of the test) are

set as follows:

"A" TRIGGERING SOURCE - INTERNAL

"A" TRIGGERING SLOPE POSITIVE
"A" TRIGGERING LEVEL - 0

"A" TIME/CM - 50 psec
HORIZONTAL DISPLAY "A"
"A" STABILITY - clockwise until the sweep appears and then

counterclockwise until it just disappears.

64. (075-077) The triggering source switch is switched to the EXTERNAL position and two related signals

are appliedone to the VERTICAL INPUT jack and one to the TRIGGER INPUT jack. This results in

a. an unsynchronized display.
b. no display.
c. a sweep starting when the vertical input passes through 0 in the positive direction.
d. a sweep starting when the trigger input passes through 0 in the positive direction.
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65. W78) When a signal is applied to the VERTU_ AL INPUT jack with "A' TRIGGERING SOL ::(.1on
INTERNAL, a display is obtained. Where does this dispI4 start?

a. At 0 and goes negative.
b. At 0 and goes positive.
c. At maximum positive and goes negative.
d. At maximum negative and goes positive.

66. (079) A signal of unknown frequency is apphed and 21/2 cycles are displayed. What is the siendl frequency"

a. 5 kHz.
b. 10 kHz.

c. 50kHz.
d. 100 kHz.

67. 1079) A 40-kHz signal is applied as a vertical input. How many cycles are displayed?

a. 1/2.

b. 2.
c. 20.
d. 40.

Special Situation. Questions 68 through 71. The Tektronix 585A (refer to figure 54 of the text) is set Lip as
follows:

HORIZONTAL DISPLAY switch
"B" TRIGGERING SOURCE
"B" TRIGGERING SLOPE
"B" TRIGGERING LEVEL
"B" STABILITY
"B" TIME/CM
"A" STABILITY
"A" TIME/CM
A 5-kHz square wave is applied to
DELAY-TIME MULTIPLIER

- "B"
- INTERNAL

(- ) NEGATIVE
- (0) ZERO
- set for triggered operation
0.2 ms
fully CW (free-running position)

- 0.1 ms
the VERTICAL INPUT jack.

- 5.0

68. (078-080) With the stated conditions, which of the following best describes the display obtained?

a. A 10cycle display of uniform intensity.
b. A 1-cycle display of uniform intensity.
c. A 10-cycle display with the last 5 cycles intensified.
d. A 1-cycle display with the positive alternation intensified.

69. (080-083) Which of the following best describes the display obtained when the HORIZONTAL DISPLAY
switch is placed in the "B" INTENSIFIED BY "A" position?

a. A 5-cycle intensified trace.
b. A 5-cycle trace of normal intensity.
c. A 10-cycle trace of normal intensity.
d. A I 0-cycle trace with the last 5 cycles intensified.
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70. (080-083) How must the controls be set to present a 10-cycle display with the second cycle intensified?

a. HORIZONTAL DISPLAY to "IV INTENSIFIED BY "A." "B" TIME/CM to 0.5 millisecond. and
DELAY.TIME MULTIPLIER to 1.0.

b. "B" TIME/CM to 0.5 ms. "A" TIME/CM -to 20 psec. and the DELAY-TIME MULTIPLIER to 1.0.
HORIZONTAL DISPLAY to "A" DELAYED BY "B," "A" TIME/CM to 20 psec, and
DELAY-TIME MULTIPLIER to 2.0.

d. HORIZONTAL DISPLAY to "B" INTENSIFIED BY "A." "A" TIME/CM to 20 psec. and
DELAY-TIME MULTIPLIER TO 1.0.

71. (084) Which of the following best describes the display obtained when the HORIZONTAL DISPLAY
switch is placed in the "A" DELAYED BY "B" position?

a. A 10-cycle trace with the last 5 cycles intensified.
h. A 10-cycle normal intensity trace.
c. A 5-cycle normal intensity trace.
d. A 5-cycle intensified trace.

72. (081) When operating the Tektronix 585A in the "B" INTENSIFIED BY "A" sweep function, how is
unblanking accomplished?

a. By the A sweep unblanking pulse only.
b. By the B sweep unblanking pulse only.
c. By both the A and B sweep unblanking pulses.
d. By the A sawtooth sweep voltage.

73. (083) When operating the 585A oscilloscope, how is the sweep trigger initiated when the HORIZONTAL
DISPLAY SWITCH is in the "A" SINGLE SWEEP position?

a. The B sweep sawtooth is fed to a pickoff circuit which, in turn, develops an A sweep trigger.
b. An external trigger input is fed directly to the A sweep generator.
c. The sweep trigger is produced by depressing the RESET button.
d. The sweep trigger is produced by the A trigger generator.

74. (085.086) When checking the phase relationship of two signals by using Lissajous patterns, you should
always

a. set the amplitude of both input signals so that each signal gives the sanie amount of vertical deflection.
b. set the vertical horizontal input attenuation for equal horizontal and vertical deflection.
c. use one signal to trigger the A sweep and the other signal to trigger the B sweep.
d. use an external trigger of known relationship to the signals under test.

75. (087) Refer to figure 54 of the text. Concerning the dual-trace plug-in unit, when the INPUT selector
switch is in the AC position, which choice is correct?

a. The DC reference level of AC sienals may be checked.
b. A capacitor is placed in series with the INPUT jack.
c. The input signal.is amplified and fed to the horizontal plates.
d. The INPUT jack is connected to the primary of an isolating transformer.
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76. (W,)-0901 Two calibratimi checks frequently performed on an oscilloscope are

a. sweep amplitude and astiematism.
b. vertical input and attenuator probe.
c. volts per centimeter and astigmatism.
d. volts per centimeter and attenuator probe.

77. (090) A 10:1 attenuator probe is connected between the CAL OUT jack and the "A" VERTICAL INPUT
jack (refer to figure 65 of the text). The amplitude calibrator control is set to its 2-volt position and the
"A" VOLTS/CM control is set to 0.5 volt. The "A" INPUT control is in the AC position and the MODE
control is set to "A" only. How many centimeters should the signal occupy vertically?

a. 4.0. c. 0.4.
b. 2.5. d. 0.25.

78, (0)2) When using a high-voltage probe with a VOM,

a. a multiplier resistor is unnecessary.
b. the multipher resistor is of low value.
c. the input resistance is constant.
d. the multiplying factor changes with the range used.

79. (093) What is the maximum voltage rating of most scope input terminals?

a. 400 volts.
b. 600 volts.

c. 800 volts.
d. 1000 vclis.

80. (094-095) Refer to figure 77,B, of the text. A capacitive voltage divider consisting of a 240- ppf and a
60-.ppf capacitor has 100 volts as its input. If the output is taken across the 240- ppf capacitor, what
is the step-down ration of the voltage divider?

a. 5:1. c. 4:1.
b. 5:2. d. 3:1.

81. (095) In order that the high-voltage capacitance divider probe not loud the circuit under test, the mput
of the probe must contain

a. an extremely high impedance.
b. a very large capacitance.
c. an extremely low impedance.
d. a high-resistance shunt.

82. (096) When using a scope to perform high-frequency circuitry tests, capacitive loading of the circuit
under test is virtually eliminated by

a. elimination of cable shielding.
b. using a high-resistance isolation probe.
c. adding series inductance to cancel the capacitive reactance.
d. detuning the circuit under test until after the DC measurements have been made.
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s3. 109$1 fo have sufficient deflection for a good display, a high-voltage probe should not reduce the test
'signal below approximately

a. 5 vOlts.
h. I volt.

c. 0.5 volts.-
d. 0.1 volt.

x4. I OW The accuracy of tte electrodynamic wattmeter is seriously affected by current exceeding

a. :1 amperes.
b. 10 amperes.

c. 20 amperes.
d. 50 amperes.

( IOW Above what frequency does the accuracy of an electrodynamic wattmeter decrease considerably?

a. 60 Hz.
b. 200 Hz.

c. SOO Hz.
d. 1000 Hz.

86. (101) In what type meters are thermistors commonly used for the measurement of low power at high
frequencies?

a. Wattmeters.
b. Bolometers.

c. Calorimeters.
d. Wavemeters.

87 1103) The reaction wavemeter is preferred for measuring

a. frequencies at low-power levels.
b. frequencies at high-power levels.
c. power at hiah frequencies.
d. power at low frequencies.

8S, (104-105) What instrument can be used to determine frequency of a tuned circuit before power is applied
to the circuit?

a. Absorption wavemeter. c. Grid-dip meter.
b. Reaction wavemeter, d. Q-meter.

50. 1105) Which of the following is a precision instrument which uses a calibrated variable-frequency
oscillator?

a. Electronic voltmeter.
b. Heterodyne-frequency meter.
c. Absorption wavemeter.
d. Fluxineter.

90. (106) What circuit is usually employed at the variable-frequency oscillator of a heterodyne-frequency
meter?

a. Crystal oscillator. c. Hartley oscillator.
b. Colpitts oscillator. d. Electron-coupled oscillator.



9 t. 1108) What is the function of a Schmitt trigge; ciicuit in a frequency counter?

a. Divider.
b. Multiplier.

c. Reset.
d. Squarer.

92. .(111) In which section of a frequency counter are you likely to find a thyratron tube?

a. Gate.
b. Reset.

c. Input.
d. Display.

93. (112) If the counting time of a frequency counter is 0.01 second and the five-digit readout is 05783.
what is the frequency under teit?

a. 57.83 Hz.
b. 578.3 Hz.

c. 57,830 Hz.
d. 578,300 Hz.

94. (112-113) How can the ratio of two frequencies be determined using a frequency counter?

a. Use the higher frequency as the gating signal and the lower frequency as the input signal.
b. Use the lower frequency as the gating signal and the higher frequency as the input signal.
c. Start the timing gate with the lower frequency signal and stop it with the higher frequency signal.
d. Take two readout readings and divide the higher by the lower.

95. (113) What type of AM is most often used with LC oscillators of signal generators?

a. Pulse.
b. Gated.

c. Sinusoidal.
d. Square wave.

96. (114) What technical order lists all test equipment in the Air Force inventory and tells who is
responsible for its calibration?

a. TO 0-1-33.
b. TO 33-1-14.

c. TO 31-1-141.
d. TO 33K-1-100.

97. (116) Which choice is correct concerning the emission-type tube tester?

a. It checks only the plate current developed.
b. It test the 100-percent emission point.
c. It shows the ability of the grid to control current.
d. It indicates conclusively the condition of a tube.

98. (117) A voltage or power-aniplifier tube is considered defective when its transconductance decreases to
what percent of specified value?

a. 50 percent.
b. 60 percent.

c. 70 percent.
d. 80 percent.

99. (118-119) By increasing the sensitivity of the indicating device, 3 tube tester designed to test for short
circuits may be used to test for

a. transconductance. c. gassy conditions.
b. low emission. d. microphonics.
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I Oft (110) (athode leakage caused by particle breakage will

a not materially affect the tubes operation .
caum: nuctophomc IIOISC

c. completely short the eathode.
d. hurn out the filament.

101, I 2t1 The lament activity test.is based on the principle that no appreciable decrease in emission of an
eleetron tube will be caused by decreasing its rated heater voltage by what percent?

a. i. c. 15.
b. 10. d. 20.

102 1121) Refer to figures 113 and 114 of the text. The action of which listed component shown in figure
113 is primarily responsible for the combination of the individual traces shown in figure 114 into the
seemingly composite trace shown in figure 114.C?

a. SI. c. S3.
b. S2. d. K1.

103. (123) What is the leakage current flow between collector and base sometimes referred to as?

a, Collector cutoff current. c. Zener current.
b. Punch-through current. d. Input base current.

104. (124) /row many hybrid parameters are there for a transistor in any one configuration?

a. 3. c. 12.
b. 4. d. 15..

105. (124) If a transistor has its hfe = 49. what is its common base forward current gain?

a. 50. c. 1.02.
h. 49. d. 0.98.

106. 11251 Refer to figure 124 of the text. Which choice is correct concerning meter M when the selector
is iti position 2?

a. Reads the current through RI.
b. Reads the voltage supplied by G2.
c. Reads the voltage drop across RI.
d. Connected between the emitter and ground.
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Preface

THIS COURSE consists of three volumes. It is designed to further your train-
ing toward the achievement of 5- and 7-level proficiency. If you are training
to attain a 5 skill level, ycu should complete CDC 30000 in addition to this

course. If you are training to attain a 7 skill level, you should complete cpc
30001 in addition to this course. We bring this to your attention because CDC
30455 is a TV specialty course. It does not cover JTS items that are common
to other 30 career field specialties. Such items are contained in CDC 30000 and
CDC 30001 for 5- and 7-skill-level training, respectively. Although all the other
JTS items are covered in this course, you must realize that some JTS knowledge
requirements will be met fully when you have acquired the related proficiency on
specific equipments. Our treatment endeavors to give you knowledge so that you
can more readily understand the principles that underlie the operation of TV
equipments. This knowledge will facilitate further training on TV equipments
and better enable you to cope with TV maintenance problems.

Chapter 1 deals principally with the 'prime equipments that make up a TV
system. However, we discuss first your specialty in a general manner by identify-
ing 5- and 7-skill-level responsibilities, classifying systems, and describing Air
Force applications of television. Chapter 2 covers all types of TV power supplies
to preclude unnecessary npetition in the chapters that follow. In chapter 3 we
progress from the simple noninterlace sync generator to the more complex interlace
types. The units of a camera chain are functionally analyzed in chapter 4. Chapter
5 covers the various types of monitors employed in a TV system. Microphones,
audio amplifiers, and audio consoles are discussed in chapter 6. Our final chapter
is devoted to color TV. We point out the special requirements of the standard
color TV system and describe the equipments peculiar to this system.

If you have questions on the accuracy or currency of the subject matter of
this text, or recommendations for its improvement, send them to Tech Tng Cen

(TSOC), Kees ler AFB, MS 39534.

If you have questions on course enrollment or administration, or on any of
ECI's instructional aids (Your Key to Career Development, Study Reference
Guides, Chapter Review Exercises, Volume Review Exercise, and Course Exami-
nation), consult your education officer, training officer, or NCO, as appropriate.
If he can't answer your questions, send them to ECI, Gunter AFB, Alabama
36114, preferably on ECI Form 17, Student Request for Assistance.

This volume is valued at 39 hours (13 points).
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Page 1, intro., line II. Change "educaion" to
"education."'

Page I. par. 1-3, lines 5 and 6. Change "pro-
during" to "producing.-

Page 2. par. 1-7, line I. Change "Job Train-
ing Standard .ITS f" to "Specialty Training Stand-
ard (S Fs).-

Page 3. par. 1-7. line 4. Change 'ITS" to
-STS.- I.ine 1 I. Change "ITS" to "STS.- Par.
1-9. line Z. Change *Ts- to "STS." Linc 4.
Change ".ITS" to "STS.- Lines 5 through 9.
Delete sentence beginning: "Also note that

Page 4. Delete figure 2.
Page% 4 and 5. Delete paragraph% 1-16

through 1-20.
Page 5, 2-1. Delete the second sentence.
Pages 5 and 6. Delete paragraphs 2-2 through

2-6.
Page 6. par. 2-7. line 5. Insert "Department

of Defense- before "DOD" and enclose DOD in
parentheses.

Page 7. Delete paragraph 2-10.
Page 7. Delete figure 5.
Page 1 I. col. I. line II. Change "pkmned"

to "panned.-
In Section 1 renumber paragraphs.
Page 5-2, line 7. Change "frequence- to

"frequency .

Page 21. par. 5-14. line 7. Insert "regulated"
between "the" and "voltage.**

Par, 5-15. line 9. .After "accordingly.- insert
"the change in base current.-

Page 11 par. 5-16, line I. Insert "unregulated
tillage- between "if" and -Vu."
Page 24. par. 5-3(1. Delete "Re- on line 14

and delete lines 15 through 31. Replace with the
follow Mg7 "Transistor 03 and the base circuit of
04 are.the collector load of 02. 03 is a high
impedance to a-c. but a low impedance to d-c.

thus allowing the desired d-c current through
02. l'he capacitor prevents spurious high-fre-
quency oscillations. Zeller Z2 establishes the ref-
erence for 03. and amplifier operation is ad-
justed to the optimum condition with the variable
emitter resistor. Ally change in 02 collector cur-
rent will be felt on the base of 04."

Page 25. par. 5-33. line 7. Delete the sentence
beginning: "The circuit containing 03 . . .

Page 25. par. 5-33. lines II and 12. Insert
"emitter follower" between "of- and "04."

Page 28. Paragraph now numbered "5-41"
should be "5-44.- Change the first sentence to
read: "The symptoms just mentioned for the
open-circuited rectifier are thc same for a short-
circuited rectifier.-

Page 29. par. 6-8. last line. Change "and" to
"to."

Page 33, ... par. 6-30. Delete last sentence and
replace with: "However, HV rectifier filaments
will not normally be visible."

Page 70. par. 12-14. Change this paragraph to
read:

12-14. Sync. section. Thc signal at TP3 should
have the same waveform as shown at TPI. This
signal is capacitively coupled into the sync sepa-
rator stage 03. 03 has no fixed forward bias
and is cutoff. Only the most negative or sync
portion of thc input composite signal provides
forward bias and drives 03 into conduction.
Illus. only thc snyc signals are amplified and ap-
pear as positive pulses at TP4.

Page 82, par. 14-18, line 9. Change "velocity"
to "dynamic."

Page 93, par. 16-6. line 3. Delete thc sentence
beginning 'in the amplifier circuits...."

Page 95. par. 16-19, line 4. After "attenuator,"
delete "is, as you already know, nothing more
than a gain control; therefore, it."

Page 105. par. 18-26, last sentence, Delete
"TO 31S4-1-1 A and."

Page 115. col. I. line I. Add "hundred" be-
twccn "several- and "thousand."

Workbook

Chapter Review Exercises

Page 2, item 2. Change ".ITS" to "STS."
Page 2. Delete items 7. 8, 9, and 10.
Page 3. Delete items IL 12. 13. 14 -and 19.
Page 3. Delete item 16. Change "CDA" to

"DCA."
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MODIFICATIONS

of this publication has (have) been deleted in

adapting this material for inclusion in the "Trial Implementation of a

Model System to Provide Military Curriculum Materials for Use in Vocational

and Technical Education." Deleted material involves extensive use of

military forms, procedures, systems, etc. and was not considered appropriate

for use in vocational and technical education.
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Power Supplies

C UPPLYING THE proper amount and kind
Llof power to electronic equipment is of the ut-
most importance. A faulty power supply will
cause malfunctions that may seriously impair the
performance of a TV system. It is therefore im-
perative for you to thoroughly understand the
principles that -underlie the operation of power
supplies used for TV. In this chapter we will
discuss various types of low-voltage and high-
voltage power supplies found in both transmitting
and receiving equipments. Significant differences
in rectifier outputs will be brought to your atten-
tion. Regulator circuits incorporating solid-state
devices will be analyzed to further your under-
standing of these devices and also to review prin-
ciples applicable to electron tube regulators. For
practice in diagnosing troubles, we will present
symptoms and then proceed to determine the
probable trouble.

4. Power Requirements

4-1. Most television equipments you will en-
counter are designed to operate on 115-volt and
60-cycle power. Line voltage variations of -..t.10
percent are generally tolerable. Such power is

available from local electric companies. In lo-
calities where only higher voltages are provided,
stepdown transformers can be installed. Where
no commercial source of primary power can be
had, it is necessary to resort to an engine-driven
generator. Generator units ranging from 3 to 15
kw are employed for television service. Since
these units do not accurately maintain 60 cps,
you need bear in mind that synchronization prob-
lems may occur unless the sync generator is crys-
tal controlled. Crystal control is also needed if
the power is 50 cps instead of 60 cps. This will
be discussed further in later chapters.

4-2. These and other sources of primary
power (such as atomic-driven generators) are
a-c, but we know that the bulk of the power
required is d-c. Although d-c can be generated
directly in many ways, rectification of a-c is the
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most practical means of obtaining the amounts
needed to operate TV equipments. A-c to d-c
power supplies also filter and regulate (if re-
quired) to provide the various d-c voltages and
currents needed. From here on when we speak
of a power supply, we will mean a unit that
converts a-c to d-c power. It may or may not
have a transformer input designed for a single-
phase or polyphase line. It must have rectifiers
and components for filtering the ripple to an
acceptable level. In addition, for highly stable
ouputs, it will have a regulator. By presenting
the various type..., of power supplies used in TV
equipments at the outset of this course, we will
avoid unnecessary repetition in later chapters.

4-3. From your experience and training you
are aware that power supplies differ considerably
in design and capacity. The power supplies
needed in a TV system depend upon the types
of equipment (camera, sync generator, monitor,
etc.), the .complexity of the equipment, and the
components contained within a particular equip-
ment. There are noteworthy differencrs due to
the requirements peculiar to tubes, transistors,
or other active components.

4-4. Tubes and transistors are used exten-
sively in the many types of equipments that you
will maintain. Generally speaking, tubes and
transistors must be supplied well-regulated d-c
voltages. As you know, receiver-type electron
tubes commonly operate with voltages, from
about 100 to 300 volts, and transmitting types
may be designed for plate voltages of 1,000 volts
or more. By contrast, transistors ordinarily re-
quire only 5 to 20 volts; in fact, some operate
at a fraction of a volt. Although transistors often
draw as much current as electron tubes, they
require far less power because of their low op-
erating voltage. Furthermore, transistors and
other solid-state devices do not consume power
for emission as do thermionic tubes. You would
therefore expect to find marked differences be-
tween d-c power supplies designed for tubes and
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Figure 9. Basic rectifier circuits.

those designed for solid-state devices. These dif-
ferences, however, are principally those of power
and voltages rather than circuit configuration.
Excepting the filament circuit for tubes. the same
basic half-wave and full-wave rectifier arrange-
ments are used to convert a-c to d-c power.
Moreover, associated regulator circuits are es-
sentially alike.

4-5. Camera tubes have special d-c require-
ments for highly stable voltages and currents.
Several hundred volts for positive and nertive
potentials are needed. A typical power supply
for an image orthicon must provide an adjustable
current-regulated output of hundreds of milliam-
peres in addition to voltage-regulated outputs.
We will study a transistorized version of such a
supply shortly.

4-6. Picture tubes, particularly large ones, call
for d-c voltages as high as 20,000 volts or more.
High-voltage power supplies for picture tubes are
ordinarily unregulated. This is because there is
very little current drain and the load is virtually
constant. The circuits to be analyied in the final
section of this chapter will point up the important
features of high-voltage power supplies commonly
used for these tubes.

4-7. Besides tubes and solid-state devices, TV
equipments contain control mechanisms, relays,.
and instruments that require d-c power. Conse-
quently, provision must be made to supply these
components, thus contributing to the differences
you will find between power supplies.

S. Low-Voltage Power Supplies
5-1. You have previously studied basic rec-

tifier circuits. filters, and regulators; therefore, it
should suffice to briefly review the important
information. Instead of reviewing electron-tube
circuits, however, solid-state versions of familiar
configurations are shown and discussed. Our
analysis of selected regulator circuits is intended

1 s

BRIDGE FULL-WAVE

to further your understanding, which will enable
you to troubleshoot more effectively and main-
tain low-voltage power supplies. The increasing
use of solid-state devices for rectification and reg-
ulation justifies the attention given to them at
this level of your training.

5-2. Rectifier Arrangements and Characteris-
tics. The three basic rectifier configurations 'are
illustrated in figure 9. These single-phase recti-
fier circuits have characteristics which are worth
keeping in mind. As a maintenance man, you
should know what to expect by way of d-c out-
put, ripple frequence, and peak-inverse voltage
( PIV) for a given a-c input. Figure 10 shows
the approximate normal values for each arrange-
ment. Compare the values and note the differ-
ences. The half-wave circuit is the simplest, but
note its low ripple frequency. This, of course.
means better filtering circuitry is required to
obtain a satisfactory output. Also, the peak-in-
verse voltage across the diode (tube or solid-
state rectifier) is about twice the applied a-c
peak voltage (secondary for transformer input).
Both full-wave types have the advantages of
lower percent ripple, higher ripple frequency,
and lower peak-inverse voltage.

5-3. To be sure you understand the meaning
of thc values given in figure 10, let us cite a
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Page IS. After paragraph 4-7. add new para-
graphs 4-8 through 4-24. including new chapter
review exercises and answers.

4-8. To refresh your memory, the principles of
solid state devices will he reviewed. Rather than
attempt to present the physics involved in solid

state theory. wc will consider their effect on elec-

tron current flow in thc externat circuit.

160



4-9. The direction of current flow has con-
fused many students. One theory has current
flowing from positive to negative. This is called
conventional current flow. Transistors increase
the confusion by adding hole movement from
positive to negative. The theory we will adopt
is that of electron current flow. This is in the
direction of electron drift, or from negative to
positive. Refer to foldout 1, figure A (at the back
of tais supplement). In these solid state symbols,
the arrowheads indicate the direction of con-
ventional current flow. Because electron current
flow is always toward the most positive potential,
it will always be against the arrowhead.

4-10. Semiconductor Material. The ability of a
material to conduct an electric current is directly
proportional to the number of free electrons avail-
able in the material. Good conductors have many
free electrons, whereas insulators Lave very few.
Semiconductors fall between the two. A micro-
scopic study reveals that most solids have a
crystal structure. The atoms of crystals are ar-
ranged in a specific pattern or lattice. When an
impurity is added to the semiconductor material,
its atoms join the crystal structure pattern. Ex-
amples are shown in foldout 1, figure B. If the
impurity atoms have more electrons than the
semiconductor atoms, the lattice has extra or free
electrons. This is called n-type material. If the
impurity atoms added have less free electrons
than the semiconductor atoms, the resulting crys-
tal structure will have vacancies or holes due to
this lack of free electrons. This is called p-type
material. The n- and p-type impurities appreciably
alter the conductivity of the semiconductor. They
are diffused into the material to obtain a wanted
value of conductance. The semiconductor is then
said to be doped.

4-11. Diodes. A diode consists of a p-type
and an n-type material joined in the manufactur-
:ng process. At this junction, a depletion region
or space charge region is formed. This region,
called a barrier potential, is an electric field or
difference of potential caused by recombina-
tion. While it is not directly measurable, it is rep-
resented in foldout 1, figure C, as an imaginary
battery. Note the polarity in relation to the n and
p material.

4-12. Bias. An external battery connected
across the diode, as shown on the left of figure
D of foldout 1, is said to forward-bias the diode.
The external and imaginary batteries are in series
and aiding. Electron current will flow in the cir-
cuit from negative to positive. Increasing the ex-
ternal potential will increase the current. Unless
current flow is limited by external circuitry, ex-
cessive forward bias will result in excessive heat
and crystal structure breakdown. In a semicon-
ductor, this heat causes a decrease in resistance
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and a further increase in current. This is thermal
runaway and destroys the device.

4-13. Connecting the battery across the diode,
as shown on the rieht of figure D of foldout 1,
will reverse bias it. Because the external bat-
tery and the imaginary battery oppose each
other, little or no current will flow. The imagi-
nary battery or barrier potential will always equal
the external voltage applied unless the material's
limit is exceeded. Thus, if an external voltage
larger than the maximum possible barrier po-
tential is applied, the crystal structure will also
break down and be destroyed.

4-14. Rectification. If we understand what
happens when voltage is applied in either po-
larity, it is easy to see how the diode rectifies
when forward-bias current flow is high. Reverse
bias results in almost zero current flow. If an a-c
signal is applied, electron current flows freely dur-
ing one half cycle and little or no current flows
in the other half cycle. Figure E of foldout 1 is
tiv voltage-current characteristic curve for both
bias conditions.

4-15. Zener diodes. Zener diodes are p-n
junctions that change resistance greatly with a
small change in applied voltage. They differ from
normal p-n junctions in that a reverse bias of suf-
ficient potential causes crystal breakdown and a
charge emission but does not destroy the diode.
Therefore, when a proper load resistor is placed
in series with a Zener diode, large changes in ap-
plied voltage may occur without causing a change
in voltage across the Zener diode. It can be seen
that it has similar characteristics to the conven-
tional gas-filled voltage regulator tube (VR).
Like the VR tube. it also starts conducting at a
particular voltage and continues to conduct vary-
ing amounts of current at a fixed voltage drop
across the device. Because the Zener diode op-
erates with reverse bias, it will be inserted in a
circuit the opposite of a normal diode. In other
words, in a circuit the arrowhead will point in
the direction of electron current flow.

4-16. Transistors. In figure F of foldout 1, we
have two p-n junctions in one crystal. The bat-
teries have biased one junction in the forward
direction and the other in reverse. Figure E of
the foldout shows that for the same amplitude
of applied voltage, the current for the forward
bias is much greater than for the reverse bias.
Therefore, a p-n junction biased in the forward
direction is the equivalent of a low resistance
and the p-n junction biased in the reverse
direction is the equivalent of a high resistance.
From the liower formula (P = FR), you can
see that for a given current the power developed
in a high-resistance element is greater than that
developed in a low-resistance element. Applying
a signal to the low-resistance section (forward



is increased. gate current increases. This gale
current increase lowers the value of anode volt-
age necessary for break over (forward breakover
voltage). Normally, the SCR is operated well
below forward breakover voltage and thc gate
signal is large enough to trigger or turn the de-
vice on.

4-24. When the device is triggered, it is in-
dependent of gate control. It remains in the high-
conduction state until the hol4ing current point
is reached. Quick turnoff can be achieved by
applying a reverse bias.



biased p-n junction) and taking it from the high-
resistance element (reverse biased p-n junction)
produces a power gain. This combination of
p-n junctions has transferred the signal from a
low-resistance circuit to a high-resistance circuit.
The word "transistor" is a contraction of the
terms "transfer" and "resistor."

4-17. The two junctions in figure F of the
foldout are formed with two n-tylie materials and
one p-type. This is called an n-p-n transistor. The
junctions may also be formed with two p-type
materials and one n-type. This is a p-n-p transis-
tor. The three regions or sections are called the
emitter, base, and collector. Normal operation
has the emitter-to-base junction forward biased
and collector-to-base junction reverse biased. Re-
ferring to figure A, foldout 1, the two types of
transistors are shown. The arrowhead is on the
emitter lead and indicates the direction opposite
that of d-c electron current flow. The first letter
of the transistor type indicates the polarity of the
emitter with respect to the base. Therefore, the
p-n-p type has the emitter positive with respect
to the base. The n-p-n types have the emitter
negative with respect to the base. Figure G of
foldout 1 is an example of forward bias cur-
rent flow in an n-p-n transistor. A p-n-p will
have opposite polarities and direction of current
flow. Consider the transistor in a circuit as a vari-
able resistor in a voltage divider network. With
no forward bias, the transistor is a very high re-
sistance. As forward bias is applied, its resistance
decreases and current increases. This will assist
you in understanding the circuits described in this
chapter.

4-18. Unlike the electron tube, the transistor
is classified by circuit connections or configura-
tions. Compare the transistor configurations and
the well-known electron tube connections shown
in figure H of the foldout. The common emitter
configuration designated by CE corresponds to
the conventional grounded cathode connection
for the triode tube (figure HI of the foldout).
The common base, CB, and common collector.
CC, configurations correspond to the grounded
grid and cathode follower tube connections. re-
spectively (see figures H2 and H3 of the fold-
out). We will use the letter designations CE,
CB, and CC as indicated; the first C stands for
common and the second capital letter identifies
the electrode.

4-19. The predominant circuit configuration
used with junction transistors is the common
emitter. The CE current amplification factor is
called the forward current transfer ratio; it is

represented by beta, or hre. It reflects the ef-
fect that a change in base current, In, has upon
collector current. with a constant collector-

Pik
emitter voltage, The value of g for a particu-
lar transistor can be found in a transistor manual.

4-20. Two special-purpose devices are the uni-
junction transistor and the silicon controlled rec-
tifier (SCR). These devices are designed for
rapid switching purposes. Because they have two
stable states, they are said to be bistable. Let's
see how they operate.

4-21. Unijunction Transistor. Like a diode, the
unijunction has a single p-n junction. However,
it has two leads connected to the n region. As-
suming the initial state to be that shown on the
left of figure I of the foldout, the p-n junction
is reverse biased. Consider the n region as a
voltage divider (normally, about 5 K to 10
K ohms). If the total voltage from base 1 to
base 2 is +10 volts, the voltage halfway be-
tween base 1 and base 2 is +5 volts. Since the
p region is at 0 volts, the junction is reverse
biased. Only a minute amount of emitter cur-
rent can flow and conduction is at a low level.
This state is maintained until the voltage on the
emitter is increased to about +5 volts. Once the
p-n junction becomes forward biased, current
rapidly rises to a high-level state (right portion
of figure I of foldout 1). Thus, whether the uni-

: junction is in the high-level state or low-level state
depends on the bias conditions. These devices can
be designed to conduct heavily at any desired
fraction of the applied base 2 voltage.

4-22. Silicon Controlled Rectifier (SCR). The
SCR is basically a four-layer n-p-n-p semi-
conductor device. In the left-hand portion of fig-
ure J of the foldout, we see that the device has

three contacts---a cathode, anode, and gate.
Like a rectifier, it conducts mainly in one direc-
tion. Under reverse bias conditions, the de-
vice operates in a manner similar to a conven-
tional rectifier as it has a slight reverse leakage
current. However, it does not conduct immedi-
ately in the forward direction. As the voltage is
increased at the anode, a value is reached at
which the current increases rapidly. This is called
the forward breakover voltage. At this point, the
high int-...rnal resistance of the device changes to a
low value and current increases rapidly. Now the
devIze is considered "on" or triggered. It will
remain in this high conduction state until the
anode voltage drops to a value which cannot
maintain the breakover current. This current is
called holding current. Below this value of for-
ward current, the SCR returns to its high-resis-
tance state and current ceases to flow. Now the
switch is "off." Follow the gate current curve in
the right-hand portion of figure J of foldout 1.

4-23. The breakover point of an SCR can be
controlled by injecting a signal at the gate. Thus,
it can be turned on and off at will. With no sig-
nal applied, gate current is zero. As the signal
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particular example. Assuming a 60-cps effective
a-c input (E) of 300 volts, figure 10 tells us that
the maximum d-c output for a center-tap full-
wave rectifier is about 0.7E = 0.7 X 300v =
210v with a ripple frequency of 2f = 2 x 60
cps --a-- 120 cps. The diodes must withstand a
peak-inverse voltage of 1.4E = 1.4 x 300v =
420v. As you see, these values can be quickly

and readily determined if you know the informa-
tion contained in figure 10.

5-4. Having reviewed the: basic single-phase
rectifier circuits. let us now c-on$ider some three-
phase circuits. Using a three-phase input greatly
increases the quality of the output. You can see
the reason for this in figure 11,A. The unfiltered
output waveform clearly shows why the ampli-
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Figure II. Half-wave Rectification.

19

1.8q

/77



A

A. CENTER-TAPPED Y SECONDARIES
B. SEPARA1E Y SECONDARIES (PHASES Ak5 IN EFFECT

CENTER-TAPP ED)

Figure 12. Three-phase renter-tap rectifier circuit.

tude of the ripple is greatly reduced when a
three-phase unit is employed. Note the marked
decrease in the percent of ripple. Observe also
that the ripple frequency is tripled, which facili-
tates filtering and improves regulation.

5-5. Figure 11,B, shows a simple three-phase
half-wave rectifier circuit. Trace out any one
phase and it becomes apparent that the circuit
is that of a single-phase half-wave rectifier. Thus,
a three-phase unit is no more than a combination
of three single-phase units. Since each phase is
displaced by 1200, the filter is charged three
times rather than once per cycle and the result-
ant output is the composite of the output of eath',
phase.

5-6. Because this rectifier unit requires More
rectifiers and a three-phase source, it is larger
and more costly than a single-phase unit. Like
the single-phase unit, a three-phase unit can be
transformerless. When transformers are used, the
primary windings may be connected either delta

4. (A) or wye (Y).

5- 7. We have spoken only of a three-phase
unit. but a polyphase ha!f-wave rectifier may
consist of any number of phases. It stands to
rer.son that tne greater the number of phases.
the lesser the percent ripple and the better the
output. Regardless of the number of phases, the
operation of a polyphase unit is fundamentally
that of single-phase units feeding a common load
in time sequence.

5-8. Although polyphase units overcome the
disadvantages of low-frequency ripple, a capaci-
tor-input filter still develops a high Ply. Each
rectifying diode must withstand approximately
twice the peak secondary phase voltage (line-to-
neutral voltage).

5-9. As with half-wave rectifiers, the d-c out-
put of center-tap rectifiers can be improved by
using a polyphase network. Two 3-phase net-
works are shown in figure 12. Notice that any
one phase is identical to the single-phase center-
tap rectifier circuit in figure 9,B. So again a
polyphase rectifier can be regarded as a com-
bination of single-phase rectifiers operating in
time sequence to supply a common load.

5-10. A basic three-phase bridge rectifier
workMg from a A secondary is shown in figure
13,A. Trace out a single phase and prove to
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Figure 13. Threephuse bridge rectifier circuit.
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yourself that the circuit is identical to the one
shown in figure 9.C. The combined output of the
three phases which are operating 1200 apart pro-
duces a waveform that has a low-percent ripple
(4 percent) and a high ripple frequency (six
times the input frequency j). When we compare
thc output of the bridge rectifier with the other
types in figurc 13,8. we sec that the bridge recti-
fier affords the advantages of fuil-wave rectifica-
tion at a high d-c output voltage.

5-11. Voltage Regulators. Keeping the output
of a d-c power supply constant is of critical im-
portance in many TV applications. It may be
absolutely necessary to use voltage regulators or
current regulators in conjunction with the recti-
fier unit. Some power supplies will have both
voltage and current regulation.

5-12. Regulator units may be quite simple,
using a single thermistor VR tube or Zener diode.
On thc other hand. complicated units will use
an array of tubes or solid-state devices. Although
solid-state regulators are similar to electron-tube
regulators. they can be fashioned in many dif-
fercnt ways. The fact.that either n-p-n or p-n-p
transistors can be used permits considerable di-
versity in design. We will progress from the
simple to the more involved circuits by explain-
ing the operation of representative shunt and
series type regulators.

(
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THERMISTOR

- -
Vti 2 UNREGULATED DC VOLTAGE INPUT
VR = REGULATED DC VOLTAGE OUTPUT

A

1.RANGE OF OPERATION.'

THERMISTOR 1. Rs

rHERmisrom

CURR ENT

Figure 14. Thermtster shunt regulator.
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Figure 15. Zener diode regulator.

5-13. Shunt types. Two reasons for the use
of shunt voltage yegulators are: (1) their low
cost in the simplest form and (2) their inherent
overloak nd short-circuit protection. Essentially,
a shunt voltage regulator consists of a limiting
resistor in series with the load and a variable
resistance component in parallel (shunt) with the
load. The circuit shown in figure 14,A, is a simple
shunt regulator unit. R is the series limiting re-
sistor. The combination of Rs and the thermistor
is the variable resistance that parallels the load.
This circuit is capable of stabilizing the d-c out-
put voltage against variations of input voltage
and load (current drain) over comparatively
wide ranges (see fig. 14,B). Although simple,
it is very inefficient because of the power con-
sumed in the regulator unit itself.

5-14. The Zener diode regulator circuit (see
fig. 15) is comparable to the VR (voltage regu-
lator) tube- circuit. The voltage across the Zene.:
diode is virtually constant and independent of
current. Diode current must be limited by a series
limiting resistor R of proper size. The operation
of the circuit is very simple, since the voltage
VR, remains practically constant so long as the
input and load variations stay within the speci-
fied limits of the Zener diode. Like VR tzlbes,
Zene: diodes can be connected in series to pro-
vide different regulated voltage values. They
have numerous voltage and power ratings, with
5-percent, 10-percent, or 20-percent tolerances.

5-15. If the Zener diode regulator is not sat-
isfactory, an arrangement like that shown in (*s-
ure 16,A, may be used. Here we see a p-n-p
transistor connected across the output to regu-
late the voltage. Note that the collector-to-base
difference in potential is held constant by a Zener
diode. Therefore, any change in voltage caused
by either the input or load affects the base-to-
emitter current IR. Accordingly, MR is am-
plified by approximately. the p factor, hirE. The
current change Ale through the transistor

18
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Figure 16. Transistor shunt regulator.

counteracts any voltage change. For example,
suppose the load draws more current; the voltage
on the load side would tend to decrease. Base
current In will decrease and cause an amplified
decrease in Ie. In effect, the decrease in Ic
compensates for the increase M load current so
as to maintain the same voltage drop across Rl.
We see, then, that any change in Va is counter-
acted to regulate the voltage. Assume that the
load current decreases, and reason through the
regulating action that results.

5-16. Now consider what takes place if Vu
were to rise. Wouldn't Ia increase and cause
the transistor to conduct more heavily? Because
the transistor conducts more heavily, the current
through R1 must increase. Practically all of the
rise in Vu is therefore dropped across R1, and
VR remainr practically the same. For a de-
crease in Vu, the reverse action occurs.

5-17. Another circuit possibility is that shown
in figure ,16,B. The emitter is kept at a constant
potential by the Zener diode. Thus, any voltage
variation appearing across the output terminals

22

is sensed by the transistor's base as an input sig-
nal. Again we have amplifier action, and the
current through the transistor changes to regu-
late the output voltage, V.

5-18. An advantage of this circuit is that Va
can be adjusted to a desired fixed level. This
feature makes it possible to set Va at a higher
or lower value to compensate for aging or for

V T 41
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Figure 17. Series-type voltage regulator.
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different load requirements. Resistors R2 and R4
establish the rangc of voltage for bias that can
be tapped off R3. The bias determines the tran-
sistor's quiescent (operating) point and its d-c
resistance. In other words, by Changing the bias
setting, we change the transistor's resistance so
that a greater or lesser amount of the input
voltage appears at the output terminals. For in-
stance, to increase the d-c output voltage, Vic,
the movable contact to R3 must be moved down-
ward. This will decrease the forward bias on the
n-p-n transistor. Since the transistor conducts less
current, less current flows through RI, which
means the voltage drop across 111 is decreased.
Accordingly, the output voltage, Vn, is in-
creased. From the .viewpoint of voltage division,
we have simply increased output resistance by
decreasing the transistor's forward bias. Propor-
tionately more of the applied input voltage is

therefore "seen" at the output terminals. To ob-
tain a lower value of regulated voltage, Vn, of
course. the movable contact is moved upward
(more positive) to increase the transistor's for-
ward bias.

5-19. A Zener diode does not need a "start-
ing" voltage surge; therefore. it does not require
the associated circuitry necessary to ionize a VR
tube.

5-20. A drawback of any shunt type regulator
is its low efficiency. We can appreciate this when
we realize that the output power is divided be-
tween the load and the shunting circuit; at no-
load the shunting circuit dissipates the full out-
put power. Consequently, proportionately large
amounts of output power are wasted, particularly
when the loads are small. For this reason, the
small-load efficiencies of shunt regulators are
notably low.

5-21. Series voltage regulator. A series type
regulator can have comparatively high small-load
efficiencies. That is because, as its name implies,
the regulating device (a variable resistance) is in
series with the load. In figure 17,A, we see how
a thermistor is used to prevent voltage changes
caused by variations in load. The thermistor acts
as a variable resistor in a voltage divickr circuit.
If the load resistance decreases, tending to lower
Vn. the resistance of the thermistor decreases
as a result of the additional heating caused by
the increased load current. This action keeps the
ratio of the thermistor's 'resistance and load re-
sistance about the same. Since the voltage d. "-
sion of the input is virtually unchanged, Vn is
regulated. When a decrease in load occurs, the
thermistor's resistance increases to regulate Vn.

5-22. Although a thermistor regulates fairlY
well ynder changing load conditions. it will not
regulate input variations. In fact, it makes reg-
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ulation worse instead of better..-Asrme-that the
input Vt. increases. What happens? Current in
creases, causing the drop across the-thermistor to
decrease. This is just the oppositv of what we
want. The drop across the regulating device
should increase to prevent-a rise in V.

5-23. A series-rigplator circuit that regulates
both load and inpur.variations is shown in figure
I7,B. Moreover, the transistor's amplifying cap-
ability improves regulation. The n-p-n transistor
is a sensitive variable resistance. Because its
base itheld at a fixed potential by the Zener
diode, any change in Vu or Vn affects the
transistor's bias. The drop across the transistor,
VrE, changes to stabilize Vu. Let us briefly
describe how the circuit operates.

5-24. Consider first a change in load. We will
assume that it increases. This tends to lower
Vn /and increase the potential difference be-
tween the emitter and base. Since the base-to-
emitter forward bias is increased, the transistor
conducts more heavily. Therefore, VvE is low-
ered and counteracts the decrease in Vn. So

we have regulation. If the load decreases, the
bias decreases to regulate Vu. In a similar
fashion any variation of the input Vu causes
a bias change. The drop across the transistor
automatically increases if Vu increases, or de-
creases if V/. decreases. Such action maintains
Vn nearly constant. Be sure you understand
why this is so. Study figure 17.B, and determine
the sequence of events for all the possible condi-
tions of change.

5-25. We can get better regulation by using a
circuit such as the one shown in figure 17,C.
Note the 01 is a p-n-p transistor, whereas 02
is a n-p-n transistor. Inasmuch as each transistor
amplifies, this arrangement is quite sensitive and
can give excellent output-voltage stability over
the designed range. Observe also that the output
of this circuit can be adjusted by R3, as ex-
plained earlier.

5-26. After we go through one condition of
change you should be able to analyze the per-
formance of the circuit for the remaining three.
We will describe the behavior of the circuit for
the condition of increased load. This leaves the
conditions of decreased load, increased input
V1., and decreased input VI; for you to figure
out

5-27. To prevent Vu from dropping with an
increase in load, VrE of 01 must decrease.
Let's keep this in mind and see if it will occur.
Any decrease in VI; iS felt in full at the emitter
of 02, but is felt only in part at the base of 02.
Here's why: Since the drop across the Zeiler
ode is constant, any voltage change appears4n-
tirely across RI, from the emitter
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ground. However, this is liot so for thc base of
02. It "sees" only a fractional amount t.

change which is tapped off of R3 in the voltage
divider circuit (R2, R3, and R4). You recall
that for an n-p-n transistor the base is more posi-
tive than the emitter. Then if the emitter drops
more (becomes less positive) than does the base,
the bias increases. Such being the case, 02 con-
ducts more heavily. Note that the collector cur-
rent of 02 is actually the base current Ili of 01.
We know, then, that an increase in IR of 01
causes 01 to conduct more heavily and its Vey
to drop accordingly. Isn't this what we wish to
happen?

5-28. From the standpoint of bias on 01, its
base becomes less positive (more ILgative with
respect to its emitter) because 02 conducts
more heavily. Since Q1 is a p-n-p transistor,
the bias increases and causes the voltage Vey
across 01 to drop as in our previous analysis.

5-29. However you choose to analyze the cir-
cuit, the outcome will be the same: regulation.

5-30. Let us now look at a more complex
voltage regulator which is similar to a type you
may have to maintain. Note in figure 18 that
05, 06, and 07 are connected in parallel; they

serve as serics-reeulating transistors in the nega-
tive line of the supply. These transistors are
controlled by the amplifying network which in-
cludes Q1, 02, 03, and 04. The transistor Q1
senses any voltage change at its base since Zener
diode Z 1 keeps 01's emitter vthage constant.
The amplified change becomes inverted at 01's
collector and appears on the base of 02. An-
other amplified inversion occurs at the collector
of 02 which is also the base input to 04. The
amplifier circuit containing 03 is a regenerative
feedback arrangement which increases the input
change to the base of 04. To understand this,
observe that a double inversion is realized in
going from the base of 04 to the collector of 03;
one inversion occurs from base to collector of
04 and another from emitter to collector of 03.
Because this is a regenerative loop, the capaci-
tor is used to prevent high-frequency oscillation.
Any spurious high frequency is shunted by the
capacitor across 03; since there is no inversion
across 03, the feedback loop for high frequen-
cies is degenerative. Zener Z2 establishes the
reference for Q3, and amplifier operation is ad-
justed to th e. optimum condition with the vari-
aim:: emitter resistor (this is a factory adjust-
ment and normally nced not be made again).

V
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L 0
T J

A U

G S

E T

07

Figure 18. Complex series voltage regulator
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Figure 19. Switching-type voltage regulator.

5-31. The output of 04 is taken from its
emitter, so the output is in phase with the change
applied to its base. This output controls 05
which in turn controls the other two paralleled
series-regulating transistors 06 and 07.

5-32. As in previous circuits, we will assume
a particular condition and determine the regula-
ting action that results. Let us suppose that the
regulated voltage V8 tends to rise (become
more positive). To counteract this, the voltage
drop across 05, 06, and 07 must increase. We
will see whether this occurs.

5-33. If V8 increases, the base of Q1 goes
more positive. Since it is an n-p-n transistor it
conducts harder and its collector becomes less
positive. This makes the base of p-n-p transistor
02 less positive, which causes it to conduct
harder also. Consequently, the collector of 02
and base of 04 become more positive. The cir-
cuit containing 03 regeneratively feeds back the
collector output of 04 to drive the -base of Q4
even more positive. (You should be able to fig-
ure out why this is true.) Because the base of
04 goes more positive, so must its emitter. This
action decreases the forward bias on p-n-p tran-
sistor 06. thereby causing it to conduct less. The

IDE
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reduced voltage drop across the emitter resis-
tance of 05 decreases the forward bias applied
to the bases of 06 and Q7. We note, therefore,
that 06 and 07 conduct less, as does 05. The
result Is that the voltage drop increases across
these three regulating transistors. This is what
we said should occur to counteract the assumed
increase in Vit. If V8 would try to decrease,
the opposite actions would occur. Regulation is
excellent because this circuit is highly sensitive
and reacts instantly to prevent variations in out-
put voltage caused by load or input.

5-34. Switching regulators. Besides the vari-
ous types of shunt and series voltage regulators,
there are switching regulators that have opera-
ting efficiencies approaching 100 percent. These
regulators use semiconductor switching devices
such as unijunction transistors (UJT) and sili-
con control rectifiers (SCR) in a variety of con-
trol circuits.

5-35. The switching regulator circuit shown
in figure 19 is unique in several respects. Notice
that the SCR's are part of the rectifying bridge
circuit. Regulation is accomplished by control-
ling the firing point of the SCR's. An SCR is
similar to a thyratron, but its forward drop and

1.90



turn-off times are about one-teeth those of a
thyratron. As much as 50 amperes can be
handled by high-current SCR's. The SCR's in
this circuit are fired by gate pulses which are
developed' when the UJT conducts. The time
relationship of the gate pulses to the start time
of each I15-a-c input alternation determines the
conducting time of the SCR's (see fig. 20). By
sensing load voltage variations, the gate pulses
are electrically delayed or advanced to adjust
the conduction time of the SCR's. This effec-
tively delivers the proper amount of current to
C2 so that it maintains a virtually constant
charge voltage which is V. Because a choke
input filter is used, the diode D is needed so
that current can continue to flow through the
choke L and load when both SCR's are cut off.

5-36. To understand how the gate pulses are

AC
INPUT

GATE PULSES

RECTIFIER
OUTPUT

GATE PULSES

RECTIFIER
OUTPUT

produce& study the upper circuit shown in fig- 071
tire 19. The output from the full-wave center-
tap rectifier is clipped by Zener diode Z. This
clipped waveform appears across the UJT cir-
cuit and also across R in series-with C I. The
UJT acts as a switch; it does not conduct until
the emitter reaches a prescribed potential. When
the applied voltage rises to its clipped value, Cl
charges to the emitter potential which fires the
UJT. After discharging CI, the UJT cuts off.
This on-off action of the UJT once per alterna-
tion of the input produces the gate pulses that
are applied to the SCR's. Whichever SCR has
the forward-biased anode at the time a gate
pulse occurs will fire; thus, the SCR's fire alter-
nately (see fig. 20).

5-37. Since the time at which a g pulse is
generated depends on the charge time of CI, the

i i i
SCRI

,

SCR2 SCR 1

CONDUCTS CONDUCTS CONDUCTS

_A 1

CONDSUCCRT IS

N

illi.o60
CONDUCTS

SCR2 SCR I

CONDUCTS

IM411111
Figure 20. Waveforms for switching voltage regulator.
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Figure 2,1: Constant-current regulators.

gate can be delayed or advanced by increasing
or decreasing the charge time, respectively. This
is done electrically by the circuit containing
n-p-n transistor Q. For example, if the voltage
Vi; tends to risc, a positive error voltage, sensed
at the base of 0, causes Q to conduct harder.
Thus. current is diverted from CI and its charge
time is increased. As a result, the gate pulses
are delayed. From figure 20 you see that the
SCR's conduction time is decreased. This re-
ducer the charge on C2, thereby counteracting
any increase in VII. On the other hand, if a
change in load or input tends to decrease V1{,
the gate pulses are advanced. The SCR's conduct
longer. and C2 charges more to regulate V.
Determine why this occurs and you will under-
stand how this regulator maintains a constant
voltage output under varying load or input con-
ditions. '
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5-38. Constant-Current Regulators. In con-

trast with a voltage regulator, the current regu-
lator stabilizes output current, In, rather than
output voltage, V. Its primary function is to
supply a constant current to the load. To do this,
the regulating deyice must prevent a change in
output current.

5-39. Figure 21,A, shows a circuit that can
be used. Instead of sensing the voltage across
the output terminals, the transistor senses the
current through RI. Any current change deve-
lops a voltage change across RI, which alters
the bias of the p-n-p transistor. The transistor
resists the current changes. For example, an in-
crease in current will increase the voltage across
RI and make the emitter less positive. This de-
creases the base-to-emitter forward bias of the
p-n-p transistor and decreases the current flow
through it. Thus, the transistor action opposes
any change in I.

5-40. The circuit shown in figure 21,B, has
the added feature of adjustment by R2. Note
*that it uses an n-p-n transistor, and the sensing
resistors RI and R2 are on the load side. Al-
though this circuit is somewhat different, it regu-
lates In in much the same manner as the one
previously described. Suppose, again, In tries
to increase. The emitter becomes more positive
and the base-to-emitter forward bias of the n-p-n
transistor decreases. This means that the in-
crease in current is opposed by the tratisistor
action. On the other hand, if In tries to de-
crease, the base-to-emitter bias increases. Since
any change in current affects the bias, the tran-
sistor counteracts the change and thereby regu-
lates the output current.

5-41. Improved regulation is achieved by
amplifying the error applied to the control tran-
sistor. This is illustrated in figure 22. The tran-
sistor 02 serves as a d-c amplifier. Output cur-
rent can be adjusted to the desired value with
R2. Otherwise, this circuit corresponds to the
circuit shown in figure 21,A, and regulates in
the same manner.

5-42. Symptoms and Troubles. Aside from
the use of solid-state devices in place of electron
tubes, circuit configurations for solid-state power
supplies have been shown to be similar or iden-
tical to electron-tube power supplies. For this
reason, troubleshooting procedures are practi-
cally the same with regard to circuitry. Often the
malfunction of a power supply is the fault of
the rectifying device. Electron-tube diodes fail;
so also do metallic and crystal rectifiers. Cer-
tain faults can be attributed directly to the recti-
fier: (1) open-circuited rectifier, (2) short-cir-
cuited rectifier, (3) high forward-voltage drop,
(4) high leakage current, and (5) overheated



Figure 22. Constant-current regulator with il-c
amplifier.

rectificr. The symptoms associated with these
faults can be readily detected, since they causc
obvious and sometimes serious trouble.

5-43. An open-circuited rectifier causes a lower
d-c output or no d-c output. If the rectifier
unit is a full-wave or polyphase type, the d-c
output would be reduced when one rectifier is
open-circuited. If it is a single-phase half-wave
rectifier, there will be no d-c output.

5-41. Improved regulation is achieved by
amplifying the error applied to the control tran-
circuited rectifier. In addition, there will be ex-
cessive heating and a-c will appear at the output.
Unless short-circuit protection is built into the
power supply, other circuit components can be
permanently damaged.

5-45. For a solid-state rectifier, either a high
forward-voltage drop or a high leakage current
will cause lowered cl-c output and increased
heating. A high forward-voltage drop is caused
by an increased forward resistance, whereas a
high leakage current is caused by a decreased
reverse resistance. Whichever fault occurs, the
rectification ratio is reduced accordingly, and
likewise the efficiency of the rectifier.

5-46. An overheated rectifier may be caused
by faults (2), (3), or (4) mentioned previously,
and also can be caused by excessive loadine or
inadequate cooling. Regardless of the cause, a
rectifier that is heated beyond its safe limits will
be short-lived or completely destroyed. Whcn
the source of the trouble is the rectifier itself,
replacement of the rectifier will return the cir-
cuit to normal operation. However, when the
overheating is the result of loading or improper
heat dissipation, the trouble will persist after the
rectifier has been replaced, unless corrective
measures are taken to insure proper loading and
cooling.

5-47. When a power supply has a regulator
unit, a defective solid-state device (thermistor,

Zener diode, transistor. etc.) rna be thc source
of t:ouble. Thc sympioms will ranee sfrom an
increased or reduced d-c output (regulated or
not) to no d-c output. The symptoms and trou-
ilk's are dependent upon the complexity of the
circuitty as well as the type of -regulator unit
employed. We cannot, therefore, speak on this
subject in a general manner. For any particu-
lar unit, you will have to depend on your basic
knowledges and reasoning ability to determine
the cause of a malfunction. To give you some
practice, we will describe symptoms and diag-
nose specific troubles in one of the circuits just
studied.

5-48. If the output voltage of the regulator in
figure 18 is abnormally high and unregulated,
the trouble will likely be in the circuit of 01.
Because there is no regulation, we know 01 is
not functioning properly. Moreover, we can rea-
son that the collector voltage of 01 must bc high
to cause a high output voltage. Three troubles
that can give these symptoms are: (1) an open
between the Voltage Adjust and + output ter-
minal; (2) an open transistor, 01; and (3) an
open Zener diode. Z1. For each of these trou-
bles the series-reaulating transistors 05. 06, and
07 will have an abnormally high forward bias.
Therefore. practically all of the. d-c input VI. is
"seen" as unregulated voltage at the output of
the regulator. Be certain that you understand
why the troubles specified can give the symp-
toms described. This may require your restudy-
ing the regulating principles involved.

6. High-Voltage Power Supplies
6-1. By means of a step-up single-phase or

polyphase transformer, a-c voltaaes can be in-
creased to the necessary levels to obtain desired
rectified high voltages. Thc high d-c voltages re-
quired for TV equipments arcin the order of
thousands of volts. For high-p-Ower equipments
such as those needed for broadcasting, the high-
voltage (HV) supply must deliver considerable

II -4
AC INPUT...4

12
Fipure 23. Conventional voltage doubler.
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current. Such supplies use the same full-wave
single-phase and polyphase rectifier circuits that
we discussed in the preceding section. Of course.
the input transformers must step up the vol-
taues to the required peak values, and compo-
nents must be rated to handle high voltages and
currents. I.ike low-voltage power supplies, tube
and solid-state rectifiers are used. .

1)-2. Since high-power H V supplies do not dif-
fer in operating principles from those just stud-
ied. we will give our full attention to various
types of low-power HV supplies that are found
in TV equipments. Although these HV supplies
develop 20.000 volts or more. load current is

relatively small. We will explain how such out-
puts can be obtained by voltage multipliers and
by rectification of pulses or an oscillating vol-
tage.

6-3. Usually the a-e source and d-c load are
sufficiently stable so that regulation is not neces-
sary. However, a regulated high voltage is re-
quired for some applications. Therefore, we will
analyze circuits which keep the voltage output
constant under varying load conditions. The
final portion of this section is given to diagnosing
troubles from given symptoms.

6-4. Voltage Multipliers. If a voltage multi-
plier is used, it is not necessary that a transfor-
mer step up the a-c voltage to as high a value.
In fact. a hiuh d-c voltage can be developed by
voltage multiplication without a transformer at
all. Let us review two types of rectifying circuits
that produce a d-c output voltage which is bout
twice the peak a-c input voltage; then we will
explain how higher multiples of voltage can be
developed from a given source.

6-5. Com.enthmal voltage doubler. In figure 23
the rectifiers are connected so that they conduct
forward current on alternate half-cycles. During
the positive alternations of the secondary voltage,
the upper rectifier conducts 11. and the capacitor
CI charges to the peak secondary voltage E.
During the negative alternations of the secondary
voltage. the lower rectifier conducts 12 and the
capacitor C2 charges, also to the peak secondary
voltage E. Since the polarity of the charge on
C2 is scries-aiding the charge on CI, the voltage
across the output terminals is 2E (approximately
2.8 times the secondary rms voltage)..Inasmuch
is both the charging (via the rectifier) and dis-
charging (via the load) of CI and C2 constitute
the ripple, the ripple frequency is twice the fre-
quency of the input a-e. This doubler is essen-
tially a full-wave rectifier; both the positive and
negative alternations feed power to the load.

6-6. A disadvantage of this circuit is that the
input and output are at different d-c voltage
levek. l the lower output terminal is grounded.
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the lower end of the secondary is E volts d-c
above ground. On the other hand. if one side
of the input is grounded (as will necessarily be
the case for a-c taken directly from a power
line), neither of the output terminals can be
grounded.

6-7. Caulide voltage multipliers. A circuit that
permits one side of both input and output to be
grounded is shown in figure 24. Moreover, by
adding sections (the heavy-lined circuitry in fig-
ure 24,B), any desired multiplication of voltage
can be obtained. After we analyze the operation
of the cascade doubler, we can readily explain
how higher degrees of multiplication are ac-

quired.
6-8. For convenience, let us consider the neg-

ative alternations first (see fig. 24.A). During
these alternations. CR1 keeps Cl charged to E
(about 1.4 rms), with a polarity as indicated in
the figure. On the positive alternations. C2 is
kept charged by the conduction of CR2. When
CR2 conducts (forward direction), C2 "sees"

.the peak a-c input voltage which is series-aiding
the voltage across CI, Thus, the input peak E
plus the voltage E on CI charges C2 and 2E.

6-9. Although full-wave rectification occurs.
the output capacitor C2 is charged only during
the positive half-cycle. Consequently, the ripple

A

CR4

C4

CR3

CR2

C2

CR I

Figure 24. Cascade voltage doubler and quadrupler.
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Figure 25. Cascade voltage multipliers.

frequency of the cascade doubler is that of a
half-wave rectifier, equal to the a-c input fre-
quency. This means that, like the half-wave rec-
tifier, the cascade doubler is not suited for heavy
loads. Regulation is poor and filtering is difficult.

6-10. For light loads that require a high d-c
voltage, the cascade circuit is quite popular, since
it can be built up to provide the desired level of
output. Refer to figure 24,B, and note that the
heavily lined circuitry is a. replica of the cascade

doubler circuit. It is therefore possible to in-
crease t!,e d-c voltage in multiples of two by

adding on doubler circuits.
6-11. The lightly lined circuit of figure 24,B,

is identical to that of figure 24,A, and operazes
in the same manner. The heavily lined circuit
differs only in that the. voltage across the input
capacitor C3 is 2E rather than E. Capacitor C3
is kept charged to 2E by the action of CR1 and
CR3. These -two rectifiers effectively place C3

in parallel with C2. Whenever the charge on C3

is less than that of C2, CR3 is forward biased.
So when CR1 becomes forward biased during
the negative half-cycle of the source a-c input,
C3 is charged by C2. We see, therefore, that
the output capacitor C2 feeds the input capaci-
tor C3.

6-12. Note that the d-c voltage with respect
to ground (or common) at point a is E, at point

b is 2E, at point c is 3E, and at point d is 4E.
Additional sections will give 5E and 6E, 7E and
8E, and so on. Figure 25,A, shows how the cir-

cuit may be represented schematically.

6-13. A similar cascade voltage multiplier cir-

cuit is illustrated in figure 25,B. For the same
number of sections, however, only half of the

value of d-c voltage is developed. Resistors are

used to replace the diodes that conduct during
the negative input alternation. Each resistor per-
mits the upper-line capacitor to charge through
the a-c source to the potential of the lower-line
capacitor. Observe in figure 25,B, that the upper-
line and lower-line capacitors in the first section
(likewise, in subsequent sections) are charged
to the peak input a-c. This multiplier draws
source current only on the positive input altern-
ation. As a quadrupier, it requires three resistors
and three more capacitors than the circuit of
figure 24,B.

6-14. Either type of cascade voltage multiplier
is particularly useful as a high-voltage low-cutrent
supply. Tube, metallic, or crystal rectifiers can
be used. Each rectifier must withstand twice the
peak input a-c in the reverse direction. Regard-
less of the amount of multiplication, the maxi-
mum PIV on any single rectifier is 2E. Make
sure you understand why this is true. Also prove
to yourself that the ripple frequency is the same
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as the Input a-c regardless of the amount of mul-
tiplication.

6-15. Pulse and Oscillator Types. Although
high-voltage transformer can bc excited by the

-4) 5-volt a-c line, it is more practical to use a
tt.:irmpulte, an oscillating, or a transient voltage for

,,../sAcicatipn when the high-voltage d-c load is

mall. You know, for example, that the high-
,'.,voltage supplied to a picture tube is commonly

excited by the horizontal output stage in a TV
receiver. The current drain, which is less than
I ma., does not adversely affect the operation of
the stage.

646. After briefly discussing flyback pulse-
type high-voltage supplies which should be famil-
iar to.you, we will analyze the operation of some-
what more complex supplies which incorporate
regulating circuitry.

6-17. Flyback HV system. Thc.,circuits shown
in figure 26 arc representative HV supplies
that arc pulsed by the horizontal output ampli-
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Ff,gure 27. Regulated HI/ power supply.
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fier. Both systems employ autotransformer ac-
tion to produce a high-voltage spike during the
flyback time of thc horizontal sweep. This short-
duration pulse applied to rectifien VI keeps CI
charged to provide a high d,c voltage output.
Because the ripple frequency is that. (JP fhe hori-
zontal sweep (usually 15.750 lvps), filtering is

readily accomplished with -,a small capacitor
(about 500 =/:-/z4).

6-18.A!lthotigh different flyback transformers
are entpleyed7-both systems develop a boost volt-
age. The diode V2 (damper for the horizontal
deflection coils) provides rectification of the fly-
back overshoot pulse, thereby charging C2 and
C3 to a higher than B+ d-c voltage. This boost
voltage is usually applied to the plate of the hori-
zontal output tube and may also be applied to
other circuits.

6-19. A definite advantage of the flyback HV
system is its dependency upon the horizontal out-
put for excitation. If there is no horizontal out-
put, there is no high voltage. Thus, a failure in
the horizontal output removes the high voltage
from the picture tube. This prevents a stationary
spot from appearing on the screen which may
burn or desensitize it.

6-20. Regulated HV systems. As mentioned
earlier, most HV systems do not need to be regu-
lated. Nevertheless, it is well that you understand
how regulation is obtained when required. The
two systems that we have selected to explain
operate on different principles. Unlike the fly-
back pulse type, both are excited with oscilla-
tors which are regulated by sensing-error voltages
in the HV output.

6-21. The system shown in figure 27,A, is

made up of a high-frequency oscillator, conven-
tional voltage doubler, and voltage divider ar-
rangement that amplifies any error voltage de-
veloped across RI. We have drawn the circuit
of VI so that you can readily recognize it as a
Hartley type oscillator. The _oscillating signal is

impressed across the primar)fots the transformer,
T. Now iiace through the:ctialit containing the
transformer's secondary, R1, C3, and
C2. Compare this circuirwitttlhat of figure 23
and you will see that `itl'is,-eiientially the same.
The resistor RI is naffaa to develop a bias for
V4. Moreover, it is resistor that any
change in the HV outpus ettsed and coupled
to the grid of V4. The circuiRontaining V4 and
V5 operates as a variable voltage divider that
adjusts the screen grid potential of VI. A change
in screen grid potential changes the amplification
factor of VI and therefore the amplitude of the
oscillating signal. Since this signal is the excita-
tion to the HV rectifiers, any change in its am-
plitude affects the high-voltage d-c output.

1.96'
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Figure 28: Wavefortns associated with figure 27, B.

6-22. Now let's look at specific cases. Assume
a load variation that would tend to change the
HV output. Suppose load current increases. The
HV would tend to drop because C2 and C3 de-
liver more current. This means that V2 and V3
pass more current and the average current
through RI increases; capacitor Cl acquires a
more negative charge. With increased bias ap-
plied, V4 conducts less, thereby decreasing the
bias on VS. Thus, the voltage at the plate of
V4 rises, applying a more positive potential to
the screen grid of Vl. Since this increases the
amplitude of the oscillating signal generated, ex-
citation is increased to counteract the drop in
HV caused by loading. Opposite actions would
occur if the HV tended to rise.

6-23. Excellent regulation is achieved because
the error voltage is amplified by both V4 and
VS in the voltage divider circuit. Thinking of
this circuit in terms of resistance, note that when
the error. makes the resistance of V4 increase,
theta is an immediate resistance decrease of VS.
Conversely, a resistance decrease of V4 causes
a resistance increase of VS.

6-24. Because excitation is obtained from a
free-running oscillator, provision should be made
to remove high voltage from a picture tube or
camera tube when there is sweep failure. Such
protection is not needed, however, if a driven
oscillator is employed. The system shown in fig-
ure 27,B, contains such an oscillator. Transistor
01 is driven "on" and "off" by the input signal
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applied to its base (see fig. 28,A). Each tune
01 cuts off, the auto transformer is shock-ex-
cited and oscillates as iliustrated at its natural
resonant frequency. As soon AS QI is driven into
conduction. however, the oscillations cease. You
need bear in mind that there is no HV excitation
when 01 is "on."

6-25. The operation of this system is normally
dependent upon positive trigger pulses which gate
the SCR. It is so designed that the SCR will not
fire unless gated. Since the positive triggers which
gate the SCR are obtained from thc horizontal
output (flyback pulses), the system becomes in-
operative- when there is no horizontal output. To
clarify this, we will assume that no input triggers
are present and will determine the condition of
the system. With the SCR off, CI charges and Q I
is forward biased. As pointed out, when 01 is
conducting there are no oscillations; therefore.
thcre is no HV output. The system will stay this
way indefinitely.

6-26. Now let us apply a positive input
trigger. Once the SCR is gated. CI rapidly dis-
charges; this reverse biases Ql. Because 01 cuts
off, the transformer is shock excited and C2 is
charged via the rectifying diode to develop an
HV output. After CI has discharged. the SCR
cuts off and CI again charges to the bias which
causes 01 to conduct. Transistor 01 remains
conducting until another trigger fires the SCR
and the cycle is repeated.

6-27. If you understand what has been said
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so far, you will easily follow our explanation of
how this system regulates its HV output. We will
assume the HV output tries to increase. Observe
in figure -27.B, that thc increase is sensed on
the cmittcr of 01. Since the emitter is made
morc positive, the base must have a higher po-
tential before 01 will conduct Such being the
case. Cl will charge to a higher potential. Note
in figure 28,B. that this effectively reduces the
conduction time of Ql. Because the amount of
primary current is likewise reduced, the ampli-
tude of excitation is decreased as illustrated. The
decrease in excitation counteracts the HV in-
crease and therefore regulates the system. The
opposite actions occur when the HV tends to
decrease. It will benefit you to figure this out.
You should also determine how the voltage ad-
just potentiometer affects the system.

6-28. We need to mention that the Zener
diodes are connected in series from the collector
of 01 to ground as a protective measure. Upon
cutoff, the _collector voltage rises and falls sharply
to values that may exceed the transistor's maxi-
mum ratcd inverse-peak or punch-through volt-
age. These Zener diodes have breakdown volt-
ages below the transistor's maximum rated
values; therefore. they shunt damaging positive
or negative pulses to ground.

6-29. Symptoms and Troubles. Many of the
symptoms and troubles found in HV power sup-
plies are similar to those discussed for low-volt-
age supplies. However, troubles related to high-
frequency excitation have symptoms peculiar to
an HV system. To bring this to your attention.
let us cite specific symptoms and determine, as
previously done. the possible trouble or troubles.

6-30. Suppose the kinescope suddenly goes
blank. the picture and raster disappear. Since
thc kinescope needs high voltage to have a raster,
we can reasonably suspect that the trouble may
be in the HV supply. Quick visual checks should
be made. however, before investigating the HV
circuits. The filaments of the kinescope, the tubes
in the low-voltage power supply, and those in
the horizontal circuits should be checked to de-
termine that they are lit. Unless the tubes in the
horizontal circuits are lit, the HV circuit will not
have excitation. Assuming that all is well up to

this point, let us look into the HV system. If the
damper diode and HV rectifier are tubes, both
should be lit. Ordinarily, since the HV rectifier
tube obtains its filament voltage from the flyback
transformer (see fig. 26), a lit rectifier tube in-
dicates that excitation is present.

6-31. Having completed the visual checks,
turn the equipment "off" and discharge the high-
voltage .supply. Ohmmeter readings can now be
taken to check the high-voltage fuse and the re-
sistor in the HV lead and to make continuity
checks. An open in the HV circuit, of course,
will give the symptoms previously described.

6-32. If ohmmeter checks reveal that nothing
is wrong, voltmeter readings may indicate the
trouble. Do not attempt to measure the high
voltage unless special high-voltage probes are
used. Even lit tubes cat be defective. As you
know, . you must substitute or check the tubes
when voltage readings are abnormal.

6-33. Certainly, there may be variations in the
sequence of checks, but sound thinking based on
the symptoms observed is important. This can-
not be done unless you have a thorough know-
ledge of the operating principles of HV power
supplies. It is evident that a symptom or set of
symptoms can be caused by many types of
troubles.

6-34. In a regulated HV system, symptoms can
point to a specific type of trouble. For example,
suppose the HV of the circuit in figure 27,A, is
unstable and lower than normal. The fact that
it is unstable immediately points to the sensing
circuit because changes in the HV load are not
being regulated. Furthermore, since the HV is
lower than normal, we can reason that the output
of oscillator V1 is below normal. Let us consider
a irouble in the sensing circuit that will cause
these symptoms.

6-35. Suppose Cl is shorted. There will be
neither a bias nor an error voltage developed on
the grid of V4. Because the grid of V4 is at
ground potential, the plate voltage of V4 will be
low. Consequently, there is a lower voltage ap-
plied to the screen grid of Vl. This causes an
abnormally low oscillator output amplitude and
accounts for a decreased Hy. So we see that
when Cl is shorted, the symptoms described will
occur.
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CHAPTER 3 S

Sync Generators

TBE SYNC GENERATOR establishes the
TV pulse rates; therefore, it is often called

the heart of a TV system. It can also be con-
sidered the nerve center since its signal-gener-
ating and waveshaping circuits control the timing
sequence that governs the operation of the entire
system. Such vital functions should be well un-
derstood by maintenance personnel. To further
your knowledge of the operating principles in-
volved, we have selected various types of sync
generators for study in this chapter. We progress
from a simple noninterlace type to the more com-
plex interlace types.

2. Many of the circuits are basic ones that
were analyzed in your previous training; there-
fore, our analysis will, for the most part, be
based on block diagrams. Only special circuits
will be discussed in detail. Our objective is to
enable you to analyze the operation of a variety
of sync generators so that you can perform main-
tenance on the many types found in AF appli-
cations.

7. Nonintorlace Syne Gnerators
7-1. The sync generator is a simple noninter-

lace (also called a sequential or progressive)
system produces a minimum of signal outputs.
We will identify these signals and explain how
they may be produced. A more elaborate system
will then be studied. The basic sections, perti-
nent waveforms, and possible adjustments are
considered for both types of sync generators cov-
ered in this section.

7-2. Simplest Type. The essential outputs for
any TV system are sync and blanking signalS.
As you know, two sync signals are necessary,
one to control horizontal scanning and the other
to control vertical scanning. Two blanking sig-
nals are also required to prevent the horizontal
and verticartetaices from appearing during the
flyback times. The simple sync generator illus-
trated in figure 29 contains a blanking mixer that
produces a composite 'blanking waveform. This
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mixer, in addition to the horizontal and vertical
oscillator, constitute the three basic sections of
this sync generator.

7-3. In a noninterlace system there is no need
for any tie-in between the horizontal and verti-
cal oscillators. A variation in frequency of one
or the other changes the frames per second or
lines per frame. For many practical purposes
this is of no consequence and is not noticeable.
The vertical oscillator can be a blocking oscil-
lator (tube or transistor type) that is locked-in
with the 60-cycle line. A vertical sweep signal
can be obtained from this oscillator since a saw-
tooth waveform appears across the blocking ca-
pacitor during the cutoff time. This waveform
can be amplified and fed to the vertical deflec-
tion coils, as indicated in figure 29. Recall that
a blccking oscillator generates sharp pulses when
the tube (or transistor) conducts. Note in the
block diagram that these pulses are fed to the
vertical sync buffer and the blanking mixer. The
buffer, of course, minimizes loading effects on
the oscillator and also provides amplification.

7-4. Either by means of a waveshaping net-
work or by special circuit design, the horizontal
oscillator generates the signal for horizontal
scanning. In addition, like the vertical oscillator.
it produces sync pulses which are applied to a
buffer amplifier. Its frequency is usually in the
vicinity of 20 kc. Observe in figure 29 that this
oscillator's output is also fed to the high voltage
rectifier that is readily eicited via a step-up
transformer. This atnounts to having a flyback
HV system, the operation of which was discussed
in the previous chapter.

7-5. Adjustments that affect vertical linearity
and height are generally made in the vertical
oscillator section. Tuning provisions are ordi-
narily not provided since the frequency is 60
cps and locked to the line. The horizontal oscil-
lator section has adjustments that make it pos-
sible to change the amplitude of the outputs;
tuning may or may not be variable, depending



upon the particular system. If this very simple
type of sync generatur is adjusted to produce a
I5.75-kc horizontal frequency, its output pulses
can be used for lockina a standard broadcast
TV receiver.

7-6. Multiple-Pulse Type. Figure 30 shows a
sync generator that produces several pulse wave-
forms: mixed sync, mixed blanking, vertical

drive, and horizontal drive signals'. Such a
variety of outputs may be required for a more
elaborate noninterlace system. The mixed sync
can be inserted with the camera's output to ob-
tain a composite video signal for single-cable
transmission or for modulation. The mixed
blanking signal is fed to the camera as are the
separate vertical and horizontal drive pulses. Un-
like the simple sync generator previously dis-
cussed, this sync generator produces sync and
blanking pulses that differ in pulse width. The
vertical and horizontal blanking pulses are usu-
ally greater than twice the width of their cor-
responding sync pulses. Waveshaping and pulse-
forming circuits are therefore necessary to bring
about this difference.

7-7. Functional analysis. The 60-cps line sig-
nal is shown in figure 30 to be the input to a
waveshaping network, called a squarer and
peaker, which is nothing more than an over-
driven amplifier and differentiating circuit. Be-
cause the 60-cps input signal causes positive and
negative clipping, a square-wave output is ob-

60CPS f\
LINE

TO VERTICAL DEFLECTION

V ERTICAL
OSC

tained from the amplifier. This output is applied
to a short-time constant RC series circuit so that
positive- and negative-going spikes appear across
the 'resistor. The positive-going spikes precisely
synchronize the vertical oscillator frequency with
the 60-cps line frequency. The shaping of the
vertical oscillator output pulses to a prescribed
height and width is done by the vertical ampli-
fier-clipper. The amplifier-clipper output pulses l
are applied to a blanking shaper and also to a
drive shaper. In addition to squaring-up the
vertical pulse, the drive shaper narrows it to
about half the width of the vertical blanking
pulse. These narrowed pulses are fed into the
sync mixer and out to the camera(s) for trig-
gering the vertical sweep.

7-8. The horizontal oscillator is a free-run-
ning type designed to operate with some block-
ing action. Pulses from it are shaped for hori-
zontal blanking and drive. Like the vertical
drive shaper, the horizontal drive shaper de-
creases the pulse width so that it is about half
that of the horizontal blanking pulse. The output
of the horizontal drive shaper is used to trigger
the camera's horizontal sweep; this output is also
sent to the sync mixer.

7-9. Both the blanking mixer and sync mixer
are designed so that the horizontal pulses do not
appear in the output during the vertical pulse
time. Figure 31,A, illustrates how this is easily
accomplished by clipping the horizontal pulses

HORIZONTAL
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BUFFER
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MIXED
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IIHORIZONTAL]
SYNC HORIZONTAL

BUFFER SYNC

TO HORIZONTAL DEFLECTION HV
RECTIFIER

Figure 29. Simple noninterlace sync generator.
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Figure 30. Mullipulse nonirueriace sync generafor.

that ride the vertical pulse. Figure 31,B, further
illustrates that because of the difference in pulse
widths, horizontal sync (same for drive) is re-
sumed before the vertical blank pulse terminates.
Therefore, the horizontal -oscillator will be
locked-in before picture information appears on
the screen. For example, if the vertical sync
pulse is half that of a 1620-psec blanking pulse,
we can determine the number of 15.75-kc hori-
zontal syncs (63.5-psec pulse period) that will
be present during vertical blanking by dividing
810 psec by 63.5 /Awe. This gives us 12 hori,
zontal sync pulses before picture information ap-
pears on the screen.

7-10. Adjustments add troubles. Adjustments
and alignment of the pulses are made in the
pulse-forming circuits of the clipper cr shapers.
Since the vertical oscillator does not generate
the sweep waveform, as was the case for the
simple sync generator described, linearity and
heigln adjustments are not needed. Provision is
made, however, to adjust the output puke width
of the vertical oscillator if this is critical. Ordi-
narily. the vertical oscillator will not be tunable.
But a transformer feedback-type horizontal os-
cillator will likely be slug tuned; for versatility,
this oscillator may be so designed that it can be
tuned to operate at the 15.75-kc standard scan
rate.

7-11. Let us give some thought to troubles
that can be indicated by waveform presentations.
Suppose. for example. that the vertical pulse of
the mixed sync output is abnormally wide; a
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check of the mixed blanking output is norma!,
as illustrated in figure 31,B. It it. logical to sus-
pect that the trouble is in the pulse-shaping cir-
cuit of the vertical drive shaper. This can be
confirmed by testing the signals at TP4 and TP3,
figure 30. A different trouble would be indi-
cated if the vertical blanking pulse was also too
wide. The signals illustrated at TPI and TP2
should point up the trouble. Depending upon
the shapes of the waveforms at these test points,
you can isolate the trouble to a section: squarer
and peaker, vertical oscillator, or vertical am-
plifier/clipper. Similarly, troubles that evidence
themselves as waveform abnormalities can be
tracked down and identified with a particular
section.

8. Interlace Sync Generators

8-1. When many of us think of interlace
scanning, a complicated composite signal comes
to mind. This is natural since the Electronic In-
dustries Association (EIA. formerly RETMA)
composite signal standards are widely used. In
the latter portion of this section we will analyze
the sync generator required to produce standard
output waveforms. But before becoming in-
volved with such a complex sync generator, it is

well for you to realize that interlace scanning
can be accomplished with a relatively simple
sync generator. A simple type may be quite
satisfactory for certain closed circuit applica-
tions: this being the case. a more costly, elabo-
rate type would not be warranted. Since you may
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Figure 31. Noninterlace multiplepuIse wavefornls.

have to maintain a simple interlace sync gener-
ator, you should know what it consists of and un-
derstand how it functions. Furthermore, by study-
ing its basic sections and the requirements
peculiar to any interlace system. you can further
your understanding of the more complex so-
phisticated types.

8-2. Requirements for Interlace. Unlike the
noninterlace system. an interlace system must
have a rigid control established between the hor-
izontal and vertical scanning. Such control can
be achieved in either of two ways: (1) each

oscillator, vertical and horizontal, can be pre-
cisely timed. or (2) a fiked timing relationship
between the horizontal and vertical scans can
be maintained. Since the first way demands ex-
treme stability, the second way is more prac-
tical. By using a master oscillator and counters
( frequency dividers), a fixed timing relation-
ship is maintained such that the ratio of scan-
ning frequencies is constant. You know that the
standard ratio in this country is 262 -I- 1/2, which
is the quotient obtained when 15.750 pps is divi-
ded by .60 pps. It is absolutely essential that
this quotient be an integral number plus a half.
This insures that the vertical scan will alternately
terminate on a half line and whole line, thereby
positioning successive sets of lines (fields) be-
tween each other.

8-3. Basic sections. In figure 32 are the
four basic sections of an interlace sync genera-

tor. Admittedly. four sections are inadequate to
provide the degree of reliability needed for prac-
tical applications. Nonetheless. let us discuss
these sections because they are essential to all
our standard-frequency interlace sync genera-
tors.

8-4. Since the master oscillator (mo) gener-
ates the timing pulses that govern the entire sys-
tcm. it must be highly stable. There are various
types that can be designed to meet this require-
ment. In your previous training you have studied
multivibrators and blocking oscillators that are
commonly used; therefore, you should have little
difficulty recognizing and understanding the op-
eration of modified versions that may be used.
The mo generally has an adjustment to alter its
frequency. Other adjustments may also be pro-
vided to vary its pulse width and to set the

midpoint of its range. In a standard system, it
will generate pulses at twice the horizontal scan
frequency (31.5 kc). These pulses are divided by
the 2:1 counter to provide timing the horizontal
'sync and blank to the standard line scan rate
(15.75 kc). The vertical scan rate is established
by the 525: I counter section which divides the
mo pulses to produce 60 pps for timing the verti-
cal sync and blank.

8-5. In case you do not fully appreciate the

fixed ratio relationship that is maintained by this
scheme of counters, let us note the results when
the mo frequency shifts. Suppose the mo output
increases to 32,550 pps. Dividing by two we
find the horizontal scan rate is 16,275 cps.

Dividing by 525, the vertical scan rate is 62
cps. This tells us that there are more lines per
second and move fields per second than normal,
but our primary interest is in the number of lines

per field. This ratio is determined by dividing
16,275 cps by 62 cps. Doing so, we learn that
there are still 2621/2 lines per field. Whatever
mo frequency change you may assume will give
the same ratio; therefore, you must conclude that

this ratio 2621/2 is fixed for the system if the
counters divide properly.

8-6. Counters. Three commonly used circuits

60 PPS
I°525:1

COUNTER
VERTICAL SYNC/BLANK

31.5-KC
MO

H-V
MIXER MIXED SYNC/BLANK

6.2:1
COUNTER

HORIZONTAL SYNC/BLANK

15,750 PPS

sections of interlace sync generator.Figure 32. Basic
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for dividing pulse frequencies in sync generators
are the m iltivibrator counter, the blocking-oscil-
lator counter. and the step-counter. These cir-
cuits are shown for your review in figure 33.
Recognize the similarity of the transistor con-
figuration with the tube circuits whicl, are per-
haps more familiar to you. The operating prin-
ciples are identical whether tube or transistor.
Since you should know how these circuits func-
tion, we will not analyze them in this course.
However, we will point out a few significant
facts for you to remember. In figure 33,A, note
that the time constant of the base circuit 01 is
shorter than that of Q2. This is evident from the
waveforms at TP1 and TP2 which show 02 con-
ducting (Q, cut off) for two pulse periods and
cut off (01 conducting) for three pulse periods.
The resistors R1 and R2 are necessary to properly
bias the transistors. These resistors would not be
needed in a similar tube multivibrator. Figure
33.B. shows the transistor version to be very much
like a conventional tube blocking oscillator
:munter. Bias, of course, is different; it can be ad-
justed with R. The step-counter, figure 33,C, cor-
responds to the tube step-counter you have stud-
icd. Recall that the step-charging circuit works
into a blocked oscillator. By means of R, bias can
be adjusted to unblock the oscillator and dis-
charge C at the prescribed level. Unlike the
other two types of counters, this circuit is not
free-running. Incoming pulses directly control
the count; therefore, it is less susceptible to mis-
count caused by trigger frequency variations. It
is more precise, but it is limited to a maximum
count of about 10, because the steps do not in-
crease in equal increments (see fig. 33,C). Sta-
bility of the count incomes more subject to cir-

vCC

INPUT

RESONANT
STABILIZER

cuit variations as the voltage step decreases at the
higher levels.

8-7. The stability of the trigger's amplitude is
important for all three counters mentioned. Fur-
thermore, the higher the count, the more strin-
gent becomes the stability requirement. Al-
though special circuits have been designed for
high vaunts, a simple resonant circuit can im-
prove' stability to a marked degree. Figure 34
shows how such a circuit modifies the normal
grid waveform of the blocking oscillator counter.
The resonant stabilizer is tuned to approxi-
mately 1.5 the free-running oscillator frequency
so as to produce a trough just prior to the de-
sired fifteenth trigger pulse. Consequently, the
preceding pulses that are likely to trigger the
oscillator prematurely appear well below the
conduction level.

8-8. Not as commonplace as other circuits,
the phainastron circuit can be designed for reli-
able counting. Ordinarily, this circuit is em-
ployed for pulse delay, but let us consider how
its operation lends itself to counting. Figurt
35 shows the phantastron counter circuit and
waveforms which we will refer to in our expla-
nation. Specific potentials have been chosen to
give you an idea of the magnitude of voltages
involved. These values should be regarded as
approximate and, of course, will depend on the
particular tube employed.

8-9. To begin, note that there is one output
pulse (waveform e.) for every five input pulses
(waveform e1). Every fifth input pulse triggers
the phantastron to cause a complete cycle of its
operation. This circuit is not free-running; it
must be activated by a negative-going pulse. In

INPUT 1111111117111171

TP

15
CONDUCTION..... LEVEL

OUTPUT I

10

SINE WAVE
THROUGH

Figure 34. Stabilized blocking oscillator.
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Figure 35. Phantastron counter and associated
waveforms.

its prctriggered condition there is no plate ;:ur-
rent; thus the plate i at B + potential. However,
cathode current flows since grid 2 draws cur-
:cut. Because grid 3 is biased at a less positive
potential (ek3) than the cathode,-this grid does
not draw current and prevents current flow to
the plate. Study the waveform values immedi-
ately prior to t5. These potentials will persist
until the circuit is triggered.

3-10. You can best understand the action of
the phantastron when it is triggered by dividinc
it into three successive phases. The first phase
is an extremely rapid change which occurs when
the negative trigger, coupled through Cl to the
control grid, causes ek to decrease. This de-
creases the bias between grid 3 and the cathode.
thereby permitting plate current to flow. Con-
sequently, plate voltage ei, drops to give regen-
erative feedback and drives the control grid in-
stantaneously to a negative value ( 5v). You
can see the effects of this action by studying the
t5 waveforms in figure 35. The second phase is
a slow linear change. After the- trigger, C1
gradually goes positive because of counteraction
of the decreasing plate voltage e1,. The time con-
stant of this change is effectively extended by
the amplifying action of the tube. It is worth-
while to point out that during this second phase
the input pulses at times tl, t2, t3, and t4 arc
Ineffective. In fact, they arc blocked by the ac-
tion of the disconnect diode DI. From the
waveforms illustrated. you can see the changes
that take place during this phase. The third
phase is initiated when eK rises to such a value
that the bias between the cathode and grid 3
cuts off plate current. When this happens the
circuit reverts back to its pretriggered condition.
The next trigger, t5, causes the cycle to recur.

8-11. Observe that the output is taken off the
cathode and applied across C2 and R2 in se-
ries. The time constant R2C2 is short for the
waveform eK so that positive-and negative-going
spikes appear across R. The diode D2 passes
only the negative spikes as illustrated in figure
35.

8-12. The phantastron is quite stable under
power supply variations. Changes of supply volt-
age vary the d-c potentials proportionally on the
tube 'elements and arc therefore minimized; over-
all circuit performance is virtually unaffected.
Because the pulse width can be varied by a d-c
voltage, the circuit can be remotely controlled
through unshielded cables. Note also in figure
35 that control-grid bias is variable. A change
in this bias alters the pulse width so that the
phantastron can be adjusted for its designed
count. Although we chose to illustrate a five
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Figure 36. Random interlace sync generator.

count, much higher counts can be readily ob-
tained.

8-13. Random Interlace Type. In addition to
the basic sections, a practical interlace sync gen-
erator will contain an afc network and a crystal
control oscillator. Figure 36 shows their inclu-
sion and arrangement. However, since we have
discussed counters, let us first consider how
pulses of a desired width and shape can be ob-
tained as outputs from the counters. By studying
the output waveforms, you will see why this sync
generator is called a random interlace type. Then
we will discuss afc and the use of the crystal
control oscillator for calibration.

8-14. Outputs. With the switch 52 in the po-
sition shown (fig. 36), the 31.5-kc signal is sup-

A. HORIZONTAL

S. VERTICAL

C. HON II VERT
SYNC/BLANK

Figure 37. Output waveforms random interlace sync generator.
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plied by the mo to the 2:1 counter to develop
horizontal output pulses and to the 15:1 and
subsequent counters to develop vertical output
pulses. We see that both horizontal and vertical
pulses are fed into a mixer, the output of which
is a composite signal. The three outputs from this
sync generator are the minimum required. The
horizontal and vertical outputs synchronize and
drive the scanning circuits to produce the proper
raster. The output pulses of the mixer are sent
to the camera for blanking and become the sync/
blank pulses in the camera's composite video oufr
put signal. Indeed this is a simple system, but
it is important to recognize that the require-
ments for interlace are met. This is brought to
your attention in figure 37, which shows the time
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relationships of horizontal and vertical pulses per
second (pps). Note that a full horizontal period
(H) precedes the vertical pulse (left side),
whereas a half period (0.5H) precedes the next
vertical pulse. Thus, them is thc half-line time
difference between successive fields which is

needed for interlace.
8-15. Since the outputs illustrated are ideal-

ized, you may well ask how they are shaped.
Clipper and shaper circuits were mentioned ear-
lier, but none are identified in the block diagram
of figure 36. This is because counters can be de-
signed to produce properly shaped pulses. Re-
member that a rectangular pulse is obtained
from a multivibrator counter. The pulse width of
this counter is easily altered by adjusting the rel-
ative time constants of the feedback circuits.
Moreover, by regulating these time constants,
frequency can be kept at a specified value. If
another type of counter is Amployed, the pulse
may be too narrow. A small shunting capacitor,
connected across the counter's output, will effec-
tively widen the pulse. A clipping diode can be
incorporated to square the pulse at a prescribed
level.

8-16. Referring to figure 37,C, you find that
no horizontal pulses are present during the time
of the vertical pulse. For the length of the verti-
cal pulse, there is no sync signal for the monitor's
horizontal oscillator. Such being the case, the
frequency of this oscillator can shift and, as a
result, the scan may not interlace. In other words,
interlace is not insured since horizontal sync is
not continuous. Because the relationship of al-
ternate fields is a matter of probability, this scan-
ning is appropriately called random interlace. As
you would expect, random interlace is noticeable,
but for some apptications it is satisfactory. On a
small screen kinescope, picture quality is ade-
quate for good viewing.

8-17. Afc and calibration. The purpose of afc
in an interlace sync generator is to lock-in the
60-cycle field rate with the 60-cycle power line.
Unless this is done, a 60- or 120-cycle hum
pickup will create raster distortion and/or shad-
ing changes that move vertically across the
screen. The afc does not eliminate the pattern of
disturbance(s) caused by such pickup, but it
does make the pattern stationary. A stationary
pattern is far less annoying to the viewer than
a continuously moving one. In fact, with 60-
cycle lock-in a small amount of hum pickup will
go unnoticed. Afc is therefore a feature found
in virtually all interlace sync generators, not just
random types.

8-18. The afc network illustrated in figure 36
consists of a phase detector (discriminator), a
d-c amplifier, and a reactance control circuit.

The phase detector may be one of several types
you should know. Whichever type is 'used, it
will have two inputs: the vertical 60-pps sync
generator output and the 60-cps line signal. The
Oast: detector develops a d-c error voltage when-
ever there is a phase difference between these
two inputs. Note in the block` diagfarn that the
output of the phase detector (error voltage) is
amplified by a d-c amplifier before it is applied
for control purposes. This amplification is usually
needed. Depending upon the type counters. the
error voltage may not be coupled to the counter
chain as shown in our diagram. We can be cer-
tain, however, that the error voltage will be sent
to a reactance control circuit which acts to change
the mo frequency. The reactance control section
can employ a reactance tube amplifier or a solid
state device such as a varicap (other names are
semicap, varactor diode, etc.). A varicap is a
specially designed crystal diode that has a greater
than ordinary variation of capacitance with
changes in reverse bias. By applying the errer
voltage to a reverse-biased varicap, capacitancc
change can be used to control the frequency of
the 31.5-kc mo. If properly designed, the mo
will automatically adjust to minimize any fre-
quency difference between the inputs to the
phase detector. This means that the vertical out-
put signal is locked-in to the 60-cycle line.

8-19. Although afc functions to hold the sync
outputs to their proper frequencies, it is nec-
essary that the mo and counters be within a
prescribed range for lock-in. Moreover, interlace
depends upon the sync generator's frequency re-
lationships. To insure proper operation, it is
therefore necessary to calibrate the mo and count-
ers.

8-20. You should first calibrate the mo so that
its free-running frequency is 31.5 kc. Switch SI
(see fig. 36) must be put in the OFF position.
This removes any error voltage which affects the
mo. Using an oscillocope, tune the mo until its
frequency is exactly that of the 31.5-kc crystal
oscillator. There will probably be amplitude
checks and adjustments specified for any particu-
lar mo. When you are sure that the mo has the
prescribed output, the counters can then be cal-
ibrated.

8-21. Counters are checked successively start-
ing with the one nearest the mo. Thus, in the
vertical counter chain the 15:1 counter is cali-
brated first. Leave SI in the OFF position. You
should follow the calibrating procedures and use
the test equipment prescribed by the manufac-
turer. After calibrating all counters, switch SI
to the ON position, and the generator should
lock in rigidly with the 60-cycle power-line fre-
quency. However. in the event that the power-
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line frequency is not 60 cps. leave SI in the
OFF position. Either the mo or crystal oscillator
can he selected with switch S2. The mo offers
no advantage when thc afc is disabled.

8-22. Standard Interlace Type. There are non-
standard systems, designed for special purposes,
that can reliably interlace using a very simple
sync waveform. Such systems, however, have
marginal performance capabilities.for general ap-
plications and have insufficient reliability for
broadcasting. Consequently. most American TV
systems use EIA (RETMA) sync waveform
standards. Although these systems must employ
a relatively complex sync generator, a standard-
ized system offers many advantages over systems
that have less rigorous requirements. Before
undertaking an analysis of the sync generator
needed, we will review the EIA signal wave-
forms. A thorough knowledge of the details of
this waveform is essential to ah understanding
of the workability of the system as a whole.

8-23. Signal standards. Although you are fa-
miliar with the EIA standard waveforms illus-
trated in figure 38, it is well to call to mind the
functions of the various pulses involved. In ad-
dition to the sync and blanking pulses that have
been discussed previously, this signal contains
equalizing pulses. Moreover, it has a serrated
vertical sync pulse. These equalizing pulses and
serrations are distinctive features that provide
continuous horizontal sync and insure proper in-
terlace.

8-24. A group of six narrow equalizing pulses
immediately precedes the vertical sync pulse, and
a similar group of six follows it. These pulses
occur at twite the line frequency (31.5 kc). This
doubling of frequency is necessary if alternate
fields are to be properly synchronized for inter-
lacing. Note that the first. third. and fifth equal-
izing pulses are used as horizontal sync for the
fields that end in a complete line (period H);
whereas, the second, fourth. and sixth equalizing
pulses arc used for the fields that end in a half
line (0.5H). Besides maintaining horizontal
sync, the equalizing pulses serve to time pre-
cisely the vertical sync pulses.

8-25. If vertical sync is not precise. interlace
is jeopardized. A slight discrepancy in the verti-
cal scan will cause the lines of alternate fields
to come together. This effect. called pairing, re-
duces vertical resolution and the line structure
becomes visible at normal viewing distance. Be-
cause the time between the last horizontal pulse
and the vertical sync differs by 0.5H for alternate
fields, the residual charge from the integrating
circuit ( in the receiver or monitor) differs also.
Figure 39..A. shows how this residual charge will
introdwc a discrepancy in the vertical sync. Fig-

urc 39,8, shows how the equalizing pulses pre-
vent this inherent discrepancy which would cause
"pairing." This should remind you how vital
equalizing pulses are, to the system.

8-26. Unless the vertical sync pulse is serrated
as shown, horizontal sync will be disrupted. Ex-
amine this serrated pulse and observe that the
trailing edge of the serration is used for horizon-
tal synchronization. A differentiating circuit in
the receiver or monitor develops pulses of the
correct polarity when the trailing edge of the
serration occurs. Like equalizing pulses, the ser-
rations muit have twice the horizontal scan fre-
quency to accomodate alternate fields.

8-27. The times and tolerances for the var-
ious pulses are specified in figure 38. A table
of values is given in figure 40 for your con-
venience. Both of these figures contain much in-
formation that is pertinent to the maintenance
of a standard sync generator. Checks of pulse
widths and adjustments will necessitate reference
to these standards. It will benefit you, therefore,
to read the explanatory notes and relate the
waveforms and values. The close tolerances in-
dicate the stability required of the sync genera-
tor. The variety of waveforms points up the fact
that the sync generator must be a relatively com-
plex piece of equipment.

8-28. Functional analysis. The block diagram
in figure 41,A, shows the essential sections that
function to produce the standard sync wave-
forms. Bear in mind that these sections may be
made up of several stages and associated cir-
cuitry. Furthermore, remember that the circuits
within these sections are basic ones or modified
versions of circuits covered in your fundamen-
tals training. Our purpose is to analyze the func-
tional relationships of the various sections. Once
you grasp how the standard waveforms can be
synthesized, you will better understand the op-
eration of this type sync generator.

8-29. Refer to figure 41,A. You should recog-
nize the sections to the far left in the diagram.
The mo section contains a crystal-controlled
oscillator (not shown) for calibration and is
locked in by the afc section. To obtain the verti-
cal 60 pps, a 525:1 counter chain is used.
Generally this chain consists of counters that
divide the frequency in steps of 7:1, 5:1, 5:1,
and 3:1. The 60-pps signal is used for ale and
is also fed to the vertical sections indicated. Ex-
cept for the vertical drive output which is sent to
the camera, the outputs from these sections are
coupled into other sections for further process-
ing. A signal from the 31.5-kc mo is divided by
2: I counter to obtain the standard horizontal line
rate of 15.75 kc. We see that this signal is ap-
plied to a delay section from which four outputs
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are taken. These outputs are delayed by differ-
ent amounts to properly time the sections they
activate. Delays can be achieved by a multivi-
brator or phantastron. but a network of passive
components (inductors and capacitors) is often
used to form a delay line. The delay line consists
of many pi sections of series inductance and
shunt capacitance. Different delays are tapped
off at the junctions as desired up to the maxi-

11111011

=1,

al

mum obtainable from the line. Outputs of the
required time delay can thereby be obtained to
control the circuits that form the horizontal sync,
notch pulses, horizontal blanking, and horizontal
drive. Note in the diagram that the horizontal
drive section develops an output from the gen-
erator; the outputs from other sections are pro-
cessed further. Observe also that the 31.5-kc
signal is sent to a delay section so that the timing
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.1111111111
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Figure 39. Equalizing pulses.
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TABLE OF F,IJN;AMcNTAL PUI.SEZ

PULSE PULSE RATE DUrAIION IN i DURATION IN RE PETIITION
IDENTITY (Freq in pps) = 63.5 microsec) M:CROSECONDS RATE

Min Nom Mcv: tcps)

H SYNC. 15,750 - 0.075H - 0.0E9ii 4.46 5.08 5.68 15,750

H BLANKING 15,7543 0.165H - 0.1dH 10.5 11.0 11.43 15,753
EQUALIZING 31,500 0.035H - 0.045H 2.2 2.5 2.9 60

V SYNC 31,500 0.42H - 0.4411 24.? 27.5 20.1 60

V SERRATION 3%500 0.061H - 0.079H 3.85 4.45 5.05 60

V BLANKING 60 13.111 - 21.0H 833.4 1000.1 1333.3 60

H DRIVE 15,750 0.08H - 0.1811 5.25 7.6 11.43 1.5,750

V DRIVE 60 6.55H - 21.0H 416.5 575.0 1333.3 60

Figure 40. Table q' pulse vtandards.

of the equalizing pulse section and vertical pulse
section can be controlled.

8-30. The processing or synthesis of wave-
forms is accomplished by mixing and clipping the
output signals of the various sections just men-
tioned. It is easily seen in fipre 41,A. that the
composite blanking signal is formed by combin-
ing the output pulses of the vertical blank section
with those of the horizontal blank section. The
blanking signal from the mixer/clip section is

shown to be an output from the sync generator.
To determine how the sync composite is formed,
you will have to study the waveforms illustrated
in figure 41.B. These waveforms are identified

EON LINE

ARC
g PPS

OFF COUNTERS
525,I

MO
31.5KC

VERT
DRIVE

by letter or number to correspond with the signals
indicated in the block diagram. By combining
the output 1 from the equalizing pulse section
with outputs 2. 3, and 4 from the mixer./clip sec-
tions, waveform 5 is produced. The final stand-
ard sync signal is obtained by clipping waveform
5 along the dotted iines. This, of course, is done
by the sync/clip section.

8-31. Note that signal a is used to eliminate
the horizontal pulses of signal b for the time
daration 9H; likewise, signal a eliminates the
noich pulses for 9H of time. This is evident from
waveforms 2 and 3. respectively, Of paricular
interest is the manner in which waveform 4 is
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developed. Signal d from the vertical delay sec-
tion is mixed with signal e so the 3H pulse will
be triggered by the leading edge of a serrating
pulse. Since signal h is e inverted, the trailing
edee of the..first serration will always occur 0.5H
time after the start of the 3H vertical sync pulse.
This insures the correct time placement of the
serrations to maintain continuous horizontal sync
'during the vertical sync interval.

8-32. Examine closely the time relationships
of the various pulses shown. Be sure you see the
need for notch pulses. Determine what pulses
establish the width of the horizontal sync.

8-33. Trouble diagnosis. If you know the
standard sienals and how they are formed, you
can often diagnose troubles by waveform analy-
sis. Let us cite a particular case in support of
this fact.

8-34. Viewing the sync output sienal on an
oscilloscope, you can sec pulses regularly appear-
ing midway between the horizontal sync pulses.

48

Upon closer observation, the unwanted pulses
arc found to have the same width as the'equaliz-
ing pulses. This indicates that signal 3 in figure
41.B. is not being supplied to remove the equaliz-
ine pulse between horizontal sync_ pulses The
trouble therefore is in the notch pulse section
To confirm this diagnosis. you should check the
output from the notch pulse section.

R-35. Adjustments are critical in a sync e
erat or of this type. Since much of the timine is
dcpendent upon multivibrator action, a variation
in capacitance can set the outputs off in fre-
quency and/or pulse width. Such trouble ean be
detected by checking waveforms; and adjustment
may be all that is needed. Adjustment instruc-
tions will be given by the manufacturer of a
particular piece of equipment along with illus-
trated signals at test points. With this informa-
tion, coupled with an understanding of the prin-
ciples that have been discussed. many sync
generator troubles can be readily diagnosed.



The Camera Chain

As. ALREADY STATED in Chapter 1, all
TV systems contain three basic elements

a pickup device, control equipment, and repro-
duction or display equipment. We have dis-
cussed and studied representative types of power
supplies and sync generators which are a part of
any system. These items are necessary for the.
proper operation of the camera chain; however.
it is important that we know that a camera may
have a self-contained power supply, sync gener-
ator, and other components. As we make a de-
parture from the simple system, we find addi-
tional components such as the switcher and
distribution amplifiers. In this chapter we will
discuss Or construction, function, care, trouble-
shooting, and repair of the camera chain ele-
ments.

9. Cameras
9-1. A camera is an instrument that records

a scene in one form or another. The simple box
camera changes a scene to a recorded image on
a piece of film. The TV camera converts a scene
to an electrical signal. The basic items that
make up a TV camera are a pickup device, a
control and timing system, an output circuit, and
of course a source of power. The exact arrange-
ment of these items will vary with a particular
arrangement for a specific need. The wide use
of TV in broadcast, industry, and education has
led to a great variety of camera models, and
more are being added each day. In this section
we will classify cameras as to the type of pickup
tube used. There are a number of pickup tubes
in use today and new ones are being experi-
mented with; however, we will limit our discus-
sion to the vidicon and image orthicon types.

9-2. Vidicon Cameras. The vidicon camera
is a very popular choice of military and indus-
try because it can be constructed in a small pack-
age and still deliver a good signal. The size of
the vidicon camera has led to its use in certain
types Of broadcast applications. Some of the ad-

CHAPTER 4

vantages of the vidicon camera are low operating
cost, simple circuitry (which accounts for its

- small size), high signal-to-noise ratio (when
sufficient light is available), and ease in setting
up.

9-3. Tube construction. One reason that the
vidicon camera can be constructed in a small
package is that the vidicon tube is small in size.
A standard vidicon tube, as shown in figure 42,
is 1 inch in diameter and approximately 6 in-
ches long. There are some smaller tubes only

inch in diameter and 3 inches long which are
giving satisfactory results. Although the tube is

small, it contains an electron gun which pro-
duces a scanning beam and a photoconductive
faceplate. The fdceplate is a transparent con-
ducting material coated with a photosensitive
substance a few microns thick. The electron gun
which produces the scanning beam has the usual
heater, cathode, control grids and accelerating
and shaping grids. Focus, deflection, and align-
ment of the electron beam are accomplished by
the use of external coils. In some cameras the
alignment coil is replaced with permanent mag-
nets and in others no alignment method is used.

9-4. The transparent conducting material is

connected to a fixed positive potential. When
light strikes the photosensitive layer it becomes
conductive in relation to the amount of light.
A dark spot will act as an insulator, whereas a
light spot becomes conductive. The photosensi-
tive layer then takes on a pattern of positive
charges, the amount of charge being directly pro-
portional to the amount of light striking the spot.

'The electron beam coming from the electron gun
scans each spot and neutralizes -it. The current,
which is a product of this neutralization, flows
through a load resistor, thus developing a video
signal. This signal voltage may be coupled to a
video amplifier stage.

9-5. Care and handling. There are some pre-
cautions you should keep in mind when using a
vidicon camera. Remember that as light strikes
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Figure 42. Cutaway view of vidicon tube.

the photoConductive material, current flows in
proportion to the intensity of the light. If a cam-
era is focused on a fixed spot of high intensity
light, the current in the photosensitive material
can cause or inuge burn. Any time one partic-
ular area of the photosensitive material is used
more than the other areas, it leaves a burn or
image when the pattern is changed; therefore, to
avoid a burn pattern, you should adjust the cam-
era scanning to utilize the maximum useful area
of the photosensitive material at all times. The
photosensitive material should never be exposed
to an image of the sun; therefore, it is advisable
to always cap the lens when a camera is being
moved in or through an area where sunlight or
any high intensity light is present. Another point
to remember when using, handling, or storing a
vidicon tube is to avoid tube positions that could
cause loose particles in the neck of the tube to
fall on the photosensitive area. Like most tubes
the vidicon may be damaged by rough handling
and abuse; always be careful when moving cam-
eras or tubes. Operational adjustments, such as
applying excessive electrode voltage, can also
cause damage to vidicon tubes. Furthermore, if
the beam is turned on when vertical and hori-
zontal scans are not functioning, a spot burn can
quickly damage the tube. Now that we have re-
viewed the major precautions to be observed
when using a vidicon camera, let us discuss the
operation of this type of camera.

9-6. Adjustments and alignments. There are
a number of adjustments and alignments that are
necessary before a vidicon camera can be oper-
ated. At this point we will assume that all the
necessary wiring is completed from camera to
monitor, that proper power is connected, and.
that the sync generator is connected and opera-
ting properly. If for any reason, there is doubt
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as to the presence of either the horizontal or
vertical sweep, it can be checked with a scope.
After power has been applied, sufficient time for
warmup (generally from 10 to 20 minutes for
vacuum-tube circuits) should be allowed before
the actual adjustments and alignments are made

9-7. The initial picture on the monitor will be
a circle or part of a circle that shows the photo-
sensitive (mosaic) mounting section. If this is
not visible, the beam control will have to be ad-
justed until a pattern does appear. This pattern
should be visible even though there is not a lens
or tumination present. When you have a visible
pattern, proceed to make initial centering and
size adjustments so that the circle is no longer
visible at the corner of the picture. The camera
scanning should now be adjusted for the maxi-
mum useful area of the mosaic. If the beam
control is critically adjusted, you will be able to
see small specks or flecks, which are small im-
perfections in the photosensitive surface (mo-
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saic). If you adjust beyond this critical point,
the picture will go to an all-white condition and
you will lose sync stability.

9-8. Now the camera is ready to be set up
for viewing an actual scene so that final adjust-
ments can be made. It is best, of course, to use
a fixed pattern such as a resolution chart. Make
certain that the lens is in position and that there
is proper illumination. Now center the camera
lens in front of the chart and adjust the beam
contrcl to obtain a picture of the chart. The
vertical and horizontal controls may require re-
adjustment to obtain picture lock-in. Now you
can adjust the lens for optical focus, and the
electrical focus may also be adjusted at this time.
Since there is interaction between controls, it is

usually necessary to readjust each of them for
the best definition.

9-9. Block diagram analysis. Although there
are numerous variations and arrangements, fig-
ure 43 shows a block diagram of a basic vidicon
camera. The inputs are from a camera-control
unit which may or may not be a separate unit;
this unit will be discussed later. Since the vidi-
con tube is the heart of the camera, we must
understand its signal output. If a scope is con-
nected to Testpoint 1 (Tp 1), a pattern similar to
figure 44 should bc seen. Of course, the por-
tion representing the picture information de-
pends upon the scene being viewed. The hori-
zontal and vertical blanking pulses are similar to
those illustrated. If the scope is moved to Tp 2,
the same pattern is seen larger in amplitude. The
video amplifier stage will further amplify the sig-
nal to drive a caftode follower which is used as
output stage. A scope check of Tp 3 will show
the pattern indicated at the other testpoints but
smaller in amplitude than at Tp 2. The cathode
follower circuit minimized loading effects and
provides impedance matching.

9-10. Image Orthicon Cameras. An image
orthicon camera is generally thought of as a stu-
dio camera because it is relatively large. In ad-
dition, the image orthicon camera usually will
have an attached viewfinder that enables the
operator to see exactly what the camera is pick-
ing up or viewing. The overall size of the cam-
era plus viewfinder makes for a comparatively
large unit which weighs approximately 100
pounds. Weight and size are being reduced by
using solid-state components and printed circuits
in newer models of the image orthicon (I0)
camera. The 10 camera has been adapted for
field use where there is a need for high sensitiv-
ity or studio quality production.

9-11. Tube construction. It is important that
you understand the 10 tube construction and
how it operates because the overall functioning
of the camera centers around the operation of
the 10 tube. Figure 45 is a cutaway drawing of
an IO tube. For study purposes, we have divi-
ded the 10 tube into three sectionsthe image,
scanning, and multiplier sections. The image
section receives the light from a subject as it is

focused on the photocathode. The photocathode
emits electrons in proportion to the amount of
light received from the subject. The electrons are
accelerated toward the target, which is compar-
able to the photoconductive faceplate of the vidi-
con. Electrons strike the target, a glass mem-
brane approximately .0001 inch thick, and cause
secondary emission. This leaves the target with a
positive charge. Since the glass target is very
thin, the same charge pattern appears on the
beam side, where it will be scanned. To keep
the target from being burned by a stationary
pattern, an orbiter coil is used to move the pat-
tern at a rate of 1 rpm. This is not a rotation
of the image, but a shifting about of the entire
pattern. This precaution against image burn is
something not found in a vidicon.

HORIZONTAL BLANKING

VERTICAL BLANKING

PICTURE INFORMATION

Figure 44. Video and blanking signals trom TV camera tube (not to scale).
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9-12. The scanning unit of the 10 uses an
electron gun similar to tho-e used in vidicon or
other types of cathode-ray tubes. The beam
from the gun strikes the target and gives up elec-
trons in proportion to the amount of positive
charge on the target. The remaining electrons
arc rcturned to the electron multiplier unit. The
beam position and overall intensity are con-
trolied by the beam accelerator. the horizontal
and vertical deflection coils, and the focus coils.
The multiplier focus element provides additional
control of the return beam. which is directed into
the multiplier unit. You will recall that the vidi-
con does not have a return beam; its signal out-
put is taken directly from the photoconductive
element.

9-13. After the IO's return beam passes the
multiplier focus and the end of the electron gun.
the beam strikes the first multiplier dynode of the
five-stage multiplier section. Electrons strike the
plate of a dynode with enough force to cause
secondary emission. The amount of multiplica-
tion depends on the number of dynodes and
voltages applied. The output from the electron
multiplier section will be determined primarily
by the number of electrons in the returned beam.
The brighter image returns fewer electrons to the
multiplier stage, because it causes a greater posi-
tive charge on the target.

9-14. The 10 tube has what is considered a
high gain because of the multiplier unit. Since
it has a high gain, it does not require a high-
gain video amplifier. By comparison, since the
vidicon does not have a high gain, it requires
a cascode video amplifier followed by additional
amplifier circuits. Since the 10 tube amplifies,
it is a source of noise. By contrast. the vidicon
tube generates little noise but its associated video
amplifiers constitute a source of noise.

9-15. Care and handling. The care and han-
dling of an 10 tube is important, from the stand-
point of both economy and performance. Take
the simple procedure of installing an 10 tube.
If you try to force shoulder pins into their sockets,
you may damage the tube beyond repair. This
means a loss of more than a thousand dollars.
You should allow sufficient time for an 10 tube
to warm- -up before operating it. If the target
heater is controlled manually, be careful to pre-
vent overheating, which will cause loss of resolu-
tion and may permanently damage the tube.
Also remember that new tubes should be placed
in operation for several hours before they are
stored to keep as spares. Moreover, all 10's that
are kept as spares should be used in a camera
for sevesal hours each month to keep them free

53

from any trace of gas. Gas may appear in a tube
which is stored for a prolonged period. A word
of caution about handling or moving an 10 tube
need be mentioned here. You should always
avoid placing the tube in a position that alloWs
loose particles in the tube to fall upon the target
or photocathode. It is easy to accidentally put a
tube in a near-vertical position when installing
or removing it. Do not yield to the temptation
of setting a tube down on its face; this may
cause internal and external damage. When a
camera is in operation, observe position pre-
cautions; do not point the camera straight down
for a bird's-eye view.

9-16. A knowledge of a large number of de-
tails concerning 10 tube applications is neces-
sary to insure proper operation and optimum
performance at all times. The physical orienta-
tion limitations have been discussed; however,
there are other considerations which will affect
the operational life of an 10 tube. Operating

.temperatures must be maintained within limits.
Target-scanning adjustment limitations must be
carefully set to avoid a raster burn which would
ruin the tube. A dynode spot must be eliminated
by slight defocusing. An ion spot should be
detected and action taken to return the tube for
reprocessing. Watch for and eliminate target-
screen pattern pickup. These are trouble areas
which must be carefully watched.

9-17. Performance. The overall performance
of a pickup tube is what determines the choice of
a camera for a particular application. The vidicon
and the image orthicon pickup tubes are the most
common clioices. The vidicon has found wide
application in fields other than studio work; how-
ever, the 10 is used almost exclusively in studio
applications. The following comparison of the
vidicon and 10 will give you an idea of the
advantages and disadvantages of each tube.

Vidicon

I. Operating cost is ap-
proximately $0.10 per
hour.

2. Average output signal
level is approximately
15 millivolts.

3. Output signal level is
subject to change with
varying light levels.

4. Low tube-noise char-
acteristics result in an
excellent signal-to-
noise ratio at a light
level of approximately
200 foot-candles.
(Ratio-300 to 1).

Image Orthicon

1. Operating cost is approxi-
mately $2.00 per hour.

2. Average output signal
level is approximately 50
millivolts.

3. Output signal level is
stable over a wide range
of light levels.

4. Inherent tube noise
limits the signal-to-noise
ratio at all light levels.
(Average ratio-40 to 1).



Vidicon

S. Picture smear results
when uncontrollable.
fast-moving objects are
being televised.

6. Simple external cir-
cuitry results in small:
inexpensive cameras.

Image Ormicon

5. Picture smear is not a

problem when faA-mov-
ing objects are being tele-
vised.

6. Detailed, complex cir-
cuitry results in large. ex-
pensive cameras.

9-18. The vidicon and 10 tubes are both
widely used; picture quality is the scale of com-
parison. The 10 tube pickup ability is compara-
ble to photographic film with an American Stand-
ard Association (ASA) Speed or Exposure Index
of approximately 8000, with some rated as high
as 10,000. This speed, plus the spectral response
approaching that 'of the human eye, makes this
an ideal tube for camera use where light levels
range from deep shadow to bright sunlight. Al-
though the present vidicon tubes produce high-
quality pictures only if there is sufficient light,
they are being improved so that they can attain
studioluality performance at relatively low light
levels. Furthermore, experimental wdrk is being
done to develop the vidicon for wider use with
color cameras. Research is being conducted to
explore the possibility of developing an 10 or
similar tube that can pick up all three colors.
If such a tube is developed, a single tube would
replace the three 10 tubes used in present-day
color cameras.

9-19. Adjustments and aliymnents. This sec-
tion will not give you any specific adjustments
or ai;gnments for a camera because the Air Force
pun:ha:es off-the-shelf items from various com-
panies. However, there arc .ome eeneral guide-
lines to be followed when making adjustments
on cameras. Just as in the section on care and
handling. we will present information pertinent
to pickup tubes. For all of the items discussed in
this section, you must refer to the instructions
manual of the particular camera .for specific de-
tails. Thc simple process of mounting a camera
on a pedestal requires an adjustment in the
mounting position for the best balance. If you
change lenses or add more lens units to a turret.
you will have to rebalance the camera.

9-20. Since you have already studied the care
and handling of the :10 tube, let us assume thc
lens turret has been removed, and thc 10 has
been removed and replaced. When you replace
the lens turret or other lens assembly, do not
overtighten, yet be sure to tighten the turret re-
tainer(s) enough to prevent any lens rocking. If
it becomes necessary to remove any of the coil
assemblies in a camera, you rifay- have to par-
tially remove an assembly to gain access to re-
taining springs and clips which hold plug-in jacks.
The bellows of the blower must be carefully
removed. In some camcras. you will have to
turn the assemblies to a certain position to get to
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the plugs. If at any time you are required to
remove or unsolder any leads, you should label
each one before removal to prevent any mixup.

9-21. Since operating temperatures must be
maintained within limits, heaters and blowers are
used. A motor must be oiled on schedule, as
recommended by the manufacturer, for satisfac-
tory performance and maximum life. When
installing a new motor, you should check manu-
facturers instructions as to oiling it before oper-
ating. Of course, be certain that the bellows are
properly installed; cooling will be impaired if the
airflow is misdirected.

9-22. Once the mechanical adjustments are
made on the camera, the electrical adjustments
can be made. Before you make any electrical
adjustments, the camera (with a standard 10
tubc ) should be turned on and allowed to warm
up for one-quarter to one-half hour with the
lens capped. Read the instructions carefully and
follow them closely when you uncap the lens and
adjust grid No. 1 (beam adjust on camera con-
trol). An improper procedure can cause per-
manent damage to the IO tube, since a cold
photocathode target will retain a permanent
image.

9-23. During the warmup time, you must
check to determine that the deflection circuits are
functioning properly and that the beam is "over-
scanning" the target. Overscanning the target
prevents burning the target with a smaller than
normal raster. After warmup time, set the target
voltage at approximately 2 volts negative and
adjust grid No. 1 voltage (beam control on the
camera control unit) until a rough-textured pic-
ture of No. 1 dynode appears on the monitor.
A very slight adjustment of the target voltage
may be necessary; if so, this adjustment also is
made at the camera control. Now you are ready
to check the alignment coil current by moving the
orthicon focus control (voltage on grid No. 4)
back and forth. If the alignment coil current is
not set correctly, the dynode spot will move up
and down or back and forth. However, if the
current is correct, the spot will just go in and out
of focus. Always keep the beam current as low
as possible during test and operational service to
obtain the best picture quality and to minimize
tube noise.

9-24. At this point, uncap the lens, open the
iris, focus on a test pattern, and proceed to make
voltage and current adjustments by means of the
camera controls (target and beam) located on the
camera control unit. The target voltage is slowly
increased until you just see the test pattern. The
target voltage should be increased along with the
beam urrent to obtain the best and most uni-
form shading and low noise. The actual amount

of voltage increase will depend on the brightness
and contrast of the scene being televised. An
adjustment of grid No. 5 (beam decelerator)
should now be made to obtain the most uniform
shading from the center to the edge of the pic-
ture. Next, adjust grid No. 3 (multiplier focus)
for maximum signal output. Grid No. 6 (image
accelerator) may now be adjusted to produce a
sharply focused straight line on the monitor; if
it is out of adjustment, the pattern will be slightly
S-shaped.

9-25. The adjustments just described are rough
settings that will require refinements which vary
somewhat depending on the camera or camera
tube used. Figure 46 is a diagram of a voltage
divider circuit and the controls necessary to pro-
vide the voltages for an 10 tube. You will notice
a voltage spread from +300v to 500v which
provides voltages to four controls..Notice that the
500v is derived from the HV power Supply
in the camera. The No. 1 (beam control) picks
up bias voltage from the bias rectifier in the
camera control unit.

9-26. Other electrical adjustments to be made
are the alignment coil current and focus current.
The coil current provides magnitude and direction
of the magnetic field around the coil. Alignment
controls are normally found on the camera, but
the current is derived from a separate power
supply. The focus coil is a single coil which
receives current from a current regulated power
supply. (This power supply is located on a sep-
arate chassis and is usually rack-mounted.) The
orbiter coil is not adjustable, but can be switched
on or off. The coil is a protective feature and
should be used at all times. If the target heater
is used for quick warmup, be sure and turn it off
when operating temperature is reached; other-
wise, the target may be damaged. This is true
if the heater is not thermostatically controlled as
in some cameras.

9-27. Diagram analysis and troubleshooting.
Assume that we are checking a camera that is
functioning properly and that we are doing this to
become familiar with all of the correct wave-
shapes. You know that the scanning beam is
accelerated to the target by the tube elements;
however, before die return beam will give us
any information or intelligence, it must scan the
target. You recall that the target scan must be
in an orderly manner or sequence; therefore, we
must control the position of the beam at all times.
This control is provided by the horizontal and
vertical deflection coils. The deflection voltages
which are fed to these coils are usually generated
within the camera but they are triggered by
pulses from the camera control (which will be
discussed in the next section). These pulses
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Figure 47. Simplified block diagram of image orthicon camera.

originate in the sync generator. Figure 47 is a
block diagram showing basic sections and wave-
forms necessary to produce a video output from
the camera to the camera control.

9-28. For a typical camera, vertical deflection
is accomplished in the following manner. The
vertical drive pulse from the camera control is
coming in at a 60-cps rate and triggers the ver,
tical sawtooth generator. This signal is amplified
by a number of stages to drive the vertical de-
flection coils. As indicated by the diagram, a
signal is fed back to the vertical feedback mixer;
thus, the signal is reinforced and linearity is
improved. A signal is also sent to drive the
blanking mixer w)ich combines the blanking
pulse of both the ,ertical and horizontal sweep
signals. A point which is sometimes missed in the
study of the vertical deflection system is the
direction of scan. We study the scanning of the
picture tube in a monitor and find it is from top
to bottom; however, the camera tube normally
scans from bottom to top. By using a bottom-to-
top scan, we can use an off-the-shelf camera lens
with the TV camera. There are times when We
want to scan from top to bottom such as when we
project a film image directly on the camera tube,
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in which case the image is right side up..- There-
fore, if a camera is to be used for both purposes,
it is necessary to reverse the direction of scan.
On some cameras, there will be a switch to
reverse the direction of scan. It may be marked
as scan reversal, normal/film, or in some other
manner to indicate the direction of scan. A
reversal of scan requires only that the polarity of
the vertical deflection coils be reversed. Vertical
centering is accomplished by applying a voltage
across the deflection coils; however, this is a volt-
age which can be varied. If the camera is de-
signed for reverse scan, it will probably have two
centering adjust controls which can be preset for
both directions of scan.

9-29. Using a scope to signal trace through
the various stages of a camera, you will see wave-
forms similar to those shown in figure 47. How-
ever, for a particular camera adjustment, you
should refer to the specifications for that camera.
The number of waveforms and their configura-
tions will be determined by the number of stages
necessary to achieve signal amplification. With
a bit of thought, you should be able to reason out
the sicnal shape at the various places in the
diagram2

2



9-30. You remember that the horizontal drive
pulses are coming in at a frequency of 15,750
cps. This gives the standard ratio of 262 1/2
horizontal sweeps to 1 vertical sweep. Since the
horizontal pulses are at a higher frequency. they
require more shaping; therefore, the drive pulses
trigger a sawtooth generator which drives a saw-
tooth phase splitter. Notice that thc phase splitter
has two output signals that are 1800 out of phase
with.each other. These two signals drive two sep-
arate stagesa driver and a damper. The pri-
mary of the output transformer is so connected
that the output signals of the driver and damper
are added and thus reinforced to give a strong
sweep signal out. The output from the trans-
former goes to the horizontal deflection coils to
thc 10 protection circuit and the HV pulse ampli-
fier which drives the HV rectifier. Depending on
the type of camera, the pulse distribution may
be sent to additional points, such as a preampli-
fier.

9-31. Once thc vertical and horizontal deflec-
tion voltages are generated and applied to cause
the beam to scan the target image, a video pic-
ture signal is generated. This signal is amplified
by the video preamplifier section which may be
composed of a number of stages. The pream-
plifier section may be built into the camera or
it may be a plug-in unit; in any case, it serves to
strengthen. shape. and compensate the signal. It
is designed to give an overall high-quality re-
sponse. Its output goes o the viewfinder and
via cable to the camera control unit. A block
diagram of the preamplifier is not included be-
cause the signal waveforms are essentially the
same throughout; what variatiOns there are may
be peculiar to the particular camera.

9-12. Troubleshooting a camera with a scope
is relatively easy so far as locating the stage or
basic circuit is concerned. For example, if you
had a straight horizontal line on the viewfinder,
you would immediately check the deflection cir-
cuits. After you had determined that the deflec-
tion circuit is not faulty, you would simply check
the output of the stages until you located the
trouble. Having located the stage, the scope
could be used to find the point in the stage
where the signal was absent or improper. As you
gain experience, you will recognize linearity dis-
tortion and know exactly where to look for the
trouble. If it is vertical linearity, the trouble is
probably in the feedback circuit. Suppose the
horizontal linearity is poor; you would check the
waveforms of the horizontal circuits. If you find
from the indications that there is no sufficient
blanking signal, you should immediately check
the blanking circuits with a scope to determine if
the signai is absent or just weak. When a trouble
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is noticed on a monitor, for example the view-
finder monitor on the camera, you must not im-
mediately assume that the camera is at fault.
The more experienced maintenance man will al-
ways know to compare the viewfinder with the
camera control monitor and perhaps with a line
or utility monitor. The camera control has a
built-in scope that can be used as an aid to
troubleshooting. Picture monitors and the built-
in scopes . will be discussed in the next chapter,
but let us look now at camera control unit and
its controls.

10. Camra Control
10-1. We have chosen to discuss the 10 cam-

era control because .an understanding of it will
enable you to maintain other camera control
consoles. Earlier, you were made aware of a
number of controls that are located on the cam-
era control. In addition to the controls related
to the camera, the control unit performs the
necessary steps to obtain a composite television
.signal.

10-2. Function. Including controls and cir-
cuits, we can list six basic functions that can be
performed by the camera control unit.

Remote adjustment of the various voltage
potentials necessary to the operation of the 10
camera.

Correction for shading.
Correction for black and white compress-

ion.
Provision for signal amplification to the

level required for transmission.
Adjustment for proper blanking and black

level.
Addition of sync pulses in a simple system.

(In a complex system. the sync pulses are added
in the switcher, which will be discussed in the
next numbered section.)

10-3. Operational adjustments. The remote
adjustments of the various voltage potentials
necessary to operate the 10 camera were dis-
cussed in the previous section under the heading
Adjustments and alignments and illustrated in
figure 46. The adjustments we will consider
here have to do with the picture shading and
black-to-white fidelity. You must realize that
it takes two maintenance men to set up a camera
properly, one man on the camera and one on the
camera control. They must be able to talk
clearly and work together to get a good video
signal.

10-4. The camera control amplifies a video
signal coming from the preamplifier in the
camera; meanwhile, other things are also hap-
pening. (see fig. 48). While the video signal is
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Figure 48. Block diagram of camera control unit.

being amplified, it may lose its d-c component;
the cbmper circuits restore it. To further in-
crease the overall flat response for the wide
band of frequencies (approximately 8 mc), it is
necessary to use frequency-compensating circuits
and degenerative feedback.

10-5. Blanking signals from the sync genera-
tor are fed into the blanking clipper, which is
coupled to the output of the video amplifier,
thus adding blanking to the video signal. An-
other output of the blanking clipper is used as
an input for the setup amplifier. This is a cath-
ode follower stage which is coupled to one of
the final video amplifier stages. A definite re-
z tionship is therefore established between signal
lack and reference black. Notice that the sync

signal is not inserted until the final output, and
then to only one of the output points.

10-6. Shading and stretch circuits. Shading
signals are also added at the video amplifier to
compensate for horizontal or vertical shading.
Some shading compensation is added in the
camera; however, to improve the picture, more
shading compensation is inserted in the camera
control video amplifier. The horizontal shading
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is inserted at the input of the first video ampli-
fier, whereas the vertical shading is inserted at
the cathode of the clipper amplifier. The shad-
ing signal can be varied until it is equal in am-
plitude but opposite in phase to any spurious
horizontal or vertical shading signals which may
be present; thus, any undesired shading can be
canceled.

10-7. As already mentioned, the controls are
initially adjusted when the camera is set up at
the start of the day, with the exception of screw-
driver adjustments which are set up and left
alone. On most of the camera control units, the
only time that you need to readjust the screw-
driver-type controls is when you change tubes
or a tube deteriorates. There are other controls
(fig. 49) that are adjusted from the camera
control console after the camera is all set up
and operating. Before these controls can be ad-
justed, the camera must be operating and fo-
cused on a scene; if the scene is normal, the
switches will be in the normal position. If the
scene is mostly white, SI and the white stretch
switch S2 will be put in the stretch position; if it
is a dark scene, SI and the black stretch switcl
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S3 will be placed in the stretch position. The
stretch circuits adjust the point of operation up
and down the characteristic curve of the tube.
The white stretch circuits amplify the white
scenes which were compressed due to the char-
acteristics of the 10 tube. The black scenes are
amplified to correct for the black-scene corn-
preision. which will normally take, place in a
kinescope. Therefore, with this correction made,
the scene being viewed will be displayed cor-
rectly. The corrections made by the stretch cir-
cuits increase the amplitude of the signals above
the standard levels; therefore, the gray scale
gain control circuit is incorporated to afford an
adjustment back to the standard video level.

10-8. Trouble diagnosis. With the preceding
dictussion still in mind and using figure 48 as a
reference, what stage(s) would you Check first
if you found that your predominently white
scenes looked more gray than white? Your first
action should be to use the white stretch control.
If this does not correct the problem, then you
should check the gray scale amplifier circuit and
then proceed to check the white stretch circuit
(operation of switches and voltage dividers).
If the black scenes seemed to be washed out,

...you should check the same amplifier and the
black stretch circuit. If you notice blanking
signals appearing on the control monitor but not
on the viewfinder, you should check the blank-
ing clipper. Other determinable troubles are
caused by loss of drive to the vertical and hori-
zontal deflection circuits. Such troubles produce

TV-INPUT

symptoms that lead you to check the associated
amplifier circuits. When there is a loss of bias
voltage, you need to check the bias rectifier
circuit or the preceding horizontal circuits. It is
important- to realize that your troubleshooting
speed depends in large measure upon your
ability to reason through a problem and also
upon your understanding of this equipment.

10-9. Not all camera control units are con
sole-mounted. There are also field-type units
The field units perform the same basic function
as the console units and the circuits are about the
same. Their function controls are located on the
outside of the unit. However, those controls that
are associated with the adjustment of the pictur
and waveform monitor are usually located in le
convenient places, such as recessed panels on
the top or sides. These controls will be placed
and grouped differently on the field unit because
they are designed for portability.

11. Switchers and Video Amplifiers
11-1. In a complex system, a switcher may be

a sophisticated piece of equipment. We will
consider the functions it can serve and describe
the manner in which they are accomplished. A
switcher contains video amplifiers which, as you
know, are used extensively throughout a TV
system. Therefore, our discussion of video am-
plifiers will be broad in scope and applicable to
virtually all equipments employing them.

11-2. Switchers. Switching equipment is neces-
sary in all but the simplest television installation.

NORMAL
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SW2 STRETCH
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+v

RI WHITE STRETCH
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v
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OUTPUT

GRAY'SCALE
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Figure 49. Schematic al stretch and gray scale circuit.
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It functions so that the video output from one of
several television signal sources can be selected
and sent to one of several outgoing paths in a
distribution system. In a complex closed-circuit
application, switching equipment is set up to

also provide for program monitoring and pre-
viewing; video switching between studio cam-
eras. film cameras, and remote pickups; and spe-
cial effects such as fading and lap dissolving.

11-3. Video switchcrs, which may operate
either directly or remotely by relay, employ
pushbutton switching. Zero time interval during
the transfer woutd be ideal, but since this is im-
practical. switchers are designed to effect the
transfer in one of two ways. either gap switching
or overlap. For camera switching, a slight overlap
is generally introduced; the second signal is
switched in before the first is removed. This
double termination, or make-before-break, pre-
vents undesirable flashes and avoids black areas.
For preview monitors. however, and for master
control switching between programs, the transfer
is made over live lines, and gap, or break-before-
make. switching is employed. Both the gap and
the overlap methods permit video transfer with
a minimum of picture disturbance.

11-4. Block diagram analysis. Switching
equipment. in addition to making the signal
transfer, also performs several other functions.
Synchronization is inserted, and the transfer is
smoothly made with fade-ins and fade-outs, lap
dissolves, or such special effects as diagonal
wipes. Or. instead of switching, two signals may
be superimposed (as when titles are flashed over
a picture). or mixed in split-screen montages.
Furthermore, thcre are provisions for preview-
ing the video and monitoring the output line.

11-5. The switching equipment, to perform
these various tasks, includes the following com-
ponents: the basic switching unit, or relay chas-
sis; thc fadcr assembly; isolation and gain
stages; special effects and lap-dissolve amplifiers.
which may be fed back to the video input for
previewing before switching; and mixing or out-
put amplifiers, where synchronization is added.

11-6. Figure 50 is the block diagram of a
versatile switcher with a number of inputs; some
arc for local, noncomposite inputs (studio and
film cameras), and others are for composite or
noncomposite inputs from remote sources or
from additional local cameras. In addition, the
preview channel contains an input which is used
for monitorine the line or off-the-air signal.
Note that the program transfer switch permits
the preview channel to be used for the program
output while thc two fader channels are being
used for the previewing output to preset lap
dissolves. fades. or superpositions. The signal is
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strengthened and isolated for distribution by
video amplifiers. These amplifiers will be stud-
ied subsequently.

11-7. Suppose that you have a camera signal
to input 1 of figure 50. The signal could be
selected from fader A or fader B for amplifica-
tion in the fade channel. From the program
transfer switch to the preview output or the
program output. ,it picks up the sync signal.
Since this is a camera signal, the sync input is
necessary for inserting the sync pulses prior to
transmission. The monitor input is used when
a composite video input is obtained from a
receiver or picture monitor. Observe that this
input can be transferred to the preview output
or to the program output.

11-8. There are complicated switchers com-
posed of standard relay racks with pushbutton
panels suitable for a more complex video switch-
ing system. They arc designed for use in a
studio control room or a master control room
and can be set up to handle from six to twelve
inputs and from two to six outputs. Automatic
circuits which insert the local synchronizing sig-
nal permit the handling of remote inputs, and the
addition of a panel of jacks and video patch
cords provides rapid and efficient output dis-
tribution. The pushbutton panels may be housed
in any remote location convenient for program
monitoring, and the relays which accomplish the
actual switching may also be located where most
convenient. This permits full flexibiEty in sta-
tion layout, and simplifies the addition of studio
facilities to handle expanded operations. Even a
modest or simple installation should be planned
and equipped with regard to possible future
expansion in order that discarded facilities and
additional cost will be kept to a minimum.

11-9. Trouble diagnosis. Normally the switcher
is regarded as a trouble-free piece of equip-
ment. Perhaps from your own experience you
have drawn this conclusion. Although few
troubles occur in a switcher, they do occur
occasionally; therefore, it will be much easier to
quickly troubleshoot and repair a switcher if you
know some probable troubles. Again referring
to figure 50, suppose that you punch up a pre-
view of number one input and you get a very
good picture. However, when you punch it up
on fader A, you cannot get a program output
monitor picture. This is assuming, of course,
that the fader control is moved in the "in"
position. But, when you go to fader B, you get
a picture; thus, you draw the conclusion that a
bad amplifier or a bad switch contact can be the
trouble. The next logical step is to check an-
other input to fader A and sec if you get a
picture. If you do get a picture. the amplifier
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Figure 51. Simplified a-c circuit of RC-coupled
amplifiers showing shunting capacitances.

is good; you should then check continuity frominput 1 to the amplifier. Since the switches can
cause trouble, you must observe the relationships
of the various switches. The trouble can possi-
bly be the result of one or more faulty switches.
If the trouble is in a switch, it will usually be
indicated by picture noise or erratic operation.
Many times this trouble can be eliminated by
cleaning the switch contacts.

11-10. Video Amplifiers. You know from
previous training that video amplifiers are wide-
band amplifiers with a frequency range extend-
ing from a low value of cps up into the mega-
cycles. These amplifiers are gsed extensively
throughout a TV system. They are .found where-
ever there is a requirement to amplify a complex
waveform.

11-11. Types. Performance characteristics of
video amplifiers depend in large measure upon
the type used. Three common types are picture
signal (or vision), isolation (or utility), and
pulse. Their names are indicative of their func-
tion and application. Picture signal amplifiers
must have a sufficiently wide band to handle
the frequencies necessary for good picture
fidelity. Such amplifiers are found wherever it
is necessary to strengthen the picture signal. Re-
call that such amplification is accomplished in
the camera. Monitors, which are covered in the
following chapter, also incorporate many stages
of this type of amplifier. Both isolation and pulse
amplifiers are used for distribution purposes. In
such casesi they are called DA's (distribution
amplifiers). Isolation amplifiers are designed for
very broad response (up to 8 mc or more), but
have comparatively low gain. They serve pri-

Figure 52. Effects of load resistance On frequency
response of an RC-coupled amplifier.

marily ac buffers to isolate one videu eircuit from
another and are located at junction points in a
video distribution network. The pulse amplifier
ii employed for pulse distribution; e.g., kora the
sync generator to various camera units. Also,
many are used within equipments for pulse am-
plification. Their handpass response and charac-
teristics depend upon the pulse shape they must
strengthen or reproduce.

1 1 -1 2. Broadening bandwidth. BCCjUse the
means of broadening the frequency response of
transistor amplifiers is identical in principle with
that of electron-tube amplifiers, our treannent
will be for the most part a review. Nevertheless,
it should-make you mindful of the distinczive
design of video amplifiers and aware of the fact
that transistor amplifiers can be so designed. We
will discuss matters pertaining to frequency re-
sponse limitations, and broadening bandwith for
wideband signals.

11-13. Any type of coupling, except direct
coupling, causes the low frequencies to be at-
tenuated and shifted in phase. Resistance capaci-
tance (RC) coupling causes a certain amount of

+ vcc

Figure 53. Low-frequency compensating circuit.

trouble at the low end of the band mainly be-
cause the reactance of the capacitor increases as
frequency decreases. Since it is in series with the
input, to the succeeding stage, this reactance
causes gain losses and time delays for low fre-
quencies. Unless very low frequencies are re-
quired, however, the coupling capacitance can
generally be made large enough to minimize
these effects. Thus, RC coupling poses no serious
limitations to low-frequency response. On the
other hand, impedance coupling and transformer
coupling do. These latter types are inherently
poor for low-frequency amplification because the
load impedance decreases atid-becomes more and
more inductive as frequency decreases. This
causes appreciable frequency and phase distor-
tion.

11-14. The transistor itself has a great deal to
do with high-frequency response; its alpha cut-
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off frequency and internal capacitances are
limiting factors. It should have very low internal
capacitances and its alpha cutoff frequency
should be well above the required upper limit of
response. Special high-frequency types are most
suitable for video applications.

11-15. Shunting capacitances are shown in
figure 51 as output capacitance C. and input
capacitance CI. These capacitances are made up
of the transistor's internal capacitances plus wir-
ing and, stray circuit capacitances. C. and C,
arc in parallel with the load; so the higher the
frequency. the lower the load impedance. Conse-
quently. frequency distortion and phase distortion
become worse with increasing frequency.

11-16. Because of .these frequency-response
defects, it is not possible to achieve the frequency
response necessary for video-signal fidelity un-
less modifications are made. Let's give our atten-
tion, therefore, to the ways in which bandwidth
can be extended.

11-17. Like an RC-coupled electron-tube am-
plifier. an RC-coupled transistor amplifier can be
designed to handle video signals satisfactorily.
The curves in figure 52 show that reducing the
value of load resistance (R',. is less than Rt.)
gives a much broader response. This broaden-
ing is acquired at the cost of overall gain. Note
also that the low-frequency response is sacrificed
somewhat. Gain can be improved by using addi-
tional stages. but there is no improvement in
low-frequency response. In fact, it is depreciated.
Moreover, to reduce the load resistance beyond
a certain point is impractical and costly. There-
fore. in addition to having a comparatively small
value of load resistance, an RC-coupled video
amplifier often contains frequency-compensating
circuits to extend its response over the required
range.

11-18. The parallel arrangement of Rgy and
Cl.r shown in figure 53 constitutes a low-fre-
quency 'compensating circuit. Capacitance CLIP
is of such a value that it is virtually a short circuit
to midfrequencies and high frequencies, but it
offers increasing reactance to low frequencies;
the lower the frequency, the greater the react-
ance. Therefore. only the low frequencies are af-
fected. The proper combination of Rip and
Cit. raises the gain and causes phase shifts
which compensate for the attenuation and phase
distortion caused by the coupling capacitor C.
As a result. uniform response is extended to in-
clude the desired low frequencies.

11-19. Although all shunting capacitances that
attenuate high frequencies cannot be eliminated,
their undesirable effects can be. This is done by
means of sresonant czaking circuits which use the

cashunting pacitances. High-frequency compen-
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sation can be achieved by shunt, series, or series-
shunt peaking.

.11-20. Note in figure 54,A, that the inductor
L is in shunt with C. and Cl. Such an arrange-
ment is called shunt peaking (or shunt compen-
sation). The indnetance of L goes into parallel
resonance with the shunting capacitance, thereby
increasing the load impedance at high fre-
quencies (see fig. 54,C) and widening band-
width, as shown.

11-21. Series peaking (or series compensa-
tion) uses an inductance to form a series resonant
circuit with CI (see fig. 54,B). As resonance is
approached, the current through C, increases and
compensates for the loss of gain caused by C..
Frequency response is approximately the same as
that for shunt peaking; this is also illustrated by
figure 54,C.

11-22. Figure 55 shows a video amplifier
that employs shunt-series peaking and low-fre-
quency compensation. The type(s) of compensa-
tion and the amount necessary depend largely
upon the application and the bandwidth of the
video signal.

11-23. Another way to broaden bandwidth is
by means of feedback. Knowing that degenera-
tive feedback reduces all types of distortion, it is
not surprising to find this type of feedback widtly
used in transistor video amplifiers to extend
bandwidth and improve fidelity. Either part Of
all of an emitter resistor can be unbypassed to
provide degenerative action. This method differs
in no way from that used in electron-tube ampli-
fiers. In fact, the CC amplifier (also called an
emitter folldwer) corresponds to a cathode fol-
lower. Both the emitter follower and cathode
follower are, in essence, video amplifiers that use
a maximum amount of degenerative feedback
(the entire output signal voltage is fed back to
the input). Although no voltage gain can be
realized, the follower does give current and
power gain and is most useful for matching a
high impedance to a low impedance.

11-24. A true emitter follower (CC amplifier)
has no impedance between the collector and a-c
ground. If a resistor of low value is inserted in
the collector circuit, a voltage gain can be ob-
tained by taking the output from the collector.
Actually, this amounts to having a CE ampli-
fier with emitter follower action. By properly
proportioning the collector and emitter resistors,
the amplifier can be made to suit many video
applications. --

11-25. Degenerative action can be obtained
in other ways. Regardless of the means chosen
to acquire negative feedback, thc effect is the
same; frequency response is extended.
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FREQUENCY

C EFFECT OF PEAKING CIRCUITS ON BANDWIDTH

Figure 54. High-frequency compensation.

11-26. We .need mention here that for an r-f
carrier system, r-f and i-f amplifiers must have
an overall bandwidth which is broad enough to
pass all the video information. The bandwidth
of tuned amplifiers is broadened by: (1) lower-

c
PIANING C

LOVAIRCOUCNCY
COMPIPISATIOIM

Figure 55. Video amplifier with compensation circuits.
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ing the Q of the tank circuits, (2) close coupling,
and (3) stagger tuning. By one or a combina-
tion of these ways, the required band of fre-
quencies can be developed for detection and sub-
sequent video amplification.

11-27. Comparison of transistor and tube
video amplifiers. Although a high gain (about
40 clh) can be obtained from a single transistor
araplifier, input and output impedance require-
ments limit the gain to much lower values. Ordi-
narily it takes two transistor stages to obtain a
gain comparable to a single pentode tube ampli-
fier. Even so, the power supply requirements
and space occupied by transistor amplifiers are
considerably less than those of tube amplifiers.

11-28. Good quality transistors with high-fre-
quency cutoff values (20 mc and better) are
plentiful nowadays. Therefore, attaining the
high-frequency response needed for a video sig-
nal poses no serious problem. In fact, with low-
gain per stage, the high-frequency response may
be quite adequate for excellent performance.
Considering the adaptability f transistors to
direct coupling, it is not surprising to find this



Figure 56. Transistor video amplifiers.

coupling used extensively to insure low-fre-
quency response and d-c transfer. The use of
direct coupling and low-gain amplification makes
compensating circuits unnecessary in many cases.
Although we showed that a transistor video am-
plifier circuit may incorporate compensating cir-
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cuits, you should realize that some do not. Figure
56 shows two such circuits which are common-
place. Note the simplicity of these arrangements.
You should recognize these configurations and
know why video amplification is attainable with-
out compensating circuitry.
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CHAPTER 5

Monitoring Facilities

ONITORING facilities and the number of
"VI video display equipments depend largely
upon the size and complexity of a system. As a
maintenance man, you are well aware of the
importance of monitors. Undoubtedly, much of
your troubleshooting and repair has directly or
indirectly involved various types of monitors. Re-
gardless of the type os configuration, monitors
have certain essential sectons. in this chapter
we will identify these sections and discuss, in a
comparative manner, the viewfinder, utility; and
combination (camera control or master) moni-
tors. As before, we have chosen to analyze
transistor circuitry. By so doing, we can further
your transistor training while discussing the op-
erating principles of monitor equipment. Test-
points and waveforms relevant to adjustments,
alignment, and tuning are also discussed. Using
a block diagram of a master monitor, we will
diagnose troubles from known symptoms.

12. Monitors

12-1. Technical personnel rely upon monitors
to check the condition of the television picture
and video waveform being transmitted; therefore,
both picture monitors and waveform monitors are
needed. Picture monitors use direct-view display
kinescopes and contain many of the essential
sections found in TV receivers. Many of the
principles covered in this chapter will be fully
applicable to our study of receivers in the fol-
lowing volume. Since monitors reproduce a
picture from a video-frequency signal, the signal
is generally taken directly from a video line.
However, in an extensive closed-circuit system,
provision is made for monitors to take the de-
modulated output of a receiver. For r-f distribu-
tion, the receiver's r-f and i-f sections are neces-
sary to obtain the video-frequency signal for the
monitor. The picture monitor is used in this
manner because it is designed to have a broader
bandpass and better gray-scale reproduction
characteristics than the video section of a com-
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parable receiver. In other words, the receiver-
monitor combination gives a higher quality
picture than a receiver designed for ordinary
viewing. We mention this to point up the qualita-
tive superiority of picture monitors.

12-2. The combination of waveform monitor
and picture monitor is used in conjunction with
the camera control unit studied in the preceding
chapter. The waveform monitor displays the
video signal on a CRT so that the waveform
can be checked against the signal standards of
the system. A combination monitor, picture and
waveform, is also used as a master monitor to
display the picture and video signal being trans-
mitted. More will be said about master monitors
after we have considered picture and waveform
monitors separately.

12-3. Essential Sections. Figure 57 shows the
block diagram of a picture monitor. The com-
posite video signal is fed into the video section,
which consists of video amplifiers and a d-c re-
storer. This section contains sufficient amplifying
stages to develop the output signal strength re-
quired. Note that there are two outputs taken
from the video section of this monitor. One out-
put signal is obtained from the d-c restorer cir-
cuit and sent to the cathode or grid of the kine-
scope. This signal, which contains all the picture
information, effectively modulates the intensity
of the kinescope's electron beam. The other
signal that is coupled into the sync section is used
to obtain timing pulses for the vertical and hori-
zontal section. We should mention here that the
sync section is not essential to all monitors. For
example, recall that the viewfinder monitor uses
the camera's output signal, which does not con-
tain any sync pulse. This type monitor will
most likely have separate inputs of horizontal and
vertical drive for timing the horizontal and
vertical sections, respectively. In our block dia-
gram we have indicated a switch S. Many pic-
ture monitors provide such a switch so that either
sync pulses (from the sync section) or drive



Figure 57. Sections of a picture' monitor.

pulses (from separate inputs) may be selected
for timing purposes. The vertical section, of
course, generates and shapes the signal that is
sent to the yoke's deflection coil for vertically
scanning the kinescope's screen. Usually, a ver-
tical blank signal is also obtained from this
section and applied to the kinescope's grid or
cathode to insure beam cutoff during vertical
flyback. The horizontal section develops signals
for horizontal scanning and blanking. In addi-
tion, this section provides the excitation signal
for the high-voltage d-c supply. Low voltage is
developed from the 60-cps line input as shown.

12-4. Look now at figure 58 and observe that
the waveform monitor's block diagram differs
from that of a picture monitor (fig. 42). You
should recognize the waveform monitor to be a
cathode-ray oscilloscope (CRO). It employs a
cathode-ray tube (CRT) and uses electrostatic
deflection. The signal to be observed is applied
to the electrodes of the CRT after being amplified
by the video section. Switch 51 permits selec-
tion of a calibrating signal so that time and
amplitude measurements can be read from the
scope presentation. A square-wave signal of
known amplitude and period is supplied by the

iA calibrating section. The displayed calibrating sig-
nal is readily adjusted to markings on the scope's
face. Therefore, when the composite video signal
is selected by SI, pulse widths and voltage values
can be determined. Remember, however, that
the scope's gain controls should not be disturbed
once they have been adjusted to give a calibrated
reading. Testing with a waveform monitor is
just like using a high-quality CRO that has cali-
brating capabilities. The sweep section is similar
also, but is designed to sweep at a submultiple of
the picture signal field or line rate. In a standard
system, it ordinarily sweeps at one-half the field
or line rate; thus 30 cps or 7875 cps, respectively.
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This one-half field or line rate permits viewing
two complete periods of the yerpcAl ar horizontal
video waveforms. r~ There are otWee features
unique to this CRO, but we will not investigate
them here. A detailed block diagram of a master
monitor will reveal these features; therefore, we
have reserved our discussion of them until later.
Our purpose here is simply to identify the es-
sential sections of the waveform monitor and
have you compare this monitor with a picture
monitor with regard to its basic makeup.

12-5. Types of Monitors. Although you have
used and maintained many types of monitors,
perhaps you have given little thought to why such
a variety of circuits is found within them. Some
of this variety is a matter of the designer's choice;
however, the number of stages and refinements
is mostly dictated by performance requirements
for a particular type of monitor. By type we
mean whether it is a viewfinder, utility (line),
or combination (camera control or master) moni-
tor. These types contain the essential sections
discussed; however, the circuitry within the sec-
tions may differ considerably. This is mainly
because each type serves a different monitoring
purpose.

12-6. The viewfinder used with the image
orthicon camera is a comparatively uncom-
plicated picture monitor. Its video section may
have just two broadband amplifiers and a d-c
restorer circuit: Its vertical section, which is

triggered by input vertical drive pulses, will have
a blocking oscillator or multivibrator, one or two
driver stages, and an output amplifier. The same
is triit for the horizontal section, except of course
that it 'IS trigiared by horizontal drive pulses and
is designed for a much higher frequency. Some
viewfinders have several stages to develop a
composite blanking signal derived from the video
input. These stages 'Owe, amplify, and mix to
produce the bkplijImpulses of the width and
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amplitude desired. Since a small-screen (4 to 6
inches) kinescope is used, the requirements for
good picture resolution are not difficult to meet.
The viewfinder's priniary purpose is to orient the
camera for video pickup, so it need not display
the high-quality picture that must be displayed
for evaluation, control, or detailed viewing.

12-7. Utility monitors are employed mostly
for viewing the televised scene at various loca-
tions throughout a system. They are placed within
the studio for previewing and line monitoring.
In a closed-circuit system, they are commonly
used as the terminal display equipment for gen-
eral viewing. The size of the kinescope is de-
termined by the particular application. In class-
rooms and offices, 24-inch tubes are generally
satisfactory. In a studio, 17-inch or 8-inch tubes
are adequate for continuity checks or cueing
work. Depending upon tube size and resolution
necessary, utility monitors may have few or many
stages per section. Moreover, you will find many
refinements or basic circuits which improve the
overall picture quality.

12-8. Figure 59 shows a block diagram of a
utility monitor that contains the minimum num,
ber of stages practical. We will investigate the
circuitry cf each of these stages shortly. For now,
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it is sufficient that you recognize what stages
constitute a utility monitor. Unlike the view-
finder, this monitor obtains its sync from the
composite yideo input. A sync separator is there-
fore an integral part of a utility monitor. Note
also that the horizontal oscillator is indirectly
controlled by the horizontal sync pulses which
are used for afc.

12-9. A combination picture and waveform
monitor is always associated with the camera
control unit. When this combination is connected
across the outgoing circuit, it is called a master
monitor. The master monitor visually displays
the results of all mixing, switching, gain adjust-
ment, and other signal manipulations. As pointed
out earlier, the waveform monitor has built-in
calibration facilities for measurement purposes.
Because this type of monitor is designed for
picture and signal analysis, it must meet high-
quality performance specifications. Consequently,
it contains a greater number of stages and more
sophisticated circuitry than either the viewfinder
or utility monitor.

12-10. Transistor Circuits. Practical transistor
circuits are connected in figure 60 to make up a
monitor schematic. To stress their operational
features and pertinent components, only the nec-
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essary circuits are shown. Special circuits found
in manufacturers' schematics are too numerous
and varied to include. Our treatment is neces-
sarily limited, but will be valuable to you insofar
as you understand the functions of each stage and
their relationship to each other. The most com-
mon transistor configurations have been selected.
To acquaint you more with p-n-p transistor bi-
asing and interconnections, we chose to use this
type transistor throughout. Bear in mind, how-
ever, that n-p-n transistors can be used as well,
but the d-c bias voltages must be positive. Re-
gardless of the transistor type (p-n-p or n-p-n),
waveforms and circuit functions are the same.'
As we progress through this schematic, note how
similar these stages are to comparable tube stages
which you have studied.

12-11. Video section. Any of the three tran-
sistor configurations can be used for the input
video amplifier. In figure 60 we show a com-
mon-collector (CC) video input stage because
this configuration is most popular. Recall that
the CC arran3ement presents a higher input
impedance and minimizes distortion caused by
collector-base capacitive feedback. Generally a
high input impedance is desirable, which explains
the choice of the CC amplifier. At testpoint TP1
(fig. 60), you see that the composite video signal
is identical to the input in phase and waveform.
There is no need for compensating circuits since
the emitter-follower action of 01 gives the neces-
sary broadband response to faithfully reproduce
the input video. Direct coupling to transistOr
02 insures maximum low-frequency transfer and
also biases the base of 02.

70

12-12. The video output stage shown has two
outputs which are seen at TP2 and TP3. At
TP2 the signal is inverted with respect to the in-
put because it is taken off the collector of 02.
This signal goes to the cathode of the kinescope.
Cathode drive is frequently preferred. since it
requires about 20 percent less signal voltage than
grid drive for the same beam modulation. To
obtain the necessary driving power, transistor
02 is supplied a high collector bias from thc boost
supply (damper circuit of horizontal section).
The desired broadband response is attained with
shunt peaking (coil L) and the unbypassed emit-
ter resistor. This resistor also serves to counter-
act bias variations caused by temperature.
Moreover, it develops the video signal (seen at
TP3) which is needed for the sync section.

12-13. D-c restoration is accomplished by the
clamping action of diode DI in conjunction with
the coupling capacitor Cl. The waveform illus-
trated at TP2 shows that the video signal is
clamped to the peaks of the sync pulses.

12-14. Sync section. The signal at TP3 should
have the same waveform as shown at TPI. This
signal is capacitively coupled into the sync sepa-
rator stage via the base of 03. The coupling
capacitor is of such a value that thc transistor
Q3 is self-biased to amplify only the sync pulses.
In other words, the transistor biases itself below
cutoff; only the most negatiye portion oi the input
composite signal drives 03 into conduction. Thus,
the sync signal appears as positive-going pulses
at TP4.

12-15. The separated sync signal is capaci-
tively coupled to the base of 04. Transistor 04
and its associated circuitry comprise a phase-
splitter amplifier (also called a phase inverter).
As illustrated in figure 60, sync signals of equal
amplitude but opposite phase are present at the
collector and emitter of 04. This stage uses fixed
bias to properly amplify and clip the signal.

12-16. Vertical section. The vertical section
consists of a vertical oscillator and an output
amplifier containing transistors 05 and 06, re-
spectively. From the block diagram (fig. 59),
recall that this section receives its timing pulses
from the sync section. We see on the schematic
in figure 60 that negative-going sync pulses from
the collector of 04 are applied across an RC
integrating circuit. The resistor in series with. the
input capacitance to the blocking oscillator is a
long-time constant circuit for the horizontal sync
pulses. Consequently, only the vertical sync
pulses are developed to trigger Q5. You should
recognize the blocking oscillator arrangement
incorporating Q5. The free-running frequency
of this oscillator is adjusted to be slightly less
than the vertical sync frequency. This is readily
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done by changing 05's base bias with the V-hold
control (see fig. 60). The blocking oscillator is
used because it shows less variation with tem-
perature than a transistorized multivibrator: Be-
sides having better stability, the blocking oscilla-
tor has fewer components. Although a blocking
oscillator ordinaril generates a pulse, a sawtooth
waveform can bt by connecting a ca-
pacitor of the proper value across the output; in
this case, the capacitor is across the emitter re-
sistor. The amplitude of the signal coupled to the
vertical output amplifier is adjustable. This is
accortiplished with the height control (labeled
"Ht" on the schematic).

12-17. Note that the bias on the base of 06
can be varied. This adjusts the vertical linearity
by changing the operating point of the transistor.
The control is labeled "V-Lin" on the schematic
and is used in conjunction with the height control
to obtain a properly proportioned vertical display
on the scope screen. As you know from experi-
ence, both of these controls must be adjusted to
produce a linear vertical scan of correct ampli-
tude. The function of the vertical output am-
plifier is to drive the vertical deflection coils.
Unlike the tube version of this stage, a trans-
former is not necessary for matching. The output
impedance of the transistor circuit is low enough
to match the impedance of the vertical deflection
coils. Thus. the output is shown to be capaci-
tively coupled directly to the vertical deflection
coils in the yoke. At the low field frequency
(60 cps). the impedance of these coils is mostly
resistive; so a sawtooth waveform is seen at TP5.
Thc amplitude of the sawtooth current depends
upon the kinescope usedabout 500 ma peak to
peak is typical. This means that a power tran-
sistor is needed since better than 1 watt of power
is ordinarily required. Efficiency of this stage is
necessarily low, because it must operate class A
for linear amplification. As in tube applications.
class AB or B push-pull operation may be used
when higher efficiency at greater power levels is
required.

12-18. A vertical blanking signal is shown
develokd off the end of the tapped L.F. choke
that serves as a collector load impedance. Note
that negative-going pulses are sent to the grid of
the kinescope. This insures beam cutoff during
vertical retrace. There are other ways to achieve
effective vertical blanking. For example, posi-
tive-going pulses can be developed off the col-
lector and applied to the kinescope's cathode.

12-19. Horizontal section. Let us quickly' in-
vestigate thc schematic to identify the stages in
thc horizontal section. The circuits that include
D2, D3. and 07 constitute the afc for holding
the hori4mtal oscillator on frequency. Transis-

tor 08 and its associated components are easily
seen to be a blocking oscillator which feeds pulses
to the base of 09. The pulses are amplified by
the. driver stage consisting of Q9 and a pulse
transformer. The next- stage, of course, is the
horizontal output amplifier.. From this final
stage, power must be developed to supply outputs
to the HV supplies, boost supply, afc input,
horizontal blanking circuit, and horizontal de-
flecting coils.

12-20. The inputs to the horizontal section are
taken from the phase-splitter. Off the collector
of Q4, negative-going sync pulses are applied
across a short-time constant RC (differentiating)
circuit. Therefore, negative- and positive-going
spikes appear at the cathode of liode D2, as
shown. In like manner, positive-going sync pulses
(off the emitter of Q4) are changed into positive-
and negative-going spikes at the anode of diode
D3. At the same instant that D3 conducts a
positive-going spike, D2 conducts a negative-
going spike of equal amplitude. Being of op-
posite polarity, they cancel and therefore do not
affect.the base bias of 07. However, if the saw-
tooth signal coupled into TP6 is not exactly mid-
way between peaks at the instant D2 and D3
conduct (see fig. 61), an error voltage changes
the base bias of 07. This change is amplified
and applied to the base of 08, accordingly, the
frequency of the blocking oscillator is controlled.

12-21. Our brief description of the phase de-
tector and d-c amplifier for afc should be
adequate for you to note that afc principles are
the same as for tubes. Solid-state versions of
other afc arrangements do not differ appreciably
from those . you have previously encountered.

12-22. On the schematic in figure 60, the base
bias of 07 is shown to be adjustable with the H-
hold control. This adjustment indirectly estab-
lishes the free-running frequency of the hori-
zontal oscillator by setting the base bias of 08.
Transistor 08 should be biased so that the afc
operates over its maximum designed range of
control. Unlike the vertical oscillator, the hori-
zontal oscillator is designed to give a pulse output.
The circuit illustrated uses a three-winding trans-
former. The pulses generated by the blocking
oscillator are inductively coupled to the trans-
former's tertiary winding. This winding inverts
the pulses from the collector circuit; thus, a strong
negative pulse is fed to the base of 09. The posi-
tive overshoot, if there is one, does not affect
Q9 since 09 is biased at cutoff (both base and
emitter are at d-c ground).

12-23. Transistor 09 is connected as a class
B, CE amplifier. It serves to develop sufficient
drive for the horizontal output stage. The posi-
tive-going pulses developed at its collector appear
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as negative pulses at the base of 010 due to the
action of the coupling transformer. Because of
the inversion that occurs from base to collector,
the pulses seen across the load impedance (col-
lector to ground) are positive-going as illustrated.
AB in a comparable tube horizontal Output stage,
the shape of the output waveform must be such
that it produces a sawtooth current through the
deflection coils. This same waveform is fed back
to the phase detector via a long time constant
RC circuit. The voltage developed across C2
is thejefore a sawtooth signal which is seen at
TP6.

12-24. Boost and high-voltage rectifying cir-
cuits receive their excitation from the horizontal
output stage. Note that the negative d-c boost
voltage is developed by the damping diode D4.
The Circuits containing D5 and D6 are half-wave
rectifiers that develop the positive d-c voltages
needed for the kinescope.

12-25. Although we have shown no provision
to adjust the width of the horizontal scan, there
are several ways to do this. A common way is
to insert a variable ferrite-core inductor in series
with the deflection coils. Another way is to use
a horizontal output transformer that has a vari-
able air gap. It is also possible to provide a
variable bias which alters the gain of the output
amplifier. Such width controls practically always
affect the high-voltage afc feedback and blank-
ing circuits. For this reason, monitors may not
have a width control; instead, their hotizontal
output circuit is designed to overscan slightly.
Sometimes a shorted-turns linearity sleeving is
used to adjust both horizontal linearity and
picture width (see fig. 62,A). The sleeve
around the neck of the kinescope changes the
picture width when it is moved forward or back-
ward. It can also be adjusted to improve lin-
earity of the horizontal scan. Another method to
adjust linearity (see fig. 62,B) employs a per-
manent bar magnet and saturable inductor in
series with the deflection coils. Depending upon
the closeness of the magnet, magnetic saturation
occurs and thereby alters the scanning wave-
form. When pioperly adjusted, a linear scan is
obtained.

12-26. Kinescope. The kinescope in a tran-
sistor monitor is essentially the same as that in a
tube set, but it usually has a smaller screen diam-
eter and beam deflection angle. Most transis-
tor monitors use 90°, 8-14 inch, aluminized
rectangular picture tubes, because transistor
monitors have tended to be battery- or low-
power sets. Larger screens and wider deflection
angles are not economically practical for such
sets. Aluminized screens are commonplace.
since they produce good brightness at cam-
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parativeiy low beam currents, average values of
75 to 150 /la for transistor monitors.

12-27. Prerent-day kinescopes have from five
to seven electrodes. These electrocks are used in
various ways to electrostatically control picture
brightness and focus. The cathode-to-gid po-
tential is made variable OVL,T a range of several
tens of volts so that the intensity of the beam,
and thus picture brightness, can be adjusted.
From a potentiometer, 100 to 300 positive d-c
volts is applied to the first anode. Sometimes in
a pentode kinescope, the first and second anode
are connected to prcwide a focus control. .Elec-
trostatic focus control is being used extensively.
Ordinarily, you control the focus by adjusting
the potential on one of the accelerating anodes.

1248. In addition to electrostatic controls,
there are magnetic adjustments that are impor-
tant. No doubt you have found that these ad-
justments differ somewhat because of manu-
facturing differences. Electromagnet controls
have been replaced for the most part by perman-
ent magnet adjustments. External magnets,
mounted about the kinescope, are used in tran-
sistor and tube monitors to serve several pur-
poses, such as preventing ion burns, focusing,
centering, and picture correction. Ion-trap
magnets are not needed for aluminized screens
but are used for other types. A clamp secures
the ion-trap magnet around the neck. By design,
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Figure 62. Methods of adjusting horizontal linearity.
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Figure 63. Combination monitor block diagram.

the electron gun is aimed into the neck wall.
When the ion-trap magnet is properly adjusted,
the electrons are redirected along the beam axis,
but the heavier ions are not. The ions strike an
anode, and the screen is protected from their
bombardment and the burning damage that re-
sults. A focusing magnet is sometimes used in-
stead of or in conjunction with electrostatic
focusing. A magnet, called a beam-centering
magnet, is also fitted around the neck of a
kinescope for steering the beam so that it is
centered within the final anode aperture. In
addition, a picture-centering magnet, which is
usually adjustable with a lever or knob, positions
the picture properly on the screen. Lastly, a
magnet is fitted against the flare of the tube to
correct for geometric distortions and eliminate
corner shadowing. Beginning at the tube base,
you will ordinarily find these magnets mounted
in the following order: ion-trap, focusing, beam
centerin* picture centering, and picture correc-
tion.
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13. Master Monitor
13-1. Earlier we briefly discussed the com-

bination monitor, and pointed out that it is used
to maintain a constant check on the picture
quality and signal waveform. It can be con-
nected to a switching arrangement so that the
transmitted information or any of several cam-
eras can be monitored. When used in this man-
ner, it is correctly called a master ninnitor. How-
ever, this name is also applied to a combination
picture and waveform monitor assembled in a
single console or field case. In this section we
will consider how such an assembly may be
made. By investigating a block diagram, we
will show how the picture and waveform moni-
tors can be interconnected. Because of the
interdependency of some stages, certain symp-
toms are readily related to specific troubles.
Therefore, we will diagnose troubles after ana-
lyzing the block diagram.

13-2. Functional Analysis. The block diagram
in figure 63 illustrates the relationships of the
various stages and circuits that comprise a mu-
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ter monitor. Moreover, this diagram shows how
switches provide versatility and comtnonize cer-
tain stages so that they serve both -the picture
and waveform sections. Althoughl' this type
monitor is more complex than either the picture
or waveform monitor taken singularly, you will
note, as we progress, that it is quite simple in
SOUle respects.

13-3. Picture sections. Beginning at the up-
per left of the block diagram, observe that the
kinescope signal goes through four stages of
video amplification. The video amplifiers are
designed to have excellent response for a wide
video band (about 8 mc). To achieve such
high-quality performance, the gain of each stage
is comparatively low. This explains why it is
generally necessary to use numerous stages to
develop the signal drive for the kinescope. The
d-c restorer is shown as a separate circuit, but
may in some sets be an integral part of the last
video stage. Sometimes d-c restoration is as-
sociated with sync separation so that it may be
represented differently in the block diagram of
a. particular set. The composite video signal for
sync separation is usually obtained from the
last video amplifier. Depending upon the gain
of the sync separator, the separated sync is

coupled to an amplifier, 33 indicated in figure
63. This amplifier may not be round in some
sets.

-13-4. With switch S1 in the position illustra-
ted, the separated sync signal goes to both the
vertical and horizontal sync amplifiers. The in-
put circuit of the vertical amplifier integrates
the signal; therefore, only the vertical sync
pulses arc developed. These pulses become
amplified and trigger the vertical oscillator. Ob-
serve that there are two outputs from the vertical
oscillator, one goes to switch S3 (which will be
discussed shortly) and the other goes to the
vertical deflection amplifier which serves as a
buffer and driver stage. Since the vertical out-
put amplifier is often a push-pull circuit, it may
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Figure 64. Effects of sweep expand.
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be represented by two blocks. Regardless, its
function is the same; namely, to produce a linear
sawtooth with adequate power for full vertical
deflection of the kinescope's beam.

13-5. Returning to switch S1 and noting the
signal path through the horizontal section, you
find stages corresponding to those just described
in the vertical section. You know, however, that
the input circuit to the horizontal sync amplifier
must differentiate the sync signal to obtain only
the horizontal sync information. Then the hori-
zontal sync pulses are amplified to trigger the
horizontal oscillator. You may ask, "Why isn't
afc used?" Unlike many picture monitors, which
may be connected almost anywhere in the sys-
tem, a master monitor is connected at the trans-
mitting end. Its video input is therefore far less
subject to noise. Because of the high signal-to-
noise ratio, the horizontal sync pulses can be
used to reliably irigger the horizontal oscillator.
This gives better control and dispenses with the
extra circuitry for indirect control by afc. In
this respect, at least, the master monitor is sim-
pler. The other horizontal stages are similar to
those of a picture monitor, but for a master
monitor their outputs are somewhat different.
In addition to driving the output amplifier, the
horizontal deflection amplifier sends an output
via a delay line (or delay multivibrator) to
switch S3. Therefore, it serves the waveform
monitor also. The horizontal output amplifier
has but one output indicated. It does not pro-
vide an output to the high-voltage power supply.
The d-c high-voltage for the kinescope of this
type monitor has stringent requirements which
are best met by a separate high-voltage power
supply unit. This type power supply was studied
in Chapter 2, Section 6 (see fig. 27).

13-6. Up to this point, switch S1 has been
coasidered set at the position shown in figure
63. It is worthy to note that by means of this
switch, separated-sync, external-sync, or drive
signals can be selected as inputs to the horizon-
tal and vertical sections. Study the diagam to
see how this is done. External sync is generally
preferred when the monitor is used as a switch-
ing or line monitor, whereas drive inputs are
used for monitoring camera equipments.

13-7. Waveform CRO. The, input to the
CRO's video section is selected by switch S2.
When S2 is in the position shown, the video
signal waveform is displayed on the CRO's
screen. This signal may be obtained from a
common video signal source if the CRO input
and ICINE input terminals are connected to-
gether. Thus, separate input terminals enable
the operator to observe the same or different
video signals on the kinescope and CRO. When
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S2 is switched to the CAL position, a square-
..wave signal of known amplitude is displayed on

laoinv the CRO's screen. As explained earlier, such a
signal makes it possible to calibrate the CRO

fi':;and thus make direct measurement readings of
ucw :calk observed waveform. Note that the calibra-
b5e::_.,4.tion circuit (CAL CKT block in fig. 63) obtains

its input as SI. No mattcr what .position SI is

in. horizontal pulses (separated sync, external
sync. or H-drive) are applied to the calibration

...circuit. This circuit is generally nothing more
than a clipper network that clips the pulses at .a
prescribed known upper and lower limit.

13-8. Like the video section of the kinescope.
and for the same reason, four stages of video
amplification are provided. We also see d-c
restoration employed. The processed video signal
is applied to the vertical deflecting plates (not
shown) of the CRT. Bear in mind that we are
now dealing with electrostatic deflection: When
a sawtooth of proper frequency is applied to tfire
horizontal deflecting plates of the CRT, The
video signal waveform is displayed. Let us iPeY.
our attention therefore to the means by whikfr
the sawtooth signal is obtained for horizontal de-
flection.

13-9. Switch S3 is marked V (vertical) and
H (horizontal). In the H position, pulses from
the horizontal deflection amplifier are sent
through a variable delay circuit to the input of
the pulse amplifier. The output of this ampli-
fier synchronizes the CRO sweep generator so
that the sawtooth signal produced has one-halr-
the frequency of the horizontal oscillator (the:
source of the pulses). If the horizontal oscillator
frequency is 15,750 cps, then the CRO sawtooth
frequency is 7,875 cps. Since the latter is the
horizontal sweep frequency. two cycles of the
horizontal video waveform are displayed on the
CRT's screen. The variable delay circuit makes it
possible to delay the start time of the horizontal
sweep in order to observe two compleib horizon-
tal blank and sync pulses in the videomaveform.
To examine vertical pulses, S3 is set in the V
position. When this is done, the dashed line in
the diagram shows that a switch at the CRO
sweep generator is closed to ground. This in-
creases the time constant and decreases the
free-running .frequency of the sweep generator
to a value slightly less than one-half the vertical
oscillator frequency. When synchronized, the
sweep frequency is exactly 30 cps for a 60-cps
vertical rate. Consequently, two cycles of the
vertical video waveform are displayed on the
CRT's screen.

13-10. The sweep-expand stage permits an op-
erator to expand a portion of the waveform and
thereb)e carefully scrutinize it. Figure 64 shows

the effect.,oft this..stigsgrt swjtch S4 .of.figure
63 is usa Nbtecr ffie liaciiiidassweep
waVersk lenta'aitii4ITv4R"Nqis9W1i2 EXP.
The otiipurirloill tfiâ .00 *Nplifti is of
the same amplitudI Riii onVieTrentietiortion
produces a sweep.' that portiOn liriR 'wave-
form, in time interval ti to t2, islp?eati'across
the full width of the scope screen as
In other words, this portion of the waveform is
expanded since full horizontal deflection occurs
in a shorter time interval. The modified sweep
that effects the expansion is formed by clipping
the normal sawtooth (see fig. 64,A), then am-
plifying the clipped waveform to the same am-
plitude as the normal horizontal sweep signal.

13-11. An additional feature provided on
master monitors is a switch to select pulse-cross
display. We have not shown this switch in figure
63 since it would complicate the diagram. A
short explanation should suffice for you to realize
what this switch does. When it is set to
PULSE CROSS position, the video signal is sent
to the CRT's cathode or control grid, the expand-
horizontal sweep signal is applied to the hori-
zontal deflecting plates, and the expand-vertical
sweep is applied to the vertical deflecting plates.

. The video signal intensity modulates the beam
as it scans horizontally and vertically. You are
familiar with the pulse-cross display pattern.
Since this pattern is used as a convenient means
of checking blank, sync, and drive pulses, it will
be discussed with test patterns in the next vol-

L,
-ume. It is adequate here for you to appreciate

how a pulse-cross pattern can be obtained by a
switching arrangement.

13-12. Trouble Diagnosis. To logically de-
termine the source of a trouble from a CRO or
picture display, you must call upon your knowl-
edge of monitor circuits and their functipns. To
illustrate this fact, and to give you some practice,
let's diagnose some different types of troubles
from symptoms that can be observed on a mas-
ter monitor.

13-13. Negative picture display. When a pic-
ture appears like that shown in figure 65,A,
you should know that the video signal is inverted.
This means it has the opposite polarity to what
it should have. Using a CRO, you can check the
input video signal to see if it has the proper
polarity. Referring to figure 63, note that the
polarity can readily be checked with the wave-
form monitor. The amplitude of the input video
should be checked also because too strong a sig-
nal can cause this symptom. An excessive input
may overdrive one of the video amplifiers but
still be coupled to the next stage. Such bypassing
can cause the signal to have the wrong polarity

75

24,1



p
11;&L'xr0,4 /1-it

tr, .4

;, \ ;,:( ..44,1 0;44' 119Z

T-
0

t 4
1'17

fit4V1 ).0, 4 ,
5, 4 n. 4-"i"

111111.11.
h

uI -t.;;E-ff.;

.r.P.

e44,

" ,t7r.



when it reaches the kinescope. However, if you
find the video input signal proper, you should use
the CRO to signal trace the video seetion. A
grid-to-plate (or base-to-collector) short can
cause this trouble. The fault may also be a
gassy tube.

13-14. Half-black and hall-white display. The
display illustrated in figure 65,B. could also ap-
pear white for the top half and black for the
bottom half. In either case. you should know
that this trouble is the result of a heater-to-
cathode short. With a bit of thought, you will
realize that the 60-cps heater voltage on the
cathode cuts the beam off for half the raster and
turns it on for the other half.

13-15. Insufficient picture height. If the con-
dition illustrated in figure 65.C, cannot be cor-
rected by adjusting the vertical height and linear-
ity control, you should suspect the trouble to be
in the vertical section. The vertical oscillator or
vertical output stage should be checked.

13-16. Insufficient picture width. Too narrow
a picture (fig. 65,13) which cannot be corrected
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by horizontal-width adjustment indicates trouble
in the horizontal section. A weak tube (or
transistor) in the horizontal oscillator, driver, or
output stage will produce this symptom. A check
of boost voltage and low-voltage d-c supply
should be made, since inadequate d-c potentials
will reduce- the width of the horizontal scan.

13-17. Insufficient height and width. When
the picture is small in size (fig. 65,E), the fault
is usually in the low-voltage d-c supply. Of
course, it can be the result of a combination of
the two previous troubles described.

13-18. Other abnormal displays. Entire books
are devoted to depicting abnormal displays and
identifying these displays to specific troubles. Ad-
mittedly, we have but touched on the numerous
picure symptoms that indicate trouble in a moni-
tor. In your experience you have no doubt en-
countered the ones mentioned and many more,
such as blooming, tearing, distorted patterns,
keystoning, etc. As you apply the principles pre-
salted in this chapter, you will better understand
the probable cause(s) of such displays.



CHAPTIR 6

The Audio System

TT IS TRUE THAT some television applica-
tions, such as surveillance, require only the

video system. However, in most television sys-
tems, audio is necessary to augment the video
information, either as part of the program ma-
terial or as intercommunications relative to the
program production. In this chapter we will dis-
cuss microphones, audio amplifiers, and audio
control consoles. Intercom systems wM be dis-
cussed in the next volume.

2. The audio requirements for any given tele-
vision system depend upon the function of the
system. Just as a simple television system con-
sists of one pickup camera and one monitor, so
a simple audio system consists of one micro-

. phone, an amplifier, and one speaker. A moder-
ate system will have several sound inputs; these
will originate from the floor microphones and
the announcer's or commentator's microphone.
The various inputs are ,I.finbined and sent out on
a transmission line to one or several speaker set-
ups. An additional monitor may be provided for
control room use if necessary.

3. A television system which is intended for
the presentation of more varied program mate-
rial will demand a more complex audio system.
Such a system would be one in which live-camera
studios and a film studio furnish program mate-
rial for_ distribution to classrooms. From the
several microphones in the studios, the voice sig-
nals are fed to the audio control console in the
control room. Other inputs to the control console
come from the film studio and tape recorder.
These signals are switched or mixed with the

c. signals from the live studios and amplified to a
controlled level. The output from the console
then goes to the distribution network, with spare
outputs available for patching to any other loca-
tion where sound reproducing equipment is set
up.

4. In addition to the output for the distribu-
tion network, the audio control console feeds the
mixed program audio directly to the control
room and also to a program monitor bus. A
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studio monitor speaker is patched of/ a muting
relay; the speaker is thereby rendered inopera-
tive to prevent acoustical feedback when studio
microphones are operating.

S. From this discussion you can easily see the
three major divisions of equipment used to pro-
duce an audio signal. A microphone, an ampli-
fier, and a control console are used to convert
an audio signal to electrical impulses, which are
then amplified and fed to the console. Here,
levels are set and the switching is accomplished.

14. Microphones
14-1. A microphone is a device which con-

verts sound into an electrical signal, and applies
this signal to an amplifying circuit. Following
sufficient amplification, the electrical signal is
used to drive a reproducer or to modulate a car-
rier frequency for transmission. The, general
characteristics of the most widely used types of
microphones, dynamic, carbon, crystal, and ca-
pacitor will be discussed in this soction. Each of
these basic types of microphones employs a spe-
cific fundamental principle of operation.

14-2. The basic operation of a microphone is
dependent upon pressure of sound waves. The
angles at which the sound waves strike the dia-
phragm of a microphone depend upon the posi-
tioning of the microphone in relation to the
sound source. If the sound wave, strike the dia-
phragm at nonuniform angles, different fre-
quencies will exert different pressures and cause
the microphone to be directional in its frequency
response. Most microphones are directional at
frequencies above 2000 cps. Special construc-
tion of the microphone housing or case may
produce additional directivity at frequencies be-
low 2000 cps. Examples of specially constructed
microphones are the "shotgun" and "reflector"
types. Nondirectional microphones also require
special design considerations. For nondirectivity
it is necessary to design the housing so that sig-
nals from all directions exert uniform pressure on
the diaphragm. The microphone which is de-
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Figure 66. Dynamic microphone (A) mechanical
details and (B) circuit diagram.

signed for general-purpose use is polydirectional;
this type of microphone is usually mechanically
adjustable to achieve the desired pattern of
pickup.

14-3. Dynamic. The dynamic, or so-called
moving-coil type, is the most widely used. Be-
cause of its low (and adjustable) impedance, it
can be installed with long cables without serious
adverse effect to the overall audio system; it is

not easily damaged by rough handling and is not
particularly sensitive to blasts (instantaneous
sound peaks). A dynamic mike contains a coil
made of a large number of turns of extremely
thin metal ribbon attached to the diaphragm.
This coil is insulated from the diaphragm by a
thin coat of insulating varnish. The coil extends
from the diaphragm to a point between the poles
of a powerful permanent magnet. When sound
waves strike the diaphragm, the coil moves back
and forth within the magnetic field between the
poles of the permanent magnet and cuts the
magnetic lines of force. An illustration of a
microphone designed to operate on this principle
is shown in figure 66,A. This action induces a
current in the coil in direct proportion to the
sound piessure exerted on the disphragm.
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14-4. The dynamic microphone elements are
normally housed in a fiteial shell iiicr covered
with a metal grill and silk cloth to prevent dam-
age from foreign particles and to minimize dust
collection. The improvement in frequency re-
sponse of this type of microphone over other
types lies in the inclusion of an echo compensa-
tion circuit, which consists of an air chamber be-
tween the housing elements and an air-vent tube;
the length and diameter of the air-vent tube con-
trol the echo-compensating action of the air
chamber.

14-5. The impedance of the moving coil in the
dynamic microphone is approximately 50 ohms;
therefore, the coil may be connected to an am-
plifier by means of long cables. There are
microphones available with built-in matching
transformers to match low-Z of 30, 50, and 250
ohms or high-Z up to 50K ohms. A switch is
built in to select the various impedances. The
frequency response of this type of microphone is
reasonably flat over the range from 40 cps to

.10,000 cps. Since the output voltage level is only
about 0.00004 volt, a preamplifier must be used
for adequate amplification. The circuit diagram
of the dynamic (moving coil) microphone is Il-
lustrated in figure 66,B.

14-6. The ribbon microphone, a variation of
'the dynamic microphone using the moving coil
principle, is widely used in studio operations. It
has no real diaphragm, and its operation de-
pends upon the velocity of air. Therefore, it is
sometimes called a velocity or pressure gradient
microphone. The microphone, as shown by dia-
gram in figure 67,A, consists of a powerful horse-
shoe-shaped electromagnet or permanent magnet,
M, with special pole pieces between which a thin
corrugated metal ribbon, R, is suspended. The
ends of this ribbon are connected to the primary
of a special step-up transformer.

14-7. The construction details of the ribbon
microphone are illustrated in figure 67,B. The
microphone should be placed so that the incom-
ing sound will strike it at right angles, as those
from the side have practically no effect. The
sound striking the ribbon causes it to vibrate and
thus cut some of the magnetic lines of force be-
tween :ae pole pieces. This action generates a
voltage in the ribbon that is coupled to the grid
of an amplifier via a special step-up transformer.
Since the ribbon microphone is sensitive to veloc-
ity, it should be covered or otherwise shielded
when used outdoors or in drafty areas, where air
tends to produce undesirable ribbon vibrations.

14-8. The voltage output of the velocity mi-
crophone across 250 ohms is 0.0002 volt. The
corrugated ribbon has a resistance of only a
fraction of an ohm; therefore, the matching
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Figure 67. Velocity microphone (A) circuit diagram and DIAPHRAGM

(B) construction details.

transformer is usually built into the microphone
to reduce losses. The frequency response is
practically flat from 30 to 15,000 cps. The low
impedance of the velocity microphone permits a
long cable connection to the amplifier, but the
cable must be well shielded because of the possi-
bility of a-c hum pickup.

14-9. Carbon. The carbon microphone is
widely used in intercommunications and cueing
systems, and will be discussed more fully in Vol-
ume 2, Auxiliary Equipments. In the carbon
microphone, a constant direct current is permitted
to flow through a mass of carbon granules. As
sound waves vibrate the diaphragm, its resultant
motion alternately compresses and releases pres-
sure on the mass of carbon particles. The chang-
ing pressure on the carbon causes the resistance
value of the total mass to change, thus permitting
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either more or less direct current passage. A
cross section of a typical carbon microphone is
shown in figure 68,A; A and B are heavy steel
rings. The ridge in one and the groove, D, in the
other hold the diaphragm, C, very tightly. The
diaphragm is made of a very tough steel alloy
and is generally designed to be from 0.001 to
0.002 inch thick. The small ring, G, is screwed
into the large steel ring, B, to adjust the dia-
phragm tension so that its natural period of vi-
bration will be above the desired audio-fre-
quency range. The central portion of the dia-
phragm is gold plated on each side to insure
good contact. The back of the microphone is
closed except for a series of holes that permit
the air and sound to reach the back of the dia-
phragm. The bridge, E, entends across the open-
ing in the front of the microphone and supports
the front carbon granule cup, or button, F. A
similar one is supported by the back. These car-
bon cups. or buttons, do not touch the diaphragm
and are partly filled with fine carbon grains. The
size of these grains' determines the sensitivity of
the instrument, and soft felt washers prevent the
carbon from getting out of the cup.

14-10. Figure 68,8, illustrates both the me-
chanical structure and the equivalent electrical
circuit of the simple single-button carbon micro-
phone. The single-button carbon microphone is
characterized by high output level and rugged-
ness. It is practically unaffected by heat and
humidity. When space and weight are limited
in an installation, its high output is advantageous
because fewer amplifier circuits will be required.
The output ranges from 0.1 to 0.3 volt across a
normal transformer impedance of 50 to 100
ohms.

14-11. To secure a more uniform response
from various frequencies, the double-button type
of carbon microphone, illustrated in figure 68,C,
is generally used in place of the single-button
type. As you can see, the diaphragm is placed
between two cups which contain carbon grains.
Vibration causes the grains of carbon on one
side of the diaphragm to be compressed; at the
same time, it causes the grains of carbon on the
opposite side of the diaphragm to be loosened.
This action permits more current flow through
the first carbon button than through the second.
The output voltage of the double-button carbon
microphone ranges from 0.02 to 0.07 volt across
a normal transformer impedance of 200 ohms.

14-12. The frequency response is uniform
from 60 to 1000 cps. Above 1000 cps, the re-
sponse increases rapidly, becoming more than
15 db higher at 2500 cps than it was at 1000
cps. The response then remains uniform up to
approximately 6000 cps, where there is a marked

falling off in response. Because of its poor re-
sponse to the higher audio frequencies as well as
its. high noise level (hiss), the carbon micro-
phone is not used extensively for general tele-
vision purposes.

14-13. Crystal. The crystal microphone re-
quires no energizing potential source such as the
battery used with the carbon microphone. It re-
quires no transformer or other coupling device.
Its output, although not as high as the carbon
microphone output, is adequate for direct appli-
cation to the grid circuit of an amplifier, These
features, plus its inherent simplicity and compact
size, make this type of microphone unique
among the devices designed to convert sound
waves into electrical impulses.

14-14. Crystal microphones can be divided
into two typesthe diaphragm type and the
sound cell type. The crystal element used in
either type can be permanently damaged by high
temperatures. This limits the number of useful
applications. However, the crystal microphone is
still widely used as a high-quality microphone for
communications, both military and commercial.
Figure 69,A, is a diagram showing the bimorph
crystal unit; it can be seen that sound waves
striking the diaphragm will cause the diaphragm
to vibrate. These vibrations are transferred to
the surface of the crystal by means of the con-
necting pin. The fidelity of this type instrument
is approximately equal to that of most double-
button carbon microphones; however, the fre-
quency response extends to a much higher range.
In the crystal microphone there is no background
hiss or noise generated in the microphone itself.
However, noise pickup on cables which are
longer than 30 feet does limit the use of crystal
microphones in television.

14-15. The sound cell is another type of
crystal microphone. As shown in figure 69,B,
the back-to-back crystal elements are inclosed
within a rectangular bakelite frame sealed by
two flexible membranes. No diaphragms are re-
quired in a sound cell microphone because the
membrane imparts the sound pressure directly
to the crystals, which produce the resultant a-c
voltage.

14-16. Capacitor. A capacitor microphone
generally consists of two electrodes separated by
a very thin dielectric, usually air. One electrode
is the diaphragm and the other is a rigid plate
which has the same area as the diaphragm. The
diaphragm motion changes the spacing between
the two electrodes, varying the capacitance. If
a d-c voltage is applied across this combination,
the changes in spacing will produce changes in
the capacitor charge which can be obtained as an
a-c voltage. This device has a very linear pres-
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Figure 69. Crystal microphone (A) cross sectional view of diaphragm and crystal and
(B) cross sectional view of sinek sound cell unit.

sure response and a wide frequency response; it
can be easily tuned to highez resonant frequen-
cies because the diaphragm is the only moving
part. It has a good high-frequency response and
is relatively insensitive to mechanical noise be-
cause of its stiffness of construction. The capaci-
tor microphone requires an external power
source and is adversely affected by high or
changing humidity.

14-17. The output voltage will be small;
therefore, amplification will be required and the
leads must be kept very short to avoid picking
up stray field noise. This type of microphone has
not been used extensively because of the neces-
sity for battery operation to avoid hum pickup.
However, new developments with solid-state am-
plifiers built into the microphone housing have
changed this situation.

14-18. Comparison of Microphones. The char-
acteristics of the various microphones are sum-
marized in figure 70, which lists the various
major types of microphones, together with their
output level in db and their frequency range in
cycles per second. From the table, you can see

that from the standpoint of output level the carp
bon type is best and from the standpoint of fre,
quency range the velocity type is best

14-19. Adjustments and Maintenance. It
should be said that most of the difficulties with
microphones are caused by misuse or careless
handling. Nevertheless, let us mention a few ad-
justments that can be made on a microphone.
The polydirectional microphone may be any of
the basic types which have an adjustable aper-
ture. When the aperture is fully open, the micro-
phone has a bidirectional pattern; when the

MICROPHONE
TYPE

FREQUENCY RANGE SIGNAL-TO- EXAMPLES AVERAGE DB VOLTAGE

IN CYCLES NOISE OF OUTPUT OUTPUT OUTPUT
IMPEDANCE

DYNAMIC

MOVING COIL 30 YO 20,000

RIBBON 30 TO 20,000

MEDIUM

MEDIUM

CARBON

SINGL E-BUTTON 70 TO 6000

DOUBLE-BUTTON 60 TO 6000

LOW

LOW

CRYSTAL UP TO 14,000 HIGH

CAPACITOR 20 TO 15,000 HIGH

L0-2
30 50 & 250

Z (
50K )

-55 TO -" 0.00004V

250 OHMS -55 TO -40 0.0002V

50 TO 100 OHMS -45 0.3V

200 OHMS -35 TO -45 0.07V

5 MEG OHMS -50 TO -60

30,150 OR 600 OHMS -53

Figure 70. Comparison of microphones.

82

250



aperture is closed, the microphone is nondirec-
tional. At shutter settings between the open and
closed positions, the microphone is unidirectional.
Some microphones are designed with blast fil-
ters which are adjustable and require settings
commensurate with the operating conditions.

14-20. The maintenance of microphones will
not be so much in the microphone itself, but
rather in the cords and connectors. If, for in-
stance, you were told a carbon microphone did
not have an adequate output, the first thing you
should check is the carbon granules for a
"packed" condition. This condition is caused by
excessive current which causes the carbon gran-
ules to stick. Carbon granules that are packed
can sometimes be loosened if you turn off the
applied current and shake the microphone while
holding it in various positions. If this does not
correct the situation, you may have to replace
the carbon granule mass. Do not shake a dyna-
mic microphone as this will not accomplish any-

thing desirable and may damage the internal
unit.

15. Audio Amplifiers i .P

15-1. We know that l'auditi.frequencies range
from about 15 cps to 20 kc. TV equipments that
amplify signals for sound reproduaBiLlimploy
amplifiers designed for this low-frequency range.
It is the task of such amplifiers to strengthen the
audio signal and reproduce it faithfully. The
dominant requirements are, therefore, gain and
fidelity. In this section we will discuss how these
requirements are met with transistor amplifier.
These amplifiers and the principles involved are
very similar to electron-tube audio amplifiers.
Your knowledge of tube amplifiers will enable
you to make comparisons as we progress from the
general characteristics to specific types of audio
amplifiers. We will distinguish between pream-
plifiers, drivers, and power amplifiers. Illus-
trated circuits will be described and the effects

TYPE PNP AMPLIFIERS NPN AMPLIFIERS
CORRESPONDING

TIME AMPLIFIERS

CE

.
. .

: . . .:.
a

OUT

galAro
OUT ma
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Figure 71. Basic transistor amplifier circuits and the corresponding electron-tube versions.
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----
ITEM CE AMPLIFIER CB AMPLIFIER CC AMPLIFIER

,

INPUT RESISTANCE 300 2000 OHMS 10 300 OHMS 20K 300K OHMS

OUTPUT RESISTANCE 5K 50K 1 OOK 500K 50 OHMS 5K,

VOLTAGE GAIN
'

300 r 1500 500 2000 LESS THAN 1,

CURRENT GAIN 25 50 LESS THAN 1 25 50

POWER GAIN 25 40 OB 20 30 DB 10 20 DB

Figure 72. Table of typical value ranges for the CE, CB, and CC amplifiem

of bias adjustments will be explained for push-
pull amplifiers.

15-2. General Characteristics. All three tran-
sistor configurations are used in audio amplifier
circuits. The basic circuits are shown in figure
71. Note that these transistor amplifiers are the
counterparts of well-known electron-tube ampli-
fiers. Although transistor amplifiers have lower
input and output impedances than have electron-
tube amplifiers, the CE, CB, and CC amplifiers
have impedance characteristics corresponding to
those of the grounded-cathode, grounded-grid,
and grounded-plate (cathode follower) ampli-
fiers, respectively. Note in figure 72 the range
of values that can be generally expected for input
and output impedances of transistor amplifiers.
Also note in this figure the different ranges of
current, voltage, and power gain that are obtain-
able for each type of amplifier. This should give
you an idea of their sensitivities.

15-3. Coupling. The fidelity of an audio
amplifier can be improved or impaired by the
coupling. As with electron-tube amplifiers,.
coupling can be put into four main categories:
(1) direct, (2) RC (resistance and capac-
itance), (3) transformer, and (4) impedance
coupling. However, it must be realized that the
impedance values for transistors are consider-
ably lower than for tubes.

15-4. When impedance matching is satisfac-
tory, we can use either direct or RC coupling.
As shown in figure 73,A, direct coupling gives
an excellent low-frequency response, thus indi-
cating high fidelity from zero cps (d-c) upward
through the audio range. The upper frequency
limit (half-power point, 3 db below midfre-
quency gain) is dependent upon the shunting
capacitances of the amplifier. The same is true
for the RC-coupled amplifier with regard to its
upper frequency limit (see fig. 73,B). Its lowtr
frequency limit (half-power point) is established
primarily by the size of the coupling capaci-
tance. Since the coupling capacitive reactance
increases as frequency decreases. low, frequen-
cies are attenuated. Thus, gain falls Off toward
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zero cps as indicated by the response curve,
figure 73.B. RC coupling is used when d-c must
be blocked (not coupled).

15-5. Untuned impedance (LC) coupling or
transformer coupling blocks d-c as does RC
coupling. Transformer coupling has the added
capability of matching impedances. Recall from
your knowledge of transformers that the primary
"sees" the secondary impedance times the turns
ratio squared of the transformer:

= (N' ) Z.

Therefore, by means of a transformer, the im-
pedance reflected into the amplifier circuit can
be made to have a value that produces the
desired gain. We note in fignre 73,C, however,
that the frequency-response curve is not flat
for untuned LC or transformer coupling. This
is because the impedance is frequency-depend-
ent, inductive for low frequencies and capaci-
tive for high frequencies.

15-6.. Load. The load impedance of An

amplifier is usually resistive throughout most of
its operating range. As is the case with electron-
tube amplifiers, gain is a function of load. The
plots depicted in figure 74 are representative of
the curves of gain for the three transistor con-
figurations. Noteworthy are the following facts:

Highest current gains A, are obtained for
low values of load resistance. (CE and CC
amplifiers yield substantial current gains. For
the CB amplifier it is always less than one.)

Cain= UNTO arms

111

ex

CILLICTIN

um. 8111111/1000

yournpaci

Figuee 74. Gain versus load resistance curves.

10M

100

10 100 1K 10K 100K

LOAD RESISTANCE (OHMS)

Figure 75. Input resistance versus load resistance
curves.

1M

Highest current gains A, are obtained for
high values of load resistance. (CB and CE
amplifiers produce appreciable voltage gains.
For the CC amplifier it is elways less than one.)

Highest power gain G occurs when :the
product of the current and voltage gain is great-
est. Since the CE amplifier has both high cur-
rent gains and high voltage gains, its power
gains are necessarily the highest.

15-7. A study of the curves in figure 74 will
give you an appreciation of the advantages
offered by each configuration, It is of interest
to observe in figure 75 that the input impedance
is also a function of load impedance. This
should be expected since we know that the input
is not independent of the output for transistor
amplifiers. Note how greatly the input resistance
of the CC amplifier varies with load resistance.

15-8. Preamplifiers. Audio preamplifiers &::
designed to increase the gain of low-level signals
from transducers such as microphones and
recorder-reproducer heads. They are operated
class A at power levels in the_ order of micro-
microwatts or microwatts. Since the signals are
so very small, special attention must be given
to the noise factor, input impedance, and cou-
pling.

15-9. Noise factor. Generally speaking, tran-
sistors are noisier than tubes. However, junction
transistors can be fabricated to operate with
noise factors comparable to tubes (3 to 5 db).
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Figure 76. Typical curves showing how the noise factor of a transistor preamlifier is affectedby (A) collector voltage and emitter current, (B) frequency, and (C) signal source resistance.

The noise factor is affected mainly by the opera-
ting point, the signal frequency, and the signal
source resistance.

15-10. The curves in figure 76,A, show that
the noise factor changes with collector voltage
VcE and emitter current IE Notice how
rapidly the noise factor increases as VcE is
raised above 2 volts. Increases in IE have a less
marked effect, but nevertheless depreciate the
quality. Consequently, the operating point of a
preamplifier is selected so that both VcE and
1E are quite low in value.

15-11. Note in figure 76,B, how the noise
factor is dependfnt upon the signal frequency.
The poorest (highest) noise figures occur at

.11.111
=ID

A

the lower end of the audio range. They continue
to improve as frequency increases well beyond
the upper limit of the audio frequencies, 20 kc.
Above 50 kc, however, they gradually become
worse.

15-12. The variation of noise factor as a
function of signal source resistance is shown in
figure 76,C. This curve indicates that the best
(lowest) noise factors result when the signal
source has a resistance between 100 and 2000
ohms.

15-13. Input resistance. Since, to obtain a
low noise factor, it is desirable to use a sienal
source resistance in the range of 100 to 2000
ohms, the amplifier's input resistance should also

cc

10
OOP

Figure 77. Two ways of increasing the input resistance of a CE amplifier.
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be within this range. Recall that maximum
power transfer occurs when the source resistance
and load resistance are equal. In this case, the
amplifier input resistance is the load resistance.

15-14. Both the CB and CE amplifiers have
input resistances within the desired range (see
fig. 72). The CB amplifier is used when a very
low input resistance or a high output impedance
is wanted. When the input resistance of a CE
amplifier is satisfactory, this type amplifier is
generally preferred because of its higher power
and current gain capability.

15-15. If it is necessary to use a signal source
of high resistance, such as a crystal pickup head,
a high input resistance preamplifier is needed.
Since the CC amplifier has a hig41 input resist-
ance (20K ohms to 800K ohms), it can be
readily matched to the source. There is a dis-
advantage. however, inherent in this amplifier.
Its input resistance changes greatly with small

+ .05

+ lv

HEADPHONES

11/

A
+ 3v

variations of load (as shown in fig. 75). The
CE amplifier does not have this drawback but
its input resistance is ordinarily less than 2000
ohms. Fortunately, its input resistance can be
made as high as 20,000 ohms in one of two
ways: (1) by placing a large resistor Res in
series with the input to the base (see fig. 77,A)
or (2) by inserting a small resistor R. in
series with the emitter (see fig. 77,B). Both
ways attenuate the signal input, but the CE
amplifier has a notably high gain to Overcome
this loss.

15-16. Coupling. Direct coupling will give
excellent low-frequency response down to zero
cps (see fig. 73,A). Some basic circuits are
illustrated in figure 78. The bias values shown
should be regarded as. representative. Figure
78,A, shows a simple amplifier that has its out-
put signal directly coupled to headphones. In
figure 78,B, we see two stages of amplification.

+ tv

+6,

A. SINGLE 3TAGE LOAD B. COMPLEMENTARY ARRANGEMENT OF INTERSTAGE 'COUPLING

C. DIRECT COUPLING OF AMPLIFIERS HAVING LIKE TRANSISTORS (NPN TYPES ILLUSTRATED)

Figure 78. Direct coupling.
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4.

Figure 79. Interstage RC couoling.

The first stage uses a p-n-p transistor, whereas
the second stage uses an n-p-n transistor. This
circuitry is said to be complementary. Note that
the n-p-n obtains its base bias from the p-n-p
stage. Another two-stage circuit is shown in
figure 78,C. The bias is not obtained by a
complementary arrangement. Both 01 and 02
are n-p-n transistors. A resistor in- series with
the emitter of 02 is used to establish the desired
operating point for the second stage. Since this
resistor is unbypassed, there is signal degenera-
tion. Thus, gain is reduced, but stability is en-
hanced.

15-17. Stability is generally a problem when-
ever direct interstage coupling is employed. This
is because any d-c change in one stage is coupled
into the next stage and amplified.

15-18. A simple way to prevent the transfer
of d-c variations from one stage to the next is to
use RC coupling. A two-stage RC-coupled .

amplifier is illustrated in figure 79. The capac-
itor CI blocks d-c, but couples a-c from the

311

OUTPUT

A

Figure 80.

collector of 01 to the base oi Q2. Since, how-
ever, capacitive reactance increases as "frequency
decreases, the lower frequencies of a-c are
attenuated. Consequently, gain falls off to zero
cps (fig. 73,B). Thc principles pertaining to
RC-coupled electron-tube amplifiers apply to
transistor amplifiers also. The low-frequency
half-power point depends upon many factors:
the electrical size of the coupling capacitor, the
load impedance of the input impedance of me
following stage, and the emitter resistor bypass
capacitor. Capacitors CI and C3 should be as
large as feasible; C2 and C4 should be large
enough to prevent low-frequency degeneration.

15-19. Untuned transformer coupling also
provides d-c isolation of the stage. The trouble
with this type of coupling is its poor low-fre-
quency response. This can be corrected by the
inclusion of a low-frequency compensation cir-
cuit. In figure 80, the components Ro and
CLF present a higher load impedance to the
low frequencies than to the highs. This effec-
tively boosts the power of the low frequencies to
give a more uniform gain response (see fig.
80.B).

15-20. Driver and Power Amplifiers. Ampli-
fier stages designed primarily to raise the power
level of the sienal are known as driver and
power amplifiers. Driver stages usually de-
velop power in the order of milliwatts. Power
amplifiers develop watts or hundreds of milli-
watts of power. This distinction based on power
levels is approximate at best. The power levels
of driver and power amplifiers depend on the
equipment in which they are used. A driver
amplifier, as its name implies, is used to drive
a succeeding stage. Thus, the driver stage de-
livers power to another driver stage or to a power
amplifier. Power amplifiers build the signal

LOW-FREQUENCY
CMPENSATION

FREQUENCY

a

Transformer coupling with Iow-frequency compensation.
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Figure 81. Class B push-pull amplifier.

power to the necessary level to operate a device
such as a speaker.

15-21. Single-ended. Circuit arrangements
for single-ended driver and power amplifiers do
not differ to any marked degree from the class
A preamplifiers just covered. Drivers and power
amplifiers operate at higher collector voltages
and currents, however, and are carefully
matched for power transfer. Transformer cou-
pling is very useful for matching. Such cou-
pling also improves efficiency since the d-c losses
are reduced. Impedance coupling (LC) is

sometimes used to obtain a higher efficiency,
but it has poor low-frequency response.

15-22. Efficiency is quite important at high
power levels so it is a matter of concern, par-
ticularly for power amplifiers. As long as we
operate class A, efficiency will be poor. If
single-ended amplifiers are used, there is no
choice; fidelity demands linear class A opera-
tion.

15-23. Push-pull. Fidelity can be realized at
higher efficiencies by a push-pull circuit arrange-
ment. Improved efficiency and fidelity can be
attained with push-pull amplifiers operating
class A. Just as in the case of electron-tube
push-pull operation, even-harmonic distortion is
minimized. If the circuit, is perfectly symmet-
rical. such distortion is completely eliminated.
Because of this fact, push-pull amplifiers can
deliver greater power for an allowable amount
of distortion than can two single-ended ampli-
fiers. Moreover, push-pull amplifiers can be
operated class B and class AB since even-har-
monic (nonsymmetrical) distortion can be can-
celed. Provided there is good circuit symmetry,
excellent linearity can be achieved with class
AB operation and fairly good linearity is possi-
ble with class B operation.

15-24. Because of its simplicity, let's begin
with a class B transformer-coupled type. Note
that the ciriuit shown in figure 81 resembles
closely the corresponding electron-tube class B
push-pull amplifier. Again we have chosen
n-p-n transistors to bring out this similarity.

89

Remember that p-n-p transistors can be used
instead, proVided the bias polarities are re-
versed. This goes without saying for all transistor
circuits.

15-25. Observe in figure 81 that there is no
forward base-emitter bias; both the base and
emitter of 01 and 02 are at d-c ground po-
tential. Therefore, 01 and 02 are cut off; with
no-signal input (the static condition) LI =0
and Ie2 = 0.

15-26. A signal applied to the primary of the
input transformer will produce signals at oppo-
site ends of the center-tapped secondary 1800
out of phase as shown. Therefore, when the
base of 01 "sees" a negative alternation, the
base of 02 "sees" a positive alternation, and
vice versa. Because both 01 and 02 have zero
volts base-emitter bias, each will conduct during
positive alternations and remain cut off during
negative alternations. Since their inputs are
180° out of phase, 01 is conducting (Id)
while 02 is cut off, and 02 is conducting (Ida)
.while 01 is cut off. In other words, 01 and 02
conduct alternately to supply output current
(Li + 1,2) throughout the entire cycle (360° ).

15-27. This circuit arrangement amounts to
having two symmetrically arranged single-ended
amplifiers supplying a common load. Figure
82,A, is a dynamic curve of a single-ended
amplifier. Figure 82,B, is the dynamic curve of
a push-pull amplifier; note that this curve is
merely the combination of the dynamic curves
of two single-ended amplifiers. Because of the
180° phase relationship of the input and the
circuit arrangement, the positive direction of
base currents Int and 1b2 are opposite; also, the
positive direction of collector currents LI and
1,2 are opposite. The input signal wave is pro-
tected on the dynamic curve diagram in figure
82,C. We see that the output waveshape is the
composite of the current Id and leb as pre-
viously explained. This diagram is useful inas-
much as it depicts clearly the accuracy of signal
reproduction, thus fidelity. Note the distortion
that occurs as the signal approaches and passes
through zero..,ais is called crossover distortion.
The output wele eontains odd harmonics of the
signal frequen0,

15-28. CroWiv,ei distortion can be eliminated
by biasing 01 aid 02 in the forward direction.
A simple biasing- arrangement is illustrated in
figure 83. The resistor R is made variable so
that we can adjust the bias for class AB operation
or class A operation. If properly adjusted for
class AB operation, the crossover effect is not
evident in the output. A comparison of figure
84,A, and figure 84,B, shows why this is so.
The nonlinearity is effectively canceled and ex-
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Figure 82. Class B push-pull curves.

cellent fidelity achieved. If R is adjusted for class
A operation, the output waveshape is the result-
ant of the individual waveshapes as illustrated
m figure 84,C.

15-29. It seems that since class AB operation
is more efficient than class A operation, class AB
would always be preferred. The output wave-
shape looks as good for class AB as it does for
class A. This is because we have assumed per-
fectly matched transistors and symmetrical cir-
cuitry. Suppose, however, that the transistors

Figure 83. Push-pull amplifier that can be biased
class AB or class A.
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are not perfectly matched or that the circuit is
not perfectly symmetrical; the dynamic curves for
Q1 and Q2 would no longer be identical. For
such a condition, the outputs from a class AB and
a class A push-pull amplifier are shown in fig-
ure 85,A, and 85,B, respectively. It is quite
obvious that the output for class AB operation is
distorted. This nonsymmetrical distortion is a
result of the presence of even harmonics. Thus,
we need to realize that class AB operation re-

'CLASS AB

CLASS A

OUTPUT

AAR OUTPUT

INPUT

Figure 84. Typical output waveforms.

quires matched transistors and circuit symmetry
if high fidelity is desired. Such requirements
somewhat offset the higher efficiency it offers.

15-30. Inverter driver. It is not necessary to
use a transformer to obtain input signals of op-
posite phase for a push-pull amplifier. The cir-
cuit in figure 86 shows how a driver amplifier
can be designed to produce output signals that
are 1800 out of phase. Resistors RI and R2
are of such ohmic values as to provide the pro-
per base bias for linear class A operation. Resis-
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Figure 85. Wave/orms resulting when a push-pull circuit is not symmetrical /or (A) class AB
operation, and (8) class A operation.

tors R3 and R4 are equal in value so that the
signal outputs are the same in amplitude. The
normal phase inversion from base to collector
occurs across R3, whereas across R4 the signal
output is in phase with the input.

15-31. Emitter follower action accounts for the
phase of the signal across R4. This action also
accounts for the fact that input impedance is
higher than ordinary and the output impedance
is lower to match the input impedance of the

push-pull stage. Another advantage offered is
the improved frequency response. Better fre-
quency response can be attributed to two things:
degenerative (negative feedback) action and ca-
pacitive coupling.

15-32. We took care to say capacitive coupling
rather than RC coupling since crystal diodes
CR1 and CR2 are used in place of resistors.
These are discharge diodes that prevent the ca-
pacitors CI and C2 from taking on a charge

PHASE INVERTER
DRIVER

Figure 86.

PUSHPULL CLASS
POWER AMPLIFIER

Capacitively coupled input to a mah-pull amphlier.
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EUTPUT

Figure 87. Push-pull amplifier using complementary
symmetry.

which would bias the push-pull amplifier well
below cutoff. Inasmuch as the transistors draw
base current during half a cycle for class B
operation, rectified base currents flow into Cl and
C2. If CR1 and CR2 were not connected in the
circuit as shown, a negative charge would build
up to reverse-bias the push-pull transistors. This
would correspond the grid-leak biasing electron
tubes. To preclude this unwanted base biasing,
CR1 conducts whenever Cl becomes negative
with respect to ground, and CR2 conducts when-
ever C2 becomes negative with respect to ground.
Thus, these discharge diodes function to main-
tain zero volts base bias.

15-33. Complementary symmetry. An ar-
rangement made possible by the use of an n-p-n
and a p-n-p transistor is shown in figure 87. This
simple push-pull amplifier circuit affords the
benefits of capacitive coupling, yet does not re-
quire a phase inverter and does not require dis-
charge diodes.

15-34. Input phase inversion is unnecessary
since at zero base bias the n-p-n transistor (01)
and p-n-p transistor (Q2) conduct on alternate
half-cycles of the input. When the input signal is
positive going, Q1 conducts and 02 is cut off.
When the input signal is negative going, Q2 con-
ducts and 01 is cut off. Thus, push-pull opera-
tion takes place as a result of the complementary
action of the transistors.

15-35. Note that h1 and Ib2 flow in opposite
directions. If the transistors are properly
matched, these two currents will be equal. Be-
cause they are equal and opposite, the resultant
charging current flowing into the coupling ca-
pacitor is zero. Since no charge will develop to
reverse-bias the bases, discharge diodes are not
needed.

15-36. The basic circuit just discussed illus-
trates how simplicity and improvement of a
push-pull amplifier circuit can be attained by
using n-p-n and p-n-p transistors together. Many
varied circuits take advantage of the comple-
mentary features of transistors. Such circuits
have no electron-tube counterparts.
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16. Audio Consoles

16-1. The audio console is the nerve center
for the audio portion of TV production, just as the
sync generator is the heart of the video equip-
ment. However, the basic functions are vastly
different. Whereas the sync generator provided a
standard, the audio console does much more. In
this section we shall see just how much more as
we study the functions, signal paths, mixing ac-
tion, and monitoring facilities which are all a part
of the audio console. An audio console will be
designed to handle audio signals from micro-
phones, tape recorders, special effects consoles,
and other sources as necessary for sound pro-
duction.

16-2. Functions. There are many functions
which could be listed; however, for our purposes,
we will consider those functions performed by
amplifiers, switches, mixers, and monitors. Of
course for the console to carry out its functions
there must be certain auxiliary equipment at-
tached, as indicated by the various input and
output terminations of figure 88. Most consoles
contain their own power supply.

16-3. Amplifiers. In an earlier part of this
chapter when microphones were discussed, you
will mall that the dynamic microphone was de-
termined to be the best for fidelity. This micro-
phone, however, requires a preamplifier (pre-
amp) due to its low output voltage. Therefore,
the audio console has built-in preamplifiers,
which give sufficient signal level to drive the
program and monitor amplifiers. The preamps
used in this unit (see fig. 88) have external gain
controls, which are located on the front of the
console along with the other input controls. These
controls are actually labeled "mixer." The pro-
gram amplifier is also a multistage amplifier
which falls in the class of a driver. This ampli-
fier also has a gain control, which is the master
control that enables the operator to adjust for the
correct output level, as indicated on the VU
meter.

16-4. Switches. The control consoles are
equipped with a number of multiple contact
double throw lever switches. These switches are
used to perform a number of functions, some
singly and4ome as multiple functions. The tape
input is an example of a single function. When
the switch Is in either the program or monitor
position, the only function is applying the tape
signal to the respective amplifier. The micro-
phone selector switches use an additional set of
contacts to control the muting relay which re-
moves the monitor speaker from the circuit. Also,
the muting relay controls the on-the-air alert
light.
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Figure 88. Block diagram of an audio console.

16-5. There are other switches, such as SI.
which are used to select the various circuits to
be monitored. There is a switch, not shown in
figure 88. which enables the operator to select
what he wishes to monitor on the phone jack.
It should be mentioned that figure 88 is a block
diagram of a simple console; the more elaborate
control consoles have many more switches.

16-6. Mixers. The mixers consist primarily of
the variable attenuators which are incorporated
with the various amplifiers. In the amplifier cir-
cuits, the mixers are nothing more than gain con-
trols. In the tape input, auxiliary input, and
special effects, they serve as gain controls for the
cue circuit. For those who have not actually
worked on a control console, there might be some
question as to why they are called mixers. This
can best be explained by saying that as one input
signal is used to replace another, one signal will
he increased as the other is decreased. In this
instance the operator will increase the gain on
one input mixer control while decreasing the

93

El PROGRAM
LINE OUT

MONITOR
AMP

EXT MON

CONTROL
R00/4
SPEAKER

MUTING
RELAY

gain for the other. If two inputs are to be used
at the same time. then the two mixer controls
will be set to give the proper balance or desired
mixing of the signals coming into the console.
They will also be set to give the correct overall
amount of output signal.

16-7. Monitors. The console incorporates a
VU meter which is used to monitor the signal
level out to the line and the external monitor.
When you are using the mixer controls, the VU
meter is very important for adjusting and main-
taining the correct level out. The headset moni-
tor (not shown on the block diagram) is also
used for adjusting balance; however, since the
operator's sense of volume is not good enough
to set the level out, the VU meter is needed.

16-8. The various speaker connections also
serve as monitors in the control room at remote
locations and other miscellaneous installations.
Like a headset, the speaker serves to give you
an idea of the output level, but is not exact
enough when adjusting for the correct level while
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monitoring tapes or live programs. It should he
mentioned that some of the control consoles haN e
selective scale adjustments for the meters,
whereas others require modification of the pad
circuit to change the meter scale.

16-9. Signal Paths. Again looking at figure
88, we see that there arc a number of possible
signal paths. In this diagram we have a total
of six inputs and three outputs. Remember that
this is a simple setup. There are many more
inputs and outputs in. the more elaborate setups
that have talkback circuits incorporated for class-
room work. In the diagram illustrated, start with
microphone number 1 and trace a signal path
through the preamp, level selector switch (pro-
gram "P" position), program amplifier, VU
meter. line out pad or extension monitor pad to
the output. If switch SI were in the PGM posi-
tion, the output from the program amplifier would
also be coupled to the monitor amplifier and
control room speaker terminal.

16-10. As shown in the diagram, all of the
input signals can be connected to the program
amplifier and monitor amplifier at one time.
Let us suppose that you have a studio program
that requires the use of all the microphones and
also requires specific sound effects which are re-
corded on tape. In this case. you must use the
cue circuit to set the tape to a desired spot.
With SI in the cue position, a signal is fed to the
monitor amplifier. At the right moment, you use
the selector switch to send the signal to the pro-
gram line. Thus, the tape input is mixed into
and becomes part of the program.

16-11. Performance Adjustments. Three types
of adjustments of primary concern are elimina-
tion of hum in the circuits, prevention of erratic
action from switch contacts, and accurate control
of output.

16-12. Hum balance. It should be mentioned
at this point that hum is not usually a problem
with a transistorized control console. However,
the tube type consoles with a-c filaments are
subject to hum distortion. To eliminate this prob-
lem, you will need to adjust the hum balance
control, which is found in the power-supply sec-
tion. To make the hum adjustment, set all
input selector switches to the center or off posi-
tion. If there is an input that cannot be turned
off, it should be terminated in a resistance since
it may. pick up hum in a manner similar to an
antenna. After all input circuits are either off or
terminated, turn the master gain all the way
clockwise. If the preamp is in the circuit follow-
ing the selector switch, turn the preamp gain or
mixer to minimum, fully counterclockwise. Now
you are ready to adjust the hum control for
minimum hum in the output of the program line.
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16-13. SWitch contacts. The switch contacts
can be a source of much trouble duLt to their
position in the line relative to the amplifiers.
When a switch spring becomes bent, it will not
close properly; therefore, you must adjust it for
good contact. If a contact becomes burned or
otherwise pitted. erratic. action nmy result. Switch
contacts should be carefully checked and ad-
justed or aligned for smooth action. This is true
for both rotary and lever action switches.

16-14. Overdriven output. When setting up
the output level. the important thing to remem-
ber is that your accuracy can be no better than
the VU meter reading. In other words, you will
not be able to properly set the Output unless sour
VU meter is accurate. Depending on the console.
you may find various methods of calibrating the
VU meter. If you find the meter is improperly
calibrated, it must be recalibrated against a
known standard. In some cases it will he neces-
sary to change the resistors in the pad circuit to
get the correct VU meter calthranon. You
should realize the importance of output level
control .since this signal goes to a recorder. a live
broadcast, or a five CCTV nemork. Therefore.
any distortion which results from the merdriven
output causes a loss of intelligence.

16-15. Symptoms and Troubles. The troubles
diagnosed here are only a few that may cause
the symptoms described. Some of the troubles
may have many other symptoms which will en-
able you to determine the most likely cause of a
malfunction.

16-16. Hum. As already mentioned, some of
the hum problems are found in both transistor
and tube-type sets. However, we know that
troubles with hum are less frequent with transis-
tor units because they do not use heater voititges.
Most of the hum picked up in a transistor' unit
will be from the preamps. amps, long microphone
leads, and other types of inputs. The tube-type
control ctinSoles are different because of the a-c
filaments. The hum balance adjustment proce-
dure has already been discussed in the previous
section; however, this adjustment will suffice only
if all components are in good condition. For
example, if you attempt to make the hunt adjust-
ment and find that the control does not have any
effect, there is another reason for thc hum. In
some models of the control console you will find
the hum adjustment to he nothing more than a
d-c voltaue that can be varied from one side of
the filaments to the other. In essence, this applies
a positive potential on the filaments with re-
spect to the cathode, causine a current flow from
the cathode to the filaments rather than front
filaments to cathode. Thus. any hum which
mi2ht ordinarily be coupled front the filaments
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will be blocked. Now if you were not able to
make the hum adjustment with the hum balance
control. there is a good possibility that the voltage
is missing from the hum balance adjust. De Pend-
ing on the console model, you may have as much
as 40 volts at the center tap of the balance con-
trol; this viiTtage is usually obtained from a
bleeder circuit in the B+ supply. Therefore,
when there is a hum control failure, you should
check the power supply voltage and the balance
voltage source.

16-17. Feedback. Recall that the muting re-
lay is used to mute the speaker. If this fails,
sound may be fed back from the speaker to the
microphone. There are two possible places to
look for the cause of this troubleone is the
relay which does the muting. and the other is
the switch which controls the relay. Of course
you can easily determine whether the switch is
faulty by using another selector switch to see if
the relay is activated. If the relay is activated
and the speaker is muted, you know that the
trouble is in the switch. If the relay is not ac-
tivated, then it should be checked. Another thing
to remember about sound feedback is that the
higher audio frequencies will usually cause more
difficulties than the lower frequencies. Also, do
not overlook the possibility of sound feedback
from extension monitors in adjacent rooms. These
sources of sound can also be troublesome.

16-18. Microphone. Since the microphone is
the signal source in an audio system, it can also

I.

be the source of troubles. The microphone in
most all instances will require a preamp as in-
dicated on the block diagram. There are many
troubles that are attributable to the microphone
itself, such as broken cords, loose connections,
and corroded terminalsall of which could cause
weak or erratic output. This is in addition to
any other internal damage to the microphone;
and, of course, any of these symptoms could be
localized to the microphone by substitution of a
known good microphone. If the trouble is in the
preamp, then of course it would be a. matter of
checking tubes and other items or perhaps circuit
tracing the preamp. However, a weak signal
wotild usually be a weak tube in the circuit. Other
possibilities, although less probable, are low B+,
low filaments, component value change, and
other minor items.

16-19. Erratic mixers. The mixer control is
one part of the control console which is used
extensively and causes some trouble during oper-
ation. The mixer or variable attenuator is, as
you already know, nothing more than a gain
control; therefore, it has a sliding arm contact.
The sliding contact may become dirty and cause
noisy operation of the control, This will be very
apparent in the use of the control, as you will
hear the static or jumps in gain rather than a
smooth change. The trouble can be eliminated
by cleaning the wiper arm contacts with a good
contact cleaner, or some other cleaner as recom-
mended by the manufacturer.



CHAPTER 7

Color Television

BESIDES THE natural appeal of color TV
there are numerous practical advantages

that account for its development and use. We
will discuss its use in the Air Force. point out
some of its advantages, and indicate its future
utilization. Although a color TV system has much
in common with a monochrome system, you
should understand the special requirements for
color TV. We will review these requirements
before you study the camera chain and color
monitor. Our coverage intends to reinforce your
knowledge of color TV and to further your
understanding of the principles involved. With
the increased use of color systems, it is highly
probable that you will have to maintain color
TV equipment.

17. Applications and Requirements
17-1. Despite the complexity and expense of

color TV, the Air Force employs it it. .aany

areas and is programing it for wider use. The
more important areas of application are brought
to your attention in this section before investigat-
ing the requirements of a color system.

17-2, Air Forces Uses of Color TV. The ad-
vantage to the Air Force of a color system over
a monochrome system depends largely upon the
nature of the subject matter being televised.
Where color plays an important part in thc de-
lineation and recognition of the equipment or
material being ust4 a TV system which will

faithfully reproduce those characteristics is ob-
viously desirable. The detail response of a color
system is superior to that of a monochrome sys-
tem. Because of the expense involved, a color
system confined to one use only may not be ad-
vantageous. Usually a base or installation will
have color facilities for application in a number
of areas. such as weather, missiles. medicine, and
others too numerous to list.

17-3. Weather. The use of color closed-circuit
television in a base weather station is practical
and greatly facilitates information transmission.
Monochrome closed-circuit television has proved
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valuable in transmitting weather data to other
interested facilities; color increases the quality of

information which can be transmitted since

weather charts and maps usc several colors to
denote highs, lows, fronts. etc. Accurate presen-
tation of high-detail maps and charts demands
good quality cameras. The addition of color
eliminates some of the printed ineormation on
these maps. but conveys the same amount of
information. Since the definition auainablc with
color TV is superior to monochrome TV. color is
particularly suited to this application.

17-4. Missiles. Color television systems, like
the monochrome. systems described earlier in

this volume. arc also used to monitor the opera-
tions of guided-missile installations. Dangerous
operations, such as missile launching and testing
of machinery under extreme mechanical stress,
require remote location of operators and super-
visors; the extensive use of color coded controls
and materials makes the color closed-circuit tele-
vision monitoring system particularly effective.

Inasmuch as small missiles can often he observed
in relative safety from short distances. TV moni-
toring is not required; however, as a safety pre-
caution. TV monitoring is necessary for large
missile launching activities.

17-5. Medicine. Some major hospit:ils have
installed color closed-circuit TV systems foi med-
ical training purposes. Recent developments in
color TV equipment include a color camera es-
pecially designed for hospital usc. The camera.
with associated mirror and lights, can be remotely
controlled from anywhere in the hospital. When
properly located in the surgical room. the color
camera permits large groups of medical students
to view from a remote distance an entire opera-
tion in realistic detail. Autopsy rooms icid dental
clinics are other locations where direct observa-
tion is extremely difficult due to limited' space.
The use of color TV in thesL: localities provides
the same training capabilities as in the operating
room. Such color systems have alread proved
to be of tremendous value in training medical



students. and it seems reasonable to predict that
the number of hospitals using color closed-circuit
`TV systems for this purpose will rapidly increase.

17-6. nlwr. General surveillance, hazardous
monitoring, weather service, and training con-
stitute thc bulk of color closed-circuit TV ap-
plications. An example of tactical capabilities in
the military application. of TV is Air Force re-
connaissance. A color closed-circuit TV link
enables a large group of command personnel.
located at a remote point, to observe the enemy
terrain simultaneously with the pilot and ob-
server, thus facilitating a more rapid transmission
of vital information. Color TV. in this applica-
tion, has a definite advantage over monochrome
since camouflaced areas are more easily dis-
covered when the picture is reproduced in color.
Many colors that blend perfectly when viewed
in monochrome stand out as being artificial in

actual color.
17-7. Requirements of Color TV. To appre-

ciate the re'quirements of a color TV system. you
need to know the properties of color. Moreover.
you need to know the perceptive characteristics
of the human eye to understand what informa-
tion must be contained in a color video signal.
A brief review of color principles ,should suffice
to call to mind those factors that have an impor-
tant bearine on thc compatibility. bandwidth. and
sync requirements. We will show how these re-
quirements arc met when we describe the camera
chain and monitors of a color system.

17-8. Color and color perception. The exact
process by which the human eye is able to trans-
late light of different wavelengths into color sen-
sations is not fully understood. However, experi-
ments have shown that almost the full range of
color sensations can be obtained by mixing red.
blue, and green light iii various proportions.
These three colors arc called additive primaries.
Additive primaries arc not restricted to blue.
green. and red. Any three colors can be used
so long as no two of them produce the third when
mixed. Thc widest range of color is obtained.
however, when blue. green. and red are chosen.
For this reason. these three additive primaries are
used for color TV.

17-9. It is appropriate here to distinguish be-
tween additive and subtractive primaries. Addi-
tive primaries are so called because they are
sources of color light which arc added (mixed)
to produce a desired color. By contrast. sub-
tractive primaries are absorbers of color light
which subtract or remove certain colors from
white light to create color. Whereas a knowledge
of subtractive primaries is important to several
fields 4 study (e.g.. photography and color
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printing), a knowledge of the additive primaries
is more pertinent to the study of color TV.

17-10. A discussion of color as applied to
color TV would be relatively simple if all that
had to be considered were the various colors of
light obtainable by mixing various proportions of
blue, green. and red. But the variety of colors,
called hue, is only one of the three basic proper-
ties of color perception. The other two properties
that must be considered are saturation (or
purity) and luminance (or brightness). Satura-
tion is the term that describes the amount of white
light mixed with the hue. For example, pink is
a red hue diluted or mixed with a considerable
amount of white. A zero saturation of red hue is
white light, whereas a 100-percent saturation of
red hue is pure redthus no white light. Broadly
speaking. the pale or pastel shades of hue are
less saturated than the vivid shades of hue. Lumi-
nance is the term that describes the brightness or
intensity of colored light. Although luminance,
saturation. and hue are interrelated, they are

. distinct properties which you should understand.
17-11. A chart used for the study of color is

the chromaticity diagram which reveals the re-
lationships between the different colors and color
mixtures. Figure 89 shows a chromaticity dia-
gram which is useful to determine the hue and
saturation required to produce a particular color.
This tongue-shaped diagram is numbered around
its perimeter from 400 to 700 millimicrons, which
is the wavelength range of the visible spectrum.
If figure 89 were in color, you could see that the
color changes are gradual from point to, point.
The deep shades are present at the outer edge of
the diagram. Any point on the perimeter repre-
sents a pure color (100 percent saturation).
Moving inward to the white area. the colors
become lighter; pastel shades appear; and then a
whitish area is seen. roints within the diagram
represent different mixtures of color (hue) and
different saturations. For example. the midpoint
on a straight line connecting pure green and pure
white representi a color having a yellowish green
hue and a saturation of 50 percent.

17-12. The area inclosed by the triangle
13.G,R, as illustrated in figure 89, contains all the
hues and saturations that are specified by FCC
for color TV. The colors outside the triangle are
relatively unimportant since they rarely occur in
nature. Excellent color fidelity is therefore at-
tainable in a color TV system that transmits the
range of hues and saturations within the FCC
chromaticity triangle.

17-13. Because a chromaticity diagram does
not include luminance, we need look to figure
90. which illustrates the relative response of the
human eye to the various colors in the spectrum.
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Figure 89. Chromaticity diagram.

Of the three TV primaries, note that green ap-
pears the brightest. In white light the proportions
of the color primaries sensed by the eye are 59
percent green, 30 percent red, and 11 percent
blue. If you keep these color proportions con-
stant while slowly decreasing light intensity, the
brightness changes from white through progres-
sively darker shades of gray to black. Therefore,
brightness is achromatic even though it contains
the three color components.

17-14. Although color has three properties,
the eye's ability to perceive them depends upon
the size of the image (object or area) being
viewed. For relatively large images, the eye sees
the full range of hue, saturation, and brightness
present. As size decreases. the eye becomes less
discerning and partially colorblind. So much so
that for very small images, it sees colors as shades
of gray from black to white. This is to say, the
eye is completely colorblind with regard to fine
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detail; therefore, only luminance is needed since
the eye is incapable of sensing the hue and satu-
ration of very small images. These perceptive
characteristics are used to alivantage in color
TV, as we will point out shortly.

17-15. Compatibility and bandwidth. Com-
patibility is a requirement that must be met for
color broadcasting. This means that (1) a color
video signal must provide a standard black-and-
white (monochrome) signal, (2) chrominance
information must be contained within the stand:
ard TV bandwidth, and (3) the chrominance
signal must not interfere with the monochrome
signal. These requirements are met by the Na-
tional Television System Committee (NTSC)
color system. Since the NTSC system is used
throughout this country, you need to understand
that it is compatible with the standard mono-
chrome system.
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Figure 90. Luminance curve showing sensitivity of human eye.

17-16. The first requirement is met by trans-
mitting a composite black-and-white video signal
having practically identical waveform standards
for amplitude modulation (AM), synchroniza-
tion, and blanking as a monochrome system.
A spectrum analysis of this signal (see fig. 91)
shows that the frequencies constituting it do not
occupy the entire band, but occur in clusters near
harmonics of 15,750 cps, the scanning line fre-
quency. Such being the case, frequencies con-
stituting the chrominance signal can be dis-
tributed between these clusters within the 4.5-mc
range without disturbing the black-and-white sig-
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CLUSTERS OF MONOCHROME
FREQUENCIES

700

nal. This is how the NTSC color system satisfies
the second and third requirements for compati-
bility. By modulating an odd harmonic of one-
half the line scanning frequency, the chrominance
frequencies are placed in the spectrum midway
between the ,clusters of the monochrome frequen-
cies. This principle is called interleaving. A fre-

quency of 3.58 mc, which is approximately the
455th harmonic of 1/2 X 15,750 cps, is used as
the color (chrominance) carrier. In a r-f trans-
mission system, it is called a subcarrier since the
composite video signal modulates the r-f carrier.
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Figure 92. Bandwidths lor NTSC color video.

.
VHF and UHF carrier systems will be covered
later in Volume 2.

17-17. In addition to rigid adherence to the
FCC monochrome bandwidth requirements, there
are bandwidth requirements peculiar to the
NTSC color system. The bandwidths assigned to
the chrominance frequencies are based on the
perceptive characteristics of the human eye de-
scribed earlier. Video picture information is
divided into two parts: ( I ) luminance which is
called the Y or M signal (from here on referred
to as Y) and (2) chrominance which consists of
components called I and Q signals. The Y sienal
occupies the same bandwidth as the standard
monochrome signal. Large. medium, and very
small images are adequately televised within this
bandwidth. Because the eye is colorblind for
very small images, the Y (luminance) signal is
sufficient. Consequently, the chrominance signal
is not required and the bandwidth can be reduced
considerably for the I and Q components. Both
the I and Q signals contain the three primaries,
but in differOtt proportions. The hue for the I
component ranges from cyan to orange. This
range of color was selected for medium size
images because it gives adequate color fidelity.
Medium size images are televised well within a
video range of 1.5 mc; therefore, the I compo-
nent is assigned this range. Only large images
need the 0 component, which when comhqied
with the I gives the full color spectrum. A video
range of 500 ke (0.5 mc) is ample to convey
large image information.

1748. What has been said thus far concerning
bandwidth is illustrated in figure 92. Note that
the bandwidth for the luminance signal is the
same as that for the standard monochrome signal.
Because the chrominance signal is a modulated
signal having a 3.58-mc reference. the band-
width shown extends above and below this fre-
quency. For the I component. the full 1.5-mc
range is used to produce the lower sideband. btit
only a 0.5-mc range is used to produce the upper
sideband. By having a vestigial upper sideband,
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1 frequencies are kept within the standard video
bandwidth. This is not necessary for the%) com-
ponent, however, since its full range is only O.
mc. An entire upper and lower sideband is there-
:ore used. Observe that both thc I and 0 corn-
punents arc present over a 0.5-mc video range.
thereby providing maximum color for large-size
areas; whereas, only the I component is present
from 0.5 mc to 1.5 mc. thc range in which the
full color spectrum is not required for middle
size images.

17-19. Sync. The waveforms of horizontal
and vertical sync pulses for color TV are no dif-
ferent from those for monochrome TV. There
are slight frequency differences; however, they
are well within the tolerance limits of a mono-
chrome system. For color, the horizontal (line)
sync is 15,734 cps instead of 15,750 cps. and the
vertical (field) sync is 59.94 cps instead of 60
cps. Besides the horizontal and vertical sync, a
3.58-mc signal sync is used in thc NTSC system.
This signal would not be needed if the 3.58-mc
color carrier were transmitted in the chrominance
signal. But it isn't. The color carrier is com-
pletely suppressed in the modulation process for
two reasons: (1) to reduce beat frequency in-
terference and (2) to attain higher transmitter
efficiency. Being absent. the 3.58-mc carrier
must be inscrted by the local oscillator of a color
receiver or monitor. It is extremely important
that the local oscillator frequency and the trans-

"mitter's 3.5 epmc reference frequency are syn-
chronized, beLitse color distortion will result if
they are not. Therefore, immediately following
each horizontal sync pulse. a burst of the 3.58-mc
reference signal is transmitted. This sync is called
the color burst signal. Note in figure 93 that it is

1,7 HORIZONTAL SYNC

BURST OF
3.58 MC

MIN. OF 8 CYCLES

HORIZONTAL BL ANK

I.

Figure 93. Color burst sync.

268



placed on the back porch of the horizontal blank
pulse.

17-20. Chrominance circuits. Having re-
viewed. the compatibility, bandwidth, and sync
requirements for color TV, let's identify the ad-
ditional circuitry needed in an NTSC color cam-
era chain and monitor.

17-21. The color camera chain consists of a
color camera, camera control unit, sync gen-
erator, processing amplifier, and colorplexer. For
distribution and versatility, a switcher and a
DA network are used. In the following section
we will discuss each of these units in some detail,
but we wish here to point out that chrominance
information must be handled as well as lu-

minance information. Generally speaking, this
necessitates closer tolerances and more complex
units. The color camera contains a special optical
system, three camera tubes with their associated
preamplifiers, and video networks. Consequently,
the camera control panel must control three cam-
era tube outputs and their relationships. Because
a 3.58-mc sync is required, the color sync gener-
ator must provide this frequency and the keying
(flag burst) pulse to properly time the 3.58-mc
synchronizing signal. Whereas in a monochrome
camera chain the camera control unit processes
the video, in a color camera chain signal proces-
sing plus additional functions are done by a
processing amplifier unit. Another unit not found
in a monochrome camera chain is, of course, the
colorplexer. It performs the functions necessary
to produce the composite color video signal. This
entails matrixing, filtering, delays, modulation,
and mixing to produce the composite color video.
Obviously, there are many more functions per-
formed in a color camera chain than there are
performed in a monochrome camera chain:

17-22. As in the camera chain, chrominance
circuits add appreciably to the complexity and
sophistication of color monitors. You should

1...COLOR
CAMERA

BLUE

BLANK

realize, however, that there are many functions
which they have in common with the mono-
chrome monitor. The luminance signal is

handled in the same manner by both. A color
monitor must handle the chrominance signal also.
This requires eircuits to detect, process, and sep-
arate the primary color signals that are needed
to drive a color kinescope. Our coverage of
color monitors, in the final section of this chapter,
will concentrate on these circuits.

18. The Camera Chain
18-1. Figure 94 shows a block diagram of a

color camera chain. In this section we will de-
scribe the functions performed by each block in
the diagram. Particular attention will be given to
features that are unique to an NTSC color sys-
tem.

18-2. Cameras. The color camera is much
larger than the same type monochrome camera
due to the increase of circuitry necessary for the
three pickup tubes and the optical system. All
live pickup color cameras use three identical
pickup tubes with an associated optical light-
splitting system to provide simultaneous blue,

green, and red signals. With the exception of the
three pickup tubes and the associated optical
light-splitting system, color cameras are similar to
monochrome cameras which you studied in

Chapter 4 of this volume. As in monochrome
television, two types of pickup cameras are avail-
ableone using image orthicon pickup tubes and
one using vidicon tubes. These cameras use a
light-splitting system like the one shown in figure

95.
18-3. Optical system. To develop the color

TV signal, the color TV camera must first split
the televised scene into three separate light
images, blue, green, and red. Figure 95 shows
a sketch of an optical system used in a three-tube
color TV camera. On the left are the objective
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Figure 95. Color camera lens system.

lenses mounted on a rotating turret, which is
very similar to the turret used in the mono-
chrome camera. Three types of lenses, wide-
angle, normal, and telephoto, are normally
mounted on the turret; and the cameras may be
equipped with the zoom-type lens. The three
lenses on the turret do not split up the light into
three primary colors, as only one lens is used at
one time. Again referring to figure 95, you see
that the light enters one objective lens and
follows a path toward the pickup tubes.

18-4. After passing through the selected lens,
light passes through the condenser lens. It then
passes through die dichroic trimming filter which
removes the ultraviolet and infrared portions of
the spectrum. The vertical astigmatism compen-
sator then corrects the distortion of optical focus
caused by light passing through the dichroic
mirrors at an angle. Light then enters the optical
orbiter (image orbiter), a rim-driven glass
wedge which is mounted in a geared ring driven
by a motor through a gear train. The image
orbiter is a device which rotates the camera
image in a slow, continuous elliptical orbit, un-
detectable to the TV viewer. Its purpose is to
prevent image "burn-in" or "sticking" of the
image orthicon pickup tube. Sticking occurs af-
ter a camera is held stationary on a hieh con-
trast scene for 10 to 30 seconds or more. A
negative image remains visible for intervals
ranging from a few seconds to several minutes,
depending upon the age of the tube and the
severity of the burn. Rotation of the optical
image falling on the photocathode is a practical
way to prevent the image orthicon from sticking.
This is accomplished in the color camera by the
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optical orbiter. The image moves in a circle,
and the duration of each orbiting cycle is 1

minute. A DC motor, acting through a gear
train, drives the optical wedge mounted in a
geared ring. Since the light at this point is
common to all three pickup tubes, individual
electrical orbiters are not necessary for each
tube. Upon leaving the optical orbiter, the light
passes through the relay lenses, where the
length of the optical path is increased to provide
space for the dichroic mirrors and associated
elements. Between the relay lenses is the iris,
which is used to adjust the amount of light to be
passed to the pickup tubes.

18-5. A dichroic mirror is designed to reflect
a specific light and pass all others. In figure 95,
mirror A will reflect blue light but pass red and
green light. The blue light is reflected to the
face of a front-surface mirror which reflects the
light to the pickup tube designated for blue sig-
nal output. The red and green light passes
through the blue-reflecting dichroic mirror to
red-reflecting dichroic mirror, E. The green
light continues through mirror E to the green
pickup tube. The red light is reflected by mirror
E to front-surface mirror J, where it is reflected
to the red pickup tube.

'18-6. The three camera tubes are adjusted to
have equal output when the televised scene is
the RETMA chart. Notice that B, F, and H are
blue, green, and red trimming filters. These
filters are placed in the light paths to adjust the
spectral response of the color camera pickup
tube. The spectral response of the combincd
camera tubes should be equal to that of the
monochrome camera. The spectral response in
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the nionochrome camera is very similar to the
spectral response:of thc human eye, as shown
in figure 90. Since the dichroic mirrors have
rather broad spectral responses. thc trimming
filters placed in the three light paths are adjusted
so that the total or combined rcsponse ap-
proaches that of the human eye. The trimming
filters are adjusted according to light conditions;
mdoors they are adjusted to artificial light, out-._
doors they arc adjusted to natural light.

18-7. In the red and green light paths are
two neutral density filters (G. I. fig. 95). Since
the three camera tubcs are adjusted to have
equal outputs where televising a white or neutral
scene. neutral density filters must be placed in
the red and green light paths to compensate for
the unequal response of thc cye to the hues that
make up white light. Rec4ll from figure 90
iliat the eye rciponds differently to the various
colors in white light. The filters reduce the
light in the red and green paths to equal the
amount in the blue path.

18-8. The additional horizontal astigmatism
corrector. D. in the blue light path is used to
balance all three light paths astigmatically.
Additional correction is not needed in the green
and red paths, as each of these colors passes
through additional dichroie mirrors.

18-9. Canwra tubes. Camera pickup tubes
used for color production are usually an im-
proved typc or design. The most commonly used
image orthicon is an improved version of the
tube originally designed for monochrome use.
Since the color signal is a combination of the
output from three tubes. the output from the
tubes must he uniform. This requires a pre-
cision tube with an output frce from spurious
signals.

18-10. Many of the changes made to improve
the image orthicon tube for color operation are
not physically perceptible: however, thcy are
evident in tubc performance. Reduction of
screen-to-tareet spacing cxtends the contrast
range and improves the signal-to-noise ratio be-
low the "knee." Closer spacing (from three
thousandths to one thousandth of an inch) al-
lows the screen to collect more of the secondary
electrons from the target; this eliminates ran-
doni secondary redistribution of the target
electrons and minimizes "ghost" and "halo"
effects. The new :. tubes arc much more sensi-
tive due to the ise of an improved photocathode,
nficroniesh screen:, and dynode coating and con-
struction.

18-11. You will recall that with the mono-
chrome tubc wc operate thc 'image orthicon
above the "knec.- For color operation, how-
ever. the image orthicon must be operated at
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the "knee" to give a more uniform signal free
from spurious signals.

18-12. The newer vidicon is also of an im-
proved design; the sensitivity of the mosaic or
photosensitive material has been increased. Pres-
ently, experiments are being conducted to de-
velop a combination tube which will function
much the same as a vidicon but have the pickup
sensitivity of an image orthicon.

18-13. Camera Controls. Color camcra sys-
tem controls for setup and adjustments are lo-
cated on both the camera and the camera con-
trol panel. Viewfinders mounted on the camera
are used as an aid in camera alignment. After
setup and adjustment the only controls that gre
used for operation are those located on the
camera control panel.

18-14. Viewfinder and camera mounted con-
trols. The controls for adjustment of the camera
are arranged at the rear of the camera, whereas
focus. brightness, and contrast adjustments for
the viewfinder kinescope are located on the
viewfinder panel. A series of pushbuttons per-
mits the camera operator to observe a mono-
chrome image of a single channel or any com-
bination of the red, blue. and green channels.
These pushbuttons are located on the viewfinder
panel.

18-15. Controls to adjust the camera include
the blue and red skew controls and Q controls
for the, three channels. The skew controls are
used to adjust to one rectangular shape the blue
and red images. The Q controls are linearity
adjustments. Also included are conventional
height and width controls for individual and
overall adjustment of the three channels. The
color camcra image orthicon has a dynode gain
control for each tube; this control is not found on
the monochrome camera. These controls are
located on the pickup tube chassis.

18-16. There are video preamplifiers for each
of thc pickup tubes; these are individual units
much the same as those used for monochrome
equipment. These preamplifiers are different
from monochrome because they are adjustable;
one stage has a cathode peaking control for ad-
justing tilt at thc low-frequency end of the re-
sponse curve and another stage has a high peak-
ing adjustment circuit.

18-17. Control panel. Mounted on the cam-
era control panel is a group of symmetrically
arranged operating controls for each of the three
image orthicons. Colored knobs identify ,the
controls with their respective channels. The in*
dividual channel controls include horizontal and
vertical centering alignment, orthicon focus,
multiplier focus. image focus, and image accel-
erator voltage settings in each color channel.



18-18. The master gain (iris) and master
pedestal controls, both of which are located on
the camera control panel, serve as the, only
operating controls once the camera has been
aligned. The master gain control operates a
selsyn generator which drives a selsyn motor in
the camera to control the iris in the optical
system. The master pedestal controls the level
of pedestal voltage inserted into the signal at
the processing amplifier.

18-19. You can readily see by comparison
that the controls of a monochrome system and
their functons are similar to those in the color
system. However, due to recent developments
and improvements in tube, component, and cir-
cuit design, there may be slight variations in the
number and location of controls for color cam-
eras.

18-20. Processing Amplifier. Observe in figure
94 that the processing amplifier is connected to
the camera control panel, sync generator, and
colorplexer. It performs a number of important
functionsthose accomplished by the camera
control unit in a monochrome system pius sev-
eral others. Its functions can be itemized as
follows: video amplification, cable compensa--
don, shading and gamma correction, regenera-
tion of drive pulses and blanking pulses, genera-
tion of signals for test purposes, and electronic
switching. The networks employed for these
functions are essentially video amplifiers, multi-
vibrators, and waveshaping circuits which you
have studied. Our coverage will therefore be
confined to describing the inputs and. outputs
from the processing amplifier so you can better
understand its purpose in a color system.

18-21. Figure 94 shows that the processing
amplifier receives three inputs from the sync
generatorvertical (V) drive, horizontal (H)
drive, and blanking pulses. Both the H and the
V drive input signals separately trigger mul-
tivibrators which regenerate the H and V drive
pulses. Thus, the pulse widths of the H and V
drive outputs are made independent of the origi-
nal pulse widths supplied by the sync generator.
Precision components are used to maintain H
and V drive pulse widths within the close toler-
ances required for the color system. The blank
input from the sync generator is amplified and
clipped before it is fed out to the camera control
panel as a standard blanking signal.

18-22. Note that the Blue (B), Green (G),
and Red (R) video signals are received by the
processing amplifier via the camera control
panel. Just as in a monochrome system, shading,
corrections must be made. The horizontal and
vertical shading generators are driven by the H
and V drive pulses. Besides shading corrcctions,
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it is necessary to make gamma correcWns. Re-
call that gamma is a factor that indicates the
relationship of brightness variations between thc
original scene and the reproduced image. Be-
cause of the inherent nonlinearity in a systcm
(principally the kinescope's characteristics), it
is necessary to incorporate gamma correcting
amplifiers. These amplifiers are designed to pro-
duce nonlinearity which is the inverse of that
caused by the rest of thc system. When neces-
sary, provision is also made to compensate for
attenuation and distortion caused by intercon-
necting cables. This is generally done with
plug-in units. the number used depending upon
the lengths of the cables involved. Although
we have not designated the B, G, and R signal
outputs differently, bear in mind that they are
different from the B, 0, 4and R inputs. The
outputs are corrected video signals. These sig-
nals are fed to the colorplexer, which in turn
provides another input to the processing ampli-
fier unit. This input is sent to an electronic
switcher network, which is used in conjunction
with the monitoring facilities. We sec in figure
94 that there is a video output to the master
monitor. By a switch arrangement, it is possible
to monitor the B. G, R. or Y signal separately
(monitors will be discussed in the next section).
It is also possible to select a composite of thc
color signals, such as blue-green, or red-blue-
men. Moreover, calibration signals can be
supplied by the processing amplifier unit to the
video output for observation on the master
monitor. So you see that the processing ampli-
fier is designed to provide signals for checking
pertinent waveforms.

18-23. Sync Generator. In Chapter 3, Section
8. you studied the standard monochrome sync
generator. Since the NTSC color system is com-
patible, the sync generator for a standard mono-
chrome system can be used to supply the H and
V blanking. drive, and sync signals necded for
color. We just pointed out that improvement
of thesc signals (closer pulse width tolerances)
is accomplished by the processing amplifier.
You know, however, that a 3.58-mc sync (color
burst signal) must also be transmitted. There-
fore, two additional outputs are shown in figure
94--a 3.58-mc carrier (r-f subcarrier) and a
burst flag signal,

18-24. The 3.58-mc (actually 3.579545 mc)
signal is obtained from a color frequency stand-
ard generator. This generator is a crystal-con-
trolled oscillator which is kept in a temperature-
regulated oven. The oscillator generates a highly
stable signal (about ±.3 cps per mc) for thc
colorplexer and countdown circuits of a standard
monochrome sync generator. Whcn thc
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Figure 96. Block diagram of colorpleser.

31.4685-kc (instead of 31.5 kc) is counted
down, you get the slightly different line and
field frequencies (15,734 cps and 59.94 cps
respectively).

18-25. A burst flag generator develops a

series of rectangular pulses at the horizontal line
frequency. These pulses are timed to place the
3.58-mc burst on the back porch of the horizon-
tal blanking pulse. Because this is done in the
colorplexer by a gating (keying) circuit, the
burst flag is sent from the sync generator unit to
the colorplexer. as shown in figure 94. It stands
to reason that the burst flag signal must be
precisely timed and locked in by the horizontal
line frequency of the color system. Furthermore,
the width of the burst flag pulse permit at least
eight complete cycles (see fig. 93) of 3.58 mc.

18-26. Colorplexer. The functions of filtering,
phasing, modulating, and mixing, which occur in
the colorplexer unit, are vital to the operation of
an NTSC color system. It is therefore essential
that you understand these various functions. To
idcntify and relate them. we can use to advantage
the diagram of a colorplexer shown in figure
96. Note that inputs are received from the pro-
cessing amplifier and the sync generator. The
colorplexer modifies and combines these inputs to
nroduce a composite color video output. This
Jutput signal contains all the frequencies neces-
-.try to *transmit luminance, color, sync. and
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blanking information to a monitor for a color dis-
play. Beginning with the B. G, and R signal in-
puts, we will investigate the manner in which the
composite color video output is obtained. The
facts discussed concerning compatibility and
color perception underlie the design and opera-
tion of this unit. We suggest, therefore, that you
review these facts if you have difficulty follow-
ing our explanation. We will not attempt to delve

into the mathematical aspects of color signal for-
mation since this is not necessary to convey the

principles and processes involved. A detailed
treatment of this subject can be found in TO
31S4-1-1A and numerous commercial publica-

tions.
18-27. Matrix and filter sections. The three

inputs from the processing amplifier are the pri-
mary color signals that originate at the color
camera. These signals (B, G, and R) are applied
to the matrix section of the colorplexer (see fig.

96). This section combines the primary color
signals to produce the luminance (Y) signal and
two color signals (I and Q). This is done by
resistance networks and phase inverters. In fig-
ure 97 we have illustrated an arrangement
whereby the proper proportions and polarities of
the primary color signals are obtainedlo produce
the desired Y, I, and Q outputs. For simplicity,
let's assume that the color camera is picking up
pure white light. In this case, the B, G, and R



S R

O 0 ?

PHASE
INVERTER -NMAM

1111=r PHASE
INVERTER

I PHASE
INVERTER

= .1,13 + .59G 4 .30R

RI

-.320 - .28G + .60R

R2

0 .= .310 - .52G > .2IR

R3

Figure 97. Colorplexer matrix circuits.

signal inputs should all be of equal. amplitude.
We know, however, that because of the percep-
tive characteristics of the human eye, white is not
seen unless the proportions of the primary hues
are 11 percent blue, 59 percent green, and 30

percent red. Since Y is the white signal. it must
have these proportions; thus. Y = .11130 + .590

.30g as shown. Note how this i% accom-
plished by voltage divider circuits. The resistors
connected ,to the B. 0. and R lines differ in
value, of course: so the proper amount of each
signal is developed acros the common output
resistor R I. Similarly, the I and 0 signals are
developed across 112 and R3. respectively. A
difference is that the T signal has two negative
components and the Q signal has one. Conse-
quently. phase inverters arc placed in the B and
G divider circuits of the matrix, and in the 6
divider circuit of the 0 matrix. As you ean see.
the color signals are I = .32B .280 +
.60R and 0 = .31B .526 + .21W Both
the I and 0 signals arc zero if the camera is
picking up pure white light as we assumed. For
example, suppose thc B. G. and R inputs to the
matrix are each lv (equal for white light). Sub-
stituting lv for B. G. and R in the expression for
I ahd Q. we get I = 0 and 0 = 0. However.
if any cokred light is being picked up. there will
be an 1 or 0 signal or both.

18-28. The I color signal is obtained for
orangish hues. and t!?e 0 color signal is obtained
for bluish-red (magenta) hues. We should men-
tion here that I and 0 can have a negative polar-
ity. For bluish-green (cyan ) hues. a -I signal is
obtained; for yellowish-green hues, a 4) signal
is obtained. Figure 98 shows thc values and po-
larities for I and Q signals of fully saturated pri-
mary and secondary colors.
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106

27 4



REFERENCE
CARRIER 4-00

40

.63R

90°

+ 0

Figure 100. Vector diagram of color signals.

lationships of the inpuu. Therefore, the I modu-
lator's output contains the I color information as
sideband frequencies. Likewise, the Q modula-
tor's output contains the Q color information as
sideband frequencies. Bear in mind, however,
that modulated I and Q outputs are 900 out of
phase with each other.

18-32. Mixer section. Refer again to figure
96 and note the inputs to the mixer. This section
combines the luminance, color, and sync infor-
mation to form the composite color video output
that is transmitted.

18-33. Figure 101 illustrates the signal devel-
opment for the indicated color elements. High
saturations of red, blue, green, and yellow are
considered to be 100-percent saturated colors.
Those saturations of green and yellow are con-
sidered as 50 percent saturated colors. The
shaded areas of the three camera signal output
waveforms (B, C, and D) t4present the white
component of the 50 percent saturated green and
yellow.

2 708

1800-01.

18-34. By applying the formula Y = .30R
+ .11B + .59G to all three camera tube output
signals for any one color, the Y signal waveform
at E will be developed. When applied to a black-
and-white receiver, this video waveform will
represent the brightness charactristic of the color
elements illustrated.

18-35. The I signal is developed by applying
the formula I = .60R + .32B .280 to the
three camera signal output waveforms for any
color. Similarly, the Q signal for the illustrated
color elements can be developed by application of
the formula, Q = .21R + .31B .520. The
I and Q signals, combined in quadrature, form
the chrominance signal; the signal phases and
amplitudes for the illustrated colors are indicated
at H. The high saturation of green. for example,
has a chrominance signal amplitude of .59 at a
certain phase. The amplitude and phase are de-
termined by the amplitudes of 1 and Q pro-
duced for the green.
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18-29. From the matrix section, the Y. I, and

0 signals go to a filter section. Recall that the
bandwidth requirement is different for each of
these signals (refer to fig. 92). We explained
earlier that the bandwidths are based on the eye's
color-detecting characteristics. As the image
becomes smaller, the eye fails to detect color
accurately until color is not perceived at all.

Thus. color signals can have comparatively nar-
row video bandwidths; the Q signal having the
narrowest. from 0 to 500 kc. Since the Q signal
is delayed most by its filter. it is necessary to in-
sert an additional delay following the I filter and
even more delay following the Y filter (see fig.
96). It is important that these delays be correct.
Otherwise, the signal relationships will not be

proper and color distortion results.
18-30. Modulator section. Observe in figure

96 that the I signal is fed into a doub:y balanced
modulator which has a 3.58-mc input. The same
is true for the CI signal. Note, however, that the
3.58-nic input to the Q channel is delayed 90°

more than the 3.58-mc input to the I channel.
Note also that the 3.58-mc is received, via an
adjustable phase shifter and 57° delay, from the
sync generator. The adjustable phase shifter cir-
cuit makes it possible to align the 3.58-mc input
to the standard reference, which is shown in fig-
ure 99 as 0°. This figure illustrates the phase
relationships of the I and Q signals to the color
carrier and to each other. The outline of the
chromaticity diagram and the FCC color triangle
are shown so that you can see the range of hues
and saturations that are encompassed by the I
and Q signals. A more complete vector diagram
is shown in figure 100. This diagram can be cor-
related with figure 98 and also with figure 99.

18-31. We mentioned previously that the I
and Q signals are each sent to a doubly balanced
modulator. This type of modulator develops an

amplitude-modulated output that contains
neither of the input signals.--The output does

nonetheless contain the sidebandfrequencies
which depend upon the amplitude and phase re-

COLOR CARRIER
REFERENCE

0°

Figure 99. Position ot 1 and Q vectors on chromaticity diagram.

107

2 7

2(40c



NO -uf ISO mug SLUE NUS
NO SA 1J111 411:744 441444 SA T NIGH S1

.44414111.

GASEN NUS GAM NUS
NIGN S1 LO 51

TOPICAL ARS AS OF COLOR SCENE

ISO%

ELLOro NUS ELLOW NUS
NIGN SAT 0.0' SAT

MOW

ISO CANIN SIGNAL OUTPUT-
S'S!) WINSSOOPE SIGNAL INPUT

LL
73%

50%

73% --
GISIN CA4311 S GNAL OUTPUT

ORSON cmescoPe SIGNAL usPUT

113eN

LL
TS%

50%

57.0! cAMSIA SIGNL OUTPUT -
110.03 RINSSCOPI SIGNAL INPUT

1/7/

so%

.3011 2511

50

1

LUNINANGE SIGNAL.
r 330411 Ime WIG

-.32

I SIGNAL - 2 0 4011-0.321-211G

.21

Li
-.52

60

05

SIGNAL - 0 2 0.215 0.311 _ 0.530

if
-.TriliONA SUS-GA/WSW reCTOIS

.45

So

.10

WIA

CNIONA SUS-CRilwf ENvELOPS

11 34

I IS

t

Il

IGO

4,

rea Sri

.11

.as .33

.13

Figure. 101 . s olutwn if composite color signals.

109

2 7



18-36. Note that the pale green chrominance
subcarrier vector has not changed in phase fro:,1
the hiehly saturated green, but is merely reduced
in amplitude in order to convey the effect Of re-
duced saturation. Comparison of the chrorni-
nance signal envelopes for the two saturations of
green at I show the amplitude difference due to
saturation change. When combined with the
brightness signal at J. however. the two composite
signal waveforms have little total difference in
amplitude for the two greens, but the briehtness
component of the low saturation oi green is
greater than that for high saturation of the same
color. Note that the chrominance signal chances
phase as hue changes, and amplitude varies as
saturation varies. Au ...:brominance signal ampli-
tude is reduced for the same hue, the correspond-
ing brightness signal will increase.

18-37. Figure 102 indicates the video modu-
lation for one horizontal scanning line containing
fully saturated primary and secondary color bars.
The figures at the left of the chart ind:cate per-
centages of modulation. The brightness signal for
each bar is the a-c axis of each chrominance sig-
nal, forming the stairstep pattern from black to

100

90

30

70

6C

50

40

30

20

10

0

till
mar"HIM=III

white. The video swing frorn black to white is
shown at its maximum tolerance. withmwhite at
10-percem modulation. This provides a contrast
range from 70-percent modulation to 10-percem
modulation. or 60 perent ot the total m,dulation
envelope. Black. then. represents 0 percent of
this 60-percent range. The brightness sigmd for
the colors, from left to right, represents the fol-
lowing percentaees of this 60-percent range of
contrast: blue, 11 percent; red. 30 percent: ma-
genta, 41 percent; green. 59 percent; cyan. 70
percent; yellow, 89 percent; white 10(1 percent.
The green. cyan. and yellow chrominance signals
overshoot zero modulation. with yellow repre-
senting maximum modulation overshoot. Since
fully saturated colors are rarei) telecast. how-
ever this condition is unlikely to occur.

18-38. The inputs from the sync genek.ator are
added in the mixer section. Figure W2 shows
the presence of the horizontal blank. horizontal
sync, and color sync burst. Remember that the
sync signal input also includes the pulses for ver-
cal blank and sync. These pulses have the same
waveforms as those for the standard monochrome
signal. The horizontal sync pulses occurring dur-

J

,

Figure 102. Vulro mildulanou tor one horizonusl scwininv line.
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Figure 103. Diagrams showing the video channels.of color .-fflonitors.

ing vertical blankintz time will each be followed

by a color sync burst. This, of course, insures
cok)r synchronizadon before the vertical blank
terminates and the picture begins.

9. Color Monitors
19-1. Color monitoring equipment can be di-

vided into two classes: (a) three-input monitors
for viewing the color signals as they leave the
camera chain and (b) single-input monitors for
viewing the composite color sienal from the
colorplexer or. in the ease of closed-circuit sys-
tems. for use as receivers at remote points. Figure
103.A. is a simplified block diagram of a three-
input monitor. As is apparent from the block
diagram. these monitors consist of three identical
video amplifiers (one for each of the red. green.
and blue channels). Of course. deflection and
convergence circuitry. a tricolor kinescope, and a
power supply are used. This type is generally
consitlerral as test equipment. Figure 103,B, is

2 7

TRI-
COLOR

KINESCOPE

the simplified block diagram of a typical single-
input color monitor of the type generally used as
remote receivers in closed-circuit systems. This

type of monitor is designed for continuous oper-
ation and uses circuits that are adaptable as
closed-circuit system receivers where severe op-
erating conditions are a factor.

19-2. Figure 103 does not show circuits or
features common to a monochrome monitor.
Such functions as sync separation, scanning, and
d-c re3toration are accomplished in the same
ways br color monitors as for monochrome types.
The three-input color monitor amounts to three
video channels, one for each primary color sig-
nal. The single input monitor, however, incor-
porates a number of features that are unique. We
will therefore give our attention to this latter
type monitor. Moreover, we will describe the de-
modulation and matrixing method that is em-
ployed to attain maximum color fidelity in a
compatible system (see fig. 104).



. 19-3. Luminnnee Section. Although the lum-
inance section corresponds to the video section of
a monochrome monitor, there is a differenc.c that
is shown in figure 104. The Y delay unit is
placed in this section so that the luminance sig-
nal will have the proper time relationship with
the chrominance signal when it arrives at the
matrix section. The Y delay Must be equal to
the delay caused by the chrominance bandpass
filter in the demodulation section. This is impor-
tant since, as we mentioned earlier, incorrect
time relationships will cause color distortion.

19-4. Preceding the second video amplifier is
a brightness control (not shown), which is iised
to adjust the d-c reference and thus the overall
picture luminance. A contrast control.is located
in the video output stage just as in a monochrome
monitor.

19-5. Burst Control Oscillator Section. Before
the chrominance signals can be detected, it's
necessary to reinsert the 3.58-mc color reference
signals. A 3.58-mc signal is generated in the
burst control oscillator section by an afc crystal
oscillator. Since the locally generated 3.58-mc

COMPOSITE
COLOR
YI0E0

1ST
VIOE0
AMPL.

signal !las to he synchronized to the trailismittcr's
color carrier let's refer to figure 164:and discuss
how. this is dom.:.

1Y-6. The input to the bur.it amplifier comes
from the first video amplifier. Observe that
there is another input to this section v.hich goes
to a keyer. circuit. The keyer is triggered by a
pulse from the horizontal output stage. Such an
arranuement acti%ates the burst amplifier so that
it pases the color burst sync to the phase dctec
tor. The other input to the phase detector is sup-
plied by the local 3.58-me oscillator. As you
know, the phase detector produces a d-c poten-
tial (error voltage) if the inputs differ in phase.
The error voltage is applied to a reactance con-
trol circuit (such as a reactance tube amplifier
or varicap semiconductor diode), which regu-
lates the oscillator frequency. Thus, the 3.58-
mc oscillator output is kept in phaSe with the
3.58-me color burst sync signal.

19-7. To establish the proper phase relation-
ships for demodulatine the 1 and 0 signals. the
3.58-mc signal is dela;.ed 90 before reaching
the 0 demodulator. We will discuss shortly why
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this makes it possible to detect the I and 0 sianals
separately.

19-8. Another output from this section is de-
rived from the phase detector and applied to the
color killer. Like the error voltage. this output
is a d-c potential. It is used to effectively block
the video input to the chrominance demodulator
section.

19-9. Chrominance Demodulator Section. Re-
ferring to figure 104. you see that the video input
to the chrominance demodulators goes first to
the bandpass amplifier. Another input to this
amplifier comes from the color killer. The color
killer is nothing more than an amplifier that
gates the bandpass amplifier when a color video
signal is received. On the other hand, the color
killer biases the bandpass amplifier to cut off
when a monochrome signal is received. The op-
eration of the color killer is dependent upon the
d-c potential developed by the phase detector. If
a color video is present, there is a color burst
sync signal applied to the phase detector, and a
d-c output voltage to the color killer is produced.
Thus, the color killer only gates the bandpass
amplifier when color burst sync is detected. Since
a monochrome video signal does not have the
color burst sync, the burst is not detected and
the color killer cuts off the bandpass amplifier.
Simply stated, the color killer kills color when a
monochrome signal is received. It prevents color
noise from appearing in the black-and-white dis-
play.

19-10. For a color sipal input, the bandpass
amplifier filters and boosts the gain of the chro-
minance signal which is sent to the I and Q de-
modulators. These are synchronous demodula-
tors. This type of demodulator is phase selective.
It functions much like an electronic switch, de-
tecting the amplitude of one input at'the peak of
the other input. For example, the I demodulator
detects the amplitude of the input chrominance
signal each time the input 3.58-mc signal reaches
its peak. Since the 3.58-mc signal is in phase
with the 3.58-mc reference color carrier, this de-
modulator detects the amplitude of only the I
(in phase) component. In other words, the 3.58-
mc carrier is reinserted so that only the I color
information is detected. To obtain the Q color
signal, it is necessary to reinsert the 3.58-mc
signal in quadrature (90° out of phase) with
the reference signal. In figure 104, note that the
3.58-mc input is delayed 90° before reaching the
Q demodulator. Consequently, the Q demodula-
tor detects the amplitude of the Q (quadrature)
component of the chrominance signal. By this
technique. it is therefore possible to extract
separately the I and 0 color information from the
chrominance signal.
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19-11. The outputs of both the I and Q de-
modulators are sent to phase splitter amplifiers.
This is done because +I and I as well as.
+Q and Q signals are needed to develop the
primary B, G. and R signals within the matrix.
section.

19-12. Matrix. Section. The matrix section'
combines the inputs from the chrominance de-
modulator section ( +I, I, +Q, and Q
nals) with the Y signals from the luminance sec-
tion in the proportions required to produce B, Gi
and R signals. Figure 105 illustrates the resis-
tance network that can be employed to combine
the prescribed amount of each input. Note in
figure 104 that the I (cyan) signal is applied
to the blue matrix and the green matrix, whereas
the +I (orange) signal is applied to the red ma
trix. Also, the Q (yellowish-green) signal is
applied to the geen matrix, whereas the +Q
(magenta) signal is applied to the blue matrix
and the red matrix. The algebraic expressions,
given in figure 105 for the B, G, and R signals'
specify the polarities and amounts of the Y, I,
and Q signals that comprise the output of each
matrix.

19-13. Obviously, the resistance matrix net-
works are similar to those described when we
covered the colorplexer. It should be pointsd.
out, however, that the B and G outputs are made
adjustable. This is done so that these outputs

wMa

B = Y - 1.111 + 1.720

G Y - .281 - .640

R = Y + .961 + .630

Figure 105. Matrix circuits of color monitor.



can be adjusted to compensate for the luminance
differences of the three phosphors in the tri-
color kinescope. Since the red ph9sphor pro-
duces the lowest luminance, thered output is
ordinarily the fixed reference to Which the blue
and green outputs are adjusted. This is com-
monly referred to as the temperature adjustment.
Color temperature describes the color quality of
light. The "hotter" the color temperature, the
whiter the light; the "colder" the color tem-
perature, the yellower the light. As you would
expect, the adjustments are made to produce
hot light (white as possible) for a white test
signal. More will be said about these adjust-
ments later.

19-14. The output from each matrix is ampli-
fied to the level needed to drive the tricolor
kinescope. D-c restoration is accomplished se-
parately for the B, G, and R signal outputs since
they differ when color video is rervived. The
amplifiers and d-c restorers are shown in figure
104 to be units within the matrix section. The
outputs from this section are coupled directly to
the grids of the tricolor kinescope.

19-15. Tricolor Kinescope. The principal parts
of the tricolor kinescope are illustrated in figure
106. In the same figure there is an enlarged
view of the phosphor dot viewing screen, the
shadow mask, and the three-electron gun as-
sembly. This is inclosed by the glass envelope

BLUE
GoN BEAM

POSITIONING
POL E PIECES

APERTURE OR
So1A001, MASK

06,CV-HOR
DOT SCREE..

1-,nd external shield. When you know the tricolor
kinescope construction, you will underftand why
alignment and adjustment of the three beams is
critical.

19-16. Phosphor dot viewing screen. The
phosphor dot viewing screen will be referred to
from here on as the color screen. Amoung the
fundamental distinctions between the color tube
and the monochrome tube is the difference in
phosphor materials. In monochrome a uni-
form phosphor coating is used; however, the
color screen (see fig. 106) is composed of an
orderly array of small closely spaced phosphor
dots. These dots ar c. arranged in triangular
groups, or trios, accurately deposited in inter-
laced positions on a glass surface. Each trio of
dots re- -esents the three primary colorsblue,
green. A red. Although the color dots are
separate, they are close enough to meet resolu-
tion requirements by glowing their respective
colors when bombarded by electrons. The
brightness of each dot depends on the strength
of the electron beam striking that dot.

19-17. Shadow mask. The shadow mask
(see fig. 106) is a thin metal plIte of super-
nickel alloy located between the rnosphur dot
screen and the electron gun assembly. It has
approximately the same curvature as the color
screen; the monochrome tube dces not have a
comparable element. The shadow mask has
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Figure 106. Tricolor kinescope.
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several thousand holes, one for each trio of
phosphor dots. These holes are spaced and the
hole edges are beveled so that an equal hole is
presented to the beam for any angle of beam.
deflection. Thus, the shadow .mask provides
color, separation by shadowing two of the three
dots from two of the three electron beams while
exposing the proper dot to bombardment by
the correct beam. Therefore, three beams from
the three guns converge at the hole in the
mask, the beams pass through the hole, diverge,
and strike the respective red, green, and blue
phosphor dots.

19-18. Electron guri. The three-gun assem-
bly, shown in figure 106, is made as one unit
and is mounted in the neck of the picture tube.
The three electron guns are approximately par-
allel to each other with a very slight tilt toward
the central axis of the tube. The guns are 120°
apart and are so small in diameter that the
slight tilt causes the three beams to converge at
the shadow mask. Some static convergence
correction will be necessary for final adjustment.

19-19. Each of the three guns consists of a
filament, a cathode, control grid, accelerator
grid, focusing anode, and ultor anode. The ultor
is the electrode in the gun to which is applied
the highest voltage prior to deflection. The
highest voltage in the tube is applied to the
aquadog coating.

19-20. Glass envelope and external shield.
The glass envelope (see fig. 106) of the color
kinescope is the same as for the monochrome,
with the possible exception of shape. The shape
of the color tube is changed to accommodate the
shadow mask and the three electron gun as-
sembly. This means the front is extended
slightly for the shadow mask, and the neck of
the tube is larger in diameter for the electron
gun assembly. The neck of the color tube is
longer to accommodate the accessories which
include the convergence assembly, blue lateral
magnet, purifying magnet, color equalizer as-
sembly, and deflecting yoke.

19-21. The metal shield placed around the
bell portion of the tube shields the electron beam
from stray magnetic fields. In some monitors
that have metal cabinets, the shield is not nec-
essary. In the early versions of this tube, the
shield was an internal part of the tube. This
improvement over the early models is indicative
of the trend in refinements of color kinescopes;
doubtless, there will be many more.

19-22. Maintenance Requirements. The main-
tenance requirements for color monitors are
necessarily more involved than those of mono-

28,,

273
chrome monitors. Alignment and adjustment
procedures are provided by the manufacturer Of
a specific color set. Because of the similarities
in the basic design of monochrome and color
TV monitors, adjustments such as height, width,
linearity, etc., are practically the same; These
adjustments were discussed in Chapter 5; there-
fore, we will consider only important adjust-
ments peculiar to the color monitor in the follow-
ing parawsphs.

19-23. Since equipment design varies, we will
cover only those functions common to color
TV monitors in general. For a more extensive
coverage of this area, you can refer to TO
31-1-141.

19-24. Convergence. Two types of control,
static and dynamic, are developed in the con-
vergence circuits of a color TV monitor. Static
convergance is a steady control. It is accom-
plished with a d-c voltage to cause convergence
in the center portion of the display. By con-
trast, dynamic convergence is a varying conuol.
It is accomplished with a parabolic voltage
which primarily affects the outer edges of the
display. The combination 'of these two control
voltages is used to align each electron beam
with its respective series of phosphor dots. When
all three electron beams are properly aligned, a
white trace should be produced on the face of
the kinescope.

19-25. A simple observation can be made to
determine whether static and dynamic conver-
gence adjustments are proper. With video in-
formation applied to the monitor, mmmine the
edges of the objects. If you can distinguish one
or more definite colors, convergence needs ad-
justment.

19-26. Purity adjustments. Purity describes
the accuracy with which an individual electron
beam strikes its own series of phosphor dots.
When an eiectron beam overlaps . its dots and
partially strikes the dots of another color, hues
of colors are noticeable. An evmination of the
outer edges of the kinescope will divulge any
color impurities. Purity adjustments will be nec-
essary if color hues are apparent.

19-27. Temperature adjusiments. Tempera;
ture denotes the correct combination and in-
tensity of colors from the matrix system to pro-
duce a white balance, hot light. Deflects in
temperature adjustment can be readily detected
un the face of the kinescope. By rotating the
brightness control through its 1full range, deter-
mine if the background changes to any color hue
or range of hues. Should the background
change, temperature adjustments will be neces-
sary
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Foldout 1.
Figure A. Solid state symbols.
Figure B. Doped semiconductor crystals.
Figure C. P-n junction.
Figure D. Biased junctions.
Figure E. Voltage-current characteristics.
Figure F. Simultaneous application of forward

and reverse bias.
Figure G. Forward bias current flow.
Figure H. Transistor configurations and equivalent

tube circuits.
Figure 1. Unijunction transistor.
Figure J. Silicon controlled rectifier.
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STUDY-REFERENCE GUIDE

1. Use this Guide as a Study Aid. It emphasizes all important study areas of this volume.

2. Use the Guide as you complete the Volume Review Exercise and for Review after Feedback
on the Results. After each item number on your VRE is a three digit number in parenthesis.
That number corresponds to the Guide Number in this Study Reference Guide which shows
you where the answer to that VRE item can be found in the text. When answering the items in

your VRE, refer to the areas in the text indicated by these Guide Numbers. The VRE results
will be sent to you on a postcard which will list the actual VRE items you missed. Go to your VRE
booklet and locate the Guide Number for each item missed. List these Guide Numbers. Then go
back to your textbook and carefully review the areas covered by these Guide Numbers. Review the
entire VRE again before you take the closed-book Course Examination.

3. Use the Guide for Follow-up after you complete the Course Examination. The CE results will
be sent to you on a postcard. which will indicate "Satisfactory" or "Unsatisfactory" completion.
The card will list Guide Numbers relating to the questions missed. Locate these numbers in the
Guide and draw a line under the Guide Number, topic, and reference. Review these areas to
insure your mastery of the course.

Guide
Number Guide Numbers 100 through 123

100 Your Career Field and Specialty, pages 1-5

101 TV in the Air Force: General; Mission of
Department of Defense; Mission of Mainte-
nance Unit; Advantages of Television; In-
struction, pages 5-9

102 TV in the Air Force: Security; Traffic Con-
trol; Surveillance; Weather Service; Haz-
ardous Monitoring; Command Assignments,
pages 9-13

103 TV Systems, pages 13-16
104 Introduction to Power Supplies; Power Re-

quirements; Low-Voltage Power Supplies:
General; Rectifier Arrangements and
Characteristics, pages 17-21

105 Low Voltage Power Supplies: Voltage Reg-
ulators, pages 21-27

106 Low Voltage Power Supplies: Constant-
Current Regulators; Symptoms and Trou-
bies; High-Voltage Power Supplies: Gen-
eral; Voltage Multipliers. pages 27-31

107 High Voltage Power Supplies: Pulse and
Oscillator Types; Symptoms and Troubles.
pages 31-33

108 Introduction to Sync Generators; Noninter-
lace Sync Generators, pages 34-36

109 Interlace Sync Generators: Requirements
for Interlace; Random Interlace Type.
pages 36-43

Guide
Number

110 Interlace Sync Generators: Standard Inter-
lace Type. pages 43-48

111 Introduction to the Camera Chain; Cam-
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CHAPTER REVIEW EXERCISES

1. In solid state symbols, what do the arrow-
heads indicate? (4-9)

2. What is 'the conductivity of a material de-
pendent upon? (4-10)

3. Why are impurities added to semiconductor
material? (4-10)

4. Why is the depletion region represented by a

6. Explain thermal runaway. (4-12)

7. What happens to the barrier potential when
reverse bias is applied? (4-13)

8. What is the result of applying an a-c signal
to a diode? (4-14)

9. What is the main difference between a nor-
mal diode and a Zener diode? (4-15)

10. How is a power gain achieved in a transistor?
(4-16)

11. In which direction is a base-collector junction
battery? (4-11 ) normally baised? (4-17)

5. What is the polarity arrangement of the ex-
ternal battery and barrier potential for for-
ward bias? (4-12)

12. What is the polarity of the emitter and col-
lector with respect to the base in a forward
biased n-p-n transistor? (4-17)

28j
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13. What do the letters designate in transistor configuation titles? (4-18)

14. How is the common emitter amplification factor represented? (4-19)

15. What determines whether a unijunction is conducting at a high- or

low-level state? (4-21)

16. What is the value of anode voltage required to trigger an SCR called?
(4-22)

17. How can the forward breakover point be controlled? (4-23)

MODIFICATIONS

Page 3 of this publication has been deleted in adapting this material

for inclusion in the "Trial Implementation of a Model System to Provide

Military Curriculum Materials for Use in Vocational and Technical Education."

Deleted material involves extensive use of military forms, procedures,

systems, etc. and was not considered appropriate for use in vocational and

technical education.
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28, The better the quality desired in a picture.

CHAPTER 2

Objectives: To demonstrate (1) knowledges in
power supply requirements for TV systems and
(2) skill in troubleshooting these systems.

1. Three major factors that will affect the
power supplies needed for a TV system are:
(1) the of equipment.. (2) the

of the equipment. and (3) the ..
within a particular equipment. (4-3)

2. Match the most appropriate power suppl
requirement in Column B to the compo-
nents in Column A by writMg the Apha-
betical designator in the blank.
Column A

Camera
tube.

2. Picture
tube.
Receiver
tube.

4. Transistor.

PAGES 282 & 283 ARE MISSING DUE TO MISNUMBERING.

4

291

a. Regulated 3()o\
h. Regulated 400
c. Unregulated I 7.()(H tv

Unregulated 5.
Regulated I 5v
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3. Identify the three basic low-voltage rectifier
circuits. (5-2)

4. If the effective secondary voltage is 200
volts a-c at 60 cps, the approximate out-
put of a full-wave bridge rectifier will be

d-c volts with a ___-cps ripple
frequency. The diodes must withstand a
peak-inverse voltage of about volts.
(5-3; Fig. 10)

5. What is .:he ripple frequency of any three-
phase full-wave rectifier? (5-4; 10; Fie. 13)

6. If load current decreases for the regulator
circuit shown in figure 16.A. what will hap-
pen to the current through: (1) the tran-
sistor and (2) the series resistor? (5-15)

7. If the input unregulated voltage V in fig-
ure 17.B. increases, what will happen to the
forward bias applied to the transistor and
why? (5-23. 24)

8. For the circuit shown in figure 17.C, an ad-
justment upward on R3 causes Q2 to con-
duct (more. less); thus the drop across QI
will (increase, decrease) and VI; will (in-
crease. decrease). (5-25-28; F12. 17)

9. If the voltage adjust shown in figure 18 is
moved downward, what will happen to the
positive potentials at the following points?
(Answer: increase, decrease, no change)
(5-30-33)
a. Base of Q2
b. Emitter of Q4
c. Collector of Q4
d. Base of Q3
e. Collector of Q3
I. Base of Q7

10. As a result of an output load current in-
crease in switching regulator circuit (fig.
19). transistor Q conducts (more, less),
gate pulses are (advanced, delayed), and
the conduction time of the SCR's is (in-
creased, decreased). (5-35-37)

11. When the output adjust R2 in figure 22 is
moved upward, transistor Q2 conducts
(more, less), thereby causing an (increased,
decreased) regulated current to be delivered
to the load. (5-41)

12. Using the circuit of figure 9,C, match the
symptoms with the most probable trouble.
(5-42-46)

Symptoms
a. Reduced output.

no overheating
60-cycle ripple.

b. Reduced output.
120-cycle ripple.

c. Reduced output.
heat, 60-cycle
ripple.

d. No output.

5 29-'4

Trouble_ I. Open rectifier._ 2. Shorted rec-
tifier._ 3. Open ca-
pacitor._ 4. Leaking ca-
pacitor._ 5. Open trans-
former.
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13. The conventional voltage doubks shown in
figure 23 has a sinusoidal volt4e across its
secondary of 400 volts rms at 500 cps.
Determine the following: (6-5. 6)

a. Output voltage d-c volts (approxi-
mately).

b. PIV on diodes
c. Charee per capacitor d-c volts

(approximately).
d. Ripple frequency ____ cps.

14. If a peak voltage input of 150 volts is ap-
plied to the cascade multiplier circuit in fig-
ure 25,A, the d-c voltage at point c is

volts and at point f is volts. (6-12)

15. The cascade multiplier circuit shown in fig-
ure 25.B, draws input current only on the

alternation. 6-13)

16. State two advantages of a flyback HV sys-
tem. (6-17, 19)

17. Sketch a flyback HV system havine a boost
voltage developed from a secondard wind-
ing. (6-17)

,18. Referrine to the HV reeulator circuit shown
in figure 27.A. and assuming the load volt-

6

age tends to increase. indicate vhether the
voltage becomes more positive, less positive,
more negative, less negative, or remains
the same at the following points: (6-
21-23)

a. Plate of V
b. Plate of V4
c. Suppressor grid of V/ .. .

d. Screen grid of V/
e. Control grid of V/
I. Ungrounded side of C3 _

19. When the voltage adjust in figure 27.13, is
moved toward ground. the conduction tune
of Q1 How does this affect the
HV output? Is the firing frequency of the
SCR affected? (6-24-27)

20. It is reported to you that the picture and
raster on a monitor suddenly disappear. Af-
ter making all visual checks and everything
I filaments. fuses. and connections 1. looks
normal what check is made next'? ( 6-30.
31 )

21. Suppose the HV of figure 27.A. is unstable
and higher than normal. What compo-
nent(s) under what condition (5 ) would
give these symptoms? ( 6-34. 35

24)5
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CHAPTER 3

Obiectives: ) Demonstrate knowledges of the 7. he section. shown in

operation, adjustment and repair of sync genera- figure 30. narrows the vertical pulse for

tors and ( 2) exercise skill in the use of sche- vertical sync. (7-7)

matic diagrams.

I. Name three basic sections of a simple non-
interlace sync generator. (7-2)

2. State why there is no need for a tie-in be-
tween the vertical oscillator and horizontal
oscillator in a noninterlace system. (7-3)

3. What sections supply the inputs to the
blanking mixer of the simple noninterlace
sync generator? (7-2. 3)

4. What outputs does the horizontal oscillator

provide in a simple noninterlace system?

(7-4)

5. In the simple noninterlace sync system of
figure 29. adjustments for a distorted verti-
cal scan can be made in the
section. (7-5)

6 What is the purpose of a squarer and
peaker section in the multiple-pulse nonin-
terlace sync generator? (7-7)

8. For the multiple-pulse sync system de-

scribed. the 833-ysec horizontal sync pulse

is developed by the section from a
horizontal pulse of. about -ysec dura-
tion. (7-8, 9)

.9. Indicate whether the sections shown in fig-
ure 30 depend upon the vertical oscillator
(vo), horizontal oscillator (ho). both, or
neither for proper operation. (7-7-10)

a. Blanking mixer
b. Vertical drive
c. Squarer and peaker
d. Sync mixer
e. Horizontal blank

10. Sketch the waveforms ot blanking mix and
sync mix showing their time relationships.
(7; Fig. 31)

11. If the vertical blanking pulse is 850 ysec
longer than vertical sync, how many 16-7-

kc horizontal syncs will appear during ver-
tical blank? (7-9)

12. If the vertical blanking and drive pulses of
the multiple-pulse noninterlace sync genera-

7

2 9,1
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tor (fig. 30) are too wide, what section 19. How can the stability of a bloiking oscilla-needs adjusting first? (7-10, 11) tor counter be improved? (8-7)

13. Referring to figure 11, in what section is 20. Why is the phantastron counter a reliablethere probably trouble if the horizontal type? (8-8-12)pulses of the mixed blanking output are toonarrow, but H drive is normal? Why?(7-11)

14. Why must the ratio of horizontal to verticalscan in an interlace system be constant?
(8-2)

15. The standard lines per field for interlace
in this country arc (8-2)

16. Identify four basic sections of an interlace
sync generator. (8-3)

21. Referring to figure 35, what is the cathode
potential when, plate current is cut off? ( 8-
8-10)

22. Draw and label the block diagram of a
random interlace sync generator having afc
and crystal control. (8-13)

23. What will result if the time difference be-
tween the last horizontal pulse and the ver-
tical sync/blank is H instead of alternately
H and 0.5H as illustrated in figure 37? (8-14, 16)

17. The 525:1 counter section divides the mo 24. The absence of during ver-pulses to obtain sync and blank tical blanking can cause random interlace.timing. (8-4)
(8-16, 24)

18. List three commonly used counting circuits. 25. For calibration of counters using thc mo,(8-6)
the aft; switch is put in the _ position.
(8-20. 21)
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26. In what order should you calibrate the
counters in a counter chain? Why? (8-21)

17. Match the signals identified in Column B 29.
to the function stated in Column A. (8-
24-27)

Column A
I. Maintains proper a.

horizontal sync
during vertical sync b.
time._ 2. Insures precise tim- c.
ing of the vertical d.
scan._ 3. Maintains proper
horizontal sync im-
mediately before
and after vertical
sync._ 4. Provides vertical
sync.

Column B
Equalizing
pulse.
Serrating
pulse.
3H pulse.
Horizontal
sync.

28. The time between the start of vertical sync

and the edge of the first serration
is set to equal 0.5H. (8-26)

What
How
tive?

is the function of the notching section?
would you know when it is inopera-
(8-29)

30. Why is the 9H section needed to form the
standard sync waveform? (8-31)

31. Refer to the block diagram (fig. 41,A) and
determine in which section(s) there is prob-
ably trouble if five equalizing pulses records
precede vertical sync and seven follow;
everything else is normal. (8-33; Fig. 41)

CHAPTER 4

Objectives: (1) To demonstrate knowledges of
the function and operation of the vidicon and
image orthicon cameras and (2) to show skill
in the care. troubleshooting. and repair of the
camera chain elements.

1. Give the dimensions for the standard vidi-
con tube. _ inch(es ) in diameter and

inch(es) long. (9-3)

1. Skctch a vidicon tube and indicate the face-
plate, signal output terminal, and electron
gun. (9-3; Fig. 42)

9

3. State the
3. 4)

purpose of the electron gun. (9-

4. A bright image focused on the mosaic of a
vidicon for a long period will cause an im-
age (9-5)

5. It (is. is not) necessary to have a lens in
place on a vidicon camera to make initial
beam adjustment. (9-7)
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6. What equipment and conditions are neces-
sary when making final adjustments on a
vidicon camera to obtain the best picture
definition? (9-8)

7. Sketch a block diagram of a vidieon camera
showing the pickup and amplifier stages and
show waveform(s) at test points. (9-9;

Figs. 43 and 44)

8. Sketch an image orthicon tube and name
major elements. (9-11; Fig. 45)

9. State the major construction difference(s)
between an image orthicon and a vidicon
camera tube. (9-11. 12)

10. Image electrons are accelerated from the
10 photocathode to the where they
cause secondary emission. (9-11)

11. To set an 10 tube on its face may cause
damage to the due to loose particles
falling in the tube. (9-15)

12. If you were to choose between a vidicon
and an image orthicon camera to use in a

10

24s1
low-light level studio, which camera
you choose? (9-17)

13. Write in thc blanks preceding the following
statements the camera pickup tube pr.:-
ferred or is best described by the statement.
This will be either a vidicon or image orthi-
con. (9-17)

a. Operating cost is approx-
imately $0.10 per hour.

b. Average output signal level
is approximat 50 milli-
volts.

c. Output signal level is stable
over a wide range of light
levels.
Inherent tube nois.: limits
the signal-to-noise ratio.

e. Fast-moving objects cause
picture smear.

f. Requires simpler ernal
circuitry, therefore smaller
cameras.

14. The proper installation of the bkmer bel-
lows will insure proper as air flow
will not be impaired. (9-21)

15. Suppose you are setting up an 10 camera
and you notice that the target voltage needs
adjusting. What is the source of target volt-
age and where is it adjusted? (9-23. 25 )

16. Sketch a block diagram and sho the
waveforms of the horizontal section of an
10 camera. (9-28, Fig. 47)

4-AN



What basic stages comprise each of the 10. What two controls affect the height of the
following sections? (12-8; Fig. 59) picture? (12-17)
a. Video.
b. Sync.
c. Vertical.
d. Horizontal.

6. Match thc signal described in Column B
to thc circuit in which it is found in Column
A by placing the alphabetical designator of
Column B in the blanks provided in Column
.A. ( I2-13-24)

Column A Column B
1. DC restorer. a. 60-cps sawtooth.
2. Horizontal b. 15.750 pps.

oscillator. c. Clamped video
3. Damper. composite.
4. _ .Afc. d. d-c boost.
5. _._ Vertical oscilla*-

tor.
c.

f.

Differentiated
sync.
60-pps blankiruc.,

7. Briefly explain how the sync sienals are
separated by 03 in fieure 60. (12-14)

11. Blanking at 60 pps is developed from the
stage of figure 60. (12-

18)

12. If the horizontal oscillator tended to in-
crease in frequency, how would the afc
prevent it? (12-20)

13. Besides frequency. what is a noteworthy
difference between the horizontal and ver-
tical oscillator? (12-22)

14. What control sets the frequency of the hor-
izontal oscillator? Where is it located in

figure 60? (12-22)

8. The vertical sync is separated from the
horizontal by means of a/an cir- 15. What circuits in figure 60 could not function
cuit. (12-16) properly if transistor 010 failed? (12-23,

24)

9 In figure 60. the picture height is adjusted 16. If corner shadowing of the picture is evi-
at the output of the dent, what adjustrrrent should be made?
(12-16) (12-28)

13 2 9 6
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17. Why are numerous video amplifiers used
in a master monitor? (13-3)

18. How does the horizontal oscillator frequency
control in a master monitor differ from that
in a receiver picture monitor? (13-5)

19. Why is a separate high-voltage power sup-
ply used in a Master monitor? (13-5)

20. The waveform monitor has a horizontal
sweep selection of cps for observing
the vertical pulse waveforms and cps
for observing the horizontal pulse wave-
forms. (13-9)

11.

,;q7

How is sweep expa n accompigished' 13
10)

Using the block diagram in figure 63. nia:h
the probable trouble in Column B
the abnormal display &scribed in Column
A by writinu the alphatieal desienators ot
Column B in the blanks in Column A.
(13-14-18)

CHAPTER 6

Objectives: (1) To apply knowledge of the per-
formance characteristics of the different types
of microphones; (2) to identify the functions
of an audio control console and audio amplifier;
(3) to diagnose troubles from given symptoms
by use of schematic diagrams.

1. List the four common types of microphones.
(14-1 )

2. Match the type of microphone in Column
B to the description which describes it.best
in Column A by writing the alphabetical
designators of Column B in the blanks pro-
vided in Co'iumn A. (14-3. 9. 14 and 16)

14

Column A

Black
raster.

2. White ver-
tical line.

3. __ insufficient
heieht.

4. _ Top half
white.
bottom
half black.

Column

Column B

Horizontal oscillator
failure.
Cathode-to-grid shol
in kinescope.
Gassy CRT.
%%cal: vertical output
amplifier.
High-voltage failure.

I. __ Uses carbon grains as
a variable resistame.

1 Makes use of fkxing
bimorph unit to gen-
erate a-c.

3. It has a coil made of
thin metal ribbon at-
!ached to the
diaphragm.

4. It has two electrode,.
one flexing and one

29j
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When ,hoosing a mierophone on the basis

01 one ha\ ing the best frequency range.
hieh of the four major types would be

hest.' 1 i4-181

Suppose you have a studio situation in

hiJi a poly directional microphone is pick-

In tip sit.k noise. What adjustment would
you mak,: t. eliminate this'? ( 14-19 )

Match the tube configuration listed in Col-
umn B to the transistor configuration in

Column A by writing the alphabetical des-
ignators of (,'olumn B in the blanks pro-
\ ided in Column A. i 15-2)

Ci,lumn A Cohonn B

I . CE. a. Cathode follizmer.

2. CB. b. Grounded cathode.
3. . CC. c. Grounded grid.

d. Phase splitter.

6. Briefly compare tubes and 7ansistors with
regard to coupling. :Jain. and noise. (15-
3. 6. and 9: Fig. %. A )

Using figure 74. determine the voltage. cur-
rent. and power gain for a CE amplifier

ing a !OK load resistance. (15-6)

The amplifier gives the highest
urrent gains. (15-6)

9. The amplifier gives the highest

voltage gains. (15-6)

10. Hie amplifier gives the highest

power gains. (15-6)

I I. With regard to input impedance in the audio
range. identify the amplifier listed in Col-
umn B and match it to the characteristic
described in Column A by writing the alpha-
betical designators of Column B in the
blanks provided in Column A. (15-7)

Column A Cohunn 11

I. Highest impedance. a. CC.
2. Lowest impedence. b. CE.
3. Most frequency

dependent.
c. CB.

12. The noise factor of a transistor varies ( in-

versely. .directly) with frequency in the

audio range. (15-11 )

13. What are the distinctive features of each
of the following: preamplifier. driver, and
power amplifier? (15-8. 20-23)

14. Why can higher efficiency and better fi-

delity be attained with push-pul operation?
(15-23)
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15. For what class of operation should the bias
on a push-pull amplifier be adjusted for
each of the following: (15-23-29)
a. Ma.ximum efficiency ___________.
b. Maximum fidelity
c. High efficiency and fidelity

16. In figure 83. if class A operation is to be
adjusted to class AB. would you increase
or decrease R? Why? (15-28)

17. List the major functional units which are a
part of the audio console. (16-2)

18. Mixing action is accomplished by adjusting
the of the various inputs to ac-
complish a composite output of the desired
balance. (16-6)

19. Sketch a signal circuit for microphone nom-
her I to program line out (16-9'. Hi!.

20. The program director calls you ;0 sa time
is some background hunt in ins hca..!,.et.
What would you check first? I 6-12

21. The output for program audio is set tor
oiven level on the . _ . (16-1-1)

CHAPTER 7
Objectives: (1) To test understanding of the
principles and requirements of color TV: (21
To identify features of a color camera; (3) to
demonstrate skill in the adjustment and align-
ment of a color camera; and (4) to demonstrate
knowledge in the maintenance and troubleshoot-
ing of a color monitor.

I. For observing enemy terrain, a good choice
would be TV because it can bet-
ter reveal any _ areas. (17-61

16

Use the block diagram in figure SX And
determine the most probable source ol trou-
ble. Microphone number 3 is in operation
on stage and r.icrophone numbers

1 and 2
on the floor; the control room operator sas
that he is picking up static wrien he ask.,
for a signal boost from the stage micro-
phone. The floor microphones are gi% log
plenty of sienal and no static. ( 16-18. 191

2. The sensation of colors, other than the
primaries. is achieved in color TV 1-P. moonl2
various proportions of . and

7-10 I

3. Identify the properties of color that must
he transmitted to itehk.e color f:Lk'Iit\ I 17'-
14

30i
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29 4
4. The NTSC color broadcasting system re- 9. List some of the major differences between

quires which of the following? (Check those the monochrome and color cameras. (18-2)
required.) ( 17-15-19)

a Compatibility of color and mono-
chrome.

b _____ Color to use a wider bandwidth.
c Color and monochrome both use

AM.
d. Chrominance information to be 10. Why is it necessary to divide the light spec-

interleaved with monochrome. trum in the optical system of a color cam-
e. _____ Color and monochrome to use the era? ( 18-3 )

same sync waveforms but different
frequencies.

f The color carrier to be suppressed
prior to transmission.

ON,

5. When televising a detailed weather map,
what can be done to improve color per-
ception? (17-17)

6. What units are found in a color camera
chain that are not used in a monochrome
camera chain? (17-21)

7. List five requirements of an NTSC color
system that are additional to those of a
standard monochrome system. (17-21)

8. Draw a block diagram of the NTSC camera
chain. (18-1; Fig. 94)

11. What would possibly happen if the optical
orbiter were not operating? (18-4)

12. Which filter(s) are used to balance the
light on the camera pickup tubes. ( 18-7

13. List some of the improvements made in
image orthicons used for color operations.
(18-10;

14. Indicate what controls on the camera. the
viewfinder, and the camera control panel
make a color system easily distinguishable
from monochrome systems. ( 18-13-19 )

15. What camera adjustments are made to cor-
rect the shape of the red image to make it
the same shape as the ereen image? (18-15)

302
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16. The image orthicon tube provides signal 21. The burst flag pulses are timed to place the

amplification in addition to its prime func- sync on the back porch of the
tion. How can the color camera 10 be ad- horizontal pulse. (18-25)
justed? (18-15)

17. State the basic difference (s) in the pream-
plifiers used in monochrome and color 10
cameras? (18-16)

18. Name the functions performed by the pro-
cessing amplifier in a color camera chain.
(18-20)

22. Match the frequency listed in Column B
to the signal identified in Column A by
writing the alphabetical designators of Col-
umn B in the blanks provided in Column
A. (18-23-25)

Column A
1. Color carrier.
2. Burst flag.
3. H-drive.

Column B
a. 59.94 cps.
b. 31.47 kc.
c. 3.58 mc.
d. 60 cps.

23. Draw a block diagram of a NTSC color-
plexer. (18-26; Fig. 96)

19. From what equipment listed in Column B
does the processing amplifier obtain the
inputs specified in Column A. Specify by
writing the alphabetical designators of Col-
umn B in the blanks provided in Column
A. (18-21, 22) 24. The color signals that are used for modu-

lation are designated and
Column A Column B each is obtained from a (18-27)

1. _ H-drive. a. Color camera.
2. _ Composite b. Contsol panel.

video. c. Sync generator.
3. _ B, 0, and R d. Colorplexer.

signals.

20. How do the line and field frequencies es-
tablished in the sync generator section of an
NTSC color system compare with those of
a standard monochrome system? (18-24)

25. Match the hue listed in Column B to the
signal identified in Column A by writing
the alphabetical designators of Column B
in the blanks provided in Column A. (18-
27, 28)

Column A
1. __ +I.
2. ___ Q.
3. + Q.
4. + Y.
5.

314;
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Column B
a. White.
b. Red.
c. Cyan.
d. Magenta.
e. Orange.
f. Yellowish-ireen.



26. Why are the Y and I signals additionally 33. The d-c voltage applied to control the color
delayed? ( 18-29 ) killer is developed by the

(19-8)

27. The I modulated signal is degrees
out of phase with the reference carrier and
thc Q modulated signal is degrees 34. The color killer cuts off the
out of phase with the I modulated signal. when a signal is received. (19-9)

(18-30, 31)

28. What information is contained in the output 35. The I and Q signals are detected by
signal from the mixer of a colorplexer? demodulators. (19-10)
(18-32)

29. The chrominance signal changes phase as 36. Why are phase splitters needed in the

changes and varies in amplitude as chrominance demodulator section? (19-11 )
varies. (18-36)

30. What sections are essentially different for 37. Color temperature is adjusted by means of
a sinele-input color monitor as compared a potentiometer in the and

to a three-input type? (19-1, 2 Fig. 103) matrix.. (19-13)

31. The luminance section of a NTSC color 38. Match the items in Column A to a func-
monitor corresponds to the section tion(s) in Column B by writing the nu-
of a standard monochrome monitor. (19-3) merical designators of Column A in the

blanks provided in Column B. (19-15-21)

Column A Column B
1. Phosphor a. ._ One of three that

dot. glows a specific
2. Trios. color.

32. Draw a block diagram of the burst control 3. Shadow b. _ Triangular group
oscillator section of a NTSC color monitor. mask. that will glow with

( 19-5 ) 4. Hole in three colors.
mask. c. _ Shields the screen

5. Three-gun from stray electrons.
assembly. d. Permits passage of

t5
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Column A Column B 39. How can you determine it con% ergmcc.
6. External the converged purity, or temperature adjustment are ne,.-

shield. beams. essary? i 19-22-27.)
e. Provides three elec-

tron beams.
f. Provides protection

from stray magnetic
fields..

20



ANSWERS FOR CHAPTER REVIEW EXERCISES

d41/4?
ANSWERS FOR CHAPTER REVIEW
EXERCISES

I. .1he direction of conventional current flow.
(4-9)

2. The number of free electrons available in the
material. (4-10)

3. To increase the conductivity to a wanted
value. (4-10)

4, The region is an electric field or difference
of potential. (4-11)

5. The polarities are arranged so that the po-
tentials are in series and aiding. (4-12)

6. Heat generated by current flow causes a de-
crease in resistance and a further increase in
current. This will continue until the device
is destroyed. (4-12)

7. The barrier potential will increase to equal
thc reverse bias potential. (4-13)

R. Rectification. (4-14)
9. Breakdown in the reverse direction does not

destroy the Zener device. (4-15)
10. Signal input to the forward biased or low re-

sistance section is transferred to a reverse
biased or high resistance element. (4-16)

II. Normally reverse biased. (4-17)
12. The emitter is negative .with respect to the

base. The collector is positive with respect to
thc base. (4-17)

13. The C stands for common, the second letter
indicates the emitter, base, or collector. (4-
18 )

14. Beta, 0, or he,. (4-19)
15. Whether the p-n junction is forward or re-

verse biased. (4-21)
16. Forwz;rd breakover voltage. (4-22)
17. A gate current increase will lower thc anode

voltage value required for breakover. (4-23)

S GOVERNMENT PRINTING OFFICE:1911445-036/115

CHAPTER 2

I. Types, complexity. components. (4-3)
1. I. b.

7. c.
3. a.
4. e.
(4-4-6)

3. Half-wave, full-wave center-tap. and full-
wave bridge. (5-2)

4. 280v, 120 cps, 280v. (5-3; Fig. 10)
5. Six times the input line frequency; thus. 60

cps would produce a 360-cps ripple. (5-4.
10; Fig. 13)

6. ( I ) The transistor current increases.
(2) The current through the series re-

sistor remains constant. (5-15)
7. Forward bias decreases because the emitter

voltage becomes more positive; therefore, it

approaches the base positive voltaile which
is held constant by the Zener diode. (5-
23. 24)

71

306

.;9



8. More. decrease. increase. (5-25-28; Fig.
17)

9. a. Increase.
b. Decrease.
c. No change.
d. Decrease.
e. Decrease.
f. Decrease.
(5-30-33)

10. Less. advanced, increased. (5-35-37)
11. Less, decreased. (5-41)
12. a. 1.

b. 4.
c. 2.
d. 5.
(5-42-46)

13. a. 1120. b. 1120. c. 560. d. 1000. (6-
5, 6)

14. 450, 900. (642)
15. Positive. (6-13)
16, Easy filtering and dependency on horizon-

tal output. (6-17, 19)
17. Check your sketch with figure 26,A. (6-

17)
18. a. Less negative.

b. Less positive.
c. Remains .the same.
d. Less positive.
e. Less negative.
f. Remains the same (practically).
(6-17)

19. Increases. The HV becomes more positive.
No, because gating frequency is unaffected.
(6-24-27)

20. Check the resistor in the high-voltage lead.
(6-30, 31)

21. If V4 has an open plate. cathode. or fila-
ment, the screen grid voltage of VI will
increase, giving high amplitude output. This
higher output will not be sensed and cor-
rected because V4 is open. (6-34. 35)

CHAPTER 3

1. Vertical oscillator, horizontal oscillator, and
blanking mixer. (7-2)
Frequency shifts between the vertical oscil-
lator and horizontal oscillator will not ordi-
narily affect the operation of a noninter-
lace system to a noticeable degree. (7-3)

3. Vertical oscillator and horizontal oscillator.
(7-2, 3)

4. Horizontal sync, blank, and scan: also high-
voltage excitation. (7-4)

5. Vertical oscillator. (7-5)
6. To provide sharp pulses to precisely syh-

chronize the vertical oscillator to the 60-
cps line frequency. (7-7)

I. V.:rtical drive shaper. ( 7-7)
8. Horizontal drive shaper. 1666. (1-8. 9 )

v. a. Both.
b. Vo.

Neither.
d. Both.
e. Ho.
(7-7-10)

W. Check your sketch with figurc 31. (7:
Fie. 31 )

1 I. 14. (7-9)
12. The vertical amplifier and clippzr section

should be adjusted first to narrow the ver-
tical blanking pulse. This adjustment will
also narrow the vertical drive pulse. hut
further adjustment of the vertical drive sha-
per may be necessary to obtain the proper
vertical drive pulse duration. (7-10. 1 )

13. It is likely that the horizontal blanking
shaper is not fUnctioning properly because
normal H drive would indicate that thc hen-
zontal oscillator is operating normally. This
can be checked at TP5. (7-11)

14. Unless the ratio of horizontal to vertical
scan is held constant, the lines per field
will chanee and the system cannot be de-
signed to interlace. (8-2)

15. 262+1/2. (8-2)
16. "a. 31.5 kc mo.

b. 2:1 counter.
c. 525:1 counter.
d. H-V mixer.
(8-3)

17. Vertical. (8-4)
18. Multivibrator, blocking-oscillator. and step

counter. (8-6)
19. Insertion of a resonant circuit as illustrated

in figure 34 can improve stability of a block-
ine-oscillator counter. (8-7)

20. The phantastron counter is reliable since
it is a stable circuit that cannot be easil
pretriegered (note ep waveform and func-
tion of DI in fig. 35). (8-8-12)

21. When plate current is cut off. e,. rises to
B+ ; the ek waveform in figure 35 shows
ek = 40v at this time. ( 8-8-10 )
Check your block diagram with fieure 36.
(8-13)

23. If the time difference between the last hori-
zontal pulse and the vertical sync 'blank is
repeatedly H, no interlace will occur. Fields
will fall upon each other and the lines per
frame will be half that of an interlaced
frame. 8-14. 1 6)

14. Horizontal sync or equalizing pulses. 8-1(
24)

25. OFF. (8-20. 21)

1 n
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26. Counters must be calibrated successively
from the mo end to thc output becausc each
counter depends upon the proper output
from the one that precedes it. (8-21)

27. I. b.
2. a.
3. a.
4. c.
(8-24-27)
Trailing. (8-26)
The notchine pulses eliminate the equal-
izing pulses when only horizontal sync
pulses should be present. If the notching
section were inoperative, equalizing pulses
would appear midway between horizontal
sync pulses. (8-29)

30. The 9H section is needed to block the hori-
zontal and notching pulses (fie. 41.B. sig-
nals b and c) durine the time that equal-
izing pulses and serrated vertical sync are
formed. (8-31)

31. The vertical pulse delay section because
the 3H pulse is being triggered too soon.

(8-33; Fig. 41)

29.

CHAPTER 4

I 6.
17:

18.

19.

20.

1-. 1 inch. 6 inches. (9-3)
2. See figure 42. (9-3; Fie. 42)
3. To produce and give initial control to thc

electron beam. (9-3, 4)
4. Burn. (9-5)
5. Is not. (9-7)
6. A resolution chart; proper illumination; ver-

tical. horizontal, and beam controls ad- 21.

justed; lens in position and preset; elec-

trical focus ready for adjustment. (9-8)
7. See figures 43 and 44. (9-9; Figs. 43 and 22.

44)
8. Sec figure 45. (9-11; Fig. 45 )
9. The image orthicon has an image accelera-

tor section and a beam multiplier, whereas
the vidicon does not. (9-11. 12) 23.

10. Tareet. (9-11)
II. Target. (9-15) 24.

12. Image orthicon. (9-17)
13. a. Vidicon.

6. Image orthicon. 25.

c. Image orthicon.
d. Image orthicon.
e. Vidicon.
I. Vidicon. 26.

(9-17)
14. Cooling: (9-21)
15. The voltage is supplied from a voltage di-

vider network located on the camera control 27.

chassis and is adjusted by a potentiometer.
Thc voltage source is a negative I-1V recti- 28.

23

3 u,,

fier in the camera and B+ supply on the
camera control chassis. (9-23. 25)
Compare to figure 47. (9-28; Fig. 47)
a. Remote adjustments of voltages in cam-

era.
b. Correction for shading.
c. Correction for black and white compres-

sion.
d. Provision for signal amplification.
e. Adjustment for proper blanking and

black level.
f. Addition of sync pulses.
(10-2)
Working with the camera man. adjust the
remote controls until the voltages applied
to the camera give the best focus and pic-
ture resolution (viewed on the picture mon-
itor). If necessary, adjust to correct for
shading, black or white compression. blank-
ing, and black level. (10-3)
a. At the output of the first video amplifier.
b. In the gray scale amplifier.
c. At the input of the first video amplifier.
d. At the output of the last video amplifier.

e. In the clipper dmplifier.
(10-4-7; Fig. 48)
Black stretch is achieved in the circuit il-

lustrated in figure 49 by adjusting the cath-
ode bias when SI and S3 are in the Stretch
position and S2 is set at Normal. This is

accomplished with potentiometer R2 which
causes the operating point of the tube to
shift so that the signal's black positions are
amplified more than normal. (10-7)
Troubles could be a fault in the horizontal
pulse amplifier and/or the horizontal shad-
ing control (10-8)
Since the field camera control unit is de-
signed for portability, it is made compact,
with the result that some of its controls
are less conveniently located than those of
a studio console type. (10-9)
Check your drawing with figure 50. (11-6;
Fig. 50)
Use program transfer switch to connect pre-
view channel to program output and the
fader channel to preview output. (11-6)
1. C.
2. c.
3. d.
(11-9)
1. c.
2. b.
3. a.
( 1141)
Isolation amplifiers are used at junction
points in a distribution system. (11-11)
Waveform or shape. (11-11)



29. Broadens or increases. (11-17)
3(J. Check your sketch against figure 55. + I 1-

22; Fia. 55)
31. A CC amplifier, which is the counterpart

of a cathode follower, has maximum de-
generative feedback and therefore excellent
frequency response. ( 11-23)

31. In ficure 56.A. transistor 01 is connected
as a CC amplifier and'02 as a CE amplifier.
In figure 56. B. 01 is connected as a CC
amplifier. 02 as a CE in caseode with 03
which is connected as a CB amplifier. (11-
28; Fig. 56)

33. Frequency compensation is not needed
when direct coupling, degenerative feed-
back. anclor low-gain circuitry is employed
to give the desired %broadband response.
(11-28)

CHAPTER 5

1. 1. c; 2. b; 3. c; 4, a. (12-1. 2)
2. Master. (12-2)
3. Check your diaaram against figure 57.

( 12-3 )
4. The viewfinder monitor does not contain

a sync separator because its input from
the camera has no sync information. (12-3)

5. a. Video amplifiers and d-c restorer. (12-
8; Fig. 59)

b. Sync separator and pulse amplifiers.
c. Vertical oscillator and amplifier.
d. Afc. horizontal oscillator, pulse ampli-

fier. and damper.
6. 1. c.

2. b.
3. d,
4. e.

5. a.

(12-13-24)
7. The sync pulses are the most negative-going

portion of the input signal to the base 03
which is self-biased well below cutoff; there-
fore, only these pulses drive the p-n-p tran-
sistor to conduction and appear as positive-
going pulses on 03's collector. (12-14)

8. Integrating (long-time constant RC). (12-
16)

9. Vertical oscillator. (12-16)
10. Both the heiaht and vertical linearity con-

trols affect the height of the picture.
(12-17)

11. Vertical output. (12-18)
12. If the horizontal oscillator frequency in-

creases slightly, the sawtooth fed to the
phase detector (at TP3) will produce an
error voltage (see-fig. 61, C) that increases

24

the negative bias on 07's base:. thus. the
bias on Q8's base decreases (become% less
negative) thereby reducing the blocking rate
to counteract the frequency increase. t 12-
20 )

13. The horizontal oscillator generates a pulse
output whereas the vertical oscillator de-
velops a sawtooth output, (12-22)

14. The horizontal hold control establishes the
bias and therefore the frequency of the
horizontal oscillator. In figure 60. this con-
trol is seen to be in the afc d-c amplifier
stage. ( 12-22)

15. If 010 failed the followin g. circuits would
not function properly : horizontal deflection.
horizontal blanking. high-voltage rectifiers.
damper. video output amplifier oo boost
voltage), and afe (no feedback ). 12-23.
24)

16. The picture correction magnet .hould.
adjusted to eliminate corner shadowing.
( 12-28 )

17. Numerous video amplifiers are needed in a

master oscillator to obtain the broudband
response for high fidelity. (13-3

18. .A master monitor's horizontal oscillator fre-
quency is controlled directly by the hori-
zontal sync. w hereas a recek er picture
monitor uses a d-e output from an arc ar-
rangement. ( 13-5)

19. The stringent requirements for hieh voltage
are best met with a separate well-regulated
supply. ( 13-5)

20. 30. 7875. t 13-9)
21. An expanded sweep signal is developed by

clipping and amplifying the normal sweep
as illustrated in figure 64. (13-10)
I. e.

2. a.
3. d.
4. b.
( 13-14-181

CHAPTER 6

I. a. Dynamic.
b. Carbon.
c. Crystal.
d. Capacitor. ( 14-1)

1. I. b.
1. c.
3. a.

4. d.
(14-3, 9. 14. and I

3. Dynamic. (14-18)
4, Set the shutter aperture to open. making

it bdirectional. ( 14-19 )
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1 h.
control room operator or program monitor.

2. c,
3. a.

15-2
The types of coupling used for tubes and

transmors are basically the same: however.

Ilk: impedance values involved are much
low er for transistors. Depending on the load.

ains equal ,to those of tube audio ampli-
fiers can he obtained with transistor audio
amplifiers. Transistors are ordinarily noisier
than tubes. but can be operated to obtain

low noise factors. (15-3. 6. and 9: Fig.

Voltage,gain = 250. current gain = 12. and
po%er 2ain = 40 db are the indicated values
in fimre 74 for a CE amplifier. (15-6)
('C. i 15-6)

4) CB, (15-6)
W. CE, (15-6)
H . I. a.

2. c.

.1 a.
15-7

; 2. fir.crsel . 15-11)
13. Preamplifiers are characterized by their low

pim,:r levels and comparatively low noise
factors. privers are medium power linear
:implifiers. Power amplifiers operate at rel-
atively high power levefs: therefore, push-
pull arrangements are used to obtain higher

efficiencies. (15-8. 20-23)
14 Higher efficiencies can be attained because

push-pull amplifiers will give linear oper-
ation when operated class AB or B. Higher

fidelity is attainable because even-harmonic
distortion is minimized for class A operation
and reduced for class AB operation. (15-23)

15. a. Class B. (15-23-29)
h. Class A.
c. Class AB.

16. Increase R. This makes thc bases less posi-
tive: thus, it biases the n-p-n transistors

into cutoff for a portion of each cycle.

(15-28)
17. a. Amplifiers. c. Mixers,

b. Switches. d. Monitors.
(16-2)

18. Gain, (16-()
19. See figure 88. (16-9)

.balance. (16-12)
21. VI: meter, (16-14)
22, Tite mixer or gain control connected to the

amplifier for microphone number 3 prob-
ably has a dirty wiper arm. This could

cause a weak signal which would mean
more gain required. It could cause erratic .
action and thus a static to be heard by the

25
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(16-18. 19)

CtiAPTER 7

I. Color. camouflaged. (17-6)
2. Blue. green. and red. (17-10)
3. Hue. saturation, and brightness. (17-14)

4. a. v ; ; .

(17-15-19)
5. Move in or use a zoom lens for closeups

so the image is larger on the pickup tube
face. The larger the image. the better the
color perception. (17-17)

6. Processing amplifier and colorplexer. (17-
21 )

7. a. Closer tolerances
b. More complex units
c. Special optical system
d. Three camera tubes
e. A 3.58-mc sync signal.

(17-21)
8. Check your drawing with fieure 94. (18-1)

9. a. Color camera is larger and has more
circuitry.

b. Color camera has three or more pickup

tubes. whereas monochrome uses only

one.
c. Color camera has a more complex op-

tical system.
( 18-2 )

10. The color television camera must have a
blue, green, and red light image. (18-3)

1 1. There would be danger of imaee burn to

all three pickup tubes. (18-4)
12. The neutral density filters reduce the light

on the red and green tubes so that it matches
the light on the blue tube. (18-7)

13. a. Reduced screen-to-target spacing

b. Improved photocathode
c. A micromesh screen
d. Better dynode construction
(18-10)

14. a. The pushbuttons on the viewfinder.
b. The skew and 0 controls in addition to

the controls for three channels rather

than one on the camera.
c. The colored knobs for three separate

channels, the master iris, and the master

pedestal control on the camera control

panel.
(18-13-19)

15. Adjust red skew control for rectangular
shape. Q control for linearity. (18-15)

16. In the color camera a dynode gain control

is provided for adjusting each 10 tUbe.
(18-15)



17. The preamplifiers used in color cameras
are adjustable. ( 18-16 )

18. a. Video amplification
b. Cable compensation
c. Shading and gamma correction
d. Regeneration of drie pulses and blank-

ing pulse
e. Generation of test signals
f. Electronic switching
(18-20)

19. 1-c; 2-d; 3-b. (18-21. 22)
20. They are slightly lower. (18-24)
11. 3.58 mc, blanking, (18-25)
22. 1-c; 2-b; 3-b. (18-23-25)
23. Check your diagram with figure 96. (18-

26; Fig. 96)
14. 1 and Q; matrix. (18-27)
15. 1-e; 2-f; 3-d; 4-a; 5-c. (18-27, 28)
76. Because the Q signal is delayed most by

its filter. (18-29)
17. 57, 90. (18-30, 31)
28. The output signal from the mixer unit of a

26

19.

O.

31.

33.
34.
35.
36.

37.
38.
39.

colorplexer contains luminance. chromi-
mince. and sync information. (18-32)
Hue, luminance or brightness. ( 18-36)
The chrominance demodulator. burst con-
trol oscillator. and matrix sections. ( 19-;
Fig, 103)
Video. ( 19-3 )
Check your drawing with figure 104.
(19-5)
Phase detector. (19-8)
Bandpass amplifier, monochrome. I 19-9
Synchronous. ( 19-10 )
Because negative and positive 1 and (.)
nals are needed as inputs to the matrix
section to form the B. G. and R signals.
( 19-11)
B. G. (19-13)
a-1; b-2; c-3; d-4; e-5; f-6. (19-15-21)
For convergence, look for color definition
at edges. For purity, look for hues of color
instead of pure color. For temperature. ro-
tate brightness control and look for back-
ground change. (19-22-27)
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1.MATCH ANSWER 2.USE NUMBER I

STOP SHEET TO THIS PENCIL.
E XERCISE NUM-
B ER.

30455 01 21

REVIEW EXERCISE

Carefully read the following:

DO'S:
I. Check the "course." "volume." and "form" numbers from the answer sheet

address tab aeainst the "VRE answer sheet identification number" in the
righthand column of the shipping list. If numbers do not match, take action
to return the answer sheet and the shipping list to ECI immediately with a note

of explanation.
2. Note that numerical sequence on answer sheet alternates across from column

to column.
3. Use onlY medium sharp #1 black lead pencil for marking answer sheet.

4. Use a clean eraser for any answer sheet changes, keeping erasures to a minimum.

5. Take action to return entire answer sheet to ECI.
6. Keep Volumn Review Exercise booklet for review and reference.
7. If mandatorily enrolled student, process questions or comments through your

unit trainer or OJT supervisor.
If voluntarily enrolled student, send questions or comments to ECI on ECI

Form 17.

DON'TS:
1. Don't use answer sheets other than one furnished specifically for each review

exercise.
2. Don't mark on the answer sheet except to fill in marking blocks.

Double marks or excessive markings whiCh overflow marking blocks will

register as errors.
3. Don't fold, spindle, staple. tape. or mutilate the answer sheet.

4. Don't use ink or any marking other than with a #1 black lead pencil.

NOTE: The 3-digit number in parenthesis immediately following each item number

in this Volume Review Exercise represents a Guide Number in the Study
Reference Guide which in turn indicates the area of the text where the
answer to that item can be found. For proper use of these Guide Numbers

in assisting you with your Volume Review Exercise. read carefully the
instructions in the heading of the Study Reference Guide.
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Multiple Choice

Note: The first three items in this exercise are
based on instructions that were included with
your course materials. The correctness or incor-
rectness of your answers to these items will be
reflected in your total score. There are no Study
Reference Guide subject-area numbers for these
first three items.

I. .The form number of this VRE (or CE)
must match

a. the form number on the answer sheet.
b. the number of the Shipping List.
c. my course number.
d. my course volume number.

2. So that the electronic scanner can properly
score my answer sheet. I must mark my
answers with a

a. number 1 black lead pencil.
b. pen with blue ink.
c. bIt p Ant or liquid-lead pea.
d. pen with black ink.

3. If I tape. staple or mutilate my answer
sheet; or if I do not cleanly erase when I
make changes on the sheet; or if I write
over the numbers and symbols along the top
margin of the sheet,

a. my answer sheet will be unscored or
. scored incorrectly.
b. my answer sheet will be hand-graded.
c. I will be required to retake the VRE

(or CE).
d. I will receive a new answer sheet.

CHAPTER 1

4. (102) Which of the following is an exam-
- ple of using television to monitor a hazard-

ous situation?

a. Observing personnel entering security
areas.

b. Observing the fuel-handling operation in
a nuclear reactor power plant.

c. Observing vehicular movement in heavy
traffic areas.

d. Observing the techniques of a highly
skilled surgeon.

5. (103) Which of the following activities re-
quires an elaborate video system?

a. Monitoring a door or eate.
b. Surveillance of traffic.

18

b.

c. Production of news releases.
d. Weather briefing.

(103) In which application wouki closed-
circuit television most likely be used?

a. Intercontinental communication.
b. Photographing the moon.
c. Home educational programs.
d. Flight crew briefing.

7. (101) Which of the followine is un ad-
vantageous use of television in the Defense
Communications Systems?

a. Providing entertainment for all personnd.
b. Providing immediate transmission of in-

formation.
c. Eliminating the need for personal brief-

ings of flight Crews.
d. Eliminating the need for airfield traffic

control towers.

8. (103) What is the classification of a video
system using two or more cameras. a

switcher, and more than one monitor?

a. Fundamental.
b Closed-circuit.

c. Elaborate.
d, Moderate.

9. (100) If a 3-level airman is assigned to an
open 7-level position. which of the follow-
ing actions is appropriate?

a. Award the airman the 7-level .AFSC if
he passes a 7-level test.

b. Award the airman a temporary grade of
E-5.

c. Place the airman on OJT to the 5-level
AFSC.

d. Award the airman the 7-1evel AFSC af-
ter 1 year's service in the position.

10. (101) Activities of the Defense Communi-
cations Agency are directed b) the

a. Joint Chiefs of Staff.
b. Defense Intelligence Agency
c. Communications Satellite Project.
d. Defense Atomic Support Agency.

(100) Which of the following is an area
of responsibility of the technician. but no,
of the repairman?

a. Use of associated test equipment.
b, Installation of television systems and

equipment.
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c. Correction of equipment malfunctions.
d. Major modification of television systems

and equipment.

12. (101) Which of the following is an appli-
cation of instructional televisio ?

a. Direction of aircraft ground movement.
b. Monitoring of sensitive areas.
c. Briefing of flight crews.
d. Reconnaissance of terrain.

CHAPTER 2

13. (106) Why is regulation poor in a cascade
voltage doubler?

a. It is a full-wave rectifier.
b. Its output capacitor is charged only once

per cycle.
c. It develops twice the peak input voltage.
d. Both input and output can have one side

grounded.

14. (105) In figure 16,B, of the text, if the
load current increases, the regulator tran-
sistor

a. passes more current.
b. base-to-emitter bias decreases.
c. emitter voltage increases.
d. base voltage increases.

15. (107) The boost voltage developed in a
flyback WI system is

a. produced when the HV rectifier con-
ducts.

b. produced by voltage doubling.
c. caused by exciting the vertical output

stage.
d. produced by using a damper diode.

16. (104) What electronic components in a
TV system generally require well-regulated
d-c voltages?

a. VR tubes and camera tubes.
b. VR. tubes and Zener diodes.
c. Receiver tubes and transistors.
d. Picture tubes and rectifiers.

17. (106) For a single-phase bridge rectifier
circuit with an LC filter, what is probably
the trouble if the d-c output is low and a

29

31,

ripple having the input frequency is pres-
ent?

a. An open filter capacitor.
b. An open-circuited rectifier.
c. A leaky filter capacitor.
d. A short-circuited rectifier.

18. (104) A single-phase bridge rectifier has
an effective input voltage of 220 volts a-c
at a frequency of 60 cps. The approximate
output of the rectifier will be

a. 154 vdc with a 60-Qs ripple voltage.
b. 154 vdc with a 120-cps ripple voltage.
c. 308 vdc with a 120-cps ripple voltage.
d. 308 vdc with a 240-cps ripple voltage.

19. (104) As compared to three-phase
fiers, single-phase rectifiers

a. have a ripple of lower amplitude.
b. have higher ripple frequencies.
c. are smaller and less costly.
d. have lower peak inverse voltage

recti-

20. (105) What occurs in the regulator shown
in figures 17,C, of the text, if the output
voltage tends to increase?

a. The forward bias on 02 increases.
b. The transistor 01 conducts more cur-

rent.
c. The Zener diode conducts less current.
d. The collector voltage of 02 goes more

positive.

21. (107) For the regulated HV system shown
in figure 27,B, of the text, what happens if
the VOLTAGE ADJUST is moved upward
(away from ground)?

a. Transistor 01 conducts longer.
b. Shock excitation decreases in amplitude.
c. Capacitor C1 charges to a low:1 voltage.
d. The SCR fires more frequently.

CHAPTER 3

22. (109) What is the purpose of a resonant
stabilizer circuit in an interlace system?

a. To insure proper count.
b. To stabilize the horizontal oscillator.
c. To stabilize the vertical oscillator.
d. To insure proper operation of the AFC.



23. (110) The equalizing pulses have a repeti-
tion rate of 31.5 kc to properly synchronize
the

a. horizontal scan frequency.
b. vertical and horizontal oscillators and

produce line pairing.
c. vertical oscillator .during vertical blank-

ing.
d. alternate fields and produce interlaced

scanning.

24. (108) What stage in figure 29 of the text
maintains a stable output from the 60-cps
oscillator?

a. Mixer blanking buffer.
b. Vertical sync buffer.
c. Horizontal sync buffer.
d. Blanking mixer.

25. (110) Serrations are present in the vertical
sync pulse of a standard interlace sync gen-
erator to insure

a. proper retrace of the beam during verti-
cal blanking.

b. synchronization of the vertical oscillator
during vertical blanking.

c. synchronization of the horizontal oscil-
lator during vertical blanking.

d. proper interlace of the scan lines.

26. (108) In figure 31 of the text, if the verti-
cal blanking pulses applied to the blanking
mixer were too narrow, but the vertical
drive was normal, where would the probable
trouble be?

a. Squarer and peaker.
b. Vertical oscillator.
c. Vertical amplifier and clipper.
d. Vertical blank shaper.

27. (108) The output of the vertical oscillator
of the simple noninterlace system in figure
29 of the text is formed

a. in the blanking mixer and locked by the
60-cps line frequency.

b. by the 60-cps line frequency and locked
by the horizontal frequency.

c. across the vertical oscillator blocking ca-
pacitor and locked to the 60-cps line
frequency.

d. across the horizontal blocking capacitor
and locked to the vertical frequency.

28. (109) The fixed relationship between the
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master oscillator and the coUnters in figure
32 of the text maintains a

a. sequential line scan rate.
b. constant number of lines per frame.
c. constant number of fields per second.
d. varying number of lines per second.

29. (109) What are the three
counter circuits?

a. Step-counter, blockin2
multivibrator.

b. Step-counter. resonant
multivibrator.

c. Multivibrator, blocking
resonant stabilizer.

d. Step-counter, resonant
blocking oscillator.

basic types of

oscillator.

stabil izer.

oscillator.

stabilizer,

and

and

and

and

30. (109) What are the four basic sections of
the interlace sync generator shown in fig-
ure 32 of this text?

a. Master oscillator, HV mixer, 2:1 coun-
ter, and the 525:1 counter.

b. Master oscillator, blanking mixer. 7: I
counter, and the 5:1 counter.

c. Master oscillator, 7:1 counter. 5:1 coun-
ter, and the 3:1 counter.

d. Master oscillator, 15:1 counter, 7: I
counter, and the 2:1 counter.

31. (108) What are the three basic sections of
a simple noninterlace sync generator?

a. Vertical oscillator, horizontal oscillator.
and sync separator.

b. Vertical oscillator. 31.5-kc oscillator. and
vertical drive.

c. Vertical oscillator, horizontal oscillator,
and blanking mixer.

d. Vertical oscillator. horizontal drive, and
blanking mixer.

32. (108) In what section of a simple nonin-
terlace sync generator are height adjust-
ments generally accomplished?

a. Vertical blanking section.
b. Horizontal oscillator section.
c. Vertical drive section.
d. Vertical oscillator section.

33. (108) In the multipulse sync generator
shown in figure 30 of the text, in 'what
circuits are pulse width and amplitude ad-
justments normally accomplished?

a. Squarer and peaker circuits.
b. Clipper and shaping circuits.



c. Blanking mixer. squarer and peaker cir-
cuits.

d. Blanking mixer. clipper and shaping cir-
cuits.

CHAPTER 4

34. (113) What type video amplifier is used at
junction points in a closed-circuit TV dis-
tribution system?

a. Isolation.
b. Parametric.
c. Picture signal.
d. Pulse.

35. (113) Which of the following will broaden
the low- and high-frequency video band-
pass of a video amplifier?

a. A decrease in the load impedance.
b. Degenerative feedback.
c. Series and shunt peaking.
d. An increase in the load impedance.

36. (112) If the camera control scene appears
more gray than white, which control should
be adjusted first?

a. Horizontal shading.
b. Black stretch.
c. White stretch.
d. Gray scale gain.

37. (113) An advantage of transistors as com-
_pared to tubes for use in video amplifiers
is that transistors

a. give more gain per stage.
b. have lower noise figures.
c. are more adaptable to compensation.
d. are more adaptable to direct coupling.

38. (112) How do the shading signals which
are added at the video amplifier (camera
control unit) compensate for previously in-
serted horizontal and vertical shading?

a. They cancel any spurious shading siinals
which may still be present.

b. They increase the amplitude of the hori-
zontal and vertical pulse amplifiers.

c. They cancel a portion of the blanking sig-
nal.

d. They reenforce the action of the damper
circuits.
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39. ( 111) Which of the followine best de-

scribes the function of the multistage multi-
plier within the image orithicon tube?

a. To increase the intensity of the emitted
electron beam.

b. To control the position of the emitted
electron beam.

c. To increase the output current of the
tube.

d. To control secondary emission from the
photocathode.

40. (112) Which of the following is not a func-
tion of the image orthicon camera control?

a. To correct for shading.
b. To adjust for proper blanking and black

level.
c. To correct for black and white compres-

sion.
d. To preamplify the signal from the target

image.

41. (111) If an imaee burn appears on the
target screen of an image orthican tube.
which of the following is a likely cause?

a. The target is being underscanned.
b. The target is being overscanned.
c. The alignment coil current is excessive.

d. The image accelerator voltage is exces-
sive.

42. (III) What is one purpose of the video
output stage shown in the block diagram
of the vidicon TV camera in figure 43 of
the text?

a. o amplify the output signal.
b. To develop a signal which may be mon-

itored at Tp 3.
c. To superimpose the picture information

onto the horizontal and vertical blanking
pulses.

d. To minimize loading effects.

43. (112) In figure 50 of the text. a program
output can be achieved and yet keep the
two fader channels available for preview-
ing. etc.. by using the

a. monitor switch.
b. program transfer switch.
c. sync input relay.
d. alternate channel switches.



44. (111) The electron gun of a vidicon cam-
era is made up of which of the following?

a. Heater, cathode, control grid, accelerat-
ing grid, and shaping grids.

b. Heater, cathode, control grid, and focus-
ing coil.

c. Heater, cathode, control grid, shaping
grids, and deflection coil.

d. Cathode, control grid, shaping grids, and
a permanent magnet.

45. (111) If a horizontal straight line appears
on the viewfinder of an image orthicon
camera, what is a likely cause?

a. Blanking output stage is inoperative.
b. Horizontal damper is inoperative.
c. Vertical sawtooth generator is inopera-

tive.
d. Horizontal sawtooth generator receives

no input.

46. (111) Into which three sections is the
image orthicon tube divided?

a. Scan, focus, and deflection.
b. Multiplier, scanning, and image.
c. Image, focus, and multiplier.
d. Lens, scanning, and multiplier.

47. (111) Which is an indication that the beam
control of a vidicon tube is critically ad-
justed?

a. Small specks in the mosaic.
b. An illuminated screen.
c. A single vertical line.
d. A single horizontal line.

48. (111) How may image burn damage tb
the photoconductive faceplate of the vidicon
tube be prevented?

a. By focusing the camera on a fixed spot
of high intensity light.

b. By adjusting the camera scan to utilize
the maximum .area of the faceplate.

c. By adjusting for maximum vertical scan
after making all other adjustments.

d. By mounting the tube so that sunlight
strikes the faceplate at a downward an-
gle.

49. (111) If, after a 10- to 20-minute warmup
period, there is no visible display on the
screen of a vidicon tube, which adjustment
should be made first?

3.132/

a. Centering.
b. Vertical.

3017

c. Camera scan.
d. Beam control.

50. (111) Which of the following statements
concerning vidicon cameras is true?

a. A scanning beam is produced by the
electron gun.

b. Alignment is accomplished by a syn-
chronizing pulse.

c. Signal output is taken from thei cathode
circuit.

d. Focus is accomplished by the accelerat-
ing and shaping grids.

CHAPTER 5

51. (115) What is faulty if the display on a
kinescope has a black top half and a white
bottom half?

a. HV supply.
b. Kinescope.
c. Horizontal oscillator.
d. Vertical oscillator.

52. (114) A width control is not included in
the monitor schematic shown in figure 60
of the text because

a. it would adversely affect the sync sep-
arator stage.

b. the H-hold control changes the horizon-
tal width.

c. it would cause horizontal overscan of
the display.

d. it would alter the horizontal output sig-
nals.

53. (114) Why is a combination monitor used
in conjunction with the camera control unit?

a. It has a large screen picture display.
b. It provides for signal and picture analy-

sis.
c. It controls all other monitors in the sys-

tem.
d. It controls the outputs from the camera

control unit.

54 (114) From what stage does the sync
amplifier of a utility monitor receive its
input?

a. Video input amplifier.
b. Video output amplifier.
c. Sync separator.
d. Phase detector.
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55. ( 115) What are two noteworthy features
that commonly distinguish a master monitor
from other types of monitors?

a. Direct horizontal frequency control and
a separate HV supply.

b. Horizontal afc and numerous video am-
plifiers.

c. D-c restoration and numerous video am-
plifiers.

d. Sync separation and d-c restoration.

56. ( 115) If no raster appears on the kine-
scope of a master monitor. the failure of
what section will cause this?

a. Horizontal section.
b. Vertical section.
c. HV supply section.
d. Video section.

57. (114) For the TV monitor shown in figure
60 of the text, the vertical oscillator is

adjusted for proper synchronization by
changing the

a. bias on 06 with the height control.
b. bias on 05 with the height control.
c. bias on 06 with the linearity control.
d. cutoff time of 05 with the V-hold con-

trol.

CHAPTER 6

58. (116) To mechanically adjust two poly-
directional microphonesone to pick up
all classroom sound and the other to pick
up. primarily, the instructor, you would ad-
just

a. both microphones for unidirectional pick-
up.

b. both microphones for nondirectional
pickup.

c. one microphone for unidirectional pick-
up and the other for nondirectional pick-
up.

d. both microphones for bidirectional pick-
up.

59. (119 ) Where would be a likely place to
first check for a hum which is reported on
all monitors?

a.
b.
c.
d.

All microphone cables and connectors.
All preamps and mixer controls.
Each cable and switch to the monitors.
The hum balance in the power supply.
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60. (118) The audio console

a. amplifies, switches, and mixes audio.
b. amplifies, switches, and detects audio.
c. switches, mixes, and detects audio.
d. switches. mixes, and .multiplexes audio.

61. (117) Which transistor amplifier config-
uration can develop the greatest power gain
for a given transistor?
a. CB. c. RC.
b. CC. d. CE.

62. (119) Which of the following would be
the correct signal path through an audio
control console?

a. Microphone, program amplifier, preamp,
output, and VU meter.

b. Microphone, preamp, program ampli-
fier, and output.

c. Microphone, VU meter, program ampli-
fier, preamp, and output.

d. Program amplifier. VU meter, preamp.
and output.

63. (116) The capacitor microphone operates
with

a. two electrodes and a variable capaci-
tance.

b. two electrodes and a fixed capacitance.
c. three eleetrodes and a fixed capacitance.
d. three electrodes and a variable capaci-

tance.

64. (116) Which type of microphone uses the
"sound cell" to produce an a-c signal?

a. Dynamic.
b. Carbon.

c. Crystal.
d. Capacitor.

65. (116) Which of the following microphone
types has the best frequency response?

a. Carbon (double-button).
b. Dynamic (moving-coil).
c. Crystal.
d. Capacitor.

66. (116) What are the most widely
types of microphones?

a. Dynamic, carbon, crystal, and ribbon.
b. Dynamic, carbon, crystal, and moving

coil.
c. Carbon, crystal, moving coil. and vari-

able resistance.
d. Dynamic, crystal, capacitor. and carbon.

used
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67. (116) Which statement best describes the
dynamic microphone?

a. It generates a-c by movement of a dia-
phragm which flexes a himorph unit.

b. A diaphragm moves a coil of wire be-
tween the poles of a magnet.

c. It generates a-c by using two flexing
electrodes.

d. It has a moving carbon pile in a maa-
netic field.

CHAPTER 7

68. (123) In a color monitor, why is one
output from the 3.58-mc oscillator delayed
90°?

a. So the Y signal will reach the matrix
at the proper time.

b. Because both +1 and 1 signals are
needed in the matrix.

c. To obtain the 0 signal frorn the chromi-
nance signal.

d. This is necessary to accomplish afc for
the oscillator.

69. (121 ) In which section of a color camera
chain are the color signals modified to pro-
duce the proper luminance variations?

a. Sync generator.
b. Colorplexer.
c. Processing amplifier.
d. Camera control.

70. (121) In which ways do the preamps used
in a color camera differ from the prearnp
used in a monochromc camera?

a. Preamps used for color have high-fre-
quency peaking adjustments.

b. Preamps used for color have low-fre-
quency adjustments.

c. A monochrome preamp has both high-
and low-frequency adjustments.

d. The color preamps have both high- and
low-frequency adjustments.

71. (123) What outputs from the matrix of a
color monitor are usually used for color
temperature adjustment?

a. B and G.
b. B and R.

C. 1 and Q.
d. Y and R.

72. (120) The Y signal has the sante band-
width as which of the followine signals?
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a. Modulated I. c. Chronainance.
b. Modulated Q. d. Monochrome.

73 123) Which
IN necessary for hoth

single-input and three-input color monitors'.'

a. Color killer. c. Phase detector.
Sync separator. d. Matrix.

74. (123) Which condition normally causes the
color killer to cut off the bandpass ampii-
fier?

a. No color burst sync.
b. No input to the phase detector.
e. No luminance signal received.
d. No 3.58-mc oscillator output.

75. (122) What does the burst flag pulse
trol?

a. Duration of the color sync.
b. Frequency of the color carrier.
c. Width of the back porch.
d. Compatibility w ith monoehro=.

76. (121) Color TV cameras differ front mon-
ochrome TV cameras in that they are

a. smaller. less sensitive to light. :Ind h.
three pickup tubes.

b. larger. have a different optical system.
and have three pickup tubes.

c. larger. have no drive system, and ha% e
four pickup tubes.

d. smaller. have a different drie system.
and a different optical system.

77. (121) Which of the following purposes is
accomplished by the mirror arrangeme nts
of color TV cameras?

a. They prevent imace burn of thy green
camera tubc.

b. They prevent image burn of the red
camera tube.

c. They divide the light image into color
croups.

d. They shift the image slichtly to prevent
burning of the monochrome camera tuhe.

78. (120) Why are bine. green. and red used
as the primaries in color TV?

a. They are good absorbers of eolor light.
b. They are the only additive primaries.
c. They are sensed equally by thc eye.
d. They produce the greatest variations of

color.

3.1j



79. ( 120 ) What size images would be affected
if the Q information in a color signal was
incorrect?

a. Large. e. Small.
b. Medium. d. All.

80. 120 ) What property of colored light de-
scribes the amount of whitc light mixed
with a particular color?

a. Hue.
b. Saturation.

c. Luminance.
d. Brightness.

81. (120) What can be determined from a

chromaticity diagram?

a. Hue and saturation.
b. Luminance and saturation.
c. Luminance and hue.
d. Compatibility and bandwidth.

82. 11201 Which signal contains the 3.58-me
color carrier reference?

a. Chrominance. c. Modulated Q.
b. Luminance. d. Composite color.
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Preface

MELEVISION iS no spontaneous presentation; it is a combined operationYThe
video mosaic which appcars on the monitor screen is the result of many skills.

much planning, accurate timing. and sometimes artistry. In .this course we view
this complicated system of communications as it concerns the television repairman

and technician.

This volume is the second of a three-volume course. In Volume I we discussed
equipment and maintenance requirements of the basic elements of a television
system: image pickup devices at the point of origin. the means of transmitting
closed-circuit electrical signals to the intended receiving locations, and the fa-
cilities for converting the signals to reproduce the images for the viewer. In

Volume 2 we will discuss the maintenance requirements and operation of

additional equipment required to support various functions of the television systems.

Included in this discussion are the equipment for studio lighting systems. intercom
facilities, special effects. prompting facilities, audio and video recording systcms.

as well as specialized equipment required for maintaining television equipment.
A discussion of relay equipment in addition to television VHF and UHF trans-
mitters. receivers. antennas. and associated circuitry is also presented in this

volume.

If you have questions on thc accuracy or currency ot the subject matter
of this text, or recommendations for its improvement, send thcm to Tech Tng Ccn
(TSOC), Kees ler AFB MS 39534.

If you have questions on course enrollment or administration, or on any
of ECI's instructional aids Your Key to Career Development. Study Reference
Guides, Chapter Review Exercises. Volume Review Exercise. and-Course Exami-
nation). consult your education officer, training officer. or NCO, as appro-
priate. If he can't answer your questions, send thcm to ECI, Gunter AFB AL
36114. preferably on ECI Form 17. Student Request for Assistance.

This volume is valued at 30 hours (10 points ).

ill
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Studio and Control Equipment

INCE STUDIO lighting affects the perfor-
)-.3 mance of the camera. lighting is an important
factor in lens selection. In this chapter we dis-
cuss liehting prior to describing various types of
auxiliary studio equipment and their mainte-
nance, and later on. discuss the TV prompter.
rear screen projector. anu special effects equip-
ment. Representative distinctive circuits are an-
alyzed because these circuits are required for the
special effects generator and amplifier. We also
discuss essential functions and how they are ac-
complished by this equipment. Finally, we discuss
intercom systems that may be used for TV.

I. Studio Lighting
1-1. Illumination of the studio set plays an

important part in obtaining the best results from
a TV camera. Since you as a maintenance man
need to understand the effect of light on camera
operation. you should know the language of light-
ing. You should also know how to obtain suitable
illumination through the use of various types of
lighting. With your knowledge of quality, inten-
sity, levels, and sources of light, you can select
lenses and make adjustments with facility and in-
telligence.

1-2. Terms. The following terms are generally
accepted and are becoming standard throughout
the television and motion picture industry. These
terms are generally used for describing studio set-
lighting layouts and for articles describing lighting
layouts.

1-3. Base Lighting. Base lighting is the uniform
diffused illumination (approaching a shadowless
condition) which covers an entire set. It is often
supplemented by other lighting, such as key and
fill lighting. The intensity of base lighting de-
pends upon the sensitivity of the TV equipment
being used; that is, the amount of light necessary
to provide a picture of technical acceptability.
Because base light is a well-diffused light, we
know that it must be provided by either incan-
descent floodlights or flourescent lights.

CHAPTER 1

1-4. Key Lighting. Key lightine is provided by
the principal source of directional illumination
falling upon a subject or area. This may be na-
tural light coming through a window or open door.
from a fireplace. or another source; or it may
be artificial light coming from spotlights with
special accessories. Key lighting is sometimes di-
vided into two groupshigh-key and low-key
liehtingin order to facilitate discussion of scene
illumination. with respect to a gray scale of TV.
High-key lighting usually results in a picture hav-
ing graduat'ons falling primarily between gray
and white. with dark grays and black present in
very limited areas. Low-key lighting, on the
other hand. results in a picture having graduations
from middle gray to black. with limited areas of
light grays and white.

1-5. Fill Lighting. Fill lighting is the supple-
mentary illumination of portions of a scene or set
to control shadow or contrast. Fill light is some
type of diffused light, supplied by any of a num-
ber of sources. For example, fill light would
illuminate the opposite side of a key-lighted sub-
ject, thus bringing out the details which other-
wise would have been lost.

1-6. Effects Lighting. Effects lighting is illu-
mination resulting in the simulation of special
effects such as firelight, clouds, or window light.
This type of lighting may be used to simulate
flashes of light from explosions, for example, in
making military training lessons. Among other
studio aids which we will study in the following
section are rear screen projectors. which are some-
times used to produce effects lighting.

1-7. Other Lighting. There are a number of
designations given to lights used for a specific
purpose. These would include cross, back, side,
eye, and set lights, which are used as indicated
by the name. It is necessary for the maintenance
man to be aware of the usage of these lights, in

anticipation of limited maintenance. This mainte-
nance will be determined in most cases u. the
extent of light used by the production agency.
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Figure 1. Relative light energy.

1-8., Requirements. The requirements for good
light are directly related to the quality of the
desired television image. In some instances the
available light can be controlled, while in others
it cannot. If the light is to be controlled, the
maintenance man will set up his TV equipment
accordingly; if uncontrolled light is to be used.
the optimum performance settings must be ad-
justed to average light conditions.

1-9. It is known that spectral characteristics
of a light source should be compatible with
those the camera pickup tube used and be psy-
chologically suited to the personnel in the studio.
Figure 1 shows the relative characteristics of sev-
eral light sources: The first curve (dashed line)
represents the energy from solar radiation. Note
that this curve is relatively flat and approaches
white light (which contains all frequencies).

1-10. The second curve shows the relative en-
ergy from a typical incandescent light source.
Most of its energy falls in the red region (6000
to 8000 angstroms). For this reason. incandescent
lamps appear yellow or slightly red to the human
eye. The response of the human eye to any light
source is determined by the relative sensitivity of
the human eye as represented by the third curve
in figure 1.

1-11. In Volume 1 you learned that both the
image orthicon and the vidicon have response
curves closely resembling the sensitivity curve of

2

the eye. Although both tubes will perfocm satis-
factorily as pickup tubes, they are sensitive to
light levels. The spectrum of light is good for
both: but, as you know. the image orthicon is
much more sensitive than the vidicon. Minimum
lighting level for producing good pictures lies
between 32 and 64 footcandles with an f:8 lens.
The average TV installation should be capable of
producing 200 footcandles of illumination on any
given scene to permit flexibility in the control
of lighting and lens stops.

1-12. Again referring to figure I. we see that
where the energy of the incandescent lamp is
weakest the sensitivity of the eye is strongest.
Since the sensitivity of camera tubes and the eye
compare favorably, we can assume that the in-
candescent lamp is a good light source for TV.
Fluorescent lighting is weak in the red regions:
therefore, skin tones appear darker. It is for this
reason that fill or key light of an incandescent
source must be used with fluorescent lighting.
This kn6wledge of proper lighting techniques is
important to the maintenance man making camera
adjustments.

1-13. Equipment Types. The control of light
intensity usually requires more than turning lights
off ,and on in a studio area. Auxiliary equipment
is required to produce the types of lighting we
have discussed and to meet the requirements of
good liehting. Some studios are equipped with a
control center containing master switches, branch
circuit switches. group dimmer controls, and in-
dividual dimmers to aid in control of the lighting.
As an additional aid in the achievement of good
lighting, patching facilities may be included. Their
addition permits the patchine of dimmers and
switches into various circuits to control illumina-
tion at different points with a minimum of equip-
ment. For convenience and to increase versatil-
ity. equipment which permits horizontal and
vertical movement of lighting fixtures is usually
provided.

1-14. You must realize that there may be
studio operations where the lighting is maintained
by a section other than the TV maintenance sec-
tion. However, since lighting is sometimes main-
tained by the TN' maintenance section. it is im-
portant that you know the lighting requirements
and are prepared to perform maintenance if nec-
essary. Some of the generally preferred lieht
sources are incandescent. fluorescent, and mer-
cury-vapor lamps. The most widely used is the
incandescent source and it is grouped into the
following types: floodlights. spotlights, strip
lights, and dffects lights.

1-1S. Floodlights are those used to give a wide-
angle general illumination or base lighting. An
incandescent floodlight consists of a lamp socket.
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lamp. reflector. and diffuser lens. The device may
be any size from 1 0 to 18 inches in diameter and
have lamps varying from 500 to 2000 watts. The
maintenance of this type of floodlight will prob-
ably consist of lamp replacement or wiring re-
pair. An important part of this type of mainte-
nance is the exact replacement since equipment is
set up for a given light level. If a different
wattage lamp or a different size or type of re-
flector were substituted. the equipment would
have to be adjusted accordingly. Sometimes fluo-
rescent floodlights are used if light manipulation
or control is not a significant factor. However,
because of the weakness of fluorescent light in
the red regions, there should always be some in-
candescent lighting.

1-16. Spotlights come in a wide variety of sizes
(from 3 to 16 inches in diameter) and use in-
candescent lamps ranging from 75 to 5000 watts.
Spotlights also may have specially shaped reflec-
tors to direct the light beam into a designated
gec.,netric pattern. For additional pattern control.
some spotlights have iris and shutter facilities
which can be adjusted. In all instances, it is

important that during maintenance only exact re-
placements are made due to light level require-
ments.

1-17. Strip lights are useful in background
lighting, as base lighting, top lighting, or_ fill
lighting. In some applications, strip lights 'will

function as floodlights for base lighting. At other
times strip lights will fill the need for effects
lights. Since all lighting directly affects image il-
lumination as seen by the camera, repairs must
be on an exact replacement basis to insure opti-
mum operation of equipment.

1-18. Operational placement of lights and

their c introls normally is not the respcnsibility of
the maintenance section. However, you should be
aware of their placement during operation so that
you can quickly make necessary repairs. If you
are required to perform maintenance on con-
trols and patch panels, you should be familiar with

their location, function. and routine maintenance

procedures.
1-19. Lenses. The average image orthicon

camera pickup tube (reference Volume 1) re-
quires a minimum light level of approximately 50
footcandles incident with a lens opening (stop)
of f:8. The larger the "f" number of the lens

setting, the less the amount of light that will reach
the photocathode. The image orthicon tube does
not have the same pickup quality as photographic
film; lens openings as low as f:1.9 can be used
but the technical quality will not be good. If a
large amount of light is used or is present. the
lens "f" number may be as high as f:16.

3

1-20. The TV camera uses lenses similar or
identical to ordinary film camcra lenses. These

lenses are used to focus an imace of the viewed
scene upon the photosensitive element in the

camera pickup tube. The image orthicon cam-
eras generally use 35mm optics. while vidicon
cameras use 16mm optics. The I6mm lenses for
vidicon film cameras are usually of short focal
lengths (approximately 3 inches). The 35mm
lenses used on most field and studio cameras in-
clude closeup lenses with focal lengths from 35mm

to 135mm. and middle to long distance lenses
with focal lengths from 81/2 inches to 25 inches.

1-21. Most studio and field cameras have a
four-lens turret to accommodate a variety of
lenses of different focal lengths. With the lenses
preset. they may be switched by turning the lens
turret. No adjustment is necessary. Most lenses
have iris or diaphragm mechanisms built in which
would be a part of the preset adjustments. A
maintenance repairman will be concerned with

the adjustments made during setup; from there
on the adjustments are made by the camera op-
erator. Otherwise, the chief concern of mainte-
nance is the cleaning of the lenses and checking
for any damage to optical or mechanical parts.
Normally, there will be no repaironly removal
and replacement.

1-22. An additional lens type is the zoom lens.
which is a lens assembly of continuously variable
focal length. There are a number of types of zoom
lenses available and in use. Some of these types
are quite simple and may be mounted on the
lens turret in addition to standard lenses. Other
versions of the lens are manually or electrically
controlled and are the only lens on the camera;
their mounting requires removal of the lens tur-
ret. Again, the maintenance of this lens is usu-
ally limited to cleaning or removal and replace-
ment.

1-23. With the various lens configurations
available, it is possible to make many choices of
lens units. Normally you are not required to
make this choice or selection as the equipment
is equipped with a lens. It is important that you
do not interchange lenses during cleaning, inspec-
tion, or other maintenance. For this reason; you
must have a working knowledge of lenses.

2. Studio Aids
2-1. In this section we will discuss two basic

groups of studio aidsTV prompters and rear
screen projectors. The basic construction and
maintenance requirements us well as some of the
electrical circuits of a TV prompter will be con-
sidered. The rear screen projector portion will

include thc fundamental advintages and disad-
vantages in comparison with other types of pro-
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Figure 2. Block diagram of a basic TV prompting unit.

jectors. General construction, maintenance re-
quirements, and repair features of both groups
will also be developed in this section.

2-2. TV Prompter. TV prompting is any verbal
or visual means of snpporting program scripts.
Verbal prompts are usually given by a script-
following prompter near the speaker. Examples
of visual prompting devices are cue cards, front
and rear screen projectors, semitransparent mir-
rors, and roll or scroll type equipment. In this dis-
cussion we are concerned with a typical roll or
scroll type prompter which, unseen by the audi-
ence, unrolls a prepared script, line by line, to
aid the speaker.

2-3. A typical scroll TV prompter can be
considered as a single unit containing several
sections. Figure 2 illustrates the sections and the
relationship between them. The scroll section
contains a d-c motor, a gear train, two reels, and
the paper upon which the information is printed.

PWR SUP >

C1

This section is usually mounted on or near a tele-
vision camera with each camera havin g. its own
scroll section. Thc control scction is comprised of
a powcr supply, control circuits. and synchroniz-
ing circuits. The d-c amplifiers constitute a sep-
arate section which feeds the scroll motors. Thc
amplifier section contains two identical circuits.
each one of which controls an individual scroll.
The speed and forward-reverse controls are lo-
cated in the remote control section.

2-4. Circuit analysis. The circuit diagram.
shown in figure 3. illustrates the basic electronic
functions of a prompting unit, with the exception
of the power supply. The bleeder, R I. R2, R3,
and R4, serves as a voltage divider network in-
corporating potentiometer R2. Note that the
bleeder network is tapped at two different points.
A portion of the d-c voltage is selected at point
R2 and applied, through resistors R5 and R6, to
the grids of VI and V2. respectively. The tap be-
tween resistors R3 and R4 supplies the operating
voltage for relay K I. Both switch SI and relay
K I are shown in their normal (open) positions.
When SI is closed, a d-c voltage is applied to one
set of the coil windings for K I and thc relay ener-
gizes (S1 also controls the relay for thc other
motor). With B + present at the center contact
of K1 and the movable contacts pulled up. B+ is
applied (through the windings of motor M I ) to
the plate of VI. Amplifier VI then conducts and
current flows through the windings of the motor,
causing the motor to run in the forward direction.
The motor is reversed by simply placing switch
SI in the other ON position. thus applying vol-
tage to the other set of windings K I. This causes
K I to energize, the movable contacts to bc pulled
down. and B+ to be applied (through the wind-

1.1111=IMIII

K 1 OFF
SI

Figure 3. Diagram of amplifier and contral circuits al a basic TV prmapter.
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ings of motor M ) to the plate of amplifier V2.
Amplifier V2 then conducts and current flows
through the windings of motor M I in the oppo-
site direction. thus reversing the motor. The
motor spe,,I is varied by adjusting R2 which var-
ies the amount of voltage applied to the amplifier
grids (R2 also controls the other scroll motor).
Resistors R7 and R8 are balance controls and are

necessary for adjusting the individual motor
speeds (forward and reverse). A start-stop sys-
tem (not shown), initiated by the script paper.
provides for synchronizing the scroll motors.

2-5. Maintenance requirements. The TV

prompter maintenance requirements include
cleaning and inspecting the prompter and re-
placing damaged or broken components. All in-
terconnecting cables and connectors must be
inspected periodically to insure that there are no
broken connections. Periodic inspection and clean-
ing of the synchronous motors and gear trains is
necessary to prevent binding and sluggish move-
ment. The relay contacts must also be cleaned at
periodic intervals to prevent arcing, sticking. poor
connection between contacts, or other undesirable

effects.
2-6. Troubleshooting and repair. Trouble-

shooting the TV prompter unit is comparatively

VERTICAL
STAGE

simple. The most frequent malfunctions occur in

tubes, fuses, cables, and cable connectors. For
example, you-find that the motor runs at a normal
forward speed, but runs very slowly in reverse
with minor speed variations when the balance
control is adjusted. A possible cause of the
trouble is a weak amplifier tube in the reverse
circuit. If, on the other hand, the motor runs
very slowly in either direction, the probable cause
is a sluggish gear train.

2-7. Rear Screen Projection Methods. Several

types of rear screen projectors and projection
methods are employed in television production.

You, as a maintenance technician, must be
familiar with the varied types of equipment and
the requirements necessary for normal operation

of this equipment. In many instances the famil-'
iar 35mm slide projector, with increased lighting,
may be used to satisfy the rear screen projection
requirements. With this in mind, we will explain
the basic operation and variations employed in
rear screen projectors.

2-8. Stages. The stage of a projector is that
portion of it upon which the object is positioned
for display. A stage may be either vertical, hori-
zontal, or a combination of both (see fig. 4).
Though much of the projection is accomplished

111111/11111 ammo 411110. maim

SEMI TRANSPARENT
MIRROR

LENSDAr

Figure 4. Basic rear screen projector.

5

326

HORIZONTAL
STAGE



by the use of transparencies, other items such as
opaque objects or photographs may be pro-jected. When an opaque object is projected. thc
horizontal stage is obviously preferable to a verti-
cal stage; the object could simply be placed uponthe stage. On the other hand. a vertical stage isuseful when projecting a transparency or photo-
graph.

2-9. Mirrors. Mirror action is governed bytwo laws of reflection. The first law simply statesthat the angle of incidence is always equal to theangle of reflection. In other words, light raysbounce off the mirror surface at the same anglewith which they strike it. This angle is meas-ured from the normal or perpendicular to themirror surface. The second law states that theincident, reflected, and normal rays lie in thesame plane. An understanding of these two laws
is necessary for alignment of projector mirrors.Figure 5 illustrates these Jaws.

2-10. Semitransparent mirrors are frequently
used in rear screen projectors and are sometimesreferred to as half-silvered mirrors. Mirrors ofthis type have the property of reflecting from the
lighted side and at the same time being trans-
parent from the dark side. When both stages in
figure 4 are lighted, the two displays are super-imposed. The use of this particular type of
mirror facilitates certain projection techniques:
the image from one stage can be deflected through
the lens; also, the image from a second stage canbe projected through the mirror into the samelens. The most important disadvantage of this
type of mirror is its light absorption characteris-
tics. .F.,mitransparent mirrors are not very effi-
cient sinci 30 percent of the light delivered is notreflected or transmitted but is absorbed by theglass and silver coating.

2-11. Depending upon design features, com-binations of front surface and semitransparent
mirrors may be contained in rear screen projec-

NORMAL
PERPENDICULAR

ANGLE OF ANGLE OFINCIDENCE
REFLECTION

MIRROR SURFACE

Figure 5. Law of reflectionangle of incidence equals
angle of reflection.
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tion equipment. Care must be exercised to insurethat all reflected images will be projected alongapproximately the same optical axis. If the imagesare not projected on nearly the same optical
axis, keystone effect will occur. Figure 4 is anexample of a more iiMplified projector -Using a
single semitransparent mirror to permit opera-tion from one of either of the two stages. Notethat the mirror is so aligned as to project the
image from either stage along the same optical
axis.

2-12. Lenses. The physical assembly of lensesdesigned for projection machines differs from
those designed for camera operation. Projection
lenses are less complicated due to the fact that
they are required only to change the focal dis-
tance of the projected image. Unlike camera
lenses, they are not required to control the quan-tity of light from the projection machine.

2-13. Lighting. Lighting methods for the pro-
jection of opaque objects and photographs differ
from those used for transparencies. The lights
are placed in front of the stage for opaque objects
and photographs, and behind the stage when
transparencies are used. An example of light
placement is shown in figure 4.

2-14. The light necessary for rear screen pro-jection is much greater than for front screenprojection. A front screen projector, for exam-
ple. requires only 100 watts to project a 6- x
9-foot image, whereas a rear screen projector
needs 1000 watts to project a picture of the samesize. Depending upon the studio lighting, a typi-cal rear screen projector will require more or
less light energy to cover the projection screen
without noticeable fall-off of intensity around theedges of the screen. The best general rule tofollow is to place the subject to be viewed in
the projector and adjust the lighting for the best
picture. The exact amount of illumination will
depend on how much front lighting is used on the
projection screen, density of the transparency,
type of scene being projected. screen size, and
degree of light fall-off. Studio lighting sourcesmust not be directed toward the projection
screen. Fall-off and scene types will be included
in the discussion of rear projection screens.

2-15. Some rear screen projectors. especially
16mm, employ carbon arc lights for illumination.
Caution must be exercised when using this type
of lighting due to the fumes emitted. Blowers and
a venting system should be installed to carry the
fumes from the immediate area.

2-16. Since rear screen projectors require ahigh light level for operation, blowers are in-
stalled to provide the necessary cooling. Cooling
the equipment also helps to prevent damage to
thc object being projected.
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2-17. Other features. Many other features

can be incorporated in the rear screen projector

which would facilitate a more complete opera-

tional capability. Such features as individual light

switches, dimmer, and iris controls,will improve

the flexibility of the rear screen projector. More

complex equipment may also contain both verti-

cal and horizontal crawl mechanismsa means

of moving a film strip across the stage at an

even rate of speed.
2-18. Some means of wiping an image can be

employed when using even the simplest of pro-

jectors. Wiping is the process of removing or
erasing all or a portion of one displayoften
accomplished with another display. An image

may be wiped either vertically, horizontally, dia-

gonally, or by any combination of these. If the

wiping action is accomplished vertically, the new

display will enter either from the right or left.

Horizontal wiping is done with the new display

entering from the top or bottom of the original

picture.
-2-19. Screens. Commercially produced rear

projection screens are expensive and unnecessary
when fall-off is not a problem. Many other ma-

terials are more readily available and are ade-

quate under certain circumstances. Tracing

paper, cloth, oiled canvas. white Koroseal. and

white latex are some common materials that can

be purchased from local outlets. Some considera-

tion must be given to the size of the picture to be

projected since a small picture will show the

material grain, thus destroying much of the

picture quality.
2-20. The projection screen must be designed

so that it will diffuse light and still permit the

image to project through it. Since a clear screen

allows light to pass directly through it. the camera

sees only a point of light. This point of light is

referred to as a "hot spot.- Because projection

screens cannot be designed to diffuse light pro-

porflonally in all directions, light intensity de-

creases from the center toward the outer edges.

This characteristic is called fall-off.
2-21. Two intrinsic properties to be considered

in selecting a projection screen are its light ab-

sorption and reflection characteristics. Both of

these properties affect the reproduction of dark

scenes since the ability of the projection screen

to reproduce dark scenes depends 'upon the nat-

ural tone of the screen when the projector is

turned off. The white projection screen reflects

much light and absorbs very little light; there-

fore. its darkest tone is milkish gray. In contrast.

a black projection screen gives excellent dark

tone reproduction; however, it has such a high

absorption factor that fall-off is rapid and notice-

ably, distracting to a viewer. Thus. both white

7

and black screens have disadvantages. A com-
promise. however, has been reached with the de-

velopment of the blue projection screen. While

it absorbs much of the reflected light, the blue

screen does provide a good response with regard

to fall-off.
2-22. Maintenance requirements. Rear screen

projectors require only minor maintenance;

cleaning and inspection will suffice in most in-

stances. Projectors employing blowers and similar

moving parts require lubrication at periodic in-

tervals. Alignment of projectors must be consid-

ered on an individual basis. Equipment design

and application are two principal factors deter-
mining the extent and types of maintenance re-

quired.
2-23. Cleaning of the mirror and lens sur-

faces is of great importance because dirt and
smudges decrease their operating efficiency. Cau-

tion must be exercised when performing these
tasks. A nonabrasive lens tissue and approved
liquid lens cleaner are recommended for use on

the mirror, lens. and other glass surfaces. Other

types of cleaning material should not be used

since any scratches or marks on these surfaces

would cause permanent damage and decrease
the efficiency of the mirror and lens components.

2-24. Lamps should be checked periodically

and any cloudy bulbs replaced. Cloudy bulbs

produce less light, thus decreasing the operating
capabilities of the projector. Maintaining time logs

on the projector lamps aids in determining bulb

life. Changing bulbs within their expected life

period reduces the possibilitykoi equipment fail-

ure during operation.
2-25. There are three important factors when

aligning a rear screen projector: (1) stability of

projector base. (2) centering relationship be-

tween the projector and projection screen. and

(3) angular relationship between the projector

and projection screen. Because the slightest

movement of the projector will be amplified on

the projection screen, the projector must be

placed upon a solid base. To permit clear focus-

ing of the display over the entire screen, the

projector must be centered in relation to the pro-

jection screen. To prevent keystone effect, all

projections must be perpendicular to the projec-

tion screen.
2-26. Troubleshooting and repair. Rear

screen projectors are simple to troubleshoot and

repair compared to other equipment in a TV

system. Most of the repair is confined to the re-

placement of broken mirrors, fuses, projection

bulbs, defective power cords, and other similar

items. When peculiar problems are encountered.

the maintenance instructions for that particular

projector should be consulted.
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Figure 6. Relationship of special effects equipment
showing essential inputs and outputs.

2-27. Let us, however, consider some exam-
ples of troubleshooting and repair. If a low level
of illumination of the projected image were dis-
covered during operation and it is judged to be
common from more than one stage, a likely cause
is either dirty mirrors or a dirty projection lens.
Should the problem be evident from only one
stage, the probable cause is a cloudy lamp. In
either instance correction is quite simple. If the
first example proves to be true, cleaning the lens
and mirrors twill eliminate the difficulty. Re-
placement of the lamp in the second example
will rectify the problem. These are two examples
of the most common troubles encountered in rear
screen projectors.

3. Special Effects Equipment

3-1. A multitude of special effects and pat-
terns can be achieved electronically as well as
mechanically. Our 'concern will be with those
electronically produced by auxiliary studio equip-
menti.c., the special effects generator and the
special effects amplifier. Thc effects amplifier.
which receives two picturc signals, combines thc
picturc signals into a montage display that is'
determined by the keying signal. Although the
keying signal can be obtained from a third
camera, the special effccts generator is advan-
tageous whcn versatility and convenience are im-
portant. Figure 6 illustrates the relationship of
thc special effects equipment to cach othcr and
to a switchcr. Notc the inputs and outputs shown.
The power supply (not shown ) is generally a
separate unit. It it a type of voltage regulated
supply which you have studied previously in
Volume I. Chapter 2. of this course.

A

3-2. Special Effects Generator. A few special
effects patterns are illustrated in figure 7. The
small arrows indicatc the direction of thc wipc.
Two pictures can be presented and wiped in a
wide variety of ways with differcnt keying signals
produced by the special cffects gcnerator. The
keying signal nceded for a particular pattern is
obtained by activating a regenerative clipper cir-
cuit with different waveforms. To gain a knowl-
edge of how this may bc done, let's analyze the
circuit shown in figure 8.

3-3. Perhpas you recognize this circuit since
it is commonly used to obtain rapid switching
action. Although we referred too it earlier as a
regenerative clipper, it is also known as a
Schmidt trigger circuit. We have shown a transis-
tor version; its operation is essentially thc same
as a circuit incorporating tubes

3-4. We have chosen an input signal which
is a sawtooth of constant peak-to-peak amplitude
that is steadily rising. This type of input is ob-
tained when a sawtooth of one frequency is
superimposed (mixed) with a sawtooth of a much
lower frequency. For example, a 15.750-cps saw-
tooth can be combincd with a 60-cps sawtooth
to produce an input similar to that illustrated.
You should realize, however, that only a few
cycles of the higher frequency are shown. More-
over. these cycles are not to scale for the fre-
quencies cited. We have exaggerated the input
change per cycle to emphasize the variation of
pulse widths that results at the output. The action
of the circuit is what you need to understand to
appreciate how the various outputs are generated
for keying.

3-5. Note in figure 8 that a dashed horizontal
line is drawn through the input signal. We will
consider this line a d-c reference, which is the
cutoff bias (base-to-emitter) of transistor 01
and is called the threshold potential. It is ap-
propriately named because the circuit is acti-
vated each time this potential is crosscd by the
input signal.

3-6. The circuit is designed so that when 01
is cut off, 02 is at maximum conduction and vice
versa. Assuming 02 is cut off, the output is low
( V,.) as illustrated at to. Thus 01 is con-

Figure 7. Special effects patterns.
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Figure 8. Regenerative clipper.

ducting and its collector potential is high (mini-
mum negative). This condition will prevail until
the input signal drives 01 to cutoff. Observe

that the input signal rises from time t0 and reaches
the threshold potential at which time 01 be-
comes cutoff. Its collector voltage goes to V
and a negative signal is instantaneously coupled
to the base of 02. driving 02 into conduction.
Because the emitter resistor is common to 01
and 02. a regenerative feedback occurs. The

conduction of 02 drives the emitter of 01 more
negative (further into cutoff). This action ac-
counts for the rapid switching action that charac-
terizes a regenerative clipper. The output switches
from its low state to its high state as shown.
During time interval T1. the output remains high.

This interval is terminated when the input signal
again crosses the threshold potential. Now, how-

A.

B.

PATTERNS

02

HHH
OUTPUT

ever, 01 is driven into conduction. 02 is cut
off, and the output goes low again.

3-7. The output changes from one stable state
to another every time the input crosses the thres-
hold potential. In other words, the circuit is

basically a triggered. bistable multivibrator. By
causing 'the input sawtooth to rise steadily, the
pulse width of the high-level output progressively
increases. Notice that interval T2 is greater than
T1 and that T3 is greater than T2. Likewise,

note that the pulse width of the low-level output
decreases proportionally since the input saw-
tooth frequency is constant.

3-8. Figure 9.A. showA the special effects pat-
tern produced when a 15,750-cps sawtooth and
60-cps sawtooth are combined to drive the re-
generative clipper. This diagonal pattern dis-
plays two pictures (identified as I and 2 in the

KEYING SIGNALS CLIPPER INPUTS

......
0001 mOls OWIMIlail OM OP

14.1

411111Eo

411111=

41111. 1
41111 mot am N. owl am-

Figure 9. Special effects keying signals for horizontal lines shown in the patterns.
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illustration). To the right of the pattern are
shown the keying signals that correspond to spe-
cific horizontal lines (scans). Each signal is
marked to indicate the amount of time pictures
1 and 2 are displayed per line. Note the similar-
ity of these signals. and their inputs, with the
signals of the regenerative clipper just discussed
(fig. 8).

3-9. To obtain a different type pattern, sup-
pose we combine a l5.750-cps triangular wave-
form and a 60-cps triangular waVeform to drive
the regenerative clipper. This combination will
cause the clipper input to rise to a maximum in
the center of the field. Figure 9,B. illustrates
the manner in which the clipper input changes
to generate the keying signal that produces the
diamond-shaped special effects pattern shown.

3-10. Sawtooth and triangular waveforms of
line and field frequency are combined in many
ways to obtain scores of special effects. If you
understand the formation of the patterns in figure
9, you should be able to determine the keying
signal and clipper input needed for other montage
patterns.

3-11. Figure 10 shows the sections- that make
up a special effects generator. Inputs to the
generator are horizontal and vertical drive sig-
nals. These inputs go through similar channels
to develop sawtooth and triangular signals with
blanking. Note the signals at TP1 and TP2 in
the diagram; respectively identical-shaped sig-
nals appear at TP3 and TP4. However, the fre-
quency of the signals appearine at TP3 and TP4
is 60 cps instead of 15.750 cps. Since the H-
frequency channel and V-frequency channel are
seen to have the same sections, we can treat bath

I4 DRIVE
iNPUT

v DRIVE
INPUT

M DRIVE
AMPL

V DRIVE
Man

KIK SQUARE
WAVE

/4UL TIVISRA TOR

channels by discussing each section. Starting fromthe left in figure 10. notice mat the drir inputs
are amplified by the first section to attain the
signal strength to drive the square-wavc multivi-
brator and also the blanking multivibrator. The
output from the square-wave multivibrator is fed
into a triangular waveshaping network (active or
passive type). This network effectively inte-
grates the square wave to form the desired
triangular signal. In the same section as the tri-
angular generator, mixing is accomplished to in-
sert the blanking pulse. thereby giving the output
shown at TP1. Tbe blanking pulse from the
blanking multivibrator also provides an input to
the sawtooth generator. This input is used to
synchronize and form the output signal from the
sawtooth generator section. shown at TP2.

3-12. The relays K1. K2, K3. and K4 are
controlled from the special effects (S.E.) selector
and mixer panel. K1 and K3 each determines
which waveform is applied to the signal inverter
section in its channel. The inverter simply makes
it possible to obtain signals of opposite polarity.
thereby increasing the number of special effects
available. Relays K2 and K4 serve to select the
signal of desired polarity for input-to-amplifier
clipper sections. This section clips the blanking
pulse to a prescribed amplitude, but does not
alter the sawtooth or triangular waveshape.

3-13. The S.E. selector and mixer panel deter-
mines the input to the regenerative clipper sec-
tion. The S.E. selector and mixer panel receives
signals from the H-frequency channel. and the V-
frequency channel. Selection of one or a com-
bination of these two sienals. along with the H-
blanking signal, is accomplished by means of
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Figure 10. Block diagram of a special effects generator.
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Figure II. Block diagram of sections comprising a special effects amplifier.

relays which arc energized with pushbutton
switches. The pushbuttons are mounted on the
S.E. selector, mixer panel and are marked to show

the special effects pattern associated with cach
switch. The pattern, as we explained earlier, is
determined by the input to the regenerative clip-
per, which produces the keying signal. This signal

is sent to the special effects amplifier.
3-14. Special Effects Amplifier. Figure 11

shows the sections that constitutc a special effects
amplifier. Thc picture inputs. 1 and 2. arc am-
plified separately before being applied to the
switching section and thc clamping section. Note

that the clamping section also obtains an input
from thc sync generator. This input is used to
sample the picture inputs at different timcs dur-
ing each horizontal blanking pulse. In this man-
ncr an average clamping potential is developed
while picture channel isolation is maintained. The
clamping section functions to keep the black
levels of the two pictures equal to each othcr au-
tomatically. Thus. the picture signals to thc
switching section are properly clamped when they

arc fed into the switching section.
3-15. The two pictures arc electronically keyed

(gated) in the switching section to produce a

montage d.splay. This must be done without
permitting the picture signals to interfere with

each other. Figure 12 shows a network which

effectively decouples onc picturc signal whcn the

other is transmitted out. This decoupling is ac-
complished by means of two balanced bridge
circuitsone comprisng 03 and 04, and the
other comprising 05 and Q6. Note that the cir-

cuits containing these transistors arc identical.

11

Diodes D1 and D2 are connected across one
bridge circuit; there is no potential across them

when the bridge circuit is balanced. Likewise,

D3 and D4 have no potential across them When
the other bridge circuit is balanced Adjustment
of the potentiometers (marked "BAL" in fig.

12) and the bias applied to Q3 and 06 will
balance the bridge circuits. Assuming the ad-
justments are proper, let's now investigate how
these bridge circuits operate in conjunction with
the rest of the network to give an S.E. video
output.

3-16. Picture 1 video is applied to the base
of Ql. The collector of 01 is connected in
cascade to transistors 03 and 04. When no S.E.
keying signal is present at the base of 04, the
bridge circuit is balanced and no signal is present
across DI and D2. Thus, the amplified picture
1 video at the collectors of 03 and 04 is not
transmitted out between DI and D2. Looking
at the picture 2 side of the network, you see it is
very similar to that of the picture I side. The
only difference is the polarity of the diodes D3
and D4 with regard to the keying signal. This

is an important fact, as we will explain shortly.
However, when no keying signal is applied, D3
and D4 are across a balanced bridge. Because

therc is no signal developed across them, there
can be no picture 2 video transmitted out be-
tween them; therefore, we see that neither a pic-

ture 1 nor picture 2 video signa is transmitted
when the keying signal is absent.

3-17. We know that the keying signal is a

series of rectangular pulses of varying pulse
widths. To simplify, let's consider just one cycle
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of the keying signal and assume the high-level
alternation equal to the low-level alternation (in
other words, a square wave). Applying the high-
level alternatiop to the bases of 04 and 05
drives these transistors to maximum conduc-
tion. Their collecto voltages drop, thereby un-
balancing the briC, .,:ircuits. Considering first
the bridge circuit incorporating 04, we find that
the collector potential of 03 is now higher than
that of Q4. Diodes DI and D2 therefore conduct
and the picture 1 video signal is coupled to the
S.E. video output line. Turning our attention to
the bridge incorporating 05, we have 05 at a
lower collector potential than 06. Note, how-
ever, that diodes'D3 and D4 are reverse-biased.
This action determines that the picture 2 video
signal will not be coupled to the S.E. video out-
put line. The differeae that we mentioned earlier
concerning the polarity of the diodes is obviously
quite important. The unbalance created during
the high-level alternation of the keying signal
caused Di and D2 to conduct, but not D3 and
D4. Picture I signal is transmitted; picture 2
signal is blocked. Such being the case for the
high-level alteration, should not the opPosite con-
ditions occur when the keying signal switches to a
low level? Using similar reasoning as before, we
discover that DI and D2 cut off, whereas D3
and D4 go to full conduction. Consequently, pic-
ture 2 signal is transmitted and picture 1 signal
is blocked.

3-18. Depending upon the keying signal, pic-
ture 1 and picture 2 signals are coupled alter-

14/CC

nately through the switching section. If a differ-
ence in black level persists between the signals,
it can be corrected with the balanced adjustment
which changes the bias on 01 and 02. The S.E.
video output is shown in figure 11 as going to
the output video amplifier section. This section
has two outputsone that can be sent to a
switcher in the camera chain, and one that is
fed into the output mixer section where it is
combined with the standard composite sync. The
output from this section is therefore complete and
can be distributed via distribution amplifiers to
monitors for viewing.

4. Intercom
4-1. Any televisiim installation that is opera-

tional will require some type of intercommunica-
tion facilities. The complexity of the intercom
will be determined by the function which the
TV facility serves. In. some cases, there will be
a need for simple telephone services; in other
cases, requirements will necessitate the use of
an amplifying system similar to a public address
system.

4-2. Facilities. Installation of the television
equipment may or may not have included inter-
com facilities. In some equipment, cable circuits
will be available for intercom between camera,
camera control, and control room facilities. Even
when internal audio circuits are included, specific
external audio equipment will not be supplied
id conjunction with the video components. For
example, a camera may have an intercom jack

CLAMPED
PICTURE 1

INPUT

Figure 12. Transistorized switching section of a special effects amplifier.

12

S.E.
Ow VIDEO

OUTPUT

CLAMPED
PICTURE 2

INPUT



CAMERA

7
STU010

CAMERA /2 CAMERA 13

PRODUCTION
MAN

CONTROL
ROOM

EXTRA AU010
HEAOSET OPERATOR

\

PROGRAM TECHNICAL
OIRECTOR OIRECTOR

Figure 13. Layout of an intercom system.

but no headset is supplied. TV facilities require

an intercom system for use in conjunction with

program production or equipment maintenance.
4-3, Representative System. The representa-

tive system illustrated in figure 13 includes some

of the features found in most systems. Layout

variations in a given system will be discussed

later. The illustration shows headsets (earpiece.
microphone, and cord), terminal points, power
supply. an amplifier, and a speaker. The illus-

trated arrangement permits communication be-

tween the control room personnel. camera per-
sonnel. production men on the floor of the studio.

dnd equipment room operators. The added am-
plifier and speaker, used for conference room

monitoring, permits one-way communication

only.
4-4. The maintenance requirements for a sys-

tem such as this will be eoverned mostly by its

usage and the environmental conditions. The

13

intercom system is normally trouble free; there-

fore. preventive maintenance will be the main
requirement. This kind of maintenance consists
of keeping plugs and terminal contacts clean
replacing broken moisture shield, and checking
for loose screws inside the headsets and plugs.
When you make visual checks, observe for broken

wires, terminals, and plugs.
4-5. Although the intercom is normally trou-

ble free, a few difficulties may occur. Occasion-

ally. you will have a headset with a bent
diaphragm or broken lead. If the headset is de-
signed with a throwaway insert for the earpiece.

the only repair required would be to replace the

insert. If. however, in lieu of a throwaway insert.

the earpiece is made up of separate elements.

repair of the damaod elements is necessary. The

microphone will probably be designed to use
expendable inserts. These are normally carbon
units with a moisture barrier as part of the assem-
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bly. Sometimes the carbon in a microphone unit
becomes packed (as discussed in Volume 1.
Chapter 6). You may be able to restore it to
normal operation by a slight jar t,.) loosen the
carbon granules.

4-6. Some of the simplest checks of a faulty
headset can be made with an ohmmeter. An(
ohmmeter intermittently connected across the
headset terminals will cause a clicking sound if
it is good. A carbon microphone can be checked
by setting the ohmmeter to a scale that gives a
midrange reading when connected. Then by talk-
ing into the microphone you will observe a slight
meter movement if the microphone is good.

4-7. System Variations. There are considerable
variations from system to system This is com-
monplace. However, most of the variations will
be in the quantity rather than the types of equip-
ment used. These will be such refinements as
crossbar switching, which permits added cir-
cuits. If the distance is great. line amplifiers

14

635
may be needed. Sometimes special circuits will
require other types of microphones. speakers.
and amplifiers. You may also find priblic ad-
dress systems that have been modified for inter-
com use.

4-8. Other Methods. Up to this point we have
been speaking of TV production applications of
intercom systems. However, you should realize
that some maintenance applications require meth-
ods other than those described. You, as a main-
tenance man. may find yourself in a situation
where surveillance cameras are mounted on top
of a building. If you are to adjust these cameras
with the assistance of someone at the monitors.
you and he will need to communicate. Since
there will probably be no audio circuit available.
you may need to use transceivers. Telephones
may also be used as intercom for making main-
tenance adjustments. These two methods arc
cited to give you an idea of the variations you
may encounter.
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Audio and Video Equipment

TN THE TELEVISION field audio and video
1 recording equipment are used extensively.

There are two basic methods of recording: one is
recording on magnetic tape and the other is re-
cording on film. In this chapter we will discuss

and compare the audio and video tape record-
ers. We will also discuss the construction and
operation of a kinescope film recorder. Because
of the necessity to convert film-recorded infor-
mation to live video or video recording. we will

discuss 16mm film projectors. slide projectors.
and multiplexer units.

5. Recorders
5-1. Nearly everyone today is acquainted with

magnetic tape recording in home entertainment
and business dictating machine applications. All

who arc involved with TV maintenance should be

aware of the use of maanetic tape in audio and
video braodcasting. The magnetic recorder is a
major unit, since it plays a very large part in the
recording of TV programs. The magnetic tape
recording techniques have progressed from the
recording of lower audio frequencies to thc re-
cordine of higher video signal frequencies.

5-2. We are also concerned in this section with
magnetic tape recording of audio. and magnetic
tape and film recording of television programs. in-
cluding the construction. operation, and maintc-
nance of both audio and video magnetic tape
recorders. We compare their frequencies. con-
trol, tape transport, and electronic requirements.
In addition this section treats kinescope film re-
corders. their operation. and their maintenance
requirements.

5-3. Audio Tape Recorders. Perhaps you own

a home tape recorder and have performed minor

maintenance on it. In this section we are con-
cerned with audio tape machines as they apply

to TV production. You will notice that the terms
"audio tapc recorders" and "audio tape machines"

are used -interchanaeably in this material. In

the audio tape recording field there is a differcnce

in the tape machine, tape recorder. tape deck.
15

CHAPTER 2

ctc. The home variety tape recorder serves three

functions: erasing, recording. and playing back

audio frequencies. A tape recorder is usually

limited to the erasing and recording of audio fre-
quencies. and a tape playback machine is usually
limited to the playback of audio frequencies. A
tape machine can combine all threc functions as
in the home tape recorder.

5-4. For our discussion we have divided the
audio tape machine into three main sections:
transport mechanism. heads. and electronics. In

the following discussion you will find variations in
the functions of each of these main sections. For
example. the tape heads are identified according
to their functions of erasing. recording. or play-

back.
5-5. Transport mechanism. All of the tape

machines require some type of mechanism to
move the tapc past the record and playback
heads. Such mechanisms have been given various
namcs, but tape transport scems to be generally
accepted as standard. Tape handlers is the tcrm

uscd to designate machincs designed for fast start-

stop operation. These fast start-stop machincs
are usually a type of computer or laboratory tape
transport which require thc tape to start or stop
instantaneously. In contrast. the standard ma-
chine requires about 1 sccond to rcach full speed
and perhaps 5 to 10 seconds to fully stabilize.

5-6. A good quality tape transport has thc
featurcs of thc mechanism illustrated in figure
14. These fcatures include the tape supply reel.
which is provided with cither a friction brake or
an active back-torque. The back-torque is sup-
plied by the drive system or a torque motor.
Back tension (torque) is necessary to keep the
tape from becoming tangled due to the inertia of
the tape reel. The tension idler holds a ccrtain
amount of tape in its loop; this spare amount of

tape is temporarily let out during quick starts.
A slight delay in timc is allowed for thc supply
reel. which has appreciable inertia, to start turn-
ing at operating speed. The tension idler and
back-torque work together to smooth out irrcgu-
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Figure 14. Tape transport mechanism.
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Figure IS. Construction of magnetic head.

larities caused by the rubbing of the tape against
the supply reel sides. sticking together of tape
layers. or other causes.

5-7. Again looking at figure 14, note that the
tape is drawn from the tension idler. across the
rolling tape guide. erase head. tape guide. record
head. tape guide. and reproduce head. The
force, which draws the tape across the heads at
a constant speed. is provided by the capstan and

LAMINATED
CORE

WINDING

BACK GAP (CLOSED)

F
WV/. =a/M OMNI. 0.0 10

the capstan pressure roller. The combination of
the capstan. the tension idler. and thc reverse
torque of the supply reel keeps the tape under
constant tension. There is friction between the
tape and the stationary heads. This friction is a
source of vibration. Attempts to eliminate this
vibration are included in thc design of the trans-
port mechanism by using a rigid base on which
to mount the transport components. Other cause;
of vibration are the amount of wrap around the
head. smoothness of head faces. tape tension.
tape condition, tape composition. temperature.
and humidity. The capstan may be either the
shaft of the drive motor or a shaft driven through
a speed-reducing mechanism. The capstan and
any associated mechanism must be made with
precision or it will cause problems during both
record and playback. This requirement for pre-
cision components includes the drive motor, as it
must drive the capstan mechanism at a constant
speed.

5-8. Immediately following the capstan and
the capstan pressure roller is another tape guide.
Each tape guide serves to keep the tape in align-
ment with the heads at all times. If the tape
guides permit any vertical variation of the tape,
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Figure 14. Laminated core tape head.

17

34o



POLE PIECES

MAGNETIC FLUX
REVERSES MANY TIMES
AS A GIVEN TAPE AREA

PASSES HEAD GAP. NIt"Cslt
t.C130C'

995SC.
MAGNETIC
COATING

MAGNETIC FLUX LINES
FROM CORE PENETRATING
MAGNETIC COATING OF
TAPE

WEAK ERASE FREQUENCY'
Nth

V

STRONG MAGNETIC FLUX . WEAK ERASE FREQUENCYAS TAPE APPROACHES
HEAD GAP GAP OPENING HEAD GAP

TAPE BASE

IN AREA OF AS TAPE LEAVES

Figure 17.. Action of high-frequency erase head.

a possibility exists of attenuation of the recorded
signal during reproduction. In extreme cases the
signal could be lost entirely, or the erase head
would either fail to erase or improperly erase
when a recording is made. The tension idler
near the takeup reel serves the same purpose
as the other tension idler. The torque on the
takeup reel changes according to the amount of
tape on the reel.

5-9. Heads. Three tape heads may be used
on the more expensive tape machines. Some ma-
chines, such as those designed for home use, use
the same head for record and reproduce. It is
possible to use the same head for erasing the
tape; however, if the same head is used for
erasing as well as recording and reproducing, it
will require an additional runthrough of the tape.

MAGNUIC Punt
Limes

No17:,/

Recoil:m.46 OCCURS
T TRAILING EOGE
Of GP

TAPE MOTION

Figure 18. Flux lines in a recording gap.
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5-10. Although,one tape head can be used for
the three purposes of erasing, recording. and re-
producing. there arc some differences in construc-
tion of the heads. (The head differences will be
discussed later.) The basic construction of tape
heads is the samethat is. the head consists of a
core of permeable material which is wound with a
coil of wire (as shown in fig. 15). This core of
permeable material is formed into a modified cir-
cular shape, with a gap at the point of tape con-
tact. The core material is usually of a laminated
construction (as illustrated in fig. 16) rather than
nonlaminated. The nonlaminated heads are
cheaper to construct, but they usually produce
poorer results. The laminations, by reducing
magnetic losses due to eddy currents; produce a
better response to higher frequencies.

5-11. The core of the head is wound with a
number of turns of wire, but the number of turns
will depend on the purpose for which the head
is designed. The manner in which the core is
wound will be dictated by the head use; also,
two windings may be used. Most of the newer
heads follow the two-winding design. one winding
on each side of the gap. In most of the newer
designs the two windings will be terminated ex-
ternally, thus they may be connected in a parallel
or series arrangement as desired. The core and
winding is inclosed in a protective metal housing
to prevent the winding from picking up hum
emanating from motors, transformers. etc.

5-12. So far all the heads under .discussion
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have been of the electromagnetic type. To fur-
ther expand on the erase head. some are con-
structed to use either a single permanent mag-
net or a series of permanent magnets to set up a
magnetic field. If a single magnet is used, the
tape will be erased by the magnetic flux. How-
ever, with more than one magnet. thc tape will
be erased by the changing cycles of the magnetic
flux fields.

5-13. The more popular erase heads are those
which use a high-frequency current to create an
a-c magnetic flux. This current is supplied by the
bias oscillator, which also provides the bias cur-
rent to the record head. The magnetic flux lines
penetrate the magnetic coating of the tape. as
illustrated in figure 17. The a-c erase head has
fewer turns of wire than the standard playback
head, and it passes current easier and operates
better at the higher frequencies. Another feature
of an a-c erase head is a wider gap which per-
mits the tape particles to change direction more
times. thus giving a more complete erasure of
the tape. You will notice that as the tape ap-
proaches and then leaves the gap in the head. the
erase action builds up from zero to maximum and
back to zero. Thus, any magnetic pattern which
was previously recorded is obliterated by the ac-
tion of the high-frequency bias oscillator.

5-14. When an alternating current is sent
through the winding of a record head, a magnetic
field corresponding to the applied current is pro-
duced in the core (see fig. 18). The magnetic
field has a great deal of difficulty passing through
the nonmagnetic gap in the core. However.
when the magnetic coating of the tape closes the
gap, the field can easily complete its journey via
the tape. The tape now becomcs magnetized in
accordance with the fluctuations of applied cur-
rent.

5-15. The magnetic fluctuation of the tape con-
tinues until the instant the tape passes the trailing
edge of the gap. The magnetic orientation at the
instant of departure from the gap edge is the
pattern that remains on the tape. For the best
possible recording, the trailing edge of the gap
should be as straight and sharp as possible. A
principle difference between heads of poor quality
and high quality is the definition of the gap edge.
The amount of electrical signal required to pro-
duce a certain amount of magnetic flux on one
'head may create a stronger magnetic flux on an-
other head because of differences in efficiency or
elements of design. The signal level that causes
distortion varies among heads of different man-
ufacturers. You must take these factors into ac-
count if you substitutc a different make or model
of head for the one that originally came with the
tape recorder.
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5-16. As the signal current is fed to the record
head. the high-frequency bias eurrent is supplied
simultaneously to this head. as shown in figure
19. The residual magnetization of the tape is ac-
complished by passing the signal current, plus a
high-frequency bias current. through the record-
ing head windings. This technique is referred
to as direct recording.

5-11. The high frequency of the bias oscilla-
tor serves to activate the head over the linear por-
tion of its magnetization curve. This linear oper-
ation puts the audio signal in a magnetization
area for the most faithful recording. If, however,
the bias signal is increased until the head is satu-
rated. the linear operation will be disturbed. The
final magnetization produced in the tape is de-
termined by the last flux encountered .close to the
trailing edge of the gap as the 'tape leaves the
gap area. For this reason the length of the re-
cording gap is not as critical, within limits, for
recording heads as it is for reproducing heads.
The recording heads usually will have a gap in
the range of 0.0005 to as much as 0.001.

5-18. Certain features of the playback (re-
produce) head are required to provide full re-
sponse to the audio frequencies. One requirement
is that the head gap be very narrow., that is,
0.0001 inch or smaller. A large number of turns
of wire is required in the winding since the head
must be sensitive to the changes in flux recorded
on the tape. The playback head functions in an
opposite manner to the record head; that is, the
tape induces a flux into the head core. The flux
passing through the core induces a voltage into
the winding, causing current flow in the asso-
ciated circuit. This signal current is amplified by
the playback amplifier for operation of speakers,
headphones. or other devices.

5-19. The playback head is of prime impor-
tance in the faithful reproduction of a recorded
signal. For example. if we assume that a head
is good mechanically and it is playing back a sig-
nal which has all frequencies recorded with equal
magnitude. we will find that the higher audio
frequencies will produce a greater voltage output.
An inherent characteristic of a playback head
is that the rise in output is proportional to the
rise in frequency. This is true up to a poitt which
is determined by the characteristics of the head
and head gap. The ability of the playback head
to reproduce high frequencies varies inversely
with the width of the gap. This means that a
narrow gap is necessary for good high-frequency
response. However, remember that although a
new head may have a narrow gap, as the head
wears the gap will become wider, and as a result.
the high-frequency response will drop off. Also,
along with gap width, the definition of the edge
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Figure 19. Recording with high-frequency bias.

of the head must be smooth to produce high fre-
quencies. If the edges of the gap are not straight
and sharp, the gap behaves magnetically as
though it were much wider than its physical di-
mensions.

5-20. Other factors which affect the frequency
response of the head are tape speed, smoothness
of the tape. pressure of the tape against the head,
and quality of the tape. The tape speed is im-
portant because the more rapidly the changes in
flux are drawn across the hcad gap. the stronger
the voltage induced into the head windings.
This added strength, in turn, gives improved fre-
quency response to the recorded signal. You can
understand this condition if you consider that a
slow moving tape will cause the head to see an
average change in the flux and not each small
change, which is necessary to reproduce high fre-
quencies. Smoothness of the tape and tape-to-
head contact are directly related in their effect
on frequency response as well as voltage output.
If the tape is rough, the magnetic particles are
not maintained constantly close to the head.
which is necessary to induce a smooth flow of flux
variations. The rough spots or portions of the
tape will move the parficies farther from the
head and cause weakening of the flux changes;
thus, the high frequencies will be lost. Carrying
this thought further. you can understand that
the same losses will be prevalent if the pressure
holding the tapeagainst the head is weak.

5-21. Electronics. Typical electronic circuits

used in tape recording are indicated by figure
20. There Will be certain refinements as dic-
tated by performance requirements. Normally the
higher the frequency response required the better
the overall quality of thc circuit components win
be. Even thoutth the record head requires very
little drive power, the need for bias injection. irn-
pendance matching. and possibly preemphasis
makes it important w use the -correctly designed
amplifiers in the recorder. In thc playback cir-
cuits typical audio amplifier circuits are used. In
some recorders there is dual utilization of circuits
for record and playback. In recorders there is a
requirement for voltage equalization of frequen-
cies in the output. Earlier a statement was made
that the higher the frequency the morc thc volt-
age output; for the lower frequencies the opposite
is true. Therefore. the very weak low frequencies
must be boosted. It is not cnough toincrease the

gain of thr:. amplifiers. The problem is, to..boost
the low fiequencies and limit the high fraluencies.
in most instances. it k sufficient to add RC net-
works to the input signal path of an amplifier.
To attenuate thc high frequencies. RC network
values are selected that will result in bypassing a
major portion of voltage of the higher frequen-
cies to ground. The reduction of the higher fre-
quencies' input voltage of an amplifier results in
a relative boost of the lower frequency voltage.
Frequency-selective feedback circuits between
amplifier stages may also he used w equalize the
output voltages of the high and low frequencies.
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Figure 20. Typical record and bias oscillator circuits.

Many variations of equalization circuits are used
in both playback and record amplifiers.

5-22. Trouble diagnosis. To diagnose troubles
in a tape machine, you need to remember that a
combination of features can cause trouble. In a
tape machine you have a group of mechanical
functions as well as the various electrical circuits.
Indications obtained from the electrical circuits
will point to most of the troubles. These troubles
may or may not be in the mechanical mechanism.
but you will have to "read through" the troubles
to make your diagnosis. Once you detect a mal-
function you should look immediately for the
cause; however, a quick mental reference to

the most common troubles and their causes should
speed your diagnosis.

5-23. The word "wow" is used to describe a
slow variation of speed. whereas "flutter" de-
scribes a fast variation of speed. If the speed is
consistently wrong, the audio signal will be off

21

RECORD
HEAD

pitch. This condition is easi1y recognized with

music but can be difficult to determine with
spoken words. A "wow" could be caused by cer-
tain faults, such as a slipping bIlt, lack of proper
pressure on capstan. motor winding damage, or
uneven tape surface. A "flutter," which will be
much faster, would more likely be caused by
something moving at a higher speed. The capstan
could be out of round and give this fault with
every revolution. Sometimes a tape guide can
cause a bouncing action to be repeated at a fast
rate. A signal which is consistently off pitch or
key may be caused by insufficient or excessive

drag on the tape as it passes through the trans-
port system. This could be incorrect action of
the supply reel. the pressure pads, tape guides.

or improper threading of the machine.
5-24. If you have an indication that the output

seems to be weak. or that it is not giving full re-
sponse to the higher frequencies, you might look
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Figure 21. Gap effect at high frequencies.

for an electrical trouble. Pause for a moment
and think what would happen if you have only a
portion of a track passing over a head. We know
that the strength of the output signal is relative
to the maenetic flux recorded on the tape and the
tape speed. You already know that head wear will
cause a drop in high-frequency response. but if
the track or head is misaligned, you will not get
full benefit from the recorded signal. You may
need to check head wear. track. and head alien-
ment. If these seem to be correct. then check the
circuit components. Again, you can solve many
of the tape machine problems by "reading" the
symptoms and making a logical conclusion.

5-25. For still another example of a problem.
let us assume that when you make a recording'
and play it back you don't eet a signal. There
are two ways to start checkine. Use a known
good machine to check the tape or a known good
tape to check the machine. If you determine that
the trouble is in the record or playback portion.
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Figure 22. Effect of surface defects.
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Figure 23. Full-helical recerder head.
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you should proceed to check out the items in
those sections. If the trouble is in the record cir-
cuits, you may check the input source or the bias
oscillator; either one could cause a failure in the
record mode. If the bias oscillator is not work-
ing and the machine uses this same signal to
erase the tape, a recorded tape would not be
erased prior to a new recording. This is one
quick check of the bias oscillator. A substitute
microphone can be used to make a quick check
of the input source. Many recorders have a mon-
itor jack which can be used to determine whether
a signal is being fed into the recorder. Most re-
corders have a record indicator, either a light or
a meter. which gives a visual indication of the
input. By checkine the circuit of the recorder in
use, you will be able. through a process of elimi-
nation. to narrow the area of trouble to a limited
number of stages. From this point it will be nec-
essary to make the more routine checks of tubes
and other components. To prevent head magne-
tization, do not check the continuity of heads with
an ohmmeter.

5-26. A trouble in the playback circuits is

most readily found b using a known good tape
for playback. With some machines you have an
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intermediate output which can he checked to de-
termme if the signal is reaching a given point in
the machine. Some machines have a visual out-
put indicator; if you have this type. you will know
that all circuits are good up to a point. Some-
times a headset output will be provided in a

stage prior to the power output: here. all but the

last stage could be eliminated as the source of
trouble. In all cases it as a matter of taking logical
steps toward localizing the trouble to un arca. to
a circuit. and finally to a component or com-
ponents.

5-27. Video Tape Recorders. The video sig-
nal frequency range for television tape extends
from very low frequencies (approaching d-c) to
the upper limit of 4 MHz. As previously indi-
cated, the size of the head eap becomes very im-
portant in the magnetic recording of higher fre-

quencies. For a given gap size and tape speed.
there is a frequency above which recording is

impossible. This condition occurs when the re-
corded wavelength of the sienal frequency just
equals the width of the head gap. In figure 21.
_note that the positive and negative portions of the
cycle appear across the gap simultaneously and
cancel each other. Maximum output is obtained
when the recorded wavelength is twice the width
of the head gap.

5-28. The relationship between recorded
wavelength. frequency. and velocity of the tape
is expressed by the formula:

Vx = -
F

where A = recorded wavelength (in). V =
tape speed (in/s), and F = frequency (Hz) of
the signal. From this formula it may be deter-
mined that as the velocity of the tape increases
the recorded wavelength also increases.

5-29. The original approach to recording the
higher video frequencies was simply to increase
the speed of the tape so that the wavelength be-
came a usable size. Video recorders that use
extremely narrow gap heads and very rapid mov-
ing tape are called longitudinal recorders. Longi-
tudinal video recorders have many drawbacks.
Primarily, the picture quality (resolution) is

poor. because the active read/write speed is

limited by the tape-handling capabilities of the
transport including problems of spooling the tape
and avoiding tape- ovarthrow. Also. an excessive
amount of tape is required.

5-30. Another approach to the recordinu of
the higher video frequencies consists of pulling
the tape at a practical speed past a rotatine head.
'resulting in an increase of head-to-tape velocity.
Systertfs that use thc rotating head principle also
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apply other techniques to improve thc recording
of video signals. One of these techniques is to
use frequency modulation (FM) for recording
the signal information. The FM technique solves
the problem of bandwidth. The largest fre-
quency span that can be accommodated by direct
recording is 10 octaves (15 Hz-15K Hz). Since
the video signal has a span greater than 18 oc-
taves (0-4MHz). direct recording is not practical.
This difficulty is overcome by using a frequency
modulator to change the video information into
an FM signal. with a full lower sideband and a
vestigial upper sideband. in one application the
video signal is frequency modulated onto a car-
rier from 1 to 7 MHz wide, a span of only 3
octaves. The reduction in the span of frequencies
is important in the designing of the inductors used
in the record/playback heads. The use of FM
permits the recording of the signal at a constant
amplitude.

5-31. The constant level FM can be amplified
and limited in playback to reduce the effect of
signal dropout. Signal dropout is due primarily
to tape surface defects. These tape surface de-
fects result in poor contact between the head and
tape. resUlting in substantial loss of signal (see
fig. 22). Another technique is to allow the head
to penetrate or intimately contact the tape.

5-32. Video tape systems that use the rotating
head principle will vary in methods used to scan
the tape physically. The traverse and helical
(either full-helical or half-helical) are the princi-
pal scanning methods used.

5-33. The helical method of recording video
signals utilizes 1-inch or 2-inch tape wrapped dia-
gonally around a hollow cylinder. inside the cyl-
inder there is a rotating head assembly containing
one or two heads. Through a cutaway in the
cylinder, the rotating head assembly is permitted
to make contact with the moving tape. A single
rotating head is used in the full-helical method
and the tape is wrapped around the cylinder (see
fig. 23). The head scans one or two fields. then
leaves the tape during or near a vertical blank-
ing period. Two heads are used on the rotating
assembly in the half-hek:al method and the tape
is wrapped over halfway around the cylinder
(see fig. 24). Each head records or plays back
one field with sufficient overlap to allow for elec-
tronic switching from head to head during verti-
cal blanking. In either method (see fig. 25).
the recorded video tracks are laid down at a
slight angle to the edge of the tape. Audio and
control timing signals are recorded in longitudinal
tracks alone the top and bottom edges.

5-34. Mechanical assemblies of helical re-
corders include the scan heads. a transport sys-
tem with takeup and supply reels. tape guides.
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Figure 25. Track pattern laid down by a helical
recorder.

and a tape tension control system. Signal cir-
cuitry includes the FM modulator, record and
playback amplifiers, sequence switchers, FM de-
modulator, and video amplifiers. Servosystems
are used to control the tension of the tape and
speed of the head assembly and the capstan.
Except for the scanning method, basic operating
principles are essentially the same for the helical
and traverse video recorders.

5-35. Tile traverse scan video recording sys-
tem uses a rotating head assembly to lay down
video tracks transversely (across) a- 2-inch-wide
magnetic tape. The rotating head assembly con-
tains four small heads located at 90° intervals
around the circumference (as shown in fig. 26).
The video signal is fed to the individual heads
via a slipring and brush assembly.

5-36. The tape is pulled past the head as-
sembly at a velocity of 15 inches per second and
the assembly rotates at 240 rps. A head as-
sembly with a tip-to-tip diameter of 2.07 inches
has a circumference of 6.5 inches. Since the
head revolves at 240 rps, the head-to-tape veloc-

CAPSTAN
MOTOR

VIDEO HEADS

ity or read/write speed of the 2.07-inch diametc:.
head is 1560 inches per second. As illustfated in
figure 27. the tape is held concentric to the ro-
tating heads .by a special tape guide.

5-37. This special guide provides for tape
stretch as the head penetrates the tape (negative
clearance). Figure 28 illustrates this action.
Since the position of the guide in relationship to
the heads is adjustable. the amount of tape penc-
tration may be controlled. The height of the
guide may also be adjusted.

5-38. Refer to figure 29 for the location of the
tracks on television tape. As one head of the
assembly starts across the tape, the tape will
move a small amount before the head completes
its arc across the tape. These motions result in
the signal trPck being recorded with an angle
slightly less than 90°. The rotating head con-
tacts the tape for an arc of approximately 120°
and records a track 10 mils wide. A 5-mil
guard band is provided between each track to
prevent crosstalk. A 70-mil track across the top
is erascd to provide for longitudinally recording
audio information. A 240-cps control signal is

recorded on a separate track along the bottom
of the tape. A cue track is recorded parallel to
the control track.

5-39. The head assembly rotation of 240 rps
is four times the TV field frequency of 60 cps.
Thus. one rotation of the head assembly lays
down four tracks which are equal to one-fourth
of a field (about 65 lines) and one track is about
16 lines. In the 120° arc of a head contact, the
video signal information is recorded in a 102°
portion of the arc. Since the heads are 90°
apart, two heads are simultaneously in contact
with the video recording area during a 12°
overlap. The 12° overlap insures that a smooth
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Figure 26. Traverse recorder head.
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Figure 27. Rotating head assembly.

continuous signal will be reassembled. During
playback the overlap is eliminated by an elec-
tronic switching process that disconnects the head
nearing the end of a track, then connects the
head that is beginning the next track. The
switching is done during horizontal retrace.

5-40. Errors in timing may occur between re-
cord and playback. For example, in the playback
position, a head may enter or leave a track
earlier or later than it was recorded. These errors
in time will appear during playback as horizontal
displacements of vertical lines in the picture and
are known -as time-space errors or space distor-
tion. One factor that contributes to space dis-
tortion is incorrect alignment of the position of

SPECIAL
TAPE

GUIDE
SHOE

TAPE

Figure 28. Tape penetration by video head.

25

the tape in relationship to the rotating head as-
sembly. The adjustable special tape guide deter-
mines the position of the tape in relationship to
the head assembly. Provisions for adjustment of
the tape guide include the initial (preset) me-
chanical adjustments plus automatic adjustments
during operation by a servosystem. A type of
space distortion known as quadrature errors re-
sults from slight deviations in the spacing on the
rotating assembly of twp adjacent heads from a
true 900. To correct quadrature errors, some
systems provide for mechanical adjustment of in-
dividual head angle. plus adjustable electronic
delay circuits. Servosystems are used to reduce
the effect of other timeing errors that causd
picture distortion, flutter, and loss of snychroni-
zation. Closed-loop servosystems control the
motors that drive the rotating head assembly.

5-41. Like the audio tape transport, the video
tape transport must have a highly stable mount-

AUDIO TRACK 170 MILS)

TRANsvemse vicmo
Timm E ACN 10 MILS
7/10E GUANO
SANDS)

TAPE MOTION

r CUE TRACK

CONTROL. TRACK

Figure 29. Traverse tracks on television tape.

ing surface. The rigid mounting is even more
important for a video transport because the tape
must be held under greater tension and be able
to withstand higher speed stops on wind or re-
wind. These stops are accomplished by a fail-safe
braking system. (The arrangement of the com-
ponents of a tape transport is shown in fig. 30.)
It is important that the tape speed be accurately
controlled over the heads. This is done in the
record mode by using a constant speed motor to
drive the capstan, which controls the rate at
which tape is drawn over the heads. When the
tape is played back the recorded speed is ac-
curately duplicated by servocontrol of the re-
producer capstan speed, insuring that the repro-
duce heads track constantly over the recorded
tracks. The capstan servo input signal is obtained
by comparing a recorded signal on a control
track with timing pulses from the rotating head
assembly.

5-42. To prevent mishandling of the tape, or
tape damage, the supply and takeup reel as-
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semblies are each driven by a separate electric
motor through a hysteresis clutch. The current
flow through the clutch is normally proportional
to the amount of tape remaining on the tape
%A fitted to the assembly's turntable. A fixed
maximum current. however, is driven through the
supply reel clutch coil in die rewind mode and
through the takeup reel clutch in the fast for-
ward mode. This provides for rapid completion
of either of these two modes. Tape ternion be-
tween reels is maintained by arrangement of
the drive motors in such fashion that they tend
to drive the tape reels in opposite directions, with
each reel driven to take up tape. When all slack
tape has been taken up and the slack takeup
idlers are under tension. the tape will be held at
rest, ready to be drawn over the heads by the
action of the capstan assembly. Additional con-
trol of tape tension against short-term or tran-
sient disurbances is provided by two slack takeup
idlers which also serve as tape guides. One idler
is fitted at the exit from the tape supply reel as-
sembly. while the other is fitted at the entrance
to the tape takeup reel assembly.

5-43. The audio and cue record/reproduce
heads and audio and cue erase heads are all ac-
commodated in one head assembly which follows
the rotating head assembly in the tape path.
These heads function in a conventional, longitu-
dinal fashion. The head assembly is mounted on
a precision-machined base plate.

5-44. The electronic circuits of the video tape
recorder can be grouped into two main groups.
those used to control the operation of the tape
recordc:/reproducer and those used to amplify or
otherwise process the signal(s). Usually the
tape machine will incorporate, as subassemblies.
all the basic units necessaty for producing a com-
patible video signal and the audio. These units
may include sync generators. power still:41es. and
distribution amplifiers, plus the possible inclusion
of such things as built-in test equipment, and
complete monitoring facilities. In other words.
the video tape machine electronics may include
everything necessary for a CCTV system with the
exception of the camera.

5-45. As already indicated, the rotating heads
and the precision movement of the tape require
a great deal of control. Therefore. much of the
electronic circuitry will have to do with servo-
systems. The video signal circuits will differ from
audio circuits (discussed previously) in fre-
quency range and bandpass of circuits. Since the
video signal has a range from near d-c to ap-
proximately 4 MHz. it is necessary to apply this
signal to Ga variable oscillator to obtain an FM
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frequency. This frequency may then be applied
to another mixer circuit or directly to amplifiers
and drivers to give us a constant amplitude FM
signal for driving the video recording heads. For
playback the signal is amplified and limited to a
constant level, then fed to a demodulator to drive
the video circuits. The actual frequencies used
and the manner in which various conversions
are made vary with manufacturer's design. To
study details of circuits and frequencies. you will
need to read the manuals concerning the partic-
ular make and model of the tape machine you
are using.

5-46. Some of the video tape machines have
various lever controls in addition to pushbutton
controls. Newer models are entirely pushbutton
operated. with provisions for remote operation
during the playback mode. In the record mode
there would be few instances where the machine
would be operated remote. Some exceptions
would be when copying tapes or using the ma-
chine as a training aid. in which case the tape
would be played back once before erasure and
reuse. One important point is that the machine
usually is designed so that you cannot start it in
the record modc without manually releasing the
lock on the lever or pushbutton used to turn the
machine on.

5-47. The actual number of other controls
depends on the make and model of the video
tape machine you are using. .These include the
controls that adjust the levels. alignments, equa,
lizers. deflection circuits. and others. Other
mechanical controls may be located at points
throughout the tape machine. At those times
when the electronic controls will not make suffi-
cient corrections. it is necessary to make mechani-
cal changes. An example is the head-tip pene-
tration which can cause the signal to drop out
when there is not enough negative clearance. If
you have a weak signal on playback, and adjust-
ment of various level controls does not result in
a satisfactory signal. you should check the
mechanical contact between the head and the
tape. If the special tape guide is adjusted in-
correctly or the head tip is worn until the tape
is not stretched properly. you will have the same
weak signal symptom.

5-48. Much of the maintenance of a video
tape machine consists of cleaning. lubricating, re-
placing tubes (tube models only). and evaluating
overall performance. There should be a schedule.
such as the one recommended by the manu-
facturcr. for oiling and cleaning. Local condi-
tions will affect the cleaning routine for filters;
for example. an installation in a relatively dust-
free area will not require filter cleaning as often
as a portable field unit. Do not overlubricate,



but be sure to apply enotteh oil. Tube replace-
ment usually will not be a problem, except to
keep balanced drivers and amplifiers in circuits
having multisignal paths. In transistorized tape
machines, special effort is made to work out initial
troubles at the time of installation; .consequently,
they are trouble free in comparison with tube-
type machines.

5-49. Whether designed for audio or video
operation, magnetic tape is a flexible plastic base
material. The coating may be one of a variety of
magnetic materials which cannot tolerate _rough
handling. Rough handling may erase. partially
or completely, a recorded tape. The quality of
the signal obtained from a tape depends upon
the smoothness of the coating and the closeness
of tape-to-head gap contact. Any physical dam-

age to the recording surface then results in me-
chanical distortion, thereby degrading the signal.
Other considerations of tape care include the
smoothness of each surface over which the tape
travels through the tape transport mechanism. Ex-
cessive temperatures during operation or storage
can cause damage to the mechanism, and tape
guides can cause edge damage. A change in

humidity or excessive dampness is another fac-

tor, and you must also watch for any sign of
buckling, cinching, or slippage on the reels.

5-50. Troubles in video tape recorders/repro-
ducers can be diagnosed in the same basic ways
as in other equipment. You take any given symp-
tom, check the obvious trouble sources first, then
the less likely, and on to the least likely. Use
available publications and follow the recommen-
dations of the manufacturer whenever possible;

this practice may lead you to a quick solution.

5-51. Kinescope Recorders. The recording of
television programs on motion picture film is

called kinescope recording. It is a means of
storing, on motion picture film, electrical waves
corresponding to bath the picture and the sound

portion of a television program. Kinescope re-
cording equipment may be used to record a
transient display where immediate' observation by
television is a necessary but not sufficient meas-
ure of control, to record an otherwise unat-
tended operation where observation is necessary
but immediate observation is impractical, and to
record televised instructional programs for analy-
sis or futurc use. When a permanent recording

or many copies of the recordine of the tele-
vised signal are required. film is often used in
preference to magnetic tape.

5-52. Equipment. A kinescope recorder must
be capable of synchronization with the television
monitor and of resolving the timing differences

between it and the television monitor. The

camera exposure time must be controlled very
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Figure 31. Elements ol a kinescope recording system.

accurately and synchronized with the television
system. Special equipment has been developed
to meet these requirements. Equipment required
for accomplishing a motion picture film recording
of the presentation shown by a television monitor
includes (1) a television monitor (a hieh-intens-

ity short-persistence cathode-ray tube), (2)
a recording motion picture camera (usually
16mm). and (3) the equipment for recording the
sound simultaneously with the picture.

5-53. Figure 31 shows a television recording
system consisting of both picture and sound re-
cording channels employing separate cameras

and film for each operation. The video record-
ing channel consists of a suitable video ampli-
fier, deflection circuits, a cathode-ray tube, and

the film camera. The sound recording channel
consists of a suitable audio amplifier, a recording
amplifier, and the sound recorder itself.

5-54. As you can see, video recording is a
combination of the techniques of television elec-

tronics and photography. (Electronic techniques
will be covered in paragraphs 5-58 through 5-
67.) A brief discussion of pertinent photography

terms and techniques is considered to be ap-
propriate and is included at this point.

5-55. Sensitometry is the measurement of the

light response characteristics of photographic
film under specified conditions of exposure and

development. Gamma is the ratio of the con-
trast of any two elements in the scene being
televised; gamma control (or correction) is ac-
complished by the introduction of nonlinear out-
put-input characteristics which change the ef-
fective value of gamma. A good print requires a
good negative with maximum gradationa grad-
ual shading of one tint, tone, or color into another.
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The gray scale of the negative is the result of
( I ) time and intensity of exposure and (2) time.
temperature. and concentration of the developer.

5-56. The same requirements must be met in
order to produce a satisfactorily bright kinescope
recording. The time of film exposure is deter-
mined by the television frame rate. whereas the
intensity of light is controlled by the brilliance
of the scene on the face of the cathode-ray tube
and by the opening of the lens (Ustop). The
intensity of light is influenced by the region of
operation on the characteristic curve of the

cathode-ray tube; the amount of light reaching
the film is determined by the lens opening (f/
stop) of the camera.

5.-57. Development of the film is as impor-
lain as its exposure and must be W;y controlled.
The contrast ratio of a developed film 'is ex-
pressed in terms of light transmission of the film
after it has been developed. The determination
of optimum operating levels for contrast in film
recording involves considerable initial testing.

Once the optimum settings are made, they are
uscd continuously. However, periodic checks, of
film results should be made to determine what.
if any, readjustments should be made. The test
strip method of evaluating operation is desirable
because it permits a rapid check of the various
adjustments in the shortest period of time. Great
care must be taken that developer concentration.
age, and temperature are controlled. Operation
and service manuals for the video recording moni-
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tors include detailed instructions for making strip
tests.

5-58. Video recording. We _have discussed
some of the equipment and photographic require-
ments for kinescope recording. A very important
requisite of video recording is that the exposure
time of the recording camera ,must be very ac-
curately controlled and synchronized with the

television system. Let us now discuss the syn-
chronization process.

5-59. The time of film exposure is determined
by the television frame rate. This rate in the
United States is 30 frames per second, whereas
the standard motion picture projector frame rate
is 24 frames per second. This means that all
television recordings made on motion picture film
require conversion of 30 television frames to the
standard 24 motion picture frames. At the 24-
frame-per-second rate, 6 television frames out of
the 30 which occur every second must be dis-
carded. The time interval represented by t)lese
6 television frames may be used to provide the
necessary pulldown time in the television record-
ing camera. The problem of reconverting from
the standard 24 motion picture frame rate to the
30 television frame rate. when projecting a mo-
tion picture film on television, will be covered in
the discussion of 16mm film projectors (para-
graphs 6-2 through 6-5 of this chapter).

5-60. Figure 32 shows a possible conversion
time relationship between television field rec-
orded film frames, and film pulldown. Note that
each television field has a duration of 1;'", sec-
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Figure 32. Conversion time relationship between television sconnine turd film exposure.
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ond and each frame has a duration of '1 sec-

ond. whereas each motion picture frame has a
duration of 1j.i second. Let's analyze the opera-
tion which accomplishes the desired conversion. A

motion picture camera capable of pulling the
film down within the available time interval is

focused upon the television image on the face of

the television monitor. With film in the camera
aperture, the shutter is permitted to open while

the picture tube beam is tracing one field of
the television picturefigure 32 shows a TV

A field being scanned first. The shutter is per-
mitted tv remain open for the rcmainder of that
A field's scanning time, plus one B field's scan-
ning time, plus the portion of the next A field's
scanning timewhich is exactly equal to the lost
(blanked) portion of the initial A field's scan.
The shutter is then closed for second.

The motion picture film is pulled down to the
next frame while the shutter is closed. During

this interval the picture tube's scanning beam has
continued on its way and has scanned down to
approximately three-fourths of the A field .on
which the shutter closed. The shutter again open
and the camera photographs the remaining lower

portion (approximately one-fourth) of this A
field, the whole of the next B field. and a top
portion of the next A field, Note that the top
portion of this last A field is equal to the pre-
vious A field's scanning time minus the portion
picked up by the camera when the shutter

opened. Again, the shutter closes for 112., sec-

ond and the film is pulled down to the next

framc. The shutter again remains open for '

second (the time of two television fields) and
then closes. If you follow the action as illustrated
in figure 32. you will see that two half fields
out of every five fields scanned by the television

proccss are not photographed. This is the same
ratio as 6 fields out of every 30 fields; thus. the
required conversion of 30 television frames to 24

motion picture frames is accomplished.
5-61. Since a portion of one television field

is discarded during pulldown for the recorded
field, some means of preventing film exposure
during pulldown must be provided. This may
be_accomplished by eithcr a mechanical or elec-

tronic shutter which performs the cyclic steps of
starting. stopping. and timing each film exposure.
Our discussion is limited to the electronic shutter.

5-62. Shutter action and pulldown action

must be correctly timed with respcct to each
other. Figure 33 is a block diagram of the cir-
cuits comprising a typical electronic shutter to-
gether with a timing diagram. The diagram shows
a shutter gate generator that is blanking thc
cathode-ray tube during a portion of thc film
cycle. The phasing and timing of the shuttcr
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gate are established by associated electronic cir-
cuits. One of these circuits opens the gate and
starts the timing action as soon as pulldown of
the preceding exposed frame has been com-
pleted. Another circuit times the. exposure. and

a third. circuit closes the gate.
5-63. Counting circuits are used to time the

film exposure. Their usc is possible since each
television frame contains exactly 525 horizontal
scanning lines. The counting circuits blank the

cathode-ray tube after the correct number of hor-
izontal lines have been scanned. The film expo-

sure may be initiated on any horizontal line.

Once started. it continued until completion of the
television frame and then stops until triggered by

a cycling pulse. Camera film pulldown starts af-

ter the exposure stops. When pulldown is com-
pleted and the film has become stationary, thc
camera generates the cycling pulse which starts a

new cycle. The cycling pulse is an electronic
pulse initiated by a mechanical timing sequence.

5-64. The output of the start coincidence cir-

cuit is the start pulse. which initiates film expo-

sure. It is a two-stage stable circuit with one tube
conducting heavily and the other tube biased be-
low cutoff. The cycling pulse is applied to thc
start coincidence circuit and the conducting tube

is cut off; its grid voltage instanteously reaches
maximum negative value and then begins its

buildup action. However, this action does not
initiate the actual exposure. Horizontal synchro-
nizing pulses (one per horizontal scanning line)

are also applied to the start coincidence circuit.
Within the time of a few scanning pulses. the
grid voltage of the cutoff tube rises sufficiently
for one of the synchronizing pulses to trigger the

circuit. As stated earlier, this synchronizing
pulse may lie anywhere in the scanning cycle: it
becomes the start pulse. which opens the shutter

gate.
5-65. The shutter gate generator is a two-stage

circuit which has two stable conditions charac-
terized by conduction of one or the other of the
two tubes. It has lwo.outputs. one of which is ap-

plied to the control grid of the cathode-ray tube.
Before the start pulse is received, a negative out-

put blanks the cathode-ray tube (shutter gate is

closed). The start pulse reverses thc stable con-
dition of the circuit. causing a positive output to
unblank the cathode-ray tube (open the shutter
gate) and camera film exposure action to begin.
The exposure action is continuous until a televi-
sion framc is completed. Upon completion of the
television framc. a stop pulse from the stop coin-
cidence circuit is applied to the shutter gate gen-
erator and its output blanks the cathode-ray
tubc, thus stopping the exposure action until an-
other cycling pulse is received.

j
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5-66. The other output from the shutter gate
generator is applied to the countine circuit. Hori-
zontal synchronizing pulses are also applied to
the counter circuit. The shutter gate output which
is initiated by the start pulse begins the _counter
action. Th r. counter circuit includes ten counter
stages consisting of two diode sections each. Its
operation is similar to that of a conventional
binary counter, with combinations of connections
between each reset diode and its associated
counter diode made in such manner that, when
the overall circuit count of 524 incoming pulses
is reached. an output pulse is generated (see
upper left. fig. 33).

5-67. The output pulse from the counter cir-
cuit is applied to a stop coincidence circuit. The
stop coincidence circuit is similar to the start co-
incidence circuit, with the 524 count pulse taking
the place of the start pulse as one of the inputs.
The other input, the strine of horizontal synchro-
nizing pulses. is the same. The output is the stop
pulse. The stop coincidence circuit contributes
the 525 count. It stops both the exposure action
and the timing action. Again. camera film pull-
down starts. When pulldown is completed and
the film has become stationary. the camera gen-
erates another cycling pulse which starts a new
cycle.

5-68. Sound recording. Sound recording of
television proerams on maenetie tape was dis-
cussed earlier in this chapter. The sound portion
of a television program may also be recorded
on motion picture film. In kinescope recording.
the sound portion and video portion of the pro-
gram are recorded simultaneously. Either the
sinele-film system or the double-film system of
recording may be used. In the double-film .

method, separate motion picture cameras are
used to record the video and sound portions of
the television proeram on separate films. In the
single-film system. video and sound are recorded
simultaneously and the audio output of a record-
ine amplifier is fed to the film camera. rather
than to a separate sound recorder. In either
system. appropriate conventional audio amplifier
circuits may be used. A sound track varying in
either area or density is photographed on motion
picture film. The density or area variations in
the sound track are directly proportional to the
amplitude of the incoming audio sienal.

5-69. Figure 34 is a block diagram of a sinele-
film system of television recording. The single-
film system usually utilizes a galvanometer modu-
lator unit which records a variable density
photographic sound track on the film. A mirror is
attached to the galvanometer. As the galvanom-
eter fluctuates with the audio signal. the mirror
'changes its position and varies the amount of light
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Fhmre 34. Single-film television recording system.

reaching the film. This results in a variation in
density exposure of the sound track.

5-70. Video and sound synchronization. In
the single-film system the sound track is photo-
graphed on one side of the picture track. between
one set of sprocket holes and one edge of the
picture. The film must be stationary when video
tape is exposed; however, the film must move
continuously to expose the sound film. Each
camera has its own film loading diagram or guide
which must be followed for satisfactory recordine.
The film loops are especially critical. When
sound and video signals are simultaneously re-
corded. the sound record precedes the video rec-
ord by 26 film frames. The bottom film loop
is exactly 26 frames in length. This loop permits
the film to move continuously around the sound
recording drum. Deviation from this 26 film
frame length loop results in a lead or lag of
sound in reference to the picture when the com-
posite television sienal is reproduced. The upper
film loop permits continuous motion of the film
from the camera during intermittent film pull-
down. If this loop is too short, the video will
jump or flutter when reproduced. (For further
information concerning reproduction problems.
refer to the troubleshooting chart for 16mm
film projectors shown in paragraph 6-22 of this
chapter.) In. the double-film system of television
recordine, synchronization of the video and sound
signals is usually accomplished by employing syn-
chronous motor drives in both units.

5-71. Maintenance requirements. Since kine-
scope recording requires critical synchroniza-
tion of the television monitor and the camera re-
cording equipment. it is important that optimum
operational standards be maintained for all me-
chanical and electrical operations. Detailed in-
structions for operational checks are included in
the manuals of operation which are furnished
with each kinescope recorder. The instructions
should be followed carefully.
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5-72. The television monitor should be in-

stalled so that it is free of vibration and floating
properly on its shock mounts to prevent distor-

tion. There never should be anything jammed
under it nor placed on top of it. Cathode-ray
tube and cable installation instructions should be
observed carefully. For best recording results.
periodic checks are necessary to determine cer-
tain optimum operating levels. Once established.
the settings are used continuously. However, be-
cause aging of components (particularly in the
.cathode-ray tube) causes optimum settings to

change slowly with time, film results should be
checked periodically to determine which. if any.
readjustments should be made.

5-73. Since critical tolerances must be ob-
served in all servicing procedures other than sim-
ple adjustments to the recording camera, the
camera should be returned to the factory when
such servicing is considered necessary. For this
reason. your major responsibilities for the main-
tenance of the kinescope recorder will consist of
preventive maintenance. Neglect of camera equip-
ment may cause cumulative minor damage. which
can result in loss of operating time. The interior
of the film compartment should be cleaned fre-
quently with a clean, lint-free cloth and a soft
brush. All sprockets and pad rollers should be
inspected for dust, nicks, and other damage. Any
foreign matter should be moved with a soft brush.
Since the pad rollers must be free to rotate easily.
occasional lubrication is necessary. The cam-
claw mechanism requires frequent lubrication.

The lens should be removed and cleaned with a
lens tissue. (Procedures for cleaning lens sur-
faces are discussed in paragraph 2-23. Section 2.

Chapter 1 of this volume.) Caution should be

taken to insure that the lens is returned to its
exact position and reset to the proper focus and

f/stop.
5-74. The galvanometer modulator unit must

be kept clean. The coveri slfOuld- be opened only
when necessary and closed immediately there-
after. When the unit is out of the camera, the
front lens should be covered. Under no circum-
stances should the mask be exposed, because it

readily collects dirt and dust. The lamp may be
cleaned by breathing on it and wiping it with a
lint-free cloth. The lamp should be replaced
when thc filament sags or the envelope begins to

darken.
5-75. We cannot overemphasize the impor-

tance of observing proper film loading procedures.
Improper loading of thb caniera film is mani-

fested in undesirable results, such as film dam-
age, picture unsteadiness, and improper synchro-

nizatioq of picture and sound.
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6. Projectors
6-1. Both moving film projectors and slide pro-

jectors will be discussed in this section. The

16mm and 35mm moving film projectors will
be 'compared. showing the relative advantages
and disadvantages of each machine. Conversion
of the film frame rate to the television frante rate
will be included and should be of special interest
to the maintenance technician. The maintenance
requirements. troubleshooting procedures. physi-
cal characteristics, and other special features of
the 16mm film projector will be explained. (You
may wish to review Chapter 1 of this volume for
an explanation of the operating characteristics of
rear screen projectors.) The more intricate fea-

tures and complex component arrangements pe-
culiar to slide projectors employing dual optical
systems will be our major concern in this sec-
tion.

6-2. 16mm Projectors. The standard 16mm
film projector and the 16mm film projector used
in television differ in three basic criteria. First.
the standard projector has a frame rate of 24
frames per second (fps). whereas the television
system. as previously explained. operates at 30
frames per second (fps). Since this difference
exists, some means of conversion from the 24
frame projection rate to the 30 frame television
rate must be devised. Second. while the stand-
ard projector needs no synchronization, a projec-
tor used in television must be synchronized with
the camera to insure their sequential operation.
Third. the projection cycle of the television film
projector must be adaptable to peculiar needs
and applications. Some projector requirements
peculiar to television concern the lens and audio

specifications. The projector lens must have a
short throw (focal length) and moderate magni-
fication factor. The sound system must be com-
patible with live programming.

6-3. Flicker reduction. The standard 16mm
projector uses a frame rate of 24 fps. with each
frame being interrupted twice, once for film pull-
down and once to increase the flicker frequency.
This creates a flicker frequency of 48 times per
second, which is much less noticeable to the hu-
man eye and gives the appearance of a constant
image. At this frequency each showing of the
frame may be considered as a field. However,

as stated earlier, the television scan rate is 30
frames per second or 60 fields per second; thus
a conversion problem exists.

6-4. C'onversion front 24 to 30 ironies per sec-
ond ( fps). One solution to conversion is the use
of an intermittent film pulldown -and shutter
mechanism in conjunction with a storage type

pickup tube. Light is flashed on the pickup tube
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Figure 35. Tiow cycle of a 1.1pical projeclor.

only during the vertical retrace time, and the
tube's photosensitive element retains the image
long enough for scanning during the following
dark period. By referring to figure 35 we see
that the film picture frames are moved through
the projector in alternate steps of 1:A and 12 sec-
ond. maintaining the ncccssary I second aver-
age. Actual pulldown occurs between light
flashes. and the pickup tubc is illuminated alter-
nately two and threc times per picture frame.
Note that the sequence of pulldown for four
picture frames takes the same time 0,, second)
as is needed for 10 television scans of 5 tele-
vision frames; thus, the two systems are made
synchronousi.e.. 60 pictures or 30 television
frames are Completed each second. while the aver-
age speed of the film remains at 24 frames per
second.

6-5. Converting the 24 frame rate to the 30
frame rate is accomplished with a specially de-.
signed intermittent. The intermittent has a three-
sided geneva movemem- which pulls the film

down for unequal time intervals. Alternate
frames dwell in the film gate 11 second longer
than the preceding and following frames. Light
pulses of very short duration ( second). re-
curring 60 times per second. flash twice through
the first frame. three times through the second.
twice through the third. three times through the
fourth. etc. Scanning begins immediately at the
end of each light flash and completes itself while
thc film is not illuminated. The action just de-
scribed is possible because of the storage prop-
erties of the pickup tube.

6-6. Projector synchronizing. As mentioned
earlier, television film projectors require synchro-
nization. To insure proper sequential operation.
thc shutter and intermittent pulldown drives must
be phased and locked together. Further. to in-
sure simultaneous operation of the projector and
television scanning process. the projector. tele-

SCAN

9
MIK
:4 SCAN ga

vision camera. and synchronizing waveform gen-
erator must be locked and phased together.

6-7. The synchronization process normally is
accomplished by using a unique-phase synchro-
nous motor to drive the projcctor. The synchro-
nizing wawform generator and the unique-phase
synchronous motor are simultaneously locked to
the a-c power supply. The unique-phase syn-
chronous motor satisfies two definite require-
ments: I ) it is designed to lock to the a-c
line frequency: (2) the rotor and field coils are
wound to permit only an in-phase line lock. An
ordinary synchronous motor can bc used in lieu
of the unique-phase synchronous motor. provided
care is exercised to insure its operation in phase
ith the line frequency. These precautionary

measures are necessary because the ordinary syn-
chronous motor can bc operated in phase with or
180° out of phase with the a-c line frequency.
If operation of the synchronous motor k ISO'
out of phase with the a-c line frequency. the
image will be projected while the picture is being
scanned. Notice in figure 35 that the light is

applied only during vertical blanking. For both
the unique-phase and ordinary synchronous types.
motor design is such that little change in torque
angle occurs under varying load conditions dur-
ing film and projector operation.

6-8. Use of a unique-phase synchronous mo-
tor is unnecessary when a pulsed light or flash
tube is used in the projector. In this situation an
ordinary synchronous motor may' be used to drive
the projector because there is no shutter and the
light source is controlkd by the synchronizing
waveform generator. Since the light is controlled
by the synchronizing wmeform generator and is
not dependent upon a motor or the a-c power
supply frequency. the lieht flashes are always
in the proper phase,

6-9. Regardless of the type of synchronous
motor used. the phase relationship between the

34

356



Film
TYPE

RUNNING TIME
MINUTES AND LENGTH

I MIN IS MIN 30 4IN 60 MIN 90 mo4

,

33mm 90 FT 1350 FT 2700 FT 5400 FT 11100 FT

I IIMM 36 FT
_

540 FT 1010 FT 2140 FT 3240 FT

Figure 36. Comparison of running time length,
16mm-35mm film.

projector and synchronous waveform generator is

very critical. However, this requires adjustment
only during the original installation, unless a
major malfunction or slippage occurs.

6-10. Projector adaptability. In terms of film
capacity the 16mm film projector is much more
adaptable than the 35mm projector and satisfies
the needs of television to a greater degree. A
comparison of running times and film lengths
(see fig. 36) readily demonstrates the advantages
of thc 16mm projector. Since much of the tele-
vision programming time consists of an hour or
more in length. the 4000-foot (approximately
1 hour and 45 minutes) film capacity of the
16mm projector more fully meets most television
requirements. Other factors besides limited film

capacity restrict the use of 35mm projectors
e.g.. bulk storage. weight. and city ordinances
restricting the length of 35mm film. Safety is
still another factor resulting in thc more extensive
use of 16mm film and 16mm projectors. All

16mm film is a safety base film.
6-11. The type of pulldown mechanism may

also affect -the adaptability of thc television film
projector. Thc sprocket or claw intermittent pull-
down mechanism may be used. Selection of the
type of intermittent depends upon the features
most dcsired in the projector. The most signifi-
cant advantage of the sprocket intermittent is its

ability to help increase film life. The claw inter-
mittent. however, is thc most widely used be-
cause of its capacity to handle damaged and
spliced film. Also. usc ot' the claw intermittent
makes possible thc restoration of a lost film loop.

6-12. The projector optical system is designed
to achieve maximum resolution (a minimum ac-
ceptable resolution standard is 600 lines). Thus.
the projector does not limit the overall resolution
of the television system. Light efficiency of the
optical systcm is also an important consideration.
A projector designed for high light efficiency.
while usine a smaller light sourcc. can produce
light equivalent to a standard film projector. The
projector should produce a uniform flat field of

light (less than 10 percent variation) over the
entire picture arca.

35

3 5 j

6-13. Ease of threading, an important fea-
ture to be considered when selecting a projector,
is determined, to a large extent, by component
location. Figure 37 shows the general arrange-
ment of components and the film path. Note
that ample space is provided to permit easy place-
ment of the film around the sprockets and into
the film gate, thus facilitating film reel change
when, using multireel film.

6-14. The projector selected for television use
should be both stable and reliable under con-
tinuous operating conditions. Projector stability
covers two general areas: (1) its construction
should be solid and free from movement in any
direction, and (2) picture stability and constant
film speed are important factors in minimizing
picture jitter. Proper lateral guidance compen-
sates for dimensional errors in the film and
eliminates horizontal weave and unsteadiness.

6-15. Lens. The moving film projector; as
previously stated. requires a lens with a short
throw (focal length) and moderate magnifica-
tion. Since the film projector casts the image
directly upon the camera pickup tube, the lens
focal length is determined by the distance be-
tween the camera and projector. This distance
is seldom more than a few feet. The magnifica-
tion factor is determined by the size of the cam-
era pickup tube. which in turn dictates image
size. These focal length and magnification re-
quirements also apply when using a multiplexer.

6-16. Compatibility of the audio system. The
film audio must have good frequency response
and tonal quality to insure compatibility with
live television programming. To achieve these
qualities, the film is passed over the sound
drum at a. constant velocity. A pressure roller
is employed to maintain a fixed plane for the
film while moving over the sound drum. Note
the film loop between the film gate and sound
drum in figure 37. This loop of film and tine
balanced flywheel compensate for the sporadic
operation of the intermittent pulldown mecha-
nism. These features help eliminate film flutter
and instability, which, if not eliminated, cause
wowing and fluctuation in the audio output.

6-17. Maintenance requirements. With some
additions. the maintenance requirements of mov-
ing film projectors are much the same as those
previously discussed for rear screen projectors.
However, there arc more moving components
in a film projector than a slide or rear screen
projector; thus the lubrication procedures are
much morc detailed.

6-18. Lubrication of motors and assemblies.
such as the shutter motor. thc blower motor. the
takeup assembly. the flywheel drive assembly.
and the gear boxes. must be accomplished at
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periodic intervals. Use of the proper lubricant
is important. Since several types are used, the
manufacturer's handbook or appropriate techni-
cal order should be consulted before starting these
tasks.

6-19. Many types of cleaning agents and ma-
terials are necessary for different projector sec-
tions. Lens tissue must be used when you clean
such areas as the sot.7d optical unit, the sound
optical mirror, filters, condenser lens, and the
projection lens. You must also exercise caution
when working near the sound optical mirror,
since touching it with material other than lens
tissue may cause permanent damage. Since
other projector components, such as the rollers,
sprockets, and sprocket shoes. will withstand more
punishment, you may use a brush and cleaning
solvent to clean these sections. The sound drum
and pressure rollers also may be cleaned with a
soft, lint-free cloth.

6-20. Several components in the moving film

projector are adjustable, but again the appro-
priate instruction manuals should be consulted
before the adjustments are performed. Adjust-
ments of components such as pulldown intermit-
tent, frame stop, sound optical unit, and sprocket
shoe are very critical; therefore, extreme care
must be exercised when making adjustments in
these areas. Although adjustments of the idler
gear, pressure roller, and damper roller are less
critical, adjustments in these areas should none-
theless be made with caution.

6-21. Because wow and flutter are inherent
problems in moving film projectors. periodic tests
must be made to prevent their occurrence. The
frequency response and overall audio repcoduc-
tion quality must be checked to insure optimum
projector operation. Specially produced film
strips are available for performing these quality
checks.

6-22. Troubleshooting. Many of the common
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troubles. with possible causes. which may con-
front you are listed below:

Luss of lower film loopTorn sprocket hole
in film. film bindine in the gate. dirt on
claw, or bad spices.
Loss of upper film loopFilm improperly
threaded on upper sprocket.
Picture unsteadyImproper threading of
projector. emulsion on film pressure shoe.
or emulsion on aperture plate.
Picturejllumination lowDirty projection
lens. dirty condenser lens. or dirty reflector.
No audioImproper threading. dirt block-
ing light, or tube failure in amplifier.
No projected imageProjection lamp
burned out.

Some of the more complex problems may have
the same symptoms as those indicated in the list.
For instance, loss of the lower film loop can also
indicate that the pulldown claw is out of adjust-
ment. the claw and aperture plate are touching.
or the cam travel is insufficient. An unsteady
picture could indicate causes other than those
listed: for example. improper claw adjustment.
worn claw teeth, worn intermittent cam, or weak
side pressure springs. These two examples merely
point out some trouble symptoms which may
indicate either major or minor problems.

6-23. Slide Projectors. Several types of slide
projectors may be employed in a single television
system. Since all slide projectors operate on the
same principle, we will discuss the most versatile
of these. The slide projector's versatility is deter-
mined by its design and construction. In other
words a slide projector with dual optical paths.
dual slide magazines, preview facilities, and dual
lighting fcatures is much more adaptable to
changing requirements than a slide projector with
only a single optical path. single light source. and
limited slide capacity. In this section we will
discuss the overall requirements. characteristics.
function. and operation (electrical and mechani-
cal) of the more complex slide projectors.

6-24. Function. Slide projectors. as applied
to television, are generally used to support a,

program script. This function may be accom-
plished in many ways. An image may be pro-
jected directly upon the face of the camera pick-
up tube. or when more than one projector is

used. into a multiplexer. Other production needs
may require that the image be projected upon
a projection screen from either the front or rear
(as discussed in Chaptcr I of this volume). How-
ever, in this section we are primarily concerned
with slide projcctors which project thc image
directly upon the camera pickup tube.
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6-25.-Requirements. The projector pedestal
or base Must be constructed to prevent undesira-
ble movement, since movement of the slide pro-
jector itself will be magnified in the projected
image. The slide projector must also be designed
to permit continuous operation for extended pe-
riods of time. Component size, location, and
durability are important features to be considered
from the maintenance viewpoint. The size and
location of the slide projector's components will
determine the ease with which maintenance can
be performed. The durability of each component
will determine its failure rate, which in turn will
determine the slide projector's reliability and con-
sequently its maintenance requirements. Like
the 16mm film projector, the slide projector will
probably be located in close proximity to the
camera pickup tube. Consequently, the lens re-
quirements (focal length and magnification fac-
tor) are consistent with those for -16mm film
projectors. as discussed in the previous portion
of this section. Other requirements, such as uni-
form flatness of the image field, light efficiency,
and a minimum of 600 lines of resolution, are
equally as important in slide projectors as they
are in 16mm film projectors.

6-26. Characteristics. Since many of the slide
projector characteristics are related to its re-
quirerrints and were mentioned only briefly, we
will develop those areas more fully at this time.
The areas we are primarily concerned with are
projector flatness of field, light efficiency, mini-
mum resolution standards, lens focal length, and
magnification features. The slide projector, to be
compatible with another projector, must have
the same characteristics. Since this is true, the
slide projector must have the same characteris-
tics as all the other projectors when they are to
be used interchangeably or multiplexed. Thus.
these five characteristics must be the same for
the slide projector as those discussed for 16mm
film projectors.

6-27. The uniform flatness of the image field
of slide projectors like that for moving film pro7
jectors should not be less than 90 percent. That
is. light intensity through the dark scenes should
be no more than 10 percent less than that through
light scenes.

6-28. Light efficiency of the slide projector is
determined to a large extent by the condenser
lens. The condenser lens collects the light and
concentrates ,it upon the slide area. Thus, the
slide projector can operate satisfactorily with a
smaller light source with less heat and damage
resulting from high operating temperatures.

6-29. The resolution requirements for slide
projectors used in television must meet a 600-
line standard. Thus the slide projector will not
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be a limiting factor on the rest of the television
system's resolution. The projection lens of a slide
projector must have a short throw because of
the short distances between the projector and
camera pickup tube. Inasmuch as the image is
projectcd 'Upon the face of the: camera pickup-
tube, the magnification factor uf the projection
lens must be small.

6-30. Electrical operation.- The slide projec-
tor employing dual optical paths may use an
electrical means for transferring light from one
path to the other. The easiest way of accom-
plishing this electrically is to use two projection
lamps, one for each optical path. When one
optical path is in use, its projection lamp is
turned on and the projection lamp for thc other
optical path is turned off. As the optical paths
are changed the slide is also changed. The pro-
jection lamp used for the first optical path is
turned off and the projection lamp for the sec-
ond optical path is turned on. Although the side
projector employing a dual optical system and
this type of light transfer is much more versatile
than a slide projector employing a single optical
path, one great disadvantage presents itself. Be-
fore the second projection lamp can be turned
on, its filaments must be preheated to prevent
damage. The time necessary to preheat the pro-
jection lamp filaments produces a time lag be-
tween slide changes; thus the program continuity
is destroyed to some extent. Another electronic
device which will improve the projector versatil-
ity is a remote control switch. The projector
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operator can then remotely turn the projector on
or off and change slides in either direction.

6-31. Mechanical operation. A second and
much more efficient means of transferring light
irom one optical path to the other is accomplished
with a sliding mirror. This method of transferring
light can be done either electrically or mehani-
eally. and many slide projectors of this type
will employ both methods. The operator then
may make the decision as to which method is
best for any given program need. The greatest
advantage of transferring light with a sliding
mirror is the instant display of the new image.
Figure 3R illustrates a slide projector with dual
optical paths and a sliding mirror for light trans-
fer from one path to the other.

6-32. Thc two laws of mirror action as
apply to rear screen projectors (discussed in
Chapter 1) .also apply to mirrors when used
with projectors having dual optical paths. As wit'
will probably remember, these laws simply state
that the angles of incidence and reflection are
equal and the incident, normal, and reflective
rays all lie in the same plane

6-33. Maintenance. The maintenance proce-
dures for slide projectors with dual optical sys-
tems are similar to those pertaining to rear screen

'and 16mm moving film projectors. AF discussed
in the rear screen and 16mm film projector
sections. the primary maintenance functions are
cleaning. inspection. lubrication, and adjustment.
These functions should be accomplished, at pe-
riodic intervals in the manner prescribed by the

t-N7 AT
LW ORBMG

'IL T ER

Pt ANO
CONvE

L ENS

OPTICAL PATl

II

II
I I

SLIDE
GATE

\I
DOUBLE
CONVEX

LENS

NEAT
LBSORBING

FIL T ER

Figure 38. Slhle pruje tor dual apdcal vview

38

362

OtTht I ON x

DOUBLE CLINvEx LEN:



appropriate TO or maintenance instruction man-

ual.
6-34. Cleaning of all lenses, mirrors. and glass

surfaces is accomplished with approved cleaning
materials, since other materials may cause per-

manent clamant: to these components. Inspect

each slide projector at prescribed time intervals.

Look for damaged. broken, burned, or loose
components, connectors. and interconnecting ca-

bles. If you discover any discrepancies. repair

or replace immediately. All slide projector mov-
ing-parts or components require lubrication. Re-
fer to the appropriate TO or maintenance instruc-
tion manual and use the recommended lubricant

or a suitable -substitute. Also. check and adjust
the slide projector's position in relation to the
camera pickup tube when necessary. Proper

positioning is necessary to provide the best pos-
sible resolution, uniform image field..and prevent

keystoning.

7. Vidicon Multiplexers
7-1. Multiplexers and multiplexing systems are

used to mix several video inputs and produce one

output tor the camera. These systems may also
select an input from one of several sources. Many

methods are used to accomplish this effect. Some
of the methods used are swivel or track mounted
camerasand multiplexers with stationary mirrors.
Movable mirrors, or prisms. The most complex

systems may employ any combination of the

methods mentioned above. Each of the systems

has its advantages and disadvantages: thg method

used depends entirely upon the requirements and

available space of the individual television sta-

tion. In this section we will he concerned primar-

ily with vidicon multiplexers which employ differ-
ent types of mirrors and mirror arrangements.
We will discuss the mechanical considerations. op-

eration. maintenance, and troubleshooting pe-
culiar to vidicon multiplexers:

7-2. Mechanical Considerations. Since multi-
plexeri and multiplexing systems are usually

permanently mounted in a fixed location. they

cannot be readily moved from place to place.
The optimum performance of the multiplexer then

depends upon the mechanical requirements. com-

ponent characteristics, and component functions.

7-3. Mechanical requirements. Since the mul-

tiplexer system. unlike field and studio cameras.

operates from a fixed location, it must he both
rigidly constructed and solidly mounted to insure

proper registration and focus of the projected
image upon the face of the vidicon pickup tube.
All mountings for movable components of the
multiplexer must be exceptionally rinid 6. pre-

vent ,..ibration during operation.
39

7-4. The mirrors are made of heavy glass to

prevent vibration and warping. Consequently.

jitter and geometric distortion are reduced in the

output presentation. The movable mirrors are
mounted on bearings to permit smooth operation.

The second surface coating of all front surface
mirrors, whether movable or stationary, must have

a low reflective quality. because high reflection
from these areas produces undesirable spurious
image reflections and ghost effect.

7-5. The multiplexer mirrors must be shielded

from external linht sources. This light should not
be allowed to strike the mirrors directly sincc
this too decreases the operating efficiency of thc
mirrors and produces spurious image reflections
and ghost effect. The transmission of light be-
tween any input and the output must be the same

if a free choice of projector arrangement is possi-

ble. The multiplexer and camera optics should
be compatible with each other. Their optical
paths should coincide to permit proper positioning
of the image on the vidicon pickup tube and aid
in maintaining the proper optical focus.

7-6. Characteristics. The multiplexer spectral
characteristics should be neutral: thus the gray-
scale balance will not be disturbed between the
video channels. Mirrors with clear, precise, planar

reflecting surfaces will not disturb the optical
focus and uniform flatness of the image field
between the camera and projector. Therefore.
the characteristics of both front surface mirrors
and semitransparent mirrors, as discussed for
rear screen projectors (Chapter 1) and slide
projectors (Chapter 2). also apply to the mirrors
used in the multiplexing system.

7-7. Two inherent problems are encountered
when projected images are not operated along
coincident optical paths. The first, geometric dis-
tortion. has the greatest effect upon the video

output. Second. jump and weave of the video
display are apparent. Neither of these problems

was of much importance in the original multi-
plexing systems where the iconoscope was used

for video pickup. However, with the advent of
the vidicon pickup tube, which is about nine
times smaller than the iconoscope. they became
major problems that necessitated the develOP'
ment of better multiplexing systems to reduce
geometric distortion. jump. and weave to a mini-

mum.
7-8. Function. The purpose and function of

each component. such as lenses. mirrors,- sole-
noids. and precision gear trains, will determine
the versatility and flexibility of the multiplexer.
The function of the field lens in the multiplexer.
as illustrated in figure 39. is to form an interme-
diate image between the projection lens, and the

camera lens. The projected image will then re-

3 6
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Figure 39. Field lens projection system.

main true in perspective through the multiplexing
unit.

7-9. Many means of selecting the optical path
may be employed. The most common method
uses front surface full reflecting mirrors and semi-
transparent mirrors. These mirrors may be either
stationary or movable, depending upon the ver-
satility and flexibility desired. Figure 40 shows
a multiplexer containing a single, fixed semitrans-
parent mirror which is capable of mixing two
projector inputs and reflects one output to the
camera pickup tube. You can see from the illus-
tration that the mirror directs the image from the
projector to the camera pickup tube.

7-10. Multiplexers of a more complex design
which use movable mirrors in their operation
will also use solenoids to operate the precision
gear train. Solenoids, being electrical switches,
can be operated remotely; hence, the optical
path may be changed from a remote location.
Precision gear trains are used to operate smoothly
the mirror assemblies and reduce resultant vibra-

LIGHT PATH A

SEMI-MIRROR

LIGHT PATH B

OUTPUT

VIDICON PICKUP
TUBE SURFACE

tions which may otherwise destroy the align-
ment of the optical paths.

7-11. Operation. The simplest type of multi-
plexer may employ a single front surface mirror
to direct the projected image onto the camera
pickup tube mosaic. The simple multiplexer unit.
which uses a single, stationary semitransparent
mirror like the one shown in figure 40. may be
used when more versatility is desired from the
projection equipment. While the single front
surface mirror is limited to single projector oper-
ation. the single semitransparent mirror multi-
plexer permits immediate switching between two
projectors. The more complex multiplexing sys-

MIRROR P2

semiTRANSPARENT
miRRORS

SLIDE
PROJECTOR 1

1140
FM*

PROJECTOR

mIRROR

ONIIMO

FiLm
PROJECTOR

VIDICOm
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Figure 40. Semimirror optical mixing system. Figure 41. Sliding:mirror optical multiplexing system.
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Figure 42. Turnstile-tnirror optical multiplexing system.

tern5_may use sliding mirrors or mirrors that arc
mounted on turnstile swivels. Complex multi-
plexers arc commonly used because they are
much more flexible. Some examples of multi-
plexers which use sliding and turnstile mirrors
are shown in figures 41 and 42. Note that the
multiplexer illustrated in fieure 41 employs two
sliding semitransparent mirrors to direct the pro-
jected image onto the camera pickup tube. When

mirror 1 is in the center or operating position. it
intercepts the projected image from film projector
I and reflects that image upon the camera pickup

tubc. Selection of film projector 2 can be made

readily by simply moving mirror 1 out of the op-
tical path and mirror 2 into the optical path. This
is accomplished when both mirrors are moved

LIGHT PATH A

LIGHT PATH B

in the direction of the arrows. The slide projector
can be used at any time because both mirrors are

semitransparent.
7-12. An example of a more complex optical

mixing system is illustrated in figure 43. Notice

that it employes a stationary semitransparent
mirror. as well as a movable semitransparent mir-
ror mounted on a turnstile swivel. With this con-
bination of mirrors any one of four sources may
be selected. It is also possible to mix inputs A,
B. and C or A. B. and D.

7-13. A multiplexer which uses a single semi-

transparent mirror is illustrated in figure 42. The
mirror is mounted on a turnstile swivel which can
be turned in increments of 90°. Thus, the mirror
is placed alternately in the optical path of pro-
jector 1 and projector 2. Since the mirror is again

semitransparent. as in the other examples. the

slide projector may be used when the mirror is in
either position.

7-14. The mirrors cannot be installed in their

proper operating positions initially; hence, some
mechanical adjustments must be provided. Al-
though these adjustments are made variable over
a small range. they are sufficient to permit final
alignment of the optical paths.

7-15. Multiplexer complexity is determined by

the type. number, and mobility of the mirrors.
Since projector design and construction are var-
ied. selection of the types and their positioning
are determined entirely by the individual produc-
tion requirements. Consequently. the flexibility
of the entire multiplexing system is determined

by multiplexer versatility, varied selection of
projectors. and type of camera.

7-16. Maintenance. The multiplexer mainte-
nance requirements are much the same as those
for other types of television and projection equip-

ment. Periodic cleaning, lubrication, and inspec-

LIGHT PATH D

MOVABLE
SEMIMIRROR

PERMANENT
SEMIMIRROR c\\

OUTPUT

LICHT PATH C

Figure 43. Sonimirror optkal tnixinv sy3tein.
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tion will suffice in most instances. Replacement
or repair of broken and darnaged components 'is
also of great importance ard must be accom-
plished whether discovered durine operation or
periodic maintenance.

7-17. Dirty mirrors and lenses decrease the
operating efficiency of the multiplexer. Since
this is true, all mirrors and lenses must be cleaned
regularly. Remember, as in projectors. only an
approved solvent and lens cleaning material
should be used to clean the glass surfaces of mul-

,tiplexer components.
7-18. Gear trains and other moving compon-

ents must be cleaned and lubricated at periodic
intervals. Again, only an approved lubricant and
solvent or equivalent substitutes should be used
on these parts. Periodic inspection of the mul-
tiplexer increases its operating efficiency, because
all discrepancies discovered and corrected at
that time decrease the number of failures during
operation.

7-19. Defective components should be re-
paired at the time they are discovered. H the
component is not reparable. it must .be replaced

with an eq.iivalent part, because the multiplexer
must be exact in order not to detract 'from the
overall operation of the system.

7-20. Troubleshooting. Most problems encoun-
tered in the multiplexer are mechanical and are
relatively easy to locate and correct. The must
common problems are dirty, scratched. or broken
mirrors and lenses. and misalignment of the mir-
rors.

7-21. If you discovered for example. that the
image being projected from the slide projector
(see fig. 41) was out of geometric proportion.
while the images projected from the two film pro-
jectors were correct, the problem would prob-
ably be misalignment of the slide projector. In
other words. the slide projector is not operating in
the same optical plane as the camera. Since the
two film projectors are operating properly, the
mirror alignment must be correct.

7-22. In the multiplexer represented by figure
41. we see that the image from film projector 1

is normal, while the image from film projector 2
is washed out. The problem is likely to be a dirty
mirror reflecting the image from film projector 2.

3 6
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Specialized Test Equipment

ACCEPTABLE television coverage for a given
area depends upon the operational and

transmission efficiency of the system servicing the

arca. Television, like all other electronic sys-
tems, requires the use of test equipment for proper
care and maintenance. In addition, to meet tele-
vision color, video, and pulse standards, special-
ized tcst equipment is required. In this chapter
we will discuss some of the specially designed sig-
nal generators, signal analyzers. and test patterns
required by television. The discussion of this
test equipment will include purposes. functions.

and general block diagrams. rather than specific

models. The chapter also includes a discussion

of test patterns and pulses used in making routine
performance checks and adjustments and the
interpretation of certain test pattern displays and
charts applicable to video testing.
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CHAPTER 3

8. Monoseope Amplifier
8-1. Since studio and film cameras arc so

costly television stations find it impractical to use
them for test pattern transmission. The mono-
scope amplifier. often called the monoscope cam-
era, is now used for this purpose since it is much
smaller and less costly. The monoscope camera
permits the television station to have a single pat-
tern of known quality available for display or
test purposes at all times. A block diagram of
the monoscope camera is shown in figure 44; our
discussion will be concerned primarily with the
pecularities of the camera and its use in genera-
ting a test pattern.

8-2. Monoscope Tube. The monoscope tube

contains an aluminum plate which functions much

like the mosaic of an iconoscope tube. This
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Figure 44. Monoscope camera block diagram.

43

36 7



Figure 45. Test pattern, monoscope amplifier.

aluminum plate has a single pattern etched upon
it with carbon ink. Since the pattern is etched on
the aluminum plate, the tube is limited to a single
pattern presentation. The pattern design varies
according to the desires of the individual tele-
vision station; however, its basic purposc remains
the same.

8-3. Operation of the monoscope tube is very
similar to that of the iconoscope tube. The clear
surface of the aluminum plate emits more sec-
ondary electrons than the carbonized area. Like
the iconoscope, a collector electrode in the mono-
scope tube collects the secondary electrons. Thus,
by systematically scanning the target with an
electron beam. a picture signal is produced. Since
the clear aluminum surface emits more second-
ary electrons than the carbonized area. the output
picture signal Ifas a negative white component.
The standard television transmitted signal. as you
already know. has a negative black component.
This means that some way of inverting the pic-
ture must be incorporated in the monoscopc tube
or amplifier section. Picture inversion can be
accomplished in one of two ways. First, picture

44

inversion can be accomplished by using an odd
number of video amplifiers in the monoscope
amplifier section to produce a 1800 phase shift
in the output signal. Second, the pattern can be
printed as a negative on the aluminum plate of
the monoscope camera tube. In other words, the
aluminum plate is coated with carbon ink and the
pattern is outlined with clear aluminum. Then the
picture signal will contain a negative black com-
ponent. Either method will produce an output
picture signal which is compatible with standard
television systems.

8-4. The block diagram of the monoscope cam-
era (fig. 44) illustrates its general circuitry and
basic operation. The drive, synchronizing. and
blanking pulses are introduced from the external
synchronizing generator. The deflection circuits
arc magnetic: thus. their operation is like that
of the image orthicon. vidicdn. and iconoscope
tube-deflection circuits. Note that the mono-
scope tube output presentation shows a negative
white component. To get the signal inversion
shown in the video amplifier output, an odd
number of video amplifiers must be used.
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8-5. Pattern Interpretation. The test pattern
presentation from the monoscope tube has many

useful purposes. The puttern illustrated in figure
45. for example, may bc used to accomplish sys-

tem quality checks, such as resolution capabili-

ties. low-frequency response. contrast. and de-

flection linearity. The monoscopc camera also

provides a modulated signal for transmitter qual-

ity and performance tests. When the output of an

r-f signal generator is modulated by the output of

the monoscope camera. receiver performance can
be checked readily against a known standard.

8-6. The pattern presentation illustrated in

figure 45 has five sets of wedges. one in each of

the four corners and one in the center circle.
These wedges provide a reference for adjusting

the horizontal and vertical resolution of a tele-
vision transmitting or receiving facility. The wedge

lines are calibrated in lines of resolutionthe
number of times a system can change from black

to white. The center line of each wedge is.dashed

to mark resolution definition; the number asso-
ciated with each break in the line, multiplied by
10. defines resolution for that, point. The reso-
lution displayed by a given image is deterniined

by estimating the position at which definite
separation between the wedge lines is noticeable.

The horizontal resolution can be checked by ob-

serving the vertical wedges. Since the size of
the scanning beam is onc of the factors limiting
resolution, the resolution definition is an indi-
cation of the quality of focus. The corner wedges

provide a fixed reference for focusing in the areas

where defocusing is most likely to prevail.

8-7. The monoscope camera resolution is lim-

ited by the size of the scanning beam and the

maximum number of lines available for scanning.

Since the monoscope camera tube has an opti-

mum resolution of 500 lines, it cannot effectively

reproduce half-tone images. Consequently, an

alternate method of producing half tones (gray
scale) had to be developed. The diagonal wedges

in the center circle of the pattern produce an
illusionary standard for measuring gray-scale re-

production. By etching a series of lines at speci-

fied intervals, a simulated density range is con-

structed from light gray to black; the innermost

portions of the wedges appear 100 percent black

and the outer portions appear 25 percent black.

with graduated steps of 75 percent and 50 per-

ci-nt black separating the two extremes. When

brightness and contrast controls are properly ad-

justed, each of the steps in the density range is

separate and distinct.
8-8. The horizontal lines beneath the center

circle of the test pattern are used to check the

sow-frequency response of the circuits under test.

An excessive phase shift of low frequencies re-
sults in a gradual change in shadine from top to
bottom of the picture. causing bright streamers, or

streaks. to follow large dark objects in the scene

of,a received picture. Thus. the amount of streak-
ing following the end of the horizontal lines in the

change from black to white is an indication of
the quality of low-frequency response. Good low-

frequency response is indicated by little or no
streak ing.

8-9. The aspect ratio of 4:3 is established

when the deflection is adjusted so as to give a
true undistorted form to the large circle, since
this circle is three-fourths of the pattern width.
The diagonal lines indicate an area equal to

one-half the picture width. Deflection linearity

may be checked by measuring the spacing be-

twccn the diagonal lines.

9. Video Test Equipment
9-1. In this section we will discuss somc of the

specialized test equipment associated with tele-

vision video testing. The discussion will be de-
veloped primarily around the grating generator,

dot generator. and vitleo sweep marker genera-

tor. We will describe their purpose and opera-

tion. as well as interpret their output patterns.
The section will also include a discussion of the
pulse cross display with reference to its useful-

ness in determining the width and amplitude of

the equalizing pulses and both the horizontal and

vertical blanking and synchronizine pulses in re-

lation to a general pattern interpretation. We
will show some of the standard charts used for

television quality checks and briefly discuss the
function of each pattern.

9-2. Grating Generator. The grating gcnerator

provides a convenient means for checkine and

45
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Figure 46. Grating test pattern.
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Figure 47. Grating generawr block diagram.

adjusting the linearity of television deflection cir-
cuits. It generates a timing signal synchronized
by standard synchronizing pulses. obtained from
either the synchronizing generator or the deflec-
tion circuits of the receiver under test, and injects
this signal into the video circuit being tested. The
pattern produced has the appearance of a grat-
ing. as illustrated in figure 46.

9-3. The block diagram. ficure 47, illustrates
the typical grating generator circuitry necessary
to produce a satisfactory grating pattern. The
desired pattern is produced by inserting the hori-
zontal and vertical synchronizing pulses from
either a standard television synchronizing genera-
tor or the deflection circuits of a television re-
ceiver. as previously stated. The vertical pulses ,

are then multiplied 15 times, while the horizon-
tal pulses are multiplied 20 times. They are vec-
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torially added in the adder circuit and the out-
put is applied to a clippet The output pattern
of the grating generator is determined by the bias
point of the clipper circuit. When the bias is ad-
justed so that either thc horizontal or vertical
signal extends above the clipping level, the re-
sulting output is a grating pattern. Moreover, the
crating signal must be clipped at both ends of the
amplitude range so that the lines will not appear
blacker than black at their intersecting points.

9-4. To prevent lines from appearing during
retrace, the horizontal and vertical retrace pulses
arc combined, as shown in figure 47. When
added. they form a blanking pulse. and this pulse
is applied to the blanking gate circuit. An output
signal is produced only when thc incoming signal
is strong enough to merride the level of the blank-
ing pulse.
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Figure 48. Dot test pattern.

9-5. The grating pattern is comprised 'of 14
horizontal bars and 17 vertical bars. The bars.
being evenly spaced, conform with both the as-
pect ratio of the television system and the linear-
ity chart. discussed later in this section.

9-6. The grating generator will also produce
either honzontal or vertical bars separately. By

selecting the output from either the times-I5 or
times-20 multivibrator and applying it to the sig-
nal clipper, the generator output will result in
horizontal or vertical bars only.

9-7. By injecting the grating pattern into a re-
ceiver or monitor and checking the display uni-
formity. you can determine descrepancies. in the

deflection circuits' linearity. The linearity is ad-
justed properly if the vertical and horizontal bars
are both uniformly spaced over the entire viewing
area. The grating pattern is also useful when you
adjust the linearity of a camera chain. (This will
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be discussed more fully in the portion concerning

chart displays.) Another valuable feature of the

grating pattern is apparent when you adjust the
convergence of a color receiver or monitor. This
feature is discussed further in the section dealing
with color testing.

9-8. Dot Generator. The same generator is

often used to generate the dot pattern or tilL:

grating pattern. Only the clipper bias point w
determine which output is produced. If the signal

clipper bias is so adjusted for an output only

when the horizontal and vertical pulses are

added, a dot pattern will result. The other cir-
cuits in the dot generator and their operation are
identical to those employed in ihe grating oener-,. z-

ator. Thus. figure 47 can also represent a basic

block diagram of a dot generator.
9-9. The output pattern from the dot gen-

erator is illustrated in figure 48. This pattern is
primarily used when adjusting the convergence
of a color receiver or monitor and will be dis-
cussed in more detail in the next section of this
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Figure 50. Camera amplirwr bandpass chick.

chapter. However. we can now see that a single
generator may be used to produce horizontal
bars, vertical bars. a grating pattern, or a dot
pattern as the need arises.

9-10. Sweep Marker Generator. The video
sweep marker generator. shown in figure 49. is
a convenient device for checking the frequency
response of a given amplifier. In a typical gen-
ecator, the output of a fixed r-f oscillator, operat-
ing at approximately 70 MHz, is heterodyned

against a sweep (variable) frequency oscillator.
The sweep oscillator is being swept (varied over
its frequency range of 69 to 80 MHz) at a

60-Hz rate. The 0- to 10-MHz beat frequency

is then applied to the circuit or unit being tested.
and the resulting output. after detection, is ob-

served on an oscilloscope. Marker notches are
inserted at 1-MHz intervals for frequency cali-
bration of the beat frequency; this is accom-
plished by an additional oscillator stage in the
sweep generator. A more accurate means of
calibrating can be obtained with a sweep gen-
erator unit that employs a calibrated CW oscilla-
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Figure 51. Oscillosccpe presentation of camera bandpass.

tor as a marker source. This type of marker
source provides either variable or fixed markers
over a marker source range of 100 KHz to 10
MHz.

9-11. The most useful function of the sweep
marker generator is to test and adjust the band-
pass of camera preamplifiers. The equipment
layout used to check a camera preamplifier with
a sweep marker generator is illustrated in figure
50. Figure 51 shows the output pattern of a
properly tuned camera preamplifer as seen on
the oscilloscope. Notice the notches inserted in
the output pattern. These markers help you ob-
serve the range of frequency response of the out-
put pattern from the camera preamplifier. These
marks are important since the frequency-response
curve must be flat to 8 MHz for adequate band-
pass of the television video information.

9-12. Pulse Cross Display. The pulse cross
display is one of the most important measure-
ments in television and it is used to determine
whether the synchronizing generator is producing
the proper pulse sequel-we. width, and amplitude.
The pulse cross display, along with its correct
interpretation. is a convenient means of conduct-
ing operational measurements of the output pulses
produced in the synchronizing generator. Other.
types of more detailed pulse analyses and ad-
justments may be necessary at periodic intervals:
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however, these functions will require the use of
specialized test equipment. Thus the pulse cross
display is more practical for routine operational
measurements because this test simply requires
the usc of a modified video monitor. This moni-
tor is usually available in any television broad-
casting station.

9-13. In normal video transmission the hori-
zontal and vertical synehronizng pulses occur at
thc end of each scanning line and cach field.
respectively. Thus, the front porch of the hori-
zontal synchronizing pulse occurs at the right
edge of the picturc. whereas the back porch oc-
curs at the left edge. On the other hand. the
vertical blanking interval occurs during vertical
retrace. We see then that the information con-
tained in the vertical blanking pulse occurs at
the top and bottom of the viewing screen. Since
all of the synchronizing and blanking informa-
tion occurs at the edges of the picture arca, its
information is hidden by the picture tube mask.

9-14. Though detailed information may be
difficult to distinguish. the general shape of the
vertical blanking interval can be observed on most
standard receivers and monitors by rotating the
vertical-hold control until the vertical blanking
bar is located in the viewing area. The hori-
zontal synchronizing and blanking pulses. occurr-
ing at the end of each scan line. arc much more
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difficult to observe: however, with the modifica-
tions normally .provided, the standard television

monitor will eliminate any definition, vertical

displacemem. or horizontal displacement prob-

lems. Thus the pulse cross display can be ob-
served instantly or monitored continually for

extended periods of time.
9-15. The individual lines can be seen more

readily if thc horizontal and vertical scanning
process is expanded. As a result, the pulse cross
display information is seen in more detail. Ex-
pansion of the picture tube swecp circuits will
permit the horizontal and vertical synchronizing
and blanking information to be placed in the
viewing area of the picture tube.

9-16. Interpretation of the pulse cross display
is relatively easy when you understand that the
individual pulse amplitudes are indicated by light

intensity. In the pulse cross display. shown in
figure 52. the horizontal dimensions. of the light
intensities are relative measures of time or pulse

widths. Use figure 52 to identify the following
pulse group patterns:

Athe horizontal synchronizing pulse duration.
(0.075H-0.098H )

Bthe horizontal blanking pulse duration. (0.1651[
0,18H)

Cthe vertical synchronizing pulse interval. (0.4211-
0.44H)

Dthe vertical blanking interval. (13.IH-21.0H)
E and Fthe equalizing pulse intervals.
Gthe six dark lines which show vertical synchroniz-

inn pulse duration.
1the equalizing pulse duration. (0.05 horiz sync

width I
Jthe horizontal blanking and synchronizing pulses

that continue to occur at the end of each horizontal
video scan line until the beginning of the next vertical
blanking interval.

Kthe front porch of the' horizontal blanking pulse.

(0.02H)
Lthe back porch of the horizontal blanking pulse.

(0.05H)
Mthe pulses which occur during the remaining

vertical blanking time.
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Figure 52. Pulse cross disphi..
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Each pulse width may be compared to its normal
duration. You may desire to review portions
of Sync Generators. Chapter 3. Volume I. par-
ticularly figure 40. Table uf TV Pulse Svmdards.
After you have had some experience in using
the cross pulse display. you may devise a ruler
calibrated in normal pulse widths to check the
pulse cross display. Of course this ruler would
apply only to a particular monitor. You can also
use the pulse cross display to check the number
of lines in the equalizing and vertical pulses.

9-17. The quality of detail in the reproduced
picture is called resolution. or definition, and
depends upon the number of basic picture ele-
ments that can be reproduced. A picture with
good resolution requires as many picture elements
as possible. Good resolution of a picture is in-
dicaied by sharply defined objects and no blur-
ring or running together of closely spaced lines
or points. Horizontal detail and vertical detail
must be considered separately in a 'television
picture. The maximum vertical resolution is de-
termined by the number of active scanning lines.
The horizontal resolution is determined by the
maximum number of changes in voltage that can
occur in each line that is scanned. This number
of voltage changes depends directly upon the
frequency respoviSe of the system. the resulting
signal bandwidth, the size of the pickup. and
the picture tube scanning spots.

9-18. Test Patterns. Standard test charts have
been developed which permit more comprehen-
sive testing of system performance than the test
pattern produced by the monoscope amplifier
(discussed in Section 8 of this chapter). The
resolution chart shown in figure 53 can be used
for making system quality tests for geometric
distortion (linearity), aspect ratio. resolution.
shading uniformity, frequency response. streak-
ing. interlace, gray-scale reproduction (contrast).
brightness. and r-f or other high-frequency inter-
ference.

9-19. When making a geometric distortion
check. position your camera and focus on the
test chart. The resulting picture display will ex-
actly cover the visible portion of the receiver or
monitor screen. A picture free from distortion
has linear scanning and correct aspect ratio.
Check vertical linearity by comparing thc spacing
between the short horizontal bars at the top.
bottom, and center of the picture. If the spacing
is equal in each set of horizontal bars. vertical
linearity is satisfactory. You can check hori-
zontal sweep linearity by comparing thc spacing
of vertical bars at each side of the picture and
in the center square. If the spacing is equal in
each set of vertical bars. horizontal linearity is

satisfactory. The circles located in each corner
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and at the center of the chart are a further check
for geometric distortion. Circles that are non-
linear or distorted in shape indicate incorrect
adjustment of the vertical. horizontal, or both
horizontal and vertical sweep linearity. You can
check aspect ratio by measuring the large portion
of the picture formed by the four gray-scale bars
to determine if it is square. Aspect ratio is correct
if the pattern is square and the scanning is linear.

9-20. A resolution check is made only after
the set is adjusted for minimum distortion. You
measure resolution horizontally and vertically by
observing the wedges in the large circle at the
center and the small circles at the edges of the
picture. The wedge lines are calibrated in lines
of resolution in the same manner as those of the
test pattern produced by the monoscope ampli-
fier discussed in paragraph 8-9 of this chapter.
Resolution of the system under test is numeric-
ally defined on the chart at the point where the
separation between these lines is no longer dis-
cernible. You judge horizontal resolution by ob-

.serving the vertical wedg%s at the top and bottom
of the circles, but in the case of vertical resolu-
tion. you observe the horizontal wedges at the
right and left of the circles.

9-21. To check interlace, you observe the di-
agonal lines in the center square of the picture.
Interlace is correct if the lines appear similar to
those in figure 53. Jagged diagonal lines indicate
partial pairing of the lines. The diagonal lines
will not appear jagged if complete line pairing
occurs. Under this condition, total line pairing
can be determined by the resolution wedges.
since vertical resolution cannot exceed 250 lines.

9-22. The quality of gray-scale reproduction
is judged by the number of distinguishable steps
in each of the four gray scales which form the
large square in the center of the picture. The
quality of reproduction is related directly to the
number of steps that are distinguishable. You
check shading uniformity by observing the back-
ground of the test pattern presentation. An even
gray background indicates satisfactory shading
uniformity.

9-23. Tie dominant white quality of the chart
makes it necessary at times to adjust the con-
trast and brightness controls to obtain a picture
pleasing; to the eye. The picture should be pleas-
ing to the eye for the average televised program
if you adjust the receiver for optimum perform-
ance with the chart.

9 ,24. R-f or other high-frequency interference
is sometimes introduced into the video amplifier
scanning circuits. R-f interference in the hori-
zontal sweep circuits from the power supply is
indicated when the verticai lines in the test pat-



0.075 H

0.165 H

ASPECT RATIO IS 4,1HORIZONTAL BLANKING 17.5%VERTICAL BLANKING 7.5%
EL ECTRICAl GRATING PAT TERN GENERATOR FREOUENCIES:

315 KC HORIZONTAL, 000 CYCLE VERTICAL 0 065 V

_
o A o A o

o o o ooB0 0 0 0 0 it 0 0 0 0 0
0 075 V

0
0 0 0 0
0 0

2 3 4 5

0 0
0 0 0 0
0 0 0 0
0 0

2 3 4 5

c 0 0 c 0 0
0 D 0 0 0 0 0 D 0 0 0 0 0

E 0 0 E 0 0
6 7 8 9 10 11 12 13 14 15 16

F 0 0 . F 0 0
1OGO 0 0 0G0 0 0 0 0

. H 0 0 0 0 0 0 0 0 0
I 0 0 I 0 0

6 7 8 9 10 11 12 13 14 15 16

O 0 J 0 0 J 0 0
O 0 0 0 0 K 0 0 0 0 0 K 0 0 0 0
o 0 0 0 0 0

LIHEARTY CHARTO 0 0 0 0 IA 0 0 0 0 0 0 0 0 0 0
V 0 7 0 I 0
CIRCL ES OUTER RADII fo.

ARE 2% OF
PICTURE HEIGHT

Figure 54.

CIRCLES INNER RADII'
ARE 1% OF

PICTURE HEIGHT
0.175 H L. 0.165 H



Fl7

. uE

Figure 55. Co1or-bar l''enerator output taveforms.

tern become modulated and take on a ripple ap-
pearance. R-f or other high-frequency interfer-
ence in the video amplifier is indicated by a
moire pattern over the whole picture.

9-25. The standard linearity chart illustrated
in figuie 54 is used when you make camera
linearity adjustments. This chart has an aspect
ratio equal to that of the grating pattern (shown
in fie. 46). Furthermore. the circles occur at
the same positions in the linearity chart that the
lines intersect in the grating pattern The two
test patterns are superimposed on a monitor
screen when you focus the video camera on the
linearity chart and simultaneously transmit it and
the pattern from a grating generator. A camera
with linear scanning produces a picture uniformly
distributed on the screen. Therefor,: you can
adjust the linearity of thc camera by adjusting
the camera linearity controls so that the circles
of the linearity chart coincide with the intersec-
tions or the grating pattern (within the accepta-
ble 2 percent tolerance).

10. Color Testing
10-1. Since color television requires more crit-

ical standards of operation, some types of
specialized test equipment are necessary to main-
tain these standards. In this section we will
discuss the purpose and usefulness of some of the
test equipment used to maintain these critical
standards. The function of such test equipment as
the linearity checker. color-bar generator, color
signal analyzer. vectorscope. and grating genera-
tor will be discussed. We will also interpret the
output patterns produced by this equipment and
discuss their oscilloscope presentations.

10-2. Linearity Checker. The gain and phase
linearity in a-color video signal must bc main-
tained at an established level. A composite color
signal consists of a luminance component on
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which is imposed the 3.58-MHz color subcarrier.
The subcarrier is modulated in such a manner
that the amplitude determines the degree of satu-
ration of the reproduced colors and the phase
relationships produce the hue. The typical line-
arity checker provides a means of measuring
the differential gain (system gain variation at
different light levels) and differential phase dis-
tortion (phase shift at different light levels) of
video amplifiers and transmission systems. In
iteneral. linearity checkers are signal generators
providing a simulated color video signal.

10-3. Color-Bar Generator. The color-bar gen-
erator is produced in two basic models. The first
is a compact. lightweight instrument primarily
designed for portability. The second is designed
for standard 19-inch rack mounting and is used
primarily in television broadcast station opera-
tions. In both units the operation is much the
same and the desired outputs serve the same
basic purpose.

10-4. The color-bar generator serves many
useful purposes. such as checking the operation
of color television ;.eceivers and monitors. adjust-
ing color phase. checking and adjusting color
matrix systems. supplying'a color reference signal
to the signal analyzer, and supplying a color
reference signal zo the colorplexer.

10-5. The color-bar generator supplies rec-
tangular pulses which are applied to the red. blue.
and green input circuits of the colorplexer to
form a color-bar test pattern at the cclorplexer

,
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output. Provisions are also incorporated to pro-
duce a split-field pattern with the standard color
bars making up the top portion and the special
Q. I, and a white bar making up the bottom
portion. Figure 55 illustrates the red. blue. and
green pulse shapes and duration. These pulses
are produced in the color-bar generator. Figure
56 illustrates how the special Q. I. and white
bars are placed in relation to the output color
bars.

COLOR
BURST

'

10-6. Figure 57 shows a basic color-bar gen-
erator. Note that the input pulses are received
from the synchroni7int: generator. In the case c;
a portable color-bar generator. these pulses are
received from the deflectkm circuits of the re-
ceiver or monitor under test. The blanking pulse
is used t6 form thc wawsshape. amplitude. and
duration of the pulses illustrated in figure 55.
The keing multivibrator is free-running at 60
Hz. The input vertical drive pulse from the

Figure 58. Sunerimpos,,,l col wptexer output vicnalr-
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COLOR
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Fimure PO. 0,10,plcxer output 3ignals (top half, bottom halh.

synchronizing generator keys this multivibrator.
producing a split screen pattern. The vector addi-

tion of the red, blue. .uid green pulses generated

in the color-bar generator will produce the color
bars. as shown at the top of figure 56. The

special Q and I signals are derived from the
blanking pulse and are produced as separate out-

puts. The white bar is produced when the I

multivibrator output kcys the white .multivibra-

tor. The output of the %%hitc multivibrator

applied to the three primary color outputs in

equal amounts. As seen in figure 56 the pulse
w.dth of the special Q. I. and white bars are ad-

justed for onc. one.. and two bar w idths. re-

speetiel>. When the output sinals are coupled

through regulating diodes, the output luminance

55

is stabilized. When these signals are applied to
.the appropriate section of the colorplexer. the

output composite signal. with top and bottom
halves superimposed (bars at 75 percent level).
looks like fieure 58. The individual output sig-

nals for the upper and lower portions of the
picture area appear much like those in figure

59.

10-7. Color Signal Analyzer. A color signal
analyzer is a test instrument used to study the
components of a composite color video and sub-
carrier signal. (A block diagram of a basic color
sigaal analyzer is illustrated in fig. 60.) When
used in conjunction with a color-bar generator
and oscilloscope, it permits measurements of the
phase relationships bctwccn the subcarrier burst

3 7j
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Figure 61. Colorplexer output, modulated 1.

reference and the various components of a com-
posite xolor signal. It may be used also with
linearity checker to make differential phase meas-
urements.

10-3. Notice in figure 60 that the 360° phase
shifter consists of several fixed and variable
phase-shifting circuits; thus, the input signal can
be shifted a full 360°. in increments of 1°. This
is possible because the individual phase shifters
total 360° and one 10° shifter is adjustable in
increments of I °. The capability of being able
to shift the incoming signal 360' is necessary
because phasing of the individual color com-
ponent signals is critical if an acceptable com-
posite color signal is to be achieved.

10-9. When the colorplexer is operated in the
color-bar mode, some representative oscilloscope
patterns as they appear at the input of the color
signal analyzer are modulated I (fig. 61) and
modulated Q (fig. 62). respectively. When the
output signals are demodulated. they can be
phased properly with minimum problems. In
addition. the phase relationship between any of
the input sienals and the subcarrier or between
the individual input I. Q. red. blue. and green
signals can also be checked. Usine the color sub-

COLOR
vIDEO

2.5 mC
FILTER

MOD

carrier as a reference. you see that the signals
can be phase shifted in the 360° phase-shifting
network. The I signal must be 90° out of phase
with the color subcarrier. To do this, insert the
modulated I color signal component (fig, 61)
intO the color signal analyzer. In the color signal
analyzer the I signal is demodulated to simplify
the phase adjustments. Next, select a 90° phase
shift and adjus. the I phase control on the color-
plexer until all the pulses rest on the reference
line. After removing the inserted phase shift.
phase the color signal component properly in
relation to the color subcarrier. Employ the same
adjustment procedure when dealing with the Q
signal component. However, since it is only 33°
out of phase with the color subcarrier, it requires
only a 33° phase shift when making the necessary
tests and adjustments.

10-10. The phase relationships between in-
dividual input pulses can be checked if you first
place one signal on the reference line (color sub-
carrier) and then place the second input signal
on the reference line. You can determine the
amount of phase shift between the two input
signa/s by finding the difference between the
two phase insertions which were necessary to
place the two signals on the reference line. In
other words. if the first pulse signal was 90°
out of phase with the reference line and the

Figure 62. Colorplexer output, modulated Q.
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Fisture 64. Typical t.ector tli pluv oscilloscope pattern.

second pulse signal 33° out of phase. the differ-
ence would be 57°. The first pulse signal would
then be 57° out of phase with the second pulse
signal. You can now see that the color signal
analyzer has many useful purposes for insuring
the proper operation of the color-bar generator
and colorplexer.

10-11. Vectorscope. One of the newer test
equipment items developed for close inspection
of amplitudes and phases of subearricr signals
is the vector display oscill'O'Scope. commonly called
the vectorscope. A block diagram of a typical
vector display oscilloscope is shown in figure 03.
Generally. this equipment uses a pair of quad-
rature demodulators, The demodulator outputs

applied to the X and Y plates of a d-c oscillo-
,.'ope. Most designs incorporate a burst-con-
trolled oscillator to generate a reference sub-
carrier from the synchronizing burst o; the signal
under test.

10-12. When used v. ith eolor-1,.ar signals, the
vectorsegpe produces a pattern ok lines and
dots which indicate th: vectors corresponding to
the various colors. The pattern appears as bright
dots linked by relatively faint lines. As illus-
trnted in figure 64. boxe3 may be drawn on the
oscilloscope face to indicate phase and amplitude
tolerances.

10-13. By comparing our discussion- of the
vectorscope and the color signal analyzer. we
find that the two pieces Of equipment perform
many of the same functions. Furthermore, we
know that both have their athantages and dis-
advantages. Future planning seems to indicate
more varied uses for the vectorscope, including
facilities for monitoring the camera nut signals
at the camera.

10-14. Grating Generator. The purpose and
outstanding features of the grating generator, as
it applies to black and white television, were
developed earlier in this chapter. Now we will
examine its operation and functions as they per-
tain to color television testing.

10-15. The cross-hatch pattern generated by
the grating generator is extremely useful when
making adjustments in the convergence of a color
receiver or monitor. When viewing the picture
area of the receiver. with the grating pattern
applied. look for proper alignment of the vertical
and horiz..,,ital bars. The convergence is prop-
erly' adjusted if the bars are placed over one
another and no color fringing is apparent.

10-1(1. Dot Generator. The dot pattern pro-
duced by the dot generator is also very useful
for testing and adjusting color receiver and moni-
tor convergence. As with the grating generator.
place the dots one upon the other; if no color
fringing is apparent. the convergence is properly
adjusted. Though either the grating or dot pat-
tern may he used for convergence adjustments.
the dot pattern is usually. preferred since it shows
which direction the correction must be applied.

383
58



VHF Equipment

MHIS CHAPTER concerns transmitters, an-
tennas. and receivers. However, since very-

high-frequency (VHF) equipment is the lowest
in frequency used by TV, the VHF equipment
is discussed prior to ultra-high-frequency (UHF)
equipment. In this chapter you will study the
VHF equipment necessary to create. amplify.
modulate. and radiate a carrier frequency. Also

CHAPTER 4

discussed is the equipment necessary to pick up.
amplify, and reproduce both visual and aural
signals.

11. VHF Transmitters
I l-I. VHF transmitter principles employ

many of the basic transmitter circuits. Normally
these circuits will consist of an oscillator. fre-

9D

Figure 65. Master oscillator power amplifier tMOP.4) transmitter.
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quency multiplier, modulator. and r-f amplifier.
The first part of our discussion win be devoted
to basic transmitters.

11-2. Tranimitter Principles. You will recall
that the basic transmitter consists of an oscillator
connected directly to an antenna. Because of
certain limitations, this circuit is unsatisfactory
as a means of transmitting communications. There
are two main drawbacks in connecting the oscilla-
tor directly to the antenna. First, the power
output is limited because there are no stages of
r-f amplification between the oscillator and the
antenna. The second limitation of a variable
frequency oscillator transmitter is its lack of fre-
quency stability. The frequency of an electron-
tube oscillator is, of course, controlled by the
inductance and capacitance of its frequency-de-
termining circuits. Coupling a loading device,
such as an antenna, to the output of the oscillator
has a great effect on its frequency stability. The
load impedance of the oscillator is the reflected
impedance of the antenna. This reflected im-
pedance contains both resistive and reactive com-
ponents. The resistive component lowers the Q
of the tank circuit and the reactive compc,,-nt
alters the resonant frequency.

11-3. Another problem. frequency stability.
arises in the use of VHF and UHF transmitters.
Although the frequency of an oscillator can be
stabilized by use of a crystal, transmitters must
operate at much higher frequencies than a crystal
can be cut to operate. The crystal oscillator,
therefore, must be followed by frequency multi-
pliers to provide the desired output frequency.

11-4. The oscillator determines the frequency
stability of a transmitter. An unstable oscillator
will cause an unstable signal to be radiated by
the antenna. A master oscillator power amplifier
(MOPA) circuit can be used to overcome the
instability of the antenna-coupled oscilllator. (An
example of a MOPA circuit is shown in fig.
65.) The output of the series-fed Hartley oscilla-
tor is coupled through C4 to the power amplifier
(PA) stage. The oscillator stage is isolated from
the antenna by the PA and will not be affected
by changes in antenna-to-ground capacitance.
Changes in the plate impedance of the PA will

A LOOSE COVP:iNG
CRIT.CEE COUPLING

PEO:ENCY

E',5,3:10..1;`47.,
CLCSE ENO LOOSE
COUPLING

Figure 66. Coupling response curves.

nut be reflzcted into its grid circuit and back
to the oscillator. The signal applied to the grid
of the PA from the oscillator v. i11 cause'the plate
tank of the PA to oscillate at the frequency of
the oscillator. The MOPA circuit normally is not
used with crystal oscillators, but generally is used
in conjunction with one of the common variable
frequency types such as Colpitts or Hartley oscil-
lators. Selection of the type of oscillator will
depend on thc purpose for which thc transmitter
is intended. If the frequency must be variable
yet stable, an electron-coupled oscillator may by
selected.

11-5. Stages are coupled by one of three
methodscapacitive, inductive, and link. In fig-
ure 65. C4 is a coupling capacitor and provides
a low-impedance path for the r-f energy from the
oscillator tank to the grid of the power amplifier.
It also acts as a blocking capacitor by prevent-
ing the high d-c potential on the oscillator plate
from reaching the grid of the amplifier tube.
Capacitive coupling is simple and is used fre-
quently in low power amplifier stages. However.
it has some disadvantages that limit its use in
the higher frequency ranges,

11-6. Inductive coupling is used extensively
in transmitters. This type of coupling is possthie
because magnetic lines of force set up by the
current in one coil will induce a voltage into
another coil. The extent to which the lines of
force of the energized coil (primary) cut the
other coil (secondary) is measured in henrys.
This is called mutual inductance (M). In figure
66. notice the various response curves resulting
from the different degrees of coupling. In the
curves shown, the input voltage applied to the
primary is held constant in amplitude while its
frequency is varied. If each circuit is independ-
ently tuned and the coupling kept loose, the
overall frequency response assumes the form
shown by curve A. The double-humped curve
shown by curve C results from a coefficient of
coupling that is greater than critical coupling.
As shown in curve D, it is possible to work out
a compromise between very loose and very close
coupling and arrive at a uniform response to a
small band of frequencies.

11-7. Link coupling is actually a special form
of inductive coupling and is commonly used in
transmitters. The link consists of a low-imped-
ance line terminating in a coil at each end. This
coupling is made at a point of low potential.
called the nodal point. The nodal point occurs
at the ground end of the tank in single-ended
stages and at the center of the coil in balanced
circuits such as the push-pull amplifier. By op-
erating at a point of low voltage. link coupling
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can eliminate harmonics which might our....rv..;s.
be transferred hy capacitive coupline.

11-8. Transmllter SignaIs. The transmission
chain of a television system. as shown in figur2
67, includes equipment tor transmittmg the tele-
vision signal through spine or coaxial-cable. Com-
merical broadcast TV informatiorris, of course.
transmitted by radiated signal through space to
the reproducing devicesthe TV receivers Other
TV applications, explained earlier, utihze coaxial
line to transmit TV information between the
camera chain and the reproducing devices,.
The type of auxiliary equipment used for video
distribution between the camera chain and either
the transmitter (broadcast) or video display units
(dosed-circuit applications) depends on the loca-
tion and the distance to be covered. The video
and sound in the broadcast system must be trans-
mitted by electromagnetic radiation to the TV
receivers. In closed circuit systems, however.
raw video may be used for direct production of
the televised scene on the screens of specific TV
monitors.

11-9. The audio chain (fig. 67) is parallel to
but separated from the video chain. In closed-
circuit application the audio system wiH fre-
quently be composed of stock audio components
such as the microphones. amplifiers, and speak-
ers found in an ordinary public address system.
For a television broadcast studio. however, most
audio components will be chosen because of their
adaptability to FM operation,

11-10. The visual transmitter takes the video
signal from the camera chain and passes it
through the amplification and modulation process
to produce an amplitude-modulated r-f output.

xTAL MULTIPLIER AMPLIFIER

Also inciucied the equipment components
:o form the proper bandpas ..:har,ic-

teristics to meet FCC standard. The aural trcn.%-
mir:(7 takes the oricinal audio silmals and irc-
quency-moi:ul.,tes and amplifs the NI* signal to
ohtd.r. the filml modulated output. We can f.ee
from thk description and figure 67 that there at:
two separate transmitters.

11-11. The television transmitter operating
band rekrs to the frequencies at which the trans-
mitter may be operated. A low-band VHF trans-
mitter may be tuned and operated in channels 2
to 6, or at frequencies of 54 to 88 MHz. A high-
hand VHF transmitter may be used to operate
in channels 7 to 13, or at frequencies of 174 to
216 MHz. Some types of VHF transmitters re
designed to operate in any one of the channds
2 through 13. A UHF transmitter (discussed in
the next chapter) operates in channds 14 to 83.
or at frequencies of 470 to 890 MHz.

I 1-12. Visual transmitter. T he functional
stages of a visual transmitter are indicated in
ure 68. The composite video signal from thc
camera chain reaches the transmitter through
the various ways already mentioned. The video
modulator and d-c restorer function to modulate
the r-f Signal in accordance with the incoming
video information and to maintain the blanking
and sync peak levels at fixed values. The r-f
stages of the transmitter usuaHy contain a cryst:il-
controned oscillator. foHowed by frequency-mul-
tiplier stages to attain the desired operating fre-
quency. The r-f signal strength is then increased
by amplifier stages to a level desired for modula-
tion. Modulation of the r-f carrier takes place at
a driver or power amplifier stage. Linear power
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AMPLIFIERAMPLIFIER SIDEBAND
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SYSTEM

OUTPUT

a
DIPL EXEROSCILLATOR
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CAMERA
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Figure 69. Distribution of signals on a standard television channel.

amplifier stages, including the output power stage
of the transmitter, are used following the modu-
lated stage.

11-13. The visual signal must be maintained
within certain tolerances. The visual carrier fre-
quency of a station must be held stable within a
tolerance of ±1000 Hz. The aural carrier
must bf, maintained at 4.5 MHz zt..-1000 Hz
above the visual carrier frequency. Television
channels of 6 MHz are necessary to transmit
both the audio and picture information. You

can appreciate the space occupied by a TV chan-
nel by comparing the AM broadcast band with a
single TV channel. The 106 10-KHz channels in
the AM band extend from 540 to 1600 KHz. All
106 radio stations occupy much less frequency
space than a single TV station.

11-14. Higher bands of frequencies are allo-
cated to TV stations than those used for standard
radio broadcasting so that there may be a reason-
able number of channels available. The overall
allocations for TV channels are split into two
bands in the VHF range (as already indicated)
and one more band in the UHF range. In all
bands of VHF and UHF, every channel is 6
MHz wide. The VHF channels by number and
frequency are allocated as follows (the UHF
band will be listed in the next chapter):

Channel Nuniber

2
3

Frequency Range in MHz

54-60
60-66
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MO CARRIER WITH
25 KHz SWING

VIDEO CARRIER
ATTENUATED 20 DB

A T THIS POINT

Channel Number Frequency Range in MHz

4 66-72
5 76-82
6 82-88
7 174-180
8 180-186
9 186-192

10 192-198
11 198-204
12 204-210
13 2 10-2 16

11-15. The frequency gaps between the TV
bands are Used for other purposes. One TV
broadcasting channel can be used concurrently
by many TV broadcasting stations, provided the
stations are separated by at least 150 to 225

miles. This separation is necessary in order to
minimize the interference between these stations.
They are known as co-channel stations. Stations
that use channels adjacent to one another in fre-

quency are termed "adjacent-channel stations."
To minimize interference between them, adja-
cent-channel stations are not assigned to the same
city but are separated by at least 50 to 75 miles
or more. However, channels consecutive in num-
ber but not adjacent in frequencies, such as chan-
nels 4 and 5 or channels 6 and 7, can be assigned
in one local area. The standard TV channel
(shown in fig. 69) consists of both the picture
and sound carriers plus their corresponding side-
bands. Notice that the picture carrier .and its sig-
nal sidebands occupy approximately 5.75 MHz
of the 6-MHz bandwidth. The sound carrier,



however. which is frequency-modulated, with a
rnaxirnum.deviation of .t---25 KHz, occupies the re-
mainder of the bandwidth. (Fig. 69 is scaled to
show a channel width of 6 MHz.) To calculate
the distribution of signals for any specific chan-
nel, consider the 1.25 point as representing
the lower frequency extreme in MHz and the
4.75 point the upper frequency extreme in MHz.
To find the picture carrier frequency of channel
5, add the low sideband of the picture carrier
1.25 MHz to 76 MHz. This will result in a
picture carrier frequency for channel 5 of 77.25
MHz. To find the sound carrier frequency, add
the upper video sideband of the picture carrier
4.50 MHz to 77.25 MHz. The sound carrier fre-
quency for channel 5 will be 81.75 MHz.

11-16. You can see in figure 69 that the
high-frequency sideband of .the picture carrier is
4.5 MHz wide, while the low-frequency sideband
is only 1.25 MHz wide. This unsymmetrical dis-
tribution permits transmission of a picture with
better definition while using only a 6-MHz chan-
nel. This method is called vestigial sideband
transmission. Using this method will provide a
great savings in the TV frequency allocations in
the frequency spectrum. The picture carrier fre-

INPUT
FROM

VISUAL
TRANSMITTER

C1

quency is located az the 0-MHz. point in the chan-
nel. The high-frequency sideband cf the picture
carrier is flat to the 4.0-MHz point and then
drops off to almost zero at 4.5 MHz. The low-
frequency sideband ( 1.25 to 0 MHzi of the
picture carricr is flat for 0.75 MHz and then
drops off to almost zero in the remaining 0.5
MHz. These 0,5-MHz dropoff areas arc the
video guard bands whose purpose is to prevent
interaction between thc video and audio signals.

11-17. Vestigial sideband filter. There are
various methods of attenutating the unwanted
portion of the lower sideband. The transmitter
using low-level modulation may provide some
attenuation of the lower sideband by tuning the
broadband linear r-f stages toward the desired
upper sideband. An advantage of this mode of
operation for sideband suppression is thc ability

'of being able to adjust the transmitter for any
channel within its tunable range without using
the sideband filter. In most cases a sideband
filter is incorporated in the system to furnish ab-
solute sideband attenuation.

11-18. Absolute sideband suppression is ac-
complished by placing a sideband filter between
the output of the final stage and the antenna load

e 01

so. 'ARO

Figure 70. Vestigial sidehand
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system. All final-stage modulated systems must

use a filter, since stagger-tuning is not possible
as used in the case of prefinal-staee modulated
systems. The entire ,sideband suppression in

final-stage systems is accomplished by filtering.
with the power being dissipated in the foiln of
heat. A disadvantage of this system is that a
separate filter must be designed and used for
each operating channel.

11-19. In order that the power-handling ca-
pability may be made less severe, the filter unit
may be placed between the modulated stage and

a class B linear amplifier stage. The physical
size of the sideband filter is determined by its
frequency of operation and power-handling capa-

bility. Sideband filters used for UHF trans-
mission are made considerably smaller than those

for VHF.
11-20. A theoretical schematic of a vestigial

sideband filter systcm is shown in figure 70. The
sideband filter is made up of suitable lengths of
coaxial line which are used to simulate the induc-
tive and capacitive elements as required. The

filter output must have the characteristic output
impedance equal to the antenna resistance

R, is the antenna radiation resistance. and Ra
is a dissipating resistor which removes the energy
of the unwanted frequencies. The tuned circuits.
formed by coaxial lines, determine the frequen-
cies to be passed to and radiated by the antenna
and the unwanted frequencies to be passed to
and dissipated by R.I.

11-21. The series-resonant circuit L3-C3 is

tuned to a frequency slightly lower than the car-
rier frequency. At this frequency and higher,

the impedance of L3-C3 will be zero (1,1); this
effectively moves ground to the bottom of LI and

short-eircuits Ra. At the same time, the circuit

components L2-C2 appear as an inductive reac-

tance X 1. The effective filter 'circuit for this fre-

quency will be a pi type filter as shown by LI-C1

and X 1 of figure 70. All the available power
for the video sienal at this frequency and higher
(depending on the designed bandpass) will be
fed to the antenna represented by 12.1. The

effective circuit represents a high-pass filter.

11-22. The series-resonant circuit L2-C2 is

resonant to the desired cutoff frequency (that
point of the lower sideband frequencies at which
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attenuation will start to take place). At this fre-
quency and lower, the circuit impedance of
L2-C2 is zero (1), resulting in an effective
short circuiting of the antenna (Lin). At the
same time, L3-C3 will appear as a capacitive
reactance, X,.. The effective filter circuit at

this frequency and lower will be a pi type filter
as shown by Xe, LI. and CI of figure 70. In

this case all the energy will be dissipated by the
resistor Ra. This effective circuit represents a
low-pass filter.

11-23. As a result of the foregoing action, the
high frequencies of the operating band are passed
more easily to the antenna and the low frequen-
cies to the dissipating resistor, to form the fre-
quency band-pass response of the signal required
by FCC. The resistor Rd is designed to handle
sufficient power dissipation. Even so, the greatest
part of the total energy to be transmitted is found

at the carrier frequency and near the carrier fre:

quencies in the sidebands. This indicates that

the resistor receives only a small amount of the
total power.

11-24. Because the frequency response of a
filter begins to rise again at frequencies below
the desired cutoff point, the vestigial sideband
filters actually used are designed more elabor-
ately than .the one shown in figure 70. Added
sections of eoaxil line provide more absolute

attenuation of the unwanted lower sideband fre-
quencies. If a vestigial sideband filter is inserted
after the final r-f stage (as shown in fig. 68),
the output of the filter will feed a diplexer. If

the filter is used at an earlier stage, the output
of the final r-f stage will feed the diplexer. The
diplexer is usually employed to permit the visual

and aural transmitters to feed into a common an-

tenna system.

11-25. Aural transmitter. Figure 71 represents

a block diagram of the functional stages of the
FM aural TV transmitter. The audio signal ar-
riving from the studio is usually reamplified to
produce operating levels. Amplification is ac-

complished with a line amplifier inserted at the
transmitter end of the studio-to-transmitter line.

A compression amplifier is often used after the
audio signal has been amplified to Orevent over-
modulation of the transmitter. The compression

3 5 I



amplifier also permits settintis of average modu-
lation levels close to the allowable limits.

11-26. The audio frequency is applied to the
FM modulator tinit where frequency-modula-
tion takes place and the center frequency of the
aural signal is initiated and controlled. The FM
signal is controlled either direetl), by a crystal
followed by multiplier stages, or through the com-
parison of two frequencies derived from a master
oscillator and a crystal oscillator. In the latter
method, a difference of frequency produces a
corrected voltage which is applied back to thc
master oscillator to provide frequency stability.
The frequency control of the initial signal must
be highly stable in order to provide the proper
frequency difference (4.5 MHz) between the
visual and aural carrier signals for application of
the intercarrier principle.

11-27. The number of frequency multiplier
stages depends on the initial frequency produced
in the modulator-oscillator section and the opera-
ing band for which the transaf r is designed.
The general principles found in TV au-al trans-
mission are almost identical with those used in
FM radio broadcasting. The main difference is
that FM radio is designed with a center fre-
quency deviation of 75 KHz. whereas the devia-
tion in TV is only 25 KHz. Monitors are used to
record the carrier frequency (center frequency)
and modulation deviation readings continuously.
A loudspeaker is provided in most cases for aural
monitoring of the signal. and provisions are made
for noise and distortion measurements. The tol-
erance for the aural center frequency under
monochrome standards is set at =1000 Hz. Dis-

N-5
E-w RADIATORS
RADIATORS

AURAL
TRANSMITTER

OUTPUT

VISUAL
TRANSMITTER

OUTPUT

A

tortion must he held to current FCC standards.
'Nith =25 KHz being defined as 100 percent
modulation, measurements are made at '100, 50.
and 25 percent. Maximum distertion ranges from
2.5 to 3.5 percent, depending on the modulation
frequency. The power output of the aural trans-
mitter cutout must meet minimum and maximum.
FCC standards. These standards are expressed as
a relationship between the aural and visual trans-
mitter outputs. For example. the standard may
require that the aural output be from 80 to 110
percent of the visual output. The signal from the
aural transmitter is passed on to the diplexer
through coaxial cable, which connects to an
antenna system common to the visual transmitter.

11-28. f he diplexer. A diplexer unit is em-
ployed by TV systems using one antenna for the
transmission of both the aural and visual signals.
Besides connecting the two separate transmitter
output sienals to a common antenna system, the
diplexer also prevents intercoupling between the
two signals. A tee-diplexer used in VHF band
transmission is shown in figure 72.B, along with
a schematic of the equivalent circuits fed by the
two signals (fig. 72,A).

11-29. As you can see, the diplexer schematic
shows the use of the familiar Wheatstone bridge.
This principle achieves the desired isolation be-
tween the two transmitter inputs. The arrange-
ment also permits the symmetrical feeding of the
two transmitter outputs to the TV transmitting
antenna system. The output of the visual trans-
mitter is applied across one pair of bridge points

. TO ANTENNA 61-5,RADIATORS RADIATORS

Fiqure 72. Dipfrxer and equivalent circuit.
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while the aural transmitter is applied across the

other pair, The two antenna outputs constitute
adjoining arms of the bridge while split sleeves

form the bridge arms opposite the antennas. If
the arms of the bridge are in perfect balance, the

energy applied to one pair of bridge points will

not appear at the other pair. Crosstalk. there-

fore, will be eliminated by carefully balancing
the bridge arms. The diplexer must be designed

and built for specific operating frequencies. For

UHF frequency 'application, of course, the di-

plexer is much smaller in size than the types

used in the VHF bands. Notice in figure 72.A.

that the antenna load presented to the aural

transmitter is unbalanced to ground (single-

ended). whereas the visual transmitter output

load is balanced to ground (double-ended).

The output of the visual transmitter is normally
single-ended (coaxial line). To convert the vis-

ual output to match the double-ended load of the

bridce diplexer. a device known as a balun is

used. (The theory of baluns will be discussed in

the next section.) The construction of the bridge

diplexer is based on the split balun (fig. 72.C).

in which the outer conductor of a coaxial line is

split for a quarter-wavelength (inductor L in fig.

72.A).
11-30. Transmission Polarity. In the United

States negative transmission is standard for the

TV picture carrier. Negative transmission is a

carrier which is modulated so an increase in pic-

ture brightness results in a decrease in signal

amplitude. In a negative transmission the- tips

of the synchronizing pulses represent maximum

carrier level. The highlights in the picture cor .

respond to the maximum carrier amplitude. An
advantage of negative transmission is that it

makes use of the nonlinear transmitter modula-

tion characteristic sometimes encountered. Be-

cause of the rectangular shape of the synchroniz-

ing pulses. any compression or saturation taking

place during the modulation process only reduces

the amplitude of the pulses; otherwise. their

shape is not materially affected. It is also

possible to compensate for compression by

preemphasizing the synchronizing pulses before

modulation. In this way a correct ratio of picture-

to-synchronizing pulse amplitudes is maintained.

In a positive transmission system the highlights

of the picture correspond to the maximum car-

rier; however, any nonlinear region of the

modulation characteristic cannot be used without

compression of the white portion of the picture

signal. A large portion of the low end of the

modulation- curve (which is usually completely

linear) is used up by the synchronizing pulses.

11-31. Negative transmission has the advant-

age that noise peaks will produce black spots or
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streaks rather than white in the reproduced pic-

ture. For this reason black "noise" is generally

less objectionable than white "noise." especially
if the amplitude of the white noise is great enough

to produce blooming of the picture-tube scanning
beam. The picture tube, therefore, serves as a

partial noise limiter in a negative transmission sys-

tem because the interference cannot become any

blacker than black.
11-32. Normally. negative transmission sys-

tems will have an average power rating of the
transmitter. This is less than that for a positive
transmission system because the duty cycle of
the synchronizing pulses is small as compared to

the average picture waveform. This means that
the average transmitter power requirements are

less when the synchronizing pulses (negative

transmission). rather than the picture waveform

(positive transmission), determine the maximum

peak power needs. Negative transmission also

offers advantages in TV receiver design with re-

spect to automatic gain control and the inter-
carrier sound system.

11-33. General Maintenance. Finding troubles
that develop in a transmitter is relatively quick
and simple if you follow a few definite rules.
There is a general procedure that can be fol-
lowed in troubleshooting which, with a few spe-
cific rules. can be made to apply to any particu-

lar transmitter. In most transmitters practically
all troubles can be isolated to a stage by using

meter indications. The following normal indica-
tions listed are those where the meter is located

in the cathode circuit.
11-34. Oscillator. The meter will indicate

total oscillator tube current. When the plate cir-

cuit is tuned, the meter reading will "dip" if the
oscillator is functioning normally.

11-35. Doubler. The meter indicates doubler
tube current and the reading will dip when you

are tuning the doubler plate circuit if all the pre-
ceding stages are operating normally. Care must
be taken to obtain the lowest dip in this position
or the stage will be tuned to the wrong harmonic.

11-36. Tripler. The meter indicates total trip-
ler tube current; when the plate circuit is tuned,
the meter reading will dip if the tripler is re-

ceiving drive from the preceding stage and is
working normally. Again, care must be taken to

obtain the lowest dip or the stage will be tuned

to the wrong harmonic.
11-37. Power amplifier. The meter indicates

power amplifier tube current and will dip when

tuning the plate circuit. This will be true only
if all the preceding stages arc operating normally

and the grid circuit is properly tuned.

11-38. If a transmitter is designed to use grid

readings in addition to cathode readings. remem-

.31)



ber that a grid reading will be for maximum
current rather than a dip. The meter actu,Ill
indicates the grid drive of a stage. This drive or
reading should increase as the plate circuit of the
previous stage is tuned to resonance.

11-39. When troubleshooting a transmitter,
start with the oscillator and continue until you
reach the stage giving an abnormal meter reading
or no meter reading. This should,.of course, be
the defective stage. Most maintenance will con-
sist of cleaning filters, cavities, and other com-
ponents. The other major maintenance items wilt
..prisist of tube and fuse replacements. The prob-
lems to be solved will be easy if you will "read"
the symptoms and reason them out.

11-40. Color Transmitters. Many of the trans-
mitters used by commercial companies were de-
signed before color requirements were completely
standardized. As a result, because of initial in-
vestments, modifications have been developed to
adapt these transmitters to color operation. We
can conclude from this statement that TV trans-
mitters are fundamentally the same for mono-
chrome and color. The main factor to be con-
sidered, relative to color transmission. is the
reduced tolerance limits. Some specific problems
are the filters and clampers of the various trans-
mitter circuits which tend to distort the burst sig-
nals and the "whiter-than-white" overshoots.

11-41. The new transmitters being designed
and used are able to meet the FCC standards in
the sections dealing with permissible subcarrier
amplitude and phase errors. There are certain
auxiliary units designed to be used with a color
TV transmitter. These units include stabilizing
amplifiers, phase and amplitude equalizers. time
delay precompensation sections, and linearity
correctors. Parts of these units are passive net-
works, while others are units with circuits of
solid state or tube design. The vestigial sideband
filter for color transmission must be adequate to
keep the burst signal radiation to the 60-db
level specified by the FCC.

12. VHF Antennas

12-1. The antenna system is the link between
an individual transmitting station and its receiv-
ing station or stations. Regardless of the form of
the TV antenna. its main purpose is to radiate
or receive signal-bearing r-f energy. An antenna
system can be considered to include the antenna
itself, the feed line, and any coupling devices
used for transferring power to the line and from
the line to the antenna. In this section we will
consider the characteristics of transmission lines
at various frequencies, the propagation and radia-
tion characteristics at various frequencies, the re-
quirements of VHF television antennas, and the

physical anJ electrical characteristics of :anne
special types of HF television anteimas.

12-2. Transmission and Propagation. The
transmission line provides the path for transferr-
ing signal energy tront the TV transmitter to its
antenna and for delivering the signal energy re-
ceived by the antenna to a IV receiver. Propa-
gation refers to the way the electromagnetic
waves. representative of the TV signal. travel
from the transmitting antenna to the receiving
antenna. A knowledge of the characteristics of
transmission lines and propagation i:, very im-
portant in TV work.

12-3. 1/1-IF television transmission require-
ments. The transmitter's frequency of operation
depends upon its channel alloca0on ( VHF chan-
nel allocations were discussed in Section 11 ). A
transmission line must be capable of ,--nsferring
signal energy from one point to a..,,her with
minimum attenuation and without introducing
any reactive componeots which would vary the
characteristics of its input or output circuits. Also.
a transmission line whould have negligible pickup
along its length so that it will not introduce sig-
nals into the receiver other than those received
signals coming from the antenna.

12-4. Transmission lines. An efficient '.rans-
mission line must be selected with great care with
respect to dimensions, length, and irnpedance
matching. Failure to secure optimum conditions
results in a noticeably pronounced decrease in
picture and sound signals and an increase in
noise interference. Two general types of trans-
mission lines, the parallel-wire type and the
coaxial cable, are used extensively in VHF TV
installations.

12-5. A transmission line can be described
in terms of its characteristic impedance (Z),
determined by the diameter of the conductors
and the spacing between them. You will recall
that Z is the same regardless of the length
of the line and is defined in electrical terms as
Zo = Zo is in ohms. L is the inductance per

C
unit length in henrys. and C is the capacitance per
unit length in farads.

12-6. A line terminated in a resistive load
equal to Z is nonrcsonant. transfers maximum
power, and contains no reflected energy. On the
other hand, a line terminated in opens. shorts.
capacitances. inductances, or resistances unequal
to Z is resonant and has energy reflected back
into it causing standing waves to be set up on
the line. You have no doubt already noted that
the measurement of standing waves on a trans-
mksion line yields information about its effi-
ciency of operation.
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12-7. Of the three types of inherent losses in
a lineresistive, dielectric, and radiationthe
radiation loss is likely to be the most variable: It
is very important to notc that radiation loss varies
with frequency. A VHF or UHF transmission
line is efficient only at the frequency for which it
is designed. When used at frequencies higher
than those for which it is designed. a line has
greater losses.

12-8. Radiation and propagation clurracteriA-
tics. You will recall that the creatiVe manner in
which electromagnetic waves travel throueh
spacc is called propagation. The direct-wave
component of a VHF or UHF radiated field tends
to travel in practically a "line-of-sight" manner.
with minor rcfraction due to the lower atmos-
phere. A portion of the wave strikes the earth
at some distance from the antenna. however, and
is reflected upward. Increasing the height of a
receiving antenna tends to decrease signal-volt-
age cancellation caused by ground-reflected
waves.

12-9. VHF Antennas, General. The electrical
and physical features of VHF antennas are
uniquely determined and vary with operating fre-
quency. power-handling capability, plane of po-
larization. and the desired radiation field pattern.
The physical size of an antenna is determined
primarily by its operating frequency and power-
handling capability, whcreas its shape and height
arc determined by the desired radiation field pat-
tern. Since the effective authorized area of serv-
ice. local tcrrain conditions. and power output
level of transmitting equipment vary from in-
stallation to installation, the antenna system used
is almost always custom designed and custom
built.

12-10. Function and requirements. The func-
tion of the VHF television transmitting antenna
is to radiate with essentially uniform efficiency at
thc frequency range of the channel it serves. To
perform this function. the antenna must meet cer-
tain physical and electrical requirements.

12-11. The physical requirements of any VHF
antenna systcm include adequate structural
strength to withstand wind, snow, and sleet loads;
low wind-resistant radiating elements; immunity
to damage from lightning; and deicing facilities
whcrc needed. The most important electrical
considerations of the VHF transmitting antenna
include horizontal polarization of the radiatcd
,...aves, omnidirectional horizontal radiation pat-
tern, wide = bandwidth. high gain, adequate
insulation to har.dle peak voltages that will be
applitNI to it, and vertical directivity to obtain the
required effective radiated power in relation to
thc transmitter output. Satisfactory signal re-
ception by VHF TV antennas is obtained by
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considering such antenna factors as broadband
response, directional characteristics, elimination
of unwanted signals and reflections, and an-
tenna location. In our introductory discussion of
thc various properties of TV antennas, we arc
taking the simple dipole as the basic reference.

12-12. Resonant wavelength. The electrical
(resonant) wavelengths of TV antennas differ
from those of radio waves in free space. As the
frequency of operation increases, radiation resis-
tancc and thc effect of capacitance at thc end of
thc antenna effectively rcducc the resonant wave-
length of an antenna. It is therefore necessary to
cut TV antennas with a correction factor (usually
0.94). For example. let us assume we are design-
ing an antenna for television channel 3. 60 to 66
MHz. using the midfrequency (63 MHz) in the
design formula.

12-13. You will recall that a formula describ-
ing r-f propagation in free space is:

(feet)
984 feet

F (MHz)

Using the correction factor. 0.94, we can deter-
mine the physical length of the antenna which
would operate with an effective wavelength equiv-
alent to that of a 63-MHz signal:

984 feet x 0.94
(feet) 63 MHz

A = 14.5 feet

A dipole antenna designed fon channel 3 opera-
tion. therefore, should be 7.25...feet in length. It
is often desirable to calculate thc length of a di-
pole in inches. Here is a practical 'form of the
formula (including a correction factor) com-
monly used for this purpose:

5540 inches
-F (inches) F (MHz)

12-14. Impedance. Thc impedance at any
point on an antenna is simply equal to the voltage
at that point divided by the current at the point.
A half-wave dipole antenna usually has an im-
pedance of approximately 72 ohms at the center
(input impedance). but its impedance may be
several thousand ohms at the ends. with intcr-
mcdiate points having intcrmediatc ohmic values.
These values are valid only for the resonant
frequency; for frequencies off resonance, the
center impedance is greater.

12-15. Folded dipole antennas can be used to
facilitate impedancc matching with Aransmission
lines. Each additional conductor of a folded di-
pole antenna increases the input impedance. If
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Figure 73. Radiation pattern of a horizontally mounted
dipole antenna.

two conductors are used, the current is reduced
to one-half its original value and the input im-
pedance of the antenna increases to four times
72 ohms, or about 300 ohms. Therefore, a 300-
ohm transmission line can be connected to the
folded dipole and a correct Z-match will occur.
If the added conductor has a larger diameter than
the conductor to which the transmission line is

connected. the impedance stepup produced by
the folded dipole is further increased.

12-16. Polarization. You will recall that the
polarization of a propagated electromagnetic wave
depends upon the direction in which the electric
field travels.with respect to the earth. A vertically
mounted antenna radiates a vertically polarized
wave, whereas a horizontally mounted antenna
radiates a horizontally polarized wave. Horizon-
tal mounting of the transmitting antenna in the
clear at a high altitude substantially reduces the
effects of the earth on the propagated wave.
Better reception is usually obtained from a hori-
zontally mounted receiving antenna because it
is less susceptible to noise pickup.

12-17. Directivity. Antennas which radiate in
all directions are referred to as omnidirectional.
Since radio waves are electromagnetic in nature,
they can be directed so that radiation either oc-
curs in specific directions or is concentrated into a
narrow band. The polar-coordinate graph is gen-
erally used in studying signal intensity or radia-
tion patterns. Figure 73 is a polar representa-
tion of a horizontally mounted dipole antenna.
The pattern may be used to interpret transmitting
or receiving directivity characteristics.

12-18. The antenna characteristic that causes
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the antenna to radiate or receive morc k,ower
certain directions than in others is dirt.:livit.
There are severai method.. obtaining Lifts:et:anal
characteristics in an anterma. One method Uheh
either driven or parasitic multiclement arrays.
Driven arrays are bidirectional. whereas para-
sitic arrays are unidirectIonal. Another mohod
uses reflectors and directors. Still another uses a
number of individual antennas connected to-
eether. A combination of methods may bc used
to achieve highly directional antennas. Such di-
rectional antennas form an important part of
point-to-point communications. microwave link.
and radio relay systems. Many TV systcms
a microwave link between the studki and trans-
mitting antenna. Microwave signals travel in
straieht lines. It is therefore possible to reflect
and focus them in a manner similar to light waives.
The use of highly directive antennas permits a
small amount of energy at a transmitting point to
produce a satisfactory signal at a distant receivine
point.

12-19. The VHF TV broadcasting antenna is
eenerally omnidirectional: howoer. the receiv .

ing antenna is generally directional and is oriented
to have maximum sensitivity in the direction of
the transmitting station. The directional receiving
antenna has better sensitivity and less noise
pickup than the omnidirectional antenna. In-
creasing directivity increases antenna sensitivity
and tends to eliminate unwanted ,,ignals. wave
reflections, and interference. Horizontal direc-
tivity can be achieved by placing one or more re-
flectors behind thc antenna and directors in front
of the antenna. Vertical directivity can be achieved
by stacking antenna arrays one above the other.
Some specific military applicatkm may require a
directional transmitting antenna

12-20. Gain, The gain of an antenna depends
upon its total radiation pattern and is a function
of directivity. The gain of onc antenna over that
of any other antenna can be determined by ob-
serving the field streneth of both antennas at a
particular point. Generally. the basic half-wave
(dipole) antenna is the standard aeainst which
other antennas arc measured. When not ,4peci-
fled otherwise, the figure expressing the gain of
an antenna refers to the gain in the direction of
maximum radiation, or reception. Gain is ex-
pressed in terms of decibels, with zero decibels
(0 db) the standard for the gain of 'a dipole.

12-21. Bandwidth. For optimum service. the
transmitting antenna should have a constant fre-
quency response over the 6-mc bandwidth of its
assigned TV channel. A single receiving antenna
array is often used to receive many VIII' TV
channels. Reducing the 0 of an antenna win in-
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crease it bandwidth. A reduction in Q also will
lower thc gain of an antenna. Methods employed
to provide a wideband response and maintain
gam may include:

Folding elements.
Increasing size and/or number of elements.
Intricate phasing of elements.
End-fire arrangements.
Stacking of arrays.

12-22. Factors Affecting Efficiency. If antennas
are to produce or collect electromagnetic energy
in an efficient manner. they must be designed and
mounted in a fashion which permits efficient op-
eration. Let us now discuss some of the factors
which are considered in the designing and mount-
ing of VHF antennas.

12-23. Design considerations. The field pat-
tern of a given antenna is the same for reception
as for transmission. The functions of the trans-
mitting and receiving antennas are. however.
quite different. Transmitting antennas are de-
signed for high efficiency in radiating energy.
whereas receiving antennas are designed for the
efficient pickup of energy. Some of the major
factors considered in the design of antennas are
(1) frequency of operation. (2) power-handling
capabilities. and (3) desired beam pattern. Spe-
cial types of antennas designed for specific pur-
poses will be discussed in the last part of this
section.

12-24. Mounting considerations. Since hills.
buildings. and trees affect propagation and de-
crease efficicncy, surrounding areas must be con-
sidered when installing antennas. Transmitting
sites should be chosen to provide minimum bend-
ing of direct-path energy. Receiving antenna
sites should be chosen to provide minimum re-
flections. shadow losses. absorption losses, and
interference. The line-of-sight distance can be
extended by increasing the height of either or
both of the transmitting and receiving antennas.
To assure optimum service to the maximum
number of people, transmitting antennas are us-
ually placed atop a high tower or mast which is
itself on top of thc highest building. mountain.
or hill available. Sincc field strength depends
upon height, increasing the height of receiving an-
tennas results in stronger signal reception.

12-25. It is desirable to concentrate vertical
radiation at small vertical angles to provide best
coverage of the service area. VHF energy radi-
ated at ,-ngles considerably higher than the line-
of-sight path is wasted because it does not return
to the effective path of signal transmission. VHF
energy radiated downward toward thc earth is

either absorbed by the earth ur reflected back to
reducc signal strength or cause ghosting in the re-
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ceiver. Vertical directivity can be readily
achieved by stacking identical antenna arrays one
above the other and feeding them in phase.
Stacking antenna arrays concentrates sensitivity
at smaller vertical angles. This arrangement also
reduces noise pickup from the top and bottom of
thc antcnna. thus improving reception sensitivity
in the desired direction.

12-26. Power-Handling Capabilities. In order
to assure the best possible TV service to the
maximum number of people. the FCC limits both
thc maximum and minimum power which may be
radiated by each broadcasting station. The an-
tenna system must be capable of handling the
peak power output of the picture and sound
transmitters ( peak power input of the antenna).
Meeting this requirement demands consideration
of power-handling capability when selecting a
transmitting antenna. It should be understood
that antenna input power and effective radiated
power (ERP) are not the same. Basically, ERP
is the product of the antenna input power and
antenna gain. In other words, a relative medium

. antenna input applied to a high-gain antenna
may be as effective as a high power output ap-
plied to a low-gain antenna. The maximum ERP
for a TV station is established with reference to
the visual transmitter. Channel assignment and
antenna height become factors in ERP standard.
The transmitting antenna must be properly
insulated to withstand the peak voltages of the
transmitters it serves. However, insulation of the
receiving antenna presents no problem because
received signal strength is never over a few
microvolts.

12-27. Impedance Matching. The impedance of
the transmission line serving an antenna system
must be matched to the antenna it serves. You
will recall that there is a maximum transfer of
energy only when the impedances of toad and
generator circuits are both resistive and equal.
Transmitting antennas are designed to radiate
with uniform efficiency over the frequency of the
range of the assigned channel. With proper im-
pedance match to the transmission line, an an-
tenna will radiate all of its input power. except
for the portion dissipated thermally in the antenna
conductors. Defective termination causes reflec-
tions to occur at the antenna terminals and stand-
ing waves on the transmission line. Since the
standing-wave ratio for any given sidcband com-
ponent is a function of frequency. the signal
reaching the antenna suffers from frequency and
phase distortion in addition to attenuation.

12-28. Matching of the charcteristic imped-
ance of the transmission line with the input im-
pedance of the receiver is important from the
standpoint of maximum sienal transfer. This is
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especially true in weak signai areas. In addition
to attenuating signal strength. reflections due to
mismatching at the receiver input terminals pro-
duce double image effects on the picture screen
(ghosts). Matching at the receiver input (usu-
ally 72 or 300 ohms) is done by using a trans-
mission line with a corresponding value of char-
acteristic impedance. In strong signal areas, close
matching of the antenna to the transmission line
is not as important because the mismatch results
merely in a slight loss of sienal strength; how-
ever, in this case, the transmission line and re-
ceiver input impedances should be matched.

12-29. Baluns. There are two types of lines
or circuitsbalanced and unbalanced. The two
conductors of a balanced transmission line have
equal resistance per unit length and equal imped-
ance from each conductor to eround and to other
electrical circuits. Antennas are usually balanced;
that is, they are symmetrically constructed with
respect to the feed point. Twin lead transmission
lines are balanced. The use of shielded twin
leads does not disturb the balance because the
shield does not act as a conductor for the signal
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Figure 75. Coaxial balun.

energy. A coaxial cable transmission line is un-
balanced. Its outer conductor has a much larger
surface area than the inner conductor, causing
the line to be inherently unbalanced. The con-
nection between the coaxial line and the antenna
must be made without upsettine the symmetry of
the antenna itself. This requires a circuit that
will isolate the balanced load from the unbal-
anced line while providing efficient power trans-
fer. The device which performs this function of
converting balanced to unbalanced feed systems.
or vice versa, is called a balun. The word is a
contraction of balanced-to-unbalanced.

12-30. Bazooka Galan. A satisfactory connec-
tion can be made with a bazooka. or line-balance
converter, as shown in fieure 74. In the coaxial
line, the center conductor corresponds to the hot
lead; that is, it has a hieh r-f potential and is at
some impedance to ground. The purpose of the
bazooka is to raise the outer conductor to a high
impedance above ground. Through the use of a
quarter-wave shorted cylinder, the impedance be-
tween the outer conductor and ground can be in-
creased to the required value (fig. 74, A). This
quarter-wave cylinder is connected directly to the
outer conductor of the coaxial line and is short
circuited at this point as shown. Since the cylin-
der is a quarter-wavelength long, it presents a
high impedance at the open end. Therefore. the
shield is isolated from ground (electrically one-
quarter wavelength) and can be connected to one
wire of a balanced line or antenna. The action of
the bazooka is similar to that of the transformer
shown in figure 74.B. The primary is grounded
at one end. while the secondary is grounded at
the midpoint of the winding.

12-31. Coaxial &dun. Another method of
connecting a coaxial cable to a balanced trans-
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mission line or a balanced antennawhile at the
same time having a 4-to-1 impedance stepupis
shown in figure 75. Equal and opposite voltages,
balanced to ground. are taken from the inner
conductor of the main transmission line and half-
wave phasing sections. Since the voltages at the
balanced end arc in series while the voltages at the
unbalanced cnd are in parallel, there is a four-to-
one step down ratio in impedance from the bal-
anced to the unbalanced side.

12-32. VHF Antennas. Special Types. An im-
portant principle in the study of antennas is that

DIRECTION OF
SIGNAL RECEPTION

DIRECTION OF SIGNAL
R EC E P T ION

the characteristics of an antenna used for trans-
mitting arc much the same as when the antenna
is used for receiving. Some of the practical dif-
ferences between them are directional character-

power-handling capabilities, weather pro-
tection. and elevation. A VHF TV transmitting
antenna should be omnidirectional and radiate a
broadband signal. Somc factors which affect the
choice of receiving antennas are direction and
range of the station or stations to be received,
channel frequency of the transmitting station,
noises and interferences prevalent in the sur-
rounding area, and relative signal strength.

DIRECTOR

A

INSULATED BLOCK

TRANSMISSIONLINE PHASING SECTION

B

Figure 76. Yag: antenna.
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Figure 77. Conical antenna.
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12-33. The choice of an antenna is sometimes'
a matter of compromise. Many types of anten-
nas, ranging from the modified basic dipole to
more complex wideband arrays, are used today in
TV. Our discussion of the characteristics of
VHF TV receiving antennas will include thc
Yagi, conical, and log-periodic types. whereas the
discussion of transmitting antennas will include
the turnstile, traveling-wave (slot type), and
helical types.

12-34. Yagi antenna. The Yagi antcnna is onc
of the most popular TV receiving antennas. Its
charactcristics are high gain, sharp unidirectional
response pattcrn, good front-to-back ratio, and
relatively narrow bandwidth. The Yagi antenna
is an array consisting of a driven element (di-
pole) with one reflector and two or more direc-
tors. The radiator may bc either a simple or
folded dipole, Additional reflectors do not im-
prove reception. The more directors used. the
greater thc min; however, thc eain does not in-
creas.e directly with the number of elements.

Also, adding elements will decrease the imped-
ance of the array.

12-35. The simplest Yagi, such as the cne
illustrated in figure 76,A, is most effective for
a single channel (6-mc bandwidth). Because
of its high gain and high front-to-back ratio, it is

particularly effective in a weak signal area. In
many locations, however, thc sinele-channel an-
tenna is outmoded because of the greater numbcr
of TV channels occupied. Wideband-Yaei an-
tennas have been developed for use in areas
where several distant stations that are close in
frequency lie in the same general direction.

12-36. The basic plan for thc widcband Yagi
is illustrated in figure 76.B. The driven elements
are folded dipoles which may be the samc or
different overall lengths. However, they must
be properly spaced and fed to make the system
resonant and maintain a constant impedance over
a very broad band of frequencies. The length of
the elements must be properly measured and
spaced to provide widcband service. A typical
wideband Yagi employs two folded dipoles of
different lengths which are fcd by a transmis-
sion-line phasing section between the dipoles. A
double reflector is used to obtain the most suita-
ble front-to-back ratio over the wide hand of
frequencies to be received.. A group of two to
four directors can be placed in front to obtain
peak gain and good front-to-back ratio at the
hieh-frequency end of the band to bc received.
An additional parasitic element may bc inserted
between the driven dipoles to act as a reflector
at the high cnd and as a director at the low end
of the frequencies to be received. It is possible
to cover the entire TV spectrum with three or
four wideband Yagis.

12-37. Fanned type conical antenna. One of
the most effective of all VHF channel TV re-
ceiving antennas is thc fanned type conical. shown
in figure 77.A. Thc low 0 needed to obtain
broadband characteristics is obtained in this an-
tenna by thc lame cross-sectional area produced
by spreading or fanning out the elements. The
six-element conical with reflector has an im-
proved gain at the high ends of the low- and
high-band channels. In general, the conical type
antenna must be oriented carefully on the low
band to prevent picture smear and on thc high
band to prevent echoes in the picture. High-band
orientation is critical because of the sharper di-
rectional antenna lobes and the presence of strong
minor lobes that introduce refkction or signal
interference. The gain of thc conical type an-
tenna can be raised and the vertical directivity
p'attern imprmed by stacking two to three com-
binations of the basic type. as shown in figure
77,B.
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12-38. Log-periodie antenna. The log-peri-
odic antenna is a recently developed broad-
band. high-gain, highly directive antenna. The
operational and design characteristics of a log-
periodic antenna are such that input impedance.
radiation pattern, and the active elements must
repeat periodically as a function of the logarithm
of frequency.

12-39. Design parameters for a planar type
log-periodie dipole are shown in figUre 78. The
two half structures are fed onc against the other
in a horizontal plane. A balanced-line feeder is
used in the illustration. The length of each suc-
cessive dipole element forms a geometric pro-
gression with a common ratio of less than one.
This common ratio is usually referred to as tau
(7). Tau. called thc scale factor. determines the
periodicity (spacing) and the number of ele-
ments. As the number of elements is incredsed.
the directivity. front-to-back ratio, gain, and input
impedance increase. The longest element. 1,,.

492
is approximately 1/2 wavelength. . at the

ir me

lowest operating frequency. and the shortest ele-
ment is :Vs wavelength at the highest operating
frequency.

In

12-40. The limiting factor of tau is the angle
phi (0). Angle (6 defines or limits the length
of each succeeding dipole element since di is de-
pendent upon the length of the longest element.
the length of the shortest element. and tau. As

the angle (6 increases, the directivity, front-to-
back ratio, gain, and input impedance decrease.
Therefore. in the design of the log-periodic an-
tenna. the angle (6 and the geometric ratio tau
are a compromise for directivity, front-to-back
ratio, gain, and input impedance. The angle
alpha (a) is 1/2 the angle 4 and is used in the
design charts for a log-periodic antenna. Sigma
(a) is the spacing factor and is the ratio of the
distance between two adjacent elements to
twice the length of the longest element. The
geometry of the log-periodic antenna relating

si2ma to tau and alpha is a = 7) cot a.

12-41. Turnstile antenna. In both low- and
high-band VHF applications, the transmitting
antenna usually consists of several individual
radiating elements arranged one above the other
to obtain the necessary gain. directivity, and de-
sired bandwidth. The superturnstile arrangement.
shown in figure 79. is an example of this type
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Figure 78. Log-periodic antenna.
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Figure 79. Superturnstile antenna.
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of antenna design Each stacked array provides
additional signal gain for the TV system. Gain
for low-band VHF antennas is usually limited to
10 db or less, whereas high-hand VHF antennas
are designed for gains as high as 20 db. A TV
system utilizing an antenna having a gain of 10
db can realize an approximate ERP of 50 kw
with a video transmitter output of 5 kw.

12-42. The turnstile antenna receives its name
from its physical shape. The basic turnstile an-
tenna consists of two horizontal half-wave an-
tennas mounted at right angles to each other in
the same horizontal plane. When these two an-
tennas are excited with equal currents 900 out
of phase, the typical figure-eight patterns of the
two antennas merge to produce to the nearly cir-
cular pattern shown in figure 80.A. When two
pairs (bays) are stacked 1/2 wavelength apart
and the corresponding elements excited in phase.
as shown in figure 81, a part of the vertical
radiation from each pair cancels that of the other
pair. By stacking a number of bays. the vertical
radiation pattern can be altered to obtain sub-
stantial gain in all horizontal directions without
altering the overall horizontal directivity pattern.
Figure 80.B. compares the circular vertical radia-
tion pattern of a single-bay turnstile with the
sharp pattern of a four-bay turnstile array. A
three-dimensional radiation pattern of a four-
bay turnstile antenna is shown in figure 80,C.

12-43. Superturnstile antenna. As previously
mentioned. the superturnstile antenna, shown in
figure 79, is a popular VHF transmitting antenna.
Its radiating elements are constructed to produce
horizontal .polarization of the radiated signal.
Since the radiating elements are slots, slot radia-
tion theory is the fundamental principle involved
in the operation of the antenna system. Let us
consider slot theory by examinng a flat sheet of
metal in which a narrow slot has been cut; the
slot is the width of a half-wave dipole and is a
quarter-wavelength long (fig. 82,A). The radia-
tion pattern produced by the antenna (slot) cut
into an infinitely large metal sheet and that of
the complementary dipole antenna are the same.
However, it is interesting to note two important
differences between the slot antenna and its com-
plementary antenna. First, the electric and mag-
netic fields are interchanged. In the case of the
dipole antenna shown, the electric lines are hori-
zontal. while the magnetic lines form loops in
the vertical plane. With the slot antenna. the
magnetic lines arc horizontal and the electric
lines are vertical. These electric lines are built
up across the narrow dimension of the slot. As
a result. the polarization of the radiation pro-
duced by a horizontial slot is vertical. whereas
polarizatiOn of a radiated wave produced from the
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Figure 80. Turnstile antenna radiation pattern.

vertical slot is the same as that produced by a
horizontal dipole. The plates may be considered

to bc a horizontal dipole. 1/2 wavelength wide
and 1.14 wavelength long, being fed at the center.
When energy is applied to the slot antenna. cur-
rents spread over thc entire sheet and flow in a
direction parallel to the small side of the plates.
Radiation then takes place from both sides of the

metal sheet as in the case of the horizontal dipole.

Sincc radiation resistance causes the magnitude
of thc currcnt to decrease rapidly from the slot.
the plates need be cut only 1/4 wavelength long.
The radiation current becomes negligible 1/4

wavelength from the slot.
12-44. The actual form in which the elements

are generally constructed is shown in figure 82.B.

Thc open construction shown has no effect on
the electrical characteristics of the antenna but
is very advantageous in reducing wind resistance.

The norizontal conductors are made smaller at

thc center (giving the batwing appearance) to in-

Figure 11$. Stacked turnstile antennas.
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crease the current at the top and bottom in rela-
tion to that at the center of the radiating sur-
face; thus. horizontal directivity of the radiation

pattern is increased. At the same time, the impe-

dance characteristic is broadened, making it
more constant over a wide band of frequencies.
Horizontal coverage of the serviced area is in-
creased by feeding the antenna pairs 900 apart
in phase. The 900 phase difference is achieved
by feeding one group of antenna elements (E-
W or N-S) with a transmission line 1/4 wave-
length longer than the transmission line feeding

the opposite group.
12-45. Traveling-wave antenna. The trans-

mitting antenna. shown in figure 83, also uses
the slot radiation principle. The design is similar
for high-band VHF and UHF TV transmission.
The name "traveling-wave" comes from the way
the slots in .the antenna are fed. Through the
traveling7wave method of feeding the slots, high
antenna gain is obtained without using a large
number of feeder lines. Because the physical
size of the slots in relation to wavelength is much

smaller at the higher frequencies, it is possible to
design these antennas for gains of 9 to 60. de-
pending upon the frequency of operation. An
ERP of 1 million watts may be achieved in UHF
practice with an r-f carrier of 25 kw driving a
60-db antenna. The maximum radiated power
authorized for UHF transmission is 5 million
watts.

12-46. The radiating elements consist of a
series of 1/2-wavelength slots, four to a layer.
equally spaced at 90° intervals around the cir-
cumference of the mast. Additional layers of slots

may be added at 1-wavelength distances, meas-
uring from the center of the slots. Each layer
of slots is rotated 450 with respect to the pre-
ceding layer to achieve the necessary horizontal
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omnidirectional radiation pattern. The rumher
of lacrs ot slots. a:, in the ease of superta
stile batwings. will deternii!: the appiw.::..,at.:
gain of the antenna system.

12-47. A copper tnbe, mount,:d coax ially
within the...steel tube. acts ;n coniunctioI with
the steel tube as the center conductor of
line. Probes mounted inside the steel tube at one
side of the center of each slot are oriented toward
the conductor in a manner that will cause excita-
tion of the slots. The traveling-wave method of
feeding thc slots is accomplished by capacitively
feeding the r-f energy from the center conductor
to the slots by way of the probes. The excitation
from the slots forms the radiated signal pattern
necessary to service a given area. Broadband
requirements arc met by placing additional probes
between each layer of slots.

12-48. Helical antenna. Another specially- de-
signed TV transmitting antenna is the helical
type, consisting of a coil quite similar to a large-
size air-core inductor. It can be made to have
maximum radiation either in the axial dircction
or in a direction normal (perpendicular) to the
axis, depending upon the circumference of the
helix and its pitch. If the helix is constructed
so that the length of one turn is approximately
1 wavelength and the spacing between turns is

approximateiy 1/4 wavelength at the center of
the operating frequency band, the radiation pat-
tern will be like that shown in figure 84.A. A
radiation pattern in the normal mode, like that

\ 2
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12-49. Helical antennas ar.: generally used
on the high VH/- band and UHF channels. The
VIP' helical antenna in its popular form is es-
sentially a coil of uniform pitch wound around
a circular mast section of uniform outside diam-
eter. A typical VHF helical antenna is shown
in figure 85.

12-50. When excited w hh r-1 energy. a V. ave
is established which travels between the helix
w ire and the ground plane formed by the mast.
The wave travels around the circumference of the
mast. and. because of ,the pitch of the helix.
progresses up or down the axis of the helix.
This causes the entire length of the helix to serve
both as a radiator and as a feeder for successive
portions of the antenna. The radiated beam is
maximum at right angles to the helix axis. Suc-
cessive turns of the helix work together to pro-
duce side-firing fields ,that form thc radiated
beam. Because of structural considerations. a

2-wavelength turn is most commonly used. Helical
antennas for channels 7 to 13 are huilt in a stand-
ard series having gains of 4 to 25, depending
upon the number of bays used. A one-bay an-
tenna can be used with transmitter powers up to

10012-k571.. Color Television Antenna Require-
ments. The requirements of an antenna for color
reception are quite similar to those for black
and white reception. In general. an antenna

FOuR INSIDE CORNERS
GROUNDED TO MAST

COAXIAL LINE FROM
FEEDER SYSTEM

Figure 82. .Suprrturnstile element characteristics..
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Figure 83. Traveling-wave (slot type) antenna.
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which delivers a clear sharp picture. free of inter-
ference. reflections. and noise on black and
white. will provide an excellent color picture.
Almost all standard designs of broadband an-
tennas have more than adequate bandwidth if

properly installed. However, a narrowband an-
tenna, such as the Yagi. will have sharp dips in
the response curve at certain frequencies which
will alter color reception on the channel involved.

12-52. The directivity requirement is the

same for color as for black and white reception.
The narrow beamwidth is required as an aid in
discriminating against reflections. Reflections

cause hues and shades to vary in the color pic-
ture, and may also cause partial or complete can-
cellation of the color subcarrier "burst" if the

reflected path is an odd multiple of a half-wave-
length at the transmitted subcarrier frequency.
Good directivity can reduce interference pickup.
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Figure 84. Helical antenna showing ef fect of pitch and

diameter on direction of maximum radiation.

12-53. The gain and impedance matching re-
quirements are also the same as those for black
and white. Sufficient gain to produce a noise-

free picture as required and the impedance must
be matched between the transmission line and
the receiver.

13. VHF TV Receivers

15-1. Since VHF TV receiver circuits are like
those you find in other kinds of high-frequency
equipment. you can apply much that you already
know to this subject. For example. y3u already
know about amplification and detection of AM
and FM signals. Your study of TV transmission
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Figure 85. Center-fed helical antenna.
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irtaciples si:owed ou that thc cornposue video
signal amplituue modulates the TV tr.tnsiniuer
output.. Also. ou learned how the sound infor-
mation frequenty-modulates the separate sound
transmitter output. Considerine the different com-
ponents that make up the composite video signal
iid he fact that amplification and detection of

both video and sound information must be done
simultaneously. you can easily see that the TV
receiver is more complex than a radio receiver.

13-2. Sections. The TV receiver consists of
ten distinctive sections, as shown in figure 86.
These sedtions are the r-f. i-f, video, sync sepa-
rator, vertical sweep. horizontal sweep. high volt-
age, low voltage, automatic gain control (age),
and audio. The antenna picks up the video and
sound signals and applies them to the r-f section.
Since the combined signals have a bandwidth of
6 MHz, the r-f section and antenna must deliver
a linear response to the wide band of frequen-
cies.

13-3. The composite signal is applied to a
mixer stage where it is combined with a signal
from the high-frequency oscillator. The resultant
signal conversion will produce the desired inter-
mediate frequency (i-f) signals. From this point
the path of the signal will differ. depending on
whether the receiver is of the converuiona/ or
intercarrier type.

13-4. In the conventional receiver the video
and sound signals are separated after the mixer
stage and are fed to their respective i-f amplifiers.
The sound signal goes to an FM detector. com-
monly known as a discriminator. The video sig-
nal goes to an AM detector, the output of which
is amplified by the video amplifier stage and
then sent to thc picture tube.

13-5. In the intercarrier receiver the video
and sound signals are separated after passing
through a common i-f amplifier system. A sound
i-f of 4.5 MHz is taken off at some point past
the video detector, then coupled through a band-
pass filter network to the input of the sound i-f
or FM detector.

13-6. The video signal consists of the picture
signal with blanking pulses and synchronizing
(sync) signals. (You should be familiar with
these signals from your study of TV monitors in
Volume I. Chapter 5, of this course.)

13-7. Tuner section. The r-f section (tuner)
has several important functions to perform. This
section must select the desired TV channel. con-
sisting of the sound and video carriers. lt must
convert these signals to an i-f signal for amplifica-
tion. In most receivers an r-f stage is used to
increase amplification of the signal before it
rcaches the mixer. The r-f amplifier acts as a
buffer between the oscillator and antenna and
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prevents thc retransmitting of extraneous signals.
This typc of extraneous retransmission can. of
course. cause interference to other local TV re-
ceivers.

13-8. The r-f section must be of wideband
design if it is to provide linear response over a
6-MHz range. Sincc the circuits must be wide-
band. thc efficiency will bc low, and the proper
choice of parts and values is essential if we are
to have satisfactory results. Thc layout of the
chassis and components. the inductance and
capacity of leads, plus the interelectrode capaci-
tancc of tubes become important factors in wide-
band circuits. The use of miniature tubes. care-
fully positioned parts, and all leads as short and
direct as possible satisfy the wideband circuit
requirements to somc extent.

13-9. The r-f tuners have band switching cir-
cuits which are used for channel selection. Al-
though thcre are many methods of band switch-
ing, the turret type and various switch types are
thc most popular. The r-f tuner is controlled by
the channel selector switch. As we turn the chan-
nel selector switch, we select the proper tuned
circuits, r-f mixer, and local oscillator for each
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RF SEC

MIX

OSC

,11 4111116 WNW.

individual channel. In addition, wc also have a
finc tunin2 control in the r-f section. This con-
trol varies the local oscillator frequency for proper
centering of the video and sound signals in the
i-f. bandpass.

13-10. 1 -1 section. The i-f output of the mixer
stage will be increased in amplitude by several
stages of amplification. The i-f frequency may
be anywhere from 19 MHz in some models to
45 MHz in others. The sensitivity and selectivity
of the TV receiver arc determined mainly by the
number of stages of amplification. Once again,
as in the case of the r-f section, the i-f amplifiers
must have wideband characteristics. The i-f re-
sponse must be flat over at least a 3-MHz range
and should be flat over .a 4-MHz range. Al-
though there is a sacrifice of gain for the wide-
band requirement, three to five stages of i-f am-
plification will produce thc necessary gain.

13-11. Video and sound separation is accom-
plished with resonant circuits in the output of
the mixer or in one of the earlier i-f stages in
the conventional receiver. In the intercarrier re-
teiver, the video and sound separation is ac-
complished in the video detector or video ampli-
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Figure 89. Basic oscillator circuits.



fier stage. In the latter case, the video and
sound i-f carriers are amplified together througn
the i-f 3ection. Automatic gain control tagc:. iS

applied to all the i-f amplifier's except the last
(normally). Also, agc is applied to the r-f ampli-
fiers to control variations in signal strength.

13-12. Transistor r-f and i-f arnpli9e:s have
to take into consideration the internal capaci-
tances of transistors which provide feedback
paths for high frequencies. For this reason. there
are certain features peculiar to transistor r-f and

amplifier configurations which must be consid-
ered. The common-emitter (CE) amplifier offers
the highest power gain, better than 10 db above
the common-base (CB) type. The CB amplifier
cannot be discounted because its power gain is
substantial and often adequate. Because power
gain is usually a majJr requirement for high-
frequency applications, the relative low-power
gain of the common-collector (CC) amplifier
detracts greatly from its usefulness. Since the
CE amplifier has more feedback than the CB
amplifier, the CB amplifier is preferred where
stability, accurately controlled gain, and inter-
changeability are required.

13-13. All things considered, the CE config-
uration is generally selected for r-f and i-f am-
plifiers. The CB configuration is used when feed-
back must be kept to an absolute minimum.

13-14. Mixer section. A schematic diagram
of a mixer stage with typical component arrange-
ment is shown in figure 87. The r-f injected into
the base circuit and the oscillator frequency in-
jected into the emitter circuit are heterodyned in
mixer 01. The intermediate frequency is se-
lected by the colleczor tank circuit. The inter-

INPUT

mete frcquene!. is then coupled through trans-
formzr T3 to the following stage. As ru can
see. this is a relatively simple circuit compared
to tube stage.

13-15. Converter section. The converter stage
diagram is shown in figure 88. The r-f signal
injected into the base circuit and the oscillator
frequency generated by converter 01 are hetero-
dyned in the converter. The parallel-resonant
circuit, consisting of capacitor C3 and the pri-
mary of transformer T3, selected the desir.:d i-f
frequency. The i-f is then :oupled through trans-
former T3 to the following stage.

13-16. Capacitor CI and the pri-nary of trans-
former T1 form a parallel-resonant circuit for
the r-f which is coupled through the transformei
to the base circuit of converter 01. Resistor R I
develops the emitter-base bias, and resistor R3
is a voltage dropping resistor. Resistor R2 is the
emitter swamping resistor. and capacitor C4 is a
bypass for the r-f. Capacitor C2 and the primary
of transformer T2 provide the required feedback
for the oscillator portion of converter Q1, Capaci-
tor C3 and the primary of transformer T3 form
a parallel-resonant circuit for the i-f which is
coupled through the transformer to the following
stage. The primaries of transformers T2 and T3
are tapped to obtain the desired selectivity.

13-17. Oscillator section. Illustrated in figure
89 are basic circuits which show component
arrangements and polarity applications for p-n-p
type transistor oscillators. N-p-n type transistors
may be substituted in any of the circuits as long
as the d-c polarities are reversed. Each circuit
provides 'amplification. regenerative feedback.
and inductance-capacitance tuning. Exact bias

A

6

V
o

B

Figure 90. Diode AM detector.
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Figure 91. 1-1 amplifier and discriminator.

aad stabilization arrangements are not illustrated.
However, the relative transistor d-c potentials re-
quired for normal functioning of the oscillator

are shown.
13-18. The circuits in parts A and B of figure

89 are similar. In both cases feedback is coupled
from the collector to the base by a transformer
(tickler coil). The circuit in B is a shunt-fed
version of the circuit in A. Since the feedback
signal is from collector to base in each case. the
necessary feedback signal phase inversion is ac-
complished by the transformer which. when prop-
erly connected. provides a 180° phase shift.

13-19. The circuits in parts C and D are also

tickler-coil oscillators. In C. regenerative feed-
back with zero phase shift is obtained in the
tuned collector-to-emitter circuit by the proper
connection of the transformer. In D. since the
feedback is from collector to base. a 180° phase
shift is required. The signal in the untuned col-
lector winding is coupled and inverted in phase
to the tuned base winding.

13-20. The circuits in parts E and F are tran-
sistorized versions of the Colpitts type electron

tube oscillator. In E. the signal from the tuned
collector is coupled to the emitter in phase. In F.
the signal from the tuned collector is coupled to
the base 180° out of phase.

13-21. The circuits in parts G and H are
similar to those in E and F except that a split
inductance is used to provide the necessary feed-
back in place of the split capacitance. These are
transistorized versions of the Hartley type elec-

tron tube oscillator. In each of these circuits.
the collector is tuned. Since each coil functions

as an autotransformer. feedback in proper phase
is accomplished by induction. In G. the feedback
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signal is coupled from collector to emitter with

no phase shift. In H, the feedback signal is

coupled from collector to base with a 180°
phase shift.

13-22. AM detector section. The circuits
shown in figure 90 select, rectify, and filter,
thereby detecting the amplitude variations of a
specific AM signal; in TV the video signal is

AM. The selectivity is, of course. accomplished
by the tuned tank circuit. The tank is made
resonant to the desired center frequency, and
it is designed to have a Q that allows the desired
sideband frequencies to be accepted. Thesemi-
conductor diode rectifies the accepted signal.
A p-n junction diode is commonly used, but a
point contact diode can be used for low current
applications. The diode may be placed in series
with an RC filter (fig. 90,A) or in parallel with
an RL filter (fig. 90,B). The latter arrangement
is more suitable for a current-driven, low input
impedance device such as a transistor. This does
not mean, however, that the circuit shown in
figure 90,A. is not also designed for transistor
inputs.

13-23. Diode detectors are simple and will
handle relatively large signals. They give high-
fidelity detection for signals of sufficient ampli-
tude. For small signals (less than about 1 volt),
square-law detection occurs; some detectors are
designed to take advantage of this type of detec-
tion.

13-24. Two drawbacks of diode detectors are:
(1) they provide no power gain, and (2) selec-
tivity is affected by loading. Since a rectifying
diode is not an amplifying device, we know there
can be no power gain realized. Loading affects
selectivity because the input tank "sees" the load.
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Consequently. the Q of the tank is lowered when
the load increases and increased when the load
decreases.

13-25. FM derector section. Since v.e refer to
demodulation in an FM receiver cf the ircoining
audio carrier signal as detection, in TV FM de-
tection is also necessary in additon to AM detec-
tion. Figure 91 shows a transistorized version of
an i-f stage and a discriminator, a circuit used
for detecting FM signals. Amplifier QI ampli-
fies the i-f signal applied to the discriminator.
Resistor R1 is the emitter swampine resistor, and
capacitor Cl is an i-f bypass. Capacitor C2 and
the primary of transformer T1 form a parallel-
resonant circuit for the i-f signal which is coupled
through the transformer to the discriminator. Ca-
pacitor C3 couples the i-f sienal to the secondary
of transformer Tl for phase shift comparison.
The i-f signal, coupled across capacitor C3. is
developed across coil Ll. Capacitor C4 :and the
secondary of transformer T1 form a resonant cir-
cuit for the i-f signal coupled through the trans-
former. The top half of transformer T1 second-
ary. diode CR1, coil Ll. load resistor R2, and
filter capacitor C5 form one half of the compari-
son network. The bottom half of transformer
Tl secondary, diode CR2, coil LI, load resistor
R3, and filter :capacitor C6 form the second half

1F SIGNAL
INPUT Cl

.46
of the comparison network. I he audio output of
the discriminator circuit is taken from jhe top of
capacitor C5 and the bottom of capacitor CO.
The audio output is coupled throueh capacitor
Ci to the primary of transformer T2. The audio
signal. coupled through transformer T2. is appled
to the following stage.

13-26. The slope detector is also used to de-
tect FM signals by converting the frequency
changes of a carrier signal into amplitude chan-
ges. The amplitude chanees can then be detectec:
by an AM transistor detector. The input and out-
put waveforms of a slope detector and an AM
diode detector are shown in figure 92. The i-f
signal with frequency deviations is applied to
slope detector 01 . The output of slope detector
Ql, the i-f signal with amplitude and frequency
deviations, is applied to diode detector CRI. The
resultant output is an audio signal which is equiv-
alent to the frequency deviations of the i-f in-
put signal.

13-27. The i-f signal coupled through trans-
former TI is applied to the base circuit. The
resonant circuit. consisting of coil LI and capaci-
tor C2:(tuned slightly off the carrier frequency).
develops a large amount of i-f signal when the
frequency deviation is 'near the resonant fre-
quency. As the frequency diviation of the i-f

L2

AUDIO
OUTPUT

Figure 92. Slope defector aad diode dereck,r,
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signal becomes lower than the resonant frequency

of the resonant circuit, a smaller amount of i-ts

signal is developed. A large amount of i-f signal

added to the bias voltage developed across re-

sistor R I increases the emitter-base bias and a

small amount of i-f signal decreases the emitter-

base bias. The emitter-base bias is therefore in-

creasing and decreasing as the frequency of the

i-f signal increases and decreases, respectively.

Since the bias of slope detector 01 changes at the
frequency deviation rate. the output of the slope

detector is an i-f signal that is changing in ampli-

tude and frequency. The i-f signal applied to
diode detector CR I is rectified, filtered by coil
L2. and developed across resistor R4. The out-
put of the current output type diode detector is

an audio signal.
13-28. Maintenance. Maintenance of the TV

receiver consists of cleaning and tube replace-

ment (tube type equipment). We use the term
"maintenance- as meaning care and upkeep of

the TV receiver. However, we can extend our
meaning to include the repair of the equipment.

which immediately leads to troubleshooting.
Troubleshooting a TV set to locate defects is

done by a systematic step-by-step analysis. The
logical procedure is to:

Locate the trouble in a particular circuit
group or section.
Isolate the stage or circuit at fault.
Locate the faulty component.

13-29. To be technically competent in servic-

ine TV receivers, you must be able to understand

the correct function and operating principle of

each circuit. Your ability to analyze and rapidly
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diagnose troubles is not developed merely by

studing a chapter on troubleshooting. You must

realize that success in troubleshooting is a result

of understanding the principles of TV receivers.
keeping informed on new developments, and

learning specific methods of recognizing faults.
13-30. The TV receiver, monochrome or

color, can be used to localize its own trouble. You

can localize the trouble to one section of the re-

ceiver if you analyze the visual and audio indica-

tion. Test equipment plus your knowledge of TV

principles will enable you to isolate the fault to a
particular stage, circuit. or component.

13-31. Color TV Receivers. Color TV re-
ceivers are different from monochrome receivers

in only three sectionscolor synchronizing, de-

modulation (chrominance), and matrix. The

luminance channel corresponds to the video

channel section of the black and white receiver
and therefore is new in name only. It should be

noted that all sections must be operated under

closer tolerances than monochrome receivers, and

the technician must follow correct practices when
working with and adjusting color receivers.

13-32. The three sections just mentioned as
being different in the color receiver were dis-
cussed in Volume I. Chapter 7. At this point.
therefore, you should review the referenced sec-

tion to reinforce your understanding of mono-

chrome and color receiver differences. The color

receiver will be more complex due to the addi-

tional circuits involved; thus the maintenance will

be restricted to precision quality workmanship.'
You must follow the same logical procedure when
troubleshooting because the basic principles of
operation are the same.

413

/4-



CHAPTER S

UHF Equipment

BECAUSE OF co-channel and adjacent-chan-
IJ nel broadcasts, the limited number. of VHF
channels available created a problem. Since only
VHF channels 2 through 13 were available, more
channels were needed. This need led to the
designation of the UHF broadcast channels 14
through 83. In this chapter a comparison of
UHF to VHF transmitters, antennas, and receiv-
ers will be given. Also, you find material ex-
plaining microwave relay applications plus the
associated transmitters, antennas, and receivers
used to accomplish signal relay.

14. Transmitters

14-1. The transmitters used for TV broadcast
and TV relay are of many designs and sizes. The
frequency range, the intended operating charac-
teristics, and the manufacturing techniques in use
at the time of design will determine many of the
physical and electrical characteristics of the final
product. Within all of these variables, there are
certain principles which will appear in each trans-
mitter no matter how different the techniques
employed to obtain them. The transmitter con-
sists basically of an oscillator. a modulator, and
an r-f amplifier; it also contains such additional
refinements as frequency multipliers and auto-
matic frequency control.

14-2. Characteristics. Many similar character-
istics are found in VHF equipment which oper-
ates in the 54-MHz to 216-MHz frequency
range and UHF equipment which operates in the
470-MHz to 890-MHz range. You will also find
that the same characteristics are included in mic-
rowave relay equipment. Like VHF. UHF radio
waves are propagated throueh the atmosphere
and are not effectively returned to the surface of
the earth at usable receiving levels. This limits
the effective range of TV communication to
points on the surface of the earth not far beyond
the optical horizon as seen from the transmitting
antenna.

14-3. As the frequency is increased through
the VHF/UHF range. the radio waves become
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shorter in physical length and are comparable in
size to the component parts of the equipment.
This tells us that much consideration must be
given to circuit design and component selection.
You will recall that the formula for computing
wavelength is:

Wavelength __
frequency

velocity

With this formula and a knowledge of the fre-
quencies used, we can compute some component
dimensions. The VHF broadcast frequencies
were listed in the previous chapter: therefore. to
complete your knowledge of the broadcast fre-
quencies used. the UHF channels and respective
frequencies are listed as follows:

ChannelNo. Frequencyljnaualik)

14 470-476
15 476-482
16 482-488
17 488-494
18 494-500
19 500-506
20 506-512
21 512-518
22 518-524
23 524-530
24 530-536
25 536-542
26 542-548
27 548-554
28 554-560
29 560-566
30 566-572
31 572-578
32 578-584
33 584-590
34 590-596
35 596-602
36 602-608
37 608-614
38 614-620
39 620-626
40 626-632
41 632-638
42 638-644
43 644-650
44 650-656



Channel Nu. Frequency Limits (MHz)

45 656-662
46 662-668
47 668-674
48 674-680
49 680-686
50 686-692
51 692-698

52 698-704
53 704-710
54 710-716
55 716-722
56 722-728
57 728-734
58 734-740
59 740-746

60 746-752
'61 752-758
62 758-764
63. 764-770
64 770-776
65 776-782
66 782-788
67 788-794
68 794-800
69 800-806
70 806-812
71 812-818
72 818-824
73 824-830
74 830-836
75 836-842
76 842-848
77 848-854
78 854-860
79 860-866
80 866-872
81 872-878
82 878-884
83 884-890

14-4, Remember also that we will be using
additional bands of frequencies for microwave re-

lay purposes. For commercial TV relay use,
there are three bands for video use and one addi-
tional band for audio relay. The three video
bands arc:

1990 MHz to 2110 MHz (2000-MHz band)
6925 MHz to 7050 MHz (7000-MHz band)
13.025 MHz to 13,200 MHz (13,000-MHz band)

The additional audio carrier band is 890.5 MHz
to 910.5 MHz (900-MHz band). This audio
carrier band is not as widely used as are land-
lines. Otherwise, multiplexing equipment is used

and the audio is carried with the video in the
primary frequency band. When these bands
arc used for TV. it is only necessary to use a 6-

MHz channel to carry both the video and audio
signals.

14-5, Comparisons. The UHF transmitter will

have the same basic oscillator. multiplier, and
amplifier circuits at the lower frequency levels as

the VHF transmittcr. The differences in compo-
nent sizes and arrangements of UHF and VHF

.^
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become evident at the higher frequency power
levels. To help you understand the operational
characteristics, complexity, and components used.

we will study representative power amplifiers.
.14-6. VHF power amplifier. A modern r-f

power amplifier designed for operation in the 54-
MHz to 216-MHz frequency range is shown in
figure 93. Although this amplifier uses a type
4X150A (see fig. 94) coaxial tetrode tube. the
remainder of the circuit is made up of conven-

tional lumped-property components. Referring

to the left portion of figure 93, we see that the
signal to be amplified is applied to the grid
through inductor L5 which matches the input im-
pedance to the grid-circuit impedance. Capacitor
C17, resistor RI, and inductor L6 from a loading
circuit for the grid with amount of resistive load-

ing being determined by the setting of variable
capacitor C17. Inductor L6 balances the stray
capacitance of resistor RI. The tube is biased
for class C operation by the voltage drop across
oathode resistor R6 (lower center of fig. 93) and
by the voltage drop caused by the grid current
flowing through inductors L5 and L3 and resis-
tors R3 and R2 when the grid is driven positive
by the incoming r-f signal. Capacitors Cl and
C2 serve as r-f bypasses for resistors R3 and R2.
The voltage developed across R2 is applied to the
grid meter. The meter reading is an indication of
the amount of signal applied to the control grid.

14-7. The cathode current, which is the com-
bined plate and screen-grid current, flows
through bias resistor R6 which is bypassed for
r-f currents. Resistors R5 and R7 form a voltage-
divider network for the cathode meter.

14-8. The screen-grid potential for this stage
can be adjOsted by changing the setting of resistor
R12 (extreme right, fig. 93). Adjustable screen-
grid voltage is a refinement which is not found
in all r-f amplifier stages. The exact screen po-
tential must be determined from the operating
instructions for the stage. Resistor R8 and capac-
itors C9 and C16 form a decoupling network to
prevent any r-f signal from entering the power
supply.

14-9. The amplified signal voltage appearing
at the plate of the tube is developed across a pi-
s,e,ction network consisting of inductor LI. capa-
Eiiiir C13, and capacitor C14 (upper center, fig.

93). The circuit is tuned to resonance by
adjusting CI3 and L I. The amount of r-f signal
coupled to the antenna through capacitor C15
(upper right, fig. 93) is controlled by the adjust-
ment of capacitor C14. Inductor L2, resistors
R9 and R 10, and capacitors C10 and C12 form
an r-f decoupling network to prevent any of the
r-f signal from entering the 750-volt power sup-
ply.
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Figure 93. VHF power amplifier circuit.

14-10. UHF power amplifier. A coaxial cav-
ity type r-f power amplifier designed for opera-
tion in the 470-MHz to 890-MHz range is shown
in figure 95. Not shown in this drawing is the
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mechanical linkage used to adjust the tuning of
the cavities.

14-11. This amplifier is an excellent example
of the use of distributed properties in an operat-
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ing circuit. Plate coupling capacitor C13 (ex-
treme lower right, fig. 95), screen-grid decou-
pling capacitor C14, and grid decoupling capaci-
tor C23 are all distributed-property capacitances.
The capacitance in each case is formed by the
metal ring connected to that tube element, the
supporting dielectric, and the wall of the cavity
supporting the dielectric. The insulating mate-
rial, besides serving as the dielectric of the re-
spective capacitors and as part of the tube
support, prevents the high voltage on the plate
and screen-grid elements from being shorted to
ground because the cavity structure is at d-c
ground potential.

14-12. There are four coaxial cavities in this
amplifier. Grid cavity Z4 is formed by rod M
and the inner surface of cyclinder N. Input cav-
ity Z5 is formed by the smaller branch of rod M
and the associated cavity walls. Tuning cavity
Z6 is formed by the larger branch of rod M and
the surrounding .cavity walls and is tuned by
plunger PI (extreme left. fig. 95). Plate cavity
Z3 (lower portion of fig. 95) is formed by the
outer surface of middle cylinder 0, tuning
plunger P2, and outer cyclinder R.

14-13. The amplifier input circuit consists of
three coaxial cavities of a different characteris-
tic impedance; in the upper left portion of figure
96, we see these cavities represented as L9. L12.
and the combination of L16 and stray capaci-
tance C32. Coaxial line Z5 is short circuited at
one end and the input power is fed into a tap
on this line. Line Z6, consisting of inductanee
LI2 in series with grid capacitor C19. tunes the
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input to the operating frequency. These two lines
are joined in parallel to the cathode-grid struc-
ture of the coaxial tetrode by means of Z4 (L16
and C32). This circuit may be looked upon as
a three-quarter waveline in which variable capa-
citance loading (C19) has been added so as to
reduce the physical length of the line. One end
of line Z5 is at r-f ground and is connected
through bypass capacitors C16 and C23 to the
control grid and through capacitor C14 (middle
portion of .fig. 96) to the screen grid; thus, thc
control and screen grids are held at r-f ground
potential and the circuit functions as a grounded-
grid .amplifier. The other end of input line Z5is
connected through line Z4 to the cathode and
causes the cathode voltage to vary at an r-f rate
with respect to the grid. When the grid voltage
decreases, capacitor C23 discharges slightly
through a length of wire, represented as L14, and
through resistors R13. R22, and R14. The r-f
plate current is coupled to plate cavity Z3 (ex-
treme right, fig. 96) through blocking capacitor
C13. Cavity Z3 (inductance L11 and capacitor
C31) is tuned to the same frequency as the input
circuit by means of shorting plunger P2 which
changes the physical length of the cavity to corres-
pond to one-quarter wavelength at the operating
frequency. The voltage across cavity Z3 is
coupled to the output circuit through capacitor
C25.

14-14. The d-e cathode circuit is formed by
L16. L9. and L 10. The r-f energy is contained
on the top side of L 10 ( the lead inductance) and
is thus isolated from the d-c circuit. Cathode
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bias is developed across resistor R 15 (lower left.
fig. 96) which is'bypassed by capacitor C22. Ca-
pacitor C16 preyetits _the d-c cathode voltage

from being shorted to ground through cavity
Z3. A voltage divider. consisting of resistors RI6

and R 17. is connected across the cathode bias

resistor. The voltage across resistor R17 is pro-
portional to the total tube currcnt and is applied

to the cathode meter.
14-15. When the cathode becomes more nega-

tive than the control grid, grid current flows in

pulses which are smoothed out by capacitor C23.

The average d-c grid current flows through a
length of wire, represented by r-f choke LI4. and
through resistors R13. R22. and R14. which are
bypassed by capacitors C20 and C2I. The volt-
age across R14 is roughly proportional to the

amount of drive to the cathode and is supplied to

the grid meter whic: !ovides an indication of
the amount of excitation applied to the amplifier.

14-16. The d-c screen-grid circuit is isolated
from the r-f circuit by the inductance of a length

of shielded wire. L13. Capacitor C18 provides

additional decoupling to prevent r-f from enter-

ing the power supply. Inductance L 15 (upper
right, fig. 96). a length of shielded wire, isolates
the d-c power supply from the r-f plate circuit.
Resistor R 1 I provides additional decoupling for

the +750-voit power supply.

14-17. The circuits shown in figures 93 and
96 indicate the similarities of VHF and UHF cir-

cuits. while figure 95 gives us an idea of the

physical differences. since we know the VHF uses

conventional lumped-property components as

compared to the UHF distributed properties of

the amplifier structure.
14-18. UHF Relay (Microwave). The Air

Force makes wide use of two wideband trans-
mission systems used to relay communications.
They are the microwave and tropospheric scatter
relay systems and both can be used to relay TV.
Microwave relay, however, is the primary system
used with TV. A number of models of microwave

equipment are in use throughout the Air Force.
Some of this equipment is of military design and

some is of commercial design.
14-19. Although the design of microwave relay

equipment varies, all the equipment is similar in

basic design. Some of these similarities are as
follows:

Klystrons. Klystrons are used extensively
for generating the microwave r-f signal (at fre-

quencies above 6000 MHz) in the transmitter.
and they are used as local oscillators in microwave

receivers.
Waveguides. Waveguides are used for

transmission lines in many microwave systems. es-
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pecially those operating at frequencies higher

than 3000 MHz.
Antennas. Most microwave systems use

highly directional paraboloid reflector antennas.

or paraboloid reflector and plane reflector an-
tennas in combination.

Microwave receivers. Most microwave re-
ceivers will be similar in design; i.e., they require

a large number of i-f amplifiers and the same type

of discriminator.

14-20. &sic microwave system. A two-way
microwave system consists of two complete mi-
crowave terminals, both of which will have capa-
bilities for transmitting and receiving microwave
signals. Normally, microwave terminals are sep-

arated by a distance seldom exceeding 30 to 55

miles. If a greater distance between microwave

terminals is involved, repeater stations become

necessary. Repeater stations are two terminals

connected back to back.
14-21. A basic microwave system. as shown in

figure 97. includes a microwave transmitter, a di-

rectional transmitting antenna system. a direc-
tional rc:eiving antenna system. and a microwave

receiver. The main parts of the system in figure
97 are designated A through H.

14-22. Point A shows the microwave transmit-

ter. B transmission line, and C and D show the

microwave transmit antenna system at the west

terminal. Point E shows the plane reflector at
the east microwave terminal. The plane reflec-
tor at the receiving terminal is aimed at the trans-
mitting station's plane reflector and directs the
microwave beam downward toward the parabo-

loid reflector. The paraboloid reflector (point

F) directs .the beam to a particular focal point
the waveguide aperture. Thus, the microwave
energy is directed into the waveguide. as shown

by point G. Point H shows the microwave re-
ceiver. The receiver contains circuits for in-

creasing the signal-to-noise ratio; this increases
the signal level for subsequent detection by a
discriminator. Microwave receivers use conven-

tional superheterodyne receiver principles. A
reflex klystron is used as a local oscillator; its
signal is combined with the incoming signal in a
diode type mixer arrangement to produce an i-f

signal.
14-23. Velocity modulation. The klystron be-

longs to a class of tubes known as velocity-modu-

lated tubes. In a conventional vacuum tube, an

electron beam is modulated by varying the num-
ber of electrons. In a velocity-modulated tube.

the electron beam is modulated by varying the
electron velocities.

14-24. The behavior of a velocity-modulated
electron beam can be shown on a graph known as
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Figure 97. Basic microwave system.

an Applegate diagram (fig. 98,C), In figure
98,A, the distance traveled by an electron is
shown as a function of time. Figure 98,B, shows
similar plots for electrons that leave the given
point at intervals after the zero time. Suppose
now that the beam is velocity modulated. As
shown in figure 98,C, some electrons will travel
faster than others. The plots for these electrons
are more nearly vertical than the plots for the
slower ones (the slower plots being more nearly
horizontal). Figure 98,C, shows the points where
bunching occursthat is, where the faster elec-
trons overtake those traveling at normal velocities
and the slower electrons fall back to those travel-
ing at normal velocities.

14-25. Figure 99 shows an example of a reflex
klystron. It consists of a heater, cathode. resona-
tor cavity with two grids, drift tube. and a re-
peller plate. The cavity, as well as the body of
the tube, is usually (not always) operated at
ground potential. The cathode is operated at a
negative potential so that the first cavity grid-
serves as an accelerator. The second cavity grid,
on the side away from the cathode, velocity-
modulates the electron beam. The repeller plate
is operated at a potential slightly more negative
than the cathode, and it serves to turn the elec-
trons back toward the cavity.

14-26. Operation of the reflex klystron de-
pends upon the proper relation between the cath-
ode voltage, repeller voltage, and cavity tuning.
Note the arrangement of the electrodes and the
voltages involved for operation of the reflex ye,
locity-modulated tube shown in figure 100.
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Electrons are emitted by an indirectly heated
cathode. These electrons arc attracted by the
cavity grids. The grids are more positive than
the cathode by the amount of voltage E. The
electrons emitted from the cathode travel toward
the cavity erids at a velocity determined mainly
by voltace E.

14-27. Most of the electrons pass throusth the
cavity grids and continue on toward the repeller
plate. After passing the cavity gries they come to
the drift tube. Since the repeller plate is negative
with respect to the cathode, the electrical field in
the drift tube opposes the electrons' motion. The
strength of the electrical field is determined by
voltage Er. Thus, the electrons stop. reverse direc-
tion, and pass back to the cavity erids. They are
collected by either the shell of the tubc or by the
cavity grids which arc connected to the tube shell.

14-28. When the electrons return to the cavity
grids, the voltage across the cavity grids again
acts upon the electrons. Since they are now trav-
eling in the opposite direction, they will be de-
celerated if they return when the grid voltage is
positive and accelerated if they arrive when the
grid voltage is negative.

14-29. Reflex klystrons are capable of being
tuned across a band of approximately 300 MHz.
The resonant cavity of a klystron can be me-
chanically tuned to a desired frequency in sev-
eral ways. Three tuning methods are shown in
fieure 101. Figure 10I.A. shows how the reso-
nant frequency point of the cavity may be
changed by use of a capacitive tuning slug. Fig-
ure 101.9, shows how the resonant frequency
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point may be changed by the use of an induc-

tive tuning slug. Both of these tuning methods

are somewhat ,..:quivalent to conventional tank cir-

cuit tuning. where the resonant frequency point

is changed by a variable capacitor' or inductor.

Whether or not the resonant cavity tuning slug is

inductive ur capacitive depends upon the position

of thc slug in relation to the electric and mag-

netic fields within the cavity. Figure 101,C, shows

a third technique for tuning the resonant cavity.

This tuning method involves physically changing

the dimensions of the cavity. With this tuning

technique. the cavity is designed so that it may

be compressed or expanded. The cavity is

squeezed when pressure is applied. This causes

the upper cavity grid to move closer to the lower

cavity grid. This change in grid spacing increases

A. SINGL E EL ECTRON

A

DISTANCE

10. TIME

NORMAL-VELOCITY
PLOTS

the capacitance and lowers the resonant fre-

quency of the cavity. All of these mechanical
tuning methods are considered to be coarse fre-

quency adjustments.
14-30. A slight change in repeller voltage is

sufficient to change the klystron frequency sev-

eral megahertz or more. Thus, it is a method for

fine tuning of a klystron. When the repeller is

made more negative in relation to the cavity

grids, the repelling force on the electrons is in-

creased. Therefore, an electron passing through

the cavity grids on its way from the cathode will

return sooner and the frequency of oscillation

will be raised. There is. of course, a limit to the

amount of frequency change that can be obtained

by changing the repeller voltage. The frequency

will change approximately 1 MHz for a 1-volt

0
B. NUMBER OF ELECTRONS

FAST-VELOCITY
Pt OTS

SLOW-VELOCITY
PLOTS

BUNCHING OCCURS AT INTERSECTIONS OF PLOTTED LINES

AT DISTANCES INDICATED
BY DOTTED LINES (- - -) AND AT

TIME INTERVALS INDICATED BY DASHED LINES I ).

Figure 98.

C. APPLEGATE DIAGRAM

Applegate diagram.
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changc in the repeller voltage. In general. by
changing the repeller voltage and retuning the cav-
ity, a reflex klystron can be tuned over a range
of about ±5 percent from thc center of its oper-
ating band. Whcn the repeller voltage is changed.
it can be frequency-modulated over a range of
about ±0.5 percent of its operating frequency.
Remember, however, that thc frequency modu-
lation is accompanicd by some amplitude modu-
lation when the frequency shift is accomplished
by variation in the repeller voltage.

14-31. Frequency modulation of the klystron
signal is accomplished by feeding thc modulating
voltage to the repeller of thc klystron. The modu-
lating voltage frequency modulates the internal
klystron signal by makinc the repeller voltage
more or less negative. The amplitude of the
modulatine voltage determines thc amount of kly-
stron frequency deviation. and the frequency of
the modulating voltage determines thc rate of kly-
stron frequency deviation. For many klystrons a
1-volt change in repeller voltage produces a I -
MHz change in klystron frequency. The amount
of repeller voltage change required to produce
a I-MHz chance in klystron frequency is corn-
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Fieure 101. Reflex klysiron cavity uthine methods.

monly referred to as the klystron modulation

sensitivity. Thus, a modulation sensitivity of
1v/MHz implies that the repeller voltage must
ehange 1 volt to change the frequency 1 MHz.
You may encounter slight differences between
individual klystron modulation sensitivities.

14-32. The multiplexed aural and visual signal

must be sufficient in voltage amplitude to be

applied to the kystron repeller. In some cases the

signal will consist of a visual signal only and the
aural signal is relayed by another method. When
the multiplexed signal is used, the necessary sig-

nal strength is achieved in the input combining
and amplification circuits.

14-33. Transmitter Maintenance. After equip-
ment is installed and in an operational mode for
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a period of time with all initial discrepancies cor-
rected, you still have the task of maintaining per-
formance. To maintain UHF equipment in a
satisfactory condition requires a slichtly different
approach from the way low-frequency equipment
is maintained. With UHF. especially microwave
equipment, it is not enough to "dip" the plate and
"max" the grid. Also you do not just peak-up the
tuning of a stage as in equipment with narrow-
band tuning. With widc-bandpass equipment. you
must be extremely careful of any voltage change
as this could change the operating bandpass and
resonant frequency. Any dirt, lint, or other par-
ticles carried into a tuning cavity by the cooling
system could change its capacitance and cause a
frequency shift. Along this same line, with hieh
voltaees and close tolerances, arcing can be a
problem with foreign particles in cavity areas.
Cleanliness, precision adjustments stable power.
and avoiding unnecessary touchups are some of
the things to remember when maintaining UHF
and microwave equipment.

15. UHF Antennas

15-1. As stated in Section II, the UHF band
470-890 MHz, is assigned to television channels
14 through 83 by FCC. Assignments of hieher
frequencies are made for portable, mobile, and
point-to-point TV service. The frequency assign-
ment for a particular piece of equipment is made
by FCC in accordance with the locality and the
peculiar needs of the equipment.

15-2. Television stations receiving .allocations
in the higher frequency ranges fall into the fol-
lowing categories; (1) remote-pickup stations.
(2) studio-to-transmitter link stations. (3) inter-
city relay stations. (4) broadcast translator sta-
tions. and (5) broadcast booster stations. A re-
mote-pickup station transmits proeram material
and related communications from a remote site to
the primary TV broadcast station. A studio-to-
transmitter link station transmits program and re-
lated communications from a fixed-base remote
station to the primary TV broadcast transmitter.
Intercity relay stations retransmit the program
and related communications between two TV sta-
tions. A broadcast translator station retransmits
the initial TV program on a different frequency
carrier. A broadcast booster station retransmits
the signal of a primary broadcast station by am-
plifying and reradiating the incoming signal on
the same frequency carrier.

15-3. UHF Transmission and Propagation.
Propagation characteristics for UHF and higher
frequencies are less favorable than for VHF. At-
mospheric absorption of signal energy is in-
creased. Likewise, shadow effect is more severe
because the hieher frequency wave passing over

an obstacle dces not disperse itself in back ot the
obstacle (shadowed area) as does a hewer fre-
quency wave. The transmission range of UHF
and higher trequencies is limited to short dis-
tances.

15-4. In TV microwave links, thinsmission is
usually required netween a transmitter and only
one receiving station. Therefore. it is desirable
that both the transmitting and receiving antennas
be highly directional. The general requirements
for receiving and transmitting antennas are that
they have small energy losses and that they bc
efficient as receptors and radiators.

15-5. UHF Receiving Antennas. Many types
and designs of UHF receivine antennas are avail-
able on the commercial market. Our discussion
will be limited to some of the more popular
onesi.e., corner reflector, V-type, bow-tie, and
parabolic reflector.

15-6. Corner reflecwr. The corner reflector
gives good results under adverse conditions. is
relatively directional, and has excellent euin over
a major portion of the UHF spectrum. It consists
of u half-wave radiator set in the plane of a line
bi,..ecting the corner anele formed by two flat
metal reflector shcets. Construction of a typical
corner reflector is illustrated in figure 102.A. For
horizontal pohirization, the radiator and reflector
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Fiver 103, Basic V-antenna.

are mounted in the horizontal plane. This mount-
ing arrangement results in a very narrow vertical
radiation pattern with maximum signal radiated
in line with the bisector of the corner angle. The
directivity in the horizontal plane is approximately
the same as for any half-wave radiator having a
single-rod type of reflector behind it. .

15-7. Both gain and radiation resistance of the

antenna are affected by the reflector corner
angle B. the spacing between the radiator and
the corner A. and the size of the reflector. Fig-

ure IO2.B. shows the gain (expressed as a power
ratio) between the dipole with a reflector and a
basic dipole antenna for corner reflector anten-
nas having different corner angles. In some ap-
plications. the driven element is made in the form
of a folded dipole to increase input impedance.
The reflector often consists of a sereen with open-
ings spaced approximately one-tenth wavelength

apart.
15-8. V-type antenna. The V-type antenna

is another version of the dipole antenna. Each of
the quarter-wave elements of the dipole is slanted
forward to form a V-shape. (Fig. 103 illustrates
the construction of a basic V-antenna.) The V
is formed at such an angle that the main lobes
reinforce along the line bisecting the V to make a

very effective bidirectional antenna.
15-9. The V-antenna has a broad bandwidth

capable of covering the VHF as well as the UHF
stations that serve an area. As the frequency of
the received signal increases, the antenna ceases
to be a 1/2-wavelength structure. Each leg grad-

ually becomes a wavelength relative to the fre-
quency of the arriving signal. For example, if
each of the two legs of a V-antenna is cut for
1/4 wavelength at channel 2 (54-60 MHz), they
become 34 wavelengths at 180 MHz, almost 21/2
wavelengths at 600 MHz, and approximately 31/2
wavelengths at 840 MHz. The gain of this type
of antenna is dependent upon its leg lengths and
upon the anele which ,the two legs make with

each other. Sincc gain is almost directly propor-
tional to the leg length, it would seem advisable

to make each leg as long as possible. However.
there are structural limitations. With excessive
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extension of leg length. the antenna becomes un-
wieldy and readily breaks when exposed to wind,
ice, or snow. This problem is partially overcome
by using antenna elements of sufficient diameter

(3/8 to 1/2 inch) to provide additional strength.

Design variations include adding or stacking V's
to increase gain and directivity.

15-10. Bow-tie antenna. The bow-tie antenna
(sometimes called fanned dipole) is still another
variation of the dipole. In order to achieve the
broadband characteristics necessary to receive all

signals within the TV UHF band, triangular
sheets of metal are used instead of rods (see fig.
104. A). The array is normally designed with a
corner angle of 70 to achieve an input impe-

dance of approximately 300 ohms. The radia-
tion pattern of a bow-tie antenna is a figure
eight; however, if a screen is placed behind the
dipole (as shown in fig. 104.B), the field be-
comes unidirectional.

15-11. The gain is only slightly greater than
that of a rod dipole; therefore, these units provide
satisfactory reception in strong signal areas where
'there are relatively few ghost signals. Bow-tie

antennas. however, can be stacked two and four
high to provide increased gain and better discrim-
ination against ground-reflected signals. Notice

that the reflector in figure 104,B, is a wire screen
instead of the rods usually used at VHF. Screens

are as effective as solid metallic reflectors, pro-
vided the openings are no larger than 0.2 wave-
length at the highest operating frequency. Re-
flector dimensions are not critical, but the edges
should extend for a short distance beyond the
dipole elements. As shown in figure 104.C, the
corner reflector is also used with the bow-tie an-
tenna.

15-12. Parabolic reflector. Parabolic reflectors

are generally used in TV microwave relay sys-
tems. They are used in both transmitting and
receiving antenna systems. The principles of

operation of antennas designed for operation in
the super-high-frequency range are the same as
for the lower frequency antennas. However, be-
cause of the small physical size of the radiating
elements, full advantage can be taken of directive
arrangements for efficient line-of-sight operation.

15-13. Focusing microwave energy is a rela-
tively easy task, because the radiation properties
of microwave frequencies approach those of light
waves. Figure 105 shows how this focusing of
energy is accomplished in many microwave relay
systems. Energy is radiated from the aperture
antennas into a paraboloidal-shaped reflector
(parabolic reflector). This reflector concentrates
the microwave energy into a tight beam. As
shown, a plane reflector intercepts the beam of
energy. The plane reflector is tilted at an angle
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Figure 104. . Bow-tie antenna.

sufficient to direct the beam tdward the distant
station. The angle of tilt depends upon the posi-
tioning of the parabolic reflector, plane reflector.
and distant station.

15-14. In most microwave antenna systems,
the parabolic reflector and the aperture antenna
assembly are constructed as one unit. The wave-
guide is fed through the rear at the center of the
reflector. The aperture antennas arc positioned
at a point above the reflector.

15-15. Figure 106 illustrates the beaming ac-
tion of a microwave parabolic reflector. Note
that all parts of a wavefront leaving point A
arrive at line BC simultaneously. Thus, the para-
bolic reflector forms the energy from the wave-
guide into a beam in the direction of the plane
reflector which, in turn, reflects the microwave
beam toward the distant station. The receivine
characteristics of a parabolic reflector are also

B. BOWT1E ANTENNA
WITH FLAT REFLECTOR

such that r-f energy striking thc surfacc of a
parabolic reflector forms a well-defined focal
point. Hence, energy received from the distant
station is directed into the waveguide at point A
(the aperture antenna).

15-16. UHF Transmitting Antennas. In com-
parison with a VHF system, the UHF antenna
system must generate a higher signal gain in or-
der to service a given area. The complicated
feeder system and stacked element array methods
used with VHF systems would introduce losses
if further advanced to accommodate the higher
gains necessary in UHF systems. The higher
frequency and shorter wavelengths of thc UHF
signals require a new approach.

15-17. The loop antcnna in its basic form is
simply a coil of wire uscd to radiate energy. The
shapc of the radiation pattern varies with varia-
tions in thc diameter of the loop. If the diamctcr
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is less than 0.585 A. the field of maximum radia-

tion is in the plane of the loop. Radiation at
right angles to the plane of the loop is nil.

15-18. The slotted loop (slotted ring) an-

tenna. a modification of the basic loop antenna.
is an effective high-band VHF and UHF trans-
mitting antenna. It consists of a series of slotted

rings mounted on a channel, as shown in figure
107. The rings are lenticular in cross section with

the long axis in the plane of the rings. This con-
figuration results in an antenna structure that has

Figure 105. Microwave antenna system.

a minimum resistance to wind forces. Two paral-
lel rods are mounted to the rings, one along each
side of thc open portion. This arrangement forms

a continous slot and acts as a balanced trans-
mission line. Figure 108 shows a section of this

type of antenna mounted on a supporting mast.
A basic slotted ring antenna is a bay consisting of
two radiating elements (called half bays) ar-
raneed one above thc other and fed with a single
rigid coaxial transmission line.

PARABOLOIDAL -SHAPID
REFLECTOR a

Figure 106. Paraboloidal-shaped reflector.

15-19. We can best understand the operation
of the slotted ring antenna by considering it as a
balanced transmission line shunted by a number
of loops, or rings. The phase velocity at which a
very-high-frequency wave is propagated along
the transmission line can be substantially varied
by properly arranging the separation and cross-
sectional area of the rings. Figure 109 shows a
loaded transmission line short-circuited at one
end and fed with r-f energy at the other. Stand-
ing waves having an apparent wavelength are
set up along the line. When the number of rings
along the balanced transmission line is approxi-
mately 12 per free-space wavelength and the dia-
meter of each ring is approximately 0.14 of the
free-space wavelength, the apparent wavelength

RING SUPPORTS

MOUNTING CHANNEL

Figure 107 Section al slotted ring anienna.
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Figure 108. Slotted ring antenna mounted on pole.

102

will be about twice that of the irec-space wave-
iength.

15-20. When the same arrangement is short
circuited at both 'ends and fcd at the center
through a length of transmission line (as shown
in fig. 110). a wave propagates from the cen-
ter feed point toward each of the short-circuited
.ends. The reflected wave from the ends sets up
a standing wave, and thc difference of potential

'between the conductors of the antenna and the
balanceti..transmission line is distributed approxi-
mately as shown: The phase of this potential
difference is essentially constant over the entire
length of line. The difference of potential exist-
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Figure /09. Balanced transmission line loaded with
shunt rino
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Figure 110. Unbalanced transmission line loaded with

shunt rings.

ing between the balanced conductors causes cir-
cumferential currents to flow in the shunting
rings.

15-21. Gain is proportional to the number of
bays used. Each transmitting bay is approximately
3.4 wavelengths at the operating frequency and
has an average power gain of approximately 4.
As many as five bays may be stacked one above
the other. High-gain antenna configurations arc
practical for use at the high-band VHF and UHF
channels because of the short physical antenna
lengths.

15-22. The slotted ring antenna is capable of
handling high input power. Rigid coaxial trans-
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mission lines running to each bay permit the use
of approximately 35 kw in the high VHF band.

15-23. The impedance of the slotted ring an-
tenna is a nominal 50 ohms. Since the antenna is
fed by a single rigid coaxial transmission line
having a nominal impedance of 50 ohms, no
impedance matching problems exist.

15-24. The horizontal radiation pattern of this
antenna is essentially circular. Directional hori-
zontal radiation patterns are achieved by adding
pattern-shaping members to the basic antenna. A

common method is to connect two beam-shaping
members to each alternate active ring. The rings
to which these members are attached direct a
substantial portion of the antenna current into

the beam-shaping elements.
15-25. UHF and VHF Antennas Compared.

Although UHF antennas actually can include any
one of the VHF antennas previously discussed,
the UHF antenna will be considerably smaller
in physical dimension. It has a lower length-to-
diameter ratio; hence, it has a lower (..) and wider

bandwidth response than the VHF antenna.
Sticked arrays and other complex systems have

much less wind resistance, less weight, and are
not as massive. The UHF antenna is less subject
to interference from the surrounding area than is
its VHF counterpart. Even when tin roofs, rain
pipes, or other metal objects which might in-
fluence antenna performance are nearby. the
UHF antenna is farther away from these influen-
ces in terms of actual wavelengths. Some VHF
antennas can be converted to VHF/UHF anten-
nas by modifying 'their mounting arrangements.
Among those that can be made suitable for both
VHF and UHF reception are the VHF conical
anterina and the VHF V-type antenna.

15-26. IMpedance matching at the antenna

and, more importantly, at the receiver requires
more careful attention in UHF installations. Mis-
matching at the receiver results in energy being
reflected back along the line with resultant stand-
ing waves. Attenuation characteristics of a line
may be increased substantially over its normal
rating when standing waves are present. In strong
signal locations, the additional loss may not be
serious; however, in moderate and weak signal
areas, it can mean the difference between usable
and unusable pictures.

15-27. Waveguide. A special type of trans-
mission line, the waveguide. is used when greater
transmission efficiency is required that can be ob-
tained from coaxial lines. Electromagnetic fields
transfer the energy in a waveguide without the
use of a center conductor. The waveguide may
be considered a hollow pipe and may be.round,
square, rectangular, or elliptical. Waveguides

have certain advantages over the transinission



lines. Radiation losses are very small in a wave-
guide because the fields are contained wholly
within the guide. Since a waveguide has a large
surface area and does not have a center conduc-
tor. the copper losses are less than those in other
types of lines, cince the absende of a center con-
ductor also e: ..,ates the netA for a solid dielec-
tric support, dielectric losses are less. The power-
handling capability of a waveguide is greater
than that of a coaxial line having an equal size
because the distance between the conductors of
the waveguide is greater. Waveguides are also
simplier to construct than coaxial lines.

15-28. Waveguides are used in UHF TV
transmission systems when greater power-han-
dling capacity and lower signal attenuation is de-
sired. Waveguides may also be employed in the
microwave relay system. Two of the sizes of
typical rectangular waveguides are 53/4 by 111/2
inches (650- to 1000-MHz range) and 71/2 by
15 inches (450- to 750-MHz range). The
waveguides are formed using copper-clad steel
or aluminum. The installation of a waveguide
system for UHF is much the same as with coax-
ial lines and the same precautions should be fol-
lowed. Transition or coupling devices must be
used if the system requires a change from wave-
guide to coaxial line or from coaxial line to wave-
guide along the transmission route.

16. UHF Receivers

16-1. In the preceding section, only the VHF
TV channels (2 through 13) r-f tuners using the
superheterodyne principle were discussed. In
many areas it is possible to receive ultra-high-
frequency (UHF) TV channels. In the past,
TV receivers were manufactured with combined
VHF/UHF tuners or with the VHF tuner only.
Separate UHF tuners are available for VHF sets
originally manufactured for VHF only.

16-2. UHF Conversion. There are several
methods of heterodyning the UHF signal down
to the i-f signal range. One method. direct heter-
odyning, shown in figure 111.A, employs a
UHF local oscillator whose frequency is equal to
the total of the desired i-f and the UHF incoming
signal. If a UHF signal is being received on chan-
nel 31 (572-578 MHz), the UHF oscillator will
be set on 619 MHz to heterodyne with the video
carrier frequency of 573.25 MHz. The difference
frequency will be the i-f video carrier frequency.
45.75 MHz.

16-3. Another method of UHF heterodyning.
shown in figure 111.B. uses an external conver-
ter that can be connected to a standard TV re-
ceiver having only a VHF tuner. This method
uses the double superheterodyne principle where-
by the UHF signal is heterodyned two times be-

420
fore it is reduced to the i-f range Of the TV re-
ceiver. In the example illustrated in figure
111.B. UHF channel 21 is to he received. The
UHF local oscillator will be set on 430 MHz for
channel 21 ( 512-518 MHz) reception. Hetero-
dyning the UHF oscillator frequi:ncy with the
video carrier frequency (513.25 MHz) of chan-
nel 21 will produce an 83.25-MHz signal in the
output of the external converter. The frequency
83.25 MHz is the video carrier frequency of
channel 6. Injecting the output of the external
converter into the antenna input terminals of the
VHF TV receiver and with the channel selector
on channel 6. the VHF local oscillator will be
set to 129 MHz. The second heterodyning step.
mixing 129 MHz with 83.25 MHz. will result
in a difference frequency of 45.75 MHz. With
the external converter set on channel 21 and the
VHF receiver set on channel 6. the .pieture on
channel 21 will be produced on the screen of the
VHF receiver. An additional i-f amplifier in the
output of the external converter is usually used
to step up the first heterodyned i-f signal into the
VHF receiver.

16-4. A third method of UHF heterodyning.
as shown in figure 111,C, uses a harmonic gene-
rator (frequency multiplier) to produce the de-
sired UHF oscillator frequency. The harmonic
generator usually consists of a crystal circuit
whose output is selective to the desired harmonic
frequency range (in this case. the third harmo-
nic). No UHF local oscillator stage is needed be-
cause an output is taken from the VHF local
oscillator (139.75 MHz) and applied to the har-
monic generator. The output of the harmonic
generator (three times 139.75 MHz) is mixed
with the incoming UHF signal to produce the
desired i-f signal.

16-5. The direct heterodyning system. as

shown in figure 111.A. is usually used with re-
ceivers that contain a combination VHF/UHF
tuner. The external converter method is used
with TV receivers that have only the VHF tuner.
The harmonic-crystal mixing method is most
often used with receivers in which the tuner de-
sign provides plug-in channel strips, as with
turret type tuners.

16-6. Maintenance. Receiver maintenance for
UHF receivers will be increased by the addition
of one tube and associated circuiti One very
important difference is that the tuning section of
a UHF tuner contains some very delicate tabs.
These tabs are adjusted to obtain the correct capa-
citance for proper tracking of the tuner. For this
reason it is a good idea to avoid inserting any-
thing into this tuning section, because even a
strong blast of compressed air can damage or
detune it. Also. rough handling. moisture. ex-
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tre,.'s of hzat or cold, etc.. should he avoided.
Here also. as stated previously. precision com-
ponents require precision maintenance. This is
especially true of the microwav:: receiver which
must maintain a broad frequency response. 'with
the same amount of gain.

16-7. Microwave Receiver. The microwave re-
ceivers must be capable of receiving weak signals
(sometimes as low as 100 dbw): At VHF fre-
quencies it is possible to increase receiver sensiti-
vity by the use of r-f amplifiers. Thus far, ampli-
fication of low-level microwave signals has not
been practical. except by the use of the paramet-
ric amplifier. Microwave receivers, therefore, do
not provide amplifications at the received signal
frequency. Basically, microwave receivers are
FM superheterodyne receivers with sufficient
stages of i-f amplification to boost the first de-
tector (mixer) output signal to the desired level.
In these receivers the noise generated within the
input circuits (first detector and first two i-f
stages) is the factor which limits the receiver's
signal-to-noise ratio. Normally. a signal-to-noise
ratio of 15 db is considered satisfactory for re-
liable reception. Figure 112 shows a typical
modern microwave receiver. Note that this re-
ceiver bears a resemblance to an ordinary low-
frequency FM receiver except that r-f amplifier
stages are not used in the microwave receiver.

16-8. Basically, the microwave receiver oper-
ates as follows: The microwave energy is re-
ceived by the antenna system, radiated down the

MIXER

LOCAL
OSCILLATOR

KLYSTRON

IF
AMPS

AGC

LIMITERS

waveguide to the receive bandpass filter, passed
through the filter, and fed to a mixer,stage. A
locai oscillator klystron, operating at a frequency
approximately 70 MHz removed from the re-
ceived signal frequency, is also fed into the mixer
stage. The mixer stage produces- a number of
frequencies at its output. The difference fre-
quency is selected, amplified by a number of i-f
amplifiers, and fed to one or more limiter stages.
The limiter stages clip the noise from the FM i-f
signal. The i-f signal is detected by a discrimina-
tor stage. The output of the discriminator con-
sists of the original baseband signal. This signal
is then fed to a number of baseband amplifier
stages. (Baseband amplifiers are sometimes re-
ferred to as video amplifiers or as dropout am-
plifiers.) The amplified signal is then distributed
to the multiplex equipment and to any other
appropriate equipment. A portion of the signal
at the output of the discriminator is fed to fre-
quency correction circuits. These circuits are used
to keep the local oscillator klystron tracking 70
MHz (or the i-f frequency) removed from the
frequency of the incoming microwave signal.

16-9. As already mentioned, the microwave
receiver uses a klystron oscillator to produce a
frequency to mix with incoming r-f. Since this is a
different tube from those ordinarily used in re-
ceivers, we can assume that probably the UHF
frequency receivers will also use specialized tubes.
In the UHF receiver the input signal is weak and
needs amplification for mixing and detecting.
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INATOR
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However, in most UHF tuners there will be a
mixing of the kiput signal and local oscillator
with subsequent amplification of the i-f signal.
Again, the reason for not amplifying the input
r-f is that there will be too much noise amplified
along with the signal. This noise factor is evident
even_thongh tube elements being closely spaced
arc designed for high-frequency operation. The
spacing between the cathode and grid is as small
as 0.001 ineh and the cathode-to-plate spacing
as small as 0.005 inch. Other design considera-
tions that have been incorporated are smaller
elements and multiple tube pin connections
which reduce coupling effects of the tube ele-
ments. .Engineering factors have been extended
to consider such items as decreasing the size of
thc elements, using very short leads between the
tube elements and the base pin, using multiple
pin connections. making the connecting pins of
special material such as chrome iron, using nickel
for thc connectors between the tube elements and
the base pins, and plating the base pins with
silver or copper to reduce the resistance factor.

16-10. The transistor r-f amplifier presents

similiar problems to those encountered in tube
type counterparts. For audio-frequency transitor
amplifiers, it is permissible to disregard the effects
of transistor internal capacitances and transit
times, since these effects are negligible in the
low-frequency range. Such is not the case, how-
ever, in the upper frequency ranges. Transistor
internal capacitances provide feedback paths for
high frequencies. Unless this feedback is con-
trolled or eliminated, the operation of a high-
frequency amplifier may be seriously impaired.
Transmit times cause a falloff in gain which be-
comes more pronounced with increasing fre-
quency. These effects must be taken into account
when dealing with r-f and i-f amplifiers.

16-11. The transistor design has a great deal
to do with high-frequency response; its alpha
cutoff frequency and internal capacitances are
limited factors. Desirably, it should have very
low internal capacitances and its alpha cutoff
frequency should be well above the required
upper limit of response. Special high-frequency
types such as these are available and more are
being developed.
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STUDY REFERENCE GUIDE

I. Vse this Guide as a Study Aid. It emphasizes all important study areas of this volume.

2. Use the Guide as you complete dw Volume Review Exercise and for Review after Feedback on
Me Results. After each item number on your VRE is a three digit number in parenthesis. That
number corresponds to the Guide Number in this Study Reference Guide which shows you where
the answer to that VRE item can he found in the text. When answering the items in your
VRE. refer to the areas in the text .indicated by these Guide Numbers. The VRE results will be
sent to you on a postcard which will list the actual IRE items you missed. Go to your VRE

booklet and locate the Guide Number for each item missed. List these Guide Numbers. Then go
back to your textbook and carefully review thz areas covered by these Guide Numbers. Review

ilw entire VRE again before you tail: the closed-book Course Examination.

3. Use the Guide for Follow-up after you ctnnplete the Course Examination. The CE results will

be sent to you on a postcard, which will indicate "Satisfactory" or "Unsatisfactory" completion.
The card will list Guide Numbers relating to the questions missed. Locate these numbers in the
Guide and draw a line under the Guidc Number, topic. and reference. Review these areas to
insure your mastery of the course.
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200 Studio and Control Equipment; StudioLlght-
ing, pages 1-3

201 Studio Aids, pages 3-8

202 Special Effects Equipment, pages 8-12

203 intercom, pages 12-14

204 Audio and Video Equipment; Recorders:
Audio Tape Recorders, pages 15-18

205 Recorders: Heads; Electrmics; Trouble
Diagnosis, pages 18-23

206 Recorders; Video Tape Recorders, pages
23-28

207 Recorders: Kinescope Recorders, pages
28-33

208. Projectors: 16 MM Projectors, pages 33-37

200 Projectors: Slide Projectors, pages 37-39

210 Vidicon Multiplexers, pages 39-42

211 Specialized Test Equipment; Monoscope
Ampliffers, pages 43-45

212 Video Test Equipment: Grating Generator;
Dot Generator; Sweep Marker Generator,
pages 45-48

213 Video Test Equipment: Pulse Cross Dis-
play; Test Patterns, pages 48-53
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Special Types; Color Television Antenna
Requirements, pages 72-79
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CHAPT''.R REVIEW IZERCISES

The following r are study your auswer.s in pincil in th, sp;tc, prm.idc,/ ;et, r
exercise. Immediately after cmnpletng each se! of exercise:N. chuck yflur resi)onses illflt th,
answers for dm! set. Do not submit y..ur imsweu, to. ECI for grading.

CHAPTER 1

Objectives: To identify types, sources, and methods of controlling studio lighting; and to determme
maintenance and repair procedures for such studio aids as prompters. projectors, special effects, and
intercom equipment.

1. Match the descriptions in Column B to the terms in Column A by writing the alphabetical designa-
tors of Column B in the blanks of Column A.

Column A Column R

1. Base lighting. a. General overall diffused illumination.
Key lighting. b. Additional illumination of a principal subject from it gtven

3. Fill lighting. c. Added diffused illumination tc reduce shadows.
4 Effects lighting. d.

.
Lighting which simulates a :ealistic scene.

(1-3-6)

2. Does the incandescent lamp have a stronger or weaker energy output at the greater wavelengil
(1-9, 10. fig. 1)

3. Which of the two common camera pickup tubes would be more suitable fur use with low-intensztv
lighting? (1-11)

4. is tht incandescent or fluorescent lighting preferred for TV studio illumination% (1-12)
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5. t spotlight with an adjustable iris and shutter would be an aid to
in a studio. (1-13, 16)

h. Which one of the folltming lenses-81: inch, zoom, or 25-inchwould be the best substitute for a
90mm lens on a studio camera? (1-20. 22)

7. Name several types of equipment which are often used for TV prompting. (2-2)

8. Name the basic sections of the scroll type of prompting unit. (2-3)

9. Name the components contained in the scroll section. (2-3)

10. What are the primary maintenance requirements of the TV prompter unit? (2-5)

11. During operation the d-c synchronous motor runs very slowly in the forward direction, but reverse
speed is normal. Later checks disclose that V2 plate voltage is normal and the plate voltage of
VI is low. What is a possible trouble? (2-6. fig. 3)
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12. The stage is aore practical than the
projecting opaque objects. (2-8)

- ---,stage when

13. The first law governing mirror action states that the - angle and
angle are . (2-0)

14. What disadvantage is characteristic of a semitransparent mirror? (2-10)

15. All projected images must operate along the same 0-11)

16. What is the primary functional difference between projector and camera lens assemblies? (2-12)

17. Lighting methods differ according to the application; pictures are lightA from the
and slides are lighted from the ____-- _ _ .. (2-13)

18. List the five factors which determine the amount of illumination required for a rear screen
projection. (2-14)
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19. Why must the projection screen diffuse light? (2-20)

20 When selecting u projection screen, two properties that you should consider are its light

and characteristics, (2-21)

11. Give the symptom for each of the following discrepancies.

i. Dirty mirror.
b. Open fuse.

Cloudy lamp.
d. Open lamp.
t. Rroken mirror.

1. Too much angle between projector and screen.

g. Dirty tens.
h. Shorted dimmer control.
(2-22-27)

22. Why is it so Important to keep the lens and mirror surfaces clean? (2-23)

21 The special effects generator provides a signal which determines the

video signal produced by the

24. Name the inputs to a special effects generator. (3-1, fig. 6)

5
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25. What change(s) in figure 8 are tiecesry if a regenerative clipper incorporates n-p-n jrcinsistors
connected for C-E operations? How is the output signal affected? (34-7, fig. 8)

26. Describe the input to a regenerative clipper that is needed to produce the special effects pattern
illustrated in figure 7, A, and 7, D. (3-8-10, fig. 7)

27. Identify four pertinent signals that are formed in the special effents generator. (3-11)

28. What waveform is absent if the pattern of figure 7, B, is seen when the pattern of figure 7,C; is
selected? Name some checks that can be rnade to locate the trouble in the special effects system.
(3-11, 12, 18, figs. 7, 10, 12)

29. Sketch a block diagram showing the principal sectionS of a special effects amplifier.
(3-14, fig. 11)

30. From figure 12 determine whether each component named below is conducting or cut off when the
keying signal is at its low level.

a. Q1
b. D2
c. D3
d. Q5
e. Q3
(3-15-17, fig. 12)



Explain how the black level balance corrects for undesirable differences between the picture 1

and picture 2 side of the switching network shown in figure 12. (3-18, figs. 7, 12)

32. A headset is working, but you find that an internal spring contact is weak. You replace the

contact. What type of maintenance would this be? (4.4)

33. A normal repair procedure for repair of an earpiece or a microphone is to

the insert. (4-5)

34. Draw a diagram and name the parts of an intercom system necessary to provide two-way

communication between offices. This would be used by maintenance personnel for adjusting

CCTV systems. (4-8, fig. 13)

CHAPTER 2

Objective: To describe and analyze the principles and procedures required to operate, align, and

adjust audio and video equipments to include recorders, film projectors, and multiplexers.

1. The three functions of audio tape recorders are
and of audio frequencies. (5-3)

2. The , and are the three

main sections of an audio tape recorder. (5-4)
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3. Explain why a braking facility is necessary in the tape transport mechanism of an audjo tape
recorder. (5-6)

4. Explain why a laminated core is preferred over a nonlaminated one in the construction of audio
tape recorder heads. (5-10)

5. Why is a bias oscillator used in many audio tape recorders? (5-13, 16, 17)

6. Describe the purpose of equalization in an audio tape recorder. (5-21)

7. If the bias oscillator in figure 20 of the text failed, what would be the audio indication on a
re-recorded tape? (5-25)

8. A basic difference in audio and video heads is that the is a moving head
assembly. (5-30)

9. Much of the electronic circuitry of a video tape machine is concerned with
systems. (5-34, 40, 41, 45)
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10. The video tape transport must be more rigid than a tape transport for audio only, because the

video tape is under and it must withstand high

stops. (5-41)

11. The variable oscillator is controlled by a video frequency of to

which results in an FM recording. (5-45)

12. Sometimes the cause of a weak signal on playback can be corrected by mechanically

increasing the clearance of the special tape guide. (5-47)

13. A.video tape could be partially erased through of the recorded tape. (5-49)

14. List the basic equipment required for kinescope recording of a television program. (5-52)

15. With reference to kinescope recordings, what are the conversion requirements for synchronization

of the motion picture camera with the television system? (5-59)

16. What is the cycling pulse which controls the synchronization process in kinescope recording?

(5-63, fig. 33)
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17. Differentiate between the single-film ...stem and the double-film system of television.recording.
(5-68)

18. Maintenance of kinescope recordilg equipment consists chiefly of
than maintenance. (5-73)

ri.thor

19. What are the basic requirements which must be met before a 16mm film projector is considered
compatible with the television system? (6-2)

20. The scanning sequence 2-3-2-3 is common for each ----- - film frames and
television frames. (6-4, 5)

21. If the shutter were found to be operating when pulldown is taking place and the image is being
projected during vertical blanking, what is a possible cause of the trouble? (6-6, 7)

22. The intermittent is best for use with damaged film while the
intermittent extends film life. (6-11)

23. Explain why various cleaning materials must be used in different sections of the 16mm film
projector. (6-19)
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24. Why would a slide projector with dual optical paths be preferred to a slide projector with a single
optical path? (b-23)

25. What is the most efficient method of transfetring light from one optical path to another in the
dual path slide projector? (6-31)

26. Explain why periodic maintenance functions are important for slide projectors. (6-33, 34)

27. Name the primary functions of a vidicon multiplexer. (7-1, 11)

28. What two majoi components make up the optical path of the multiplexer? (743, 9)

29. If you cannot move the mirror illustrated in figure 41 of the text, what is a possible cause of the
problem? (7-8, 10, 1.1)

30, Name some of the major maintenance requirements of a multiplexer. (7-16)



CHAPTER 3

Objectives: To define the purpose of certain specialized television test equipment and to Interpret the
pattern..presentations of each.

1. The monoscope amplifier is actually a special item of test equipment. however. its ctrruits are
comparable to those of a (8-1)

2. A monoscope amplifier can be used in a TV system to provide a standardized
(8-1)

3. List the quality checks which can be accomplished by using the monoscope pattern presentation.
(8-5)

4. What part of the monoscope test pattern is used to check streaking? (8-8)

5. What circuits are checked and adjusted with the aid of the grating generator? (9-2)

6. You are using a grating generator to check a monitor and notice that the aspect ratio is compressed
at the top and stretched at the bottom. This will require adjustment of the
(9-7)
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7. What adjustment of a color monitor can be made with the aid of a grating generator? (9-7; 10-15)

8. Adjusting the signal clipper bias so an output occurs when the vertical and horizontal pulses

cross will result in a pattern. (9-8)

9. What piece of test equipment, in addition to a scope, would be most useful when checking the

frequency response of a linear amplifier? (9-10,11)

10. Which item of test equipment would you use to make an operational check of a sync generator?

(9-12)

11. Look at the pulse cross display of figure 52 and determine how many lines of video are

represented by F. (9-16, fig. 52)

12. Which would have the greater picture resolutiona 3-Mfiz or a 4-MHz video bandpass system?

(9-17)

13. List the items which can be checked with the aid of the standard resolution chart. (9-18)
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14. Which standard chart would you use in conjunct:on with tne gruting generator pattern tio adjust

linearity and aspect ratio? (9-25)

15. Match the item of test equipment to the associated stem.

Linearity checker.
Color-bar generator.
Color signal analyzer.
Vectorscope.

(10-2, 4, 8, 12)

1. Provides a means of measuring the differential gain
and phase distortion of transmission systems.

2. Provides a reference signal which can be used to
check many aspects of color receivers and monitors.

3. It has an adjustable phase-shifting network providing
a 3600 (in 10 increments) shift.

4. Produces a pattern of lines and dots corresponding to
colors.

CHAPTER 4

Objectives: To recognize and specify the requirements of a VHF television transmitting system

including signal characteristics, transmitter components, special filters, transmission lines, and
antennas; to identify the maintenance requirements of VHF television transmitters; and to identify,

analyze, and state the maintenance procedures of certain sections of VHF television receivers.

1. A basic transmitter is nothing more than an (11-2)

2. What does the abbreviation MOPA stand for? (11-4)

3. List the three methods of coupling. (11-5)

4 5
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4. To achieve a uniform response to a small band of frequencies, would you choose loose coupling,

close coupling, or a compromise between the two? (11-6)

5. Identify the transmitter(s) necessary to initiate a complete TV broadcast. (11-10)

6. Once a visual transmitter is modulated, all the following amplifier stages must be
in operation. (11-12)

7. How many MHz wide is a broadcast TV channel that carries both the aural and visual signals?

(11-13)

8. What are the stability requirements for visual and aural carrier signals? (11-13)

9. State the difference between co-channel and adjacent-channel stations. (11-15)

10. What equipment is used between the final r-f stage and antenna system to suppress the unwanted

sideband of a TV signal? (11-17)



11. What is the difference in center frequency deviation used for FM radio broad::asting avid TV aural
signal? (11-27)

12. State the basic function of a diplexer. (11-28)

13. One advantage of negative transmission is that "noise" produces streaks
or spots. (11-31)

14. If you are tuning a stage and cannot get a "'dip" on a cathode meter, what would you check first?
(11-33-37)

15. What one term would best describe the difference between a monochrome and a color transmitter?
(11-40)

16. Why is a transmission line which is efficient for low-band VHF operation not also efficient for
UHF operation? (12-7)

17. Compare and analyze VHF TV transmitting and receiving antennas with respect to the following
characteristics: (a) polarization, (b) bandwidth, (c) directivity, (d) gain, and (e) insulation
requirements. (12-11-26)
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18. Explain how the center input impedance of a folded dipole antenna compares with that of a basic
dipole antenna. (12-14, 15)

19. How may the bandwidth of a dipole antenna be increased? (12-21)

20. -Why is it generally desirable to mount TV transmitting and receiving antennas as high as is
economically and structurally practical? (12-24)

21. Although it is desirable that the antenna impedance equal the impedance of the TV receiver, it is
more important that the characteristic impedance of the transmission line match the impedance of
the . (12-27, 28)

22. A balun is a device used to convert to feed

systems, or vice versa. (12-29-31)

23. Describe the electrical characteristics of a Yagi antenna. (12-34)

24. The fanned type conical antenna is a popular (broad/narrow) band VHF TV (transmitting/
receiving) antenna. (12-37)
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25. What makes it possible to predict the rnperatie;:al characteristics of a log-periodic ant:nna for

many frequencies ii ;he characterisitcs of one period of frequency are known% (12-38)

26. What are the advantages of the supetturnstile antenna compared to the basic turnstile antenna?

(12-41-44)

27. The antenna shown in figure 83 in the text uses the slot radiation principle. Flow does it get the

name "traveling wave"? (12-45, 46)

28. Assuming that a radiation pattern in the normal mode (perpendiculat to the antenna axis) is

desired from a helical antenna, the helix dimensions should be (large/small) in comparison with

a wavelength. (12-48)

29. Generally speaking, the requirements of an antenna for color TV reception are quite (different

from/similar to) those for black and white TV reception. (12-51-53)

30. List the sections of a VHF TV receiver. (13-2)

31. State the function of the fine tuning control. (13-9)
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32. Which would normally be the best configuration for r-f and i-f frequency modulation: a common-
base (CB). a common-emitter (CE), or a common-collector (CC) amplifier? (13-12)

33. If you substitute an n-p-n type transistor for a p-n-p type transistor, what else must also
be changed? (13-17)

34. What are the undesirable characteristics of a diode detector? (13-24)

35 A discriminator circuit is used in conjunction with what signal? (13-25)

36. Maintenance of a TV receiver means its care and upkeep; also included is the
(13-28)

37. Give a logical procedure for finding a faulty component in a TV receiver. (13-28-30)

38. List the basic differences in monochrome and color TV receivers. (13-31)



CHAPTEP 5

Objectives: To describe the requirements of a UHF transmission system including transmitters.
.antennas,,microwave relay and special receiver compcnents; to identify and state the...maintenance
requirements of UHF transmitter; and receivers.

1. UHF equipment used for TV broadcast covers what range of frequencies% (14-2)

2. List'the microwave frequency bands available to be used in conjunction with TV signal relay
(14-4)

3. What is the distinguishing chatacteristic of an amplifier which makes use of distributed
properties? (14-11)

4. List the basic microwave equipment necessary to relay TV signals from a studio to a remote
transmitter. (14-21)

5. The electron beam in a klystron is modulated by varying the electron
(14-23)

6. What causes an electron to reverse its direction of travel in a reflex klystron? (11-27)
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7. Fine tuning of a klystron can be accomplished by a slight change in

(14-30)

8. Where would you apply the multiplexed aural and visual signal to a klystron? (14-32)

9. Why is UHF and microwave equipment sometimes more difficult to maintain than equipment

operating at lower frequencies? (14-33)

10. Give a possible cause for a change in cavity resonance during normal operation. (14-33)

11. Describe the directivity and gain characteristics of a corner reflector antenna used for UHF TV

reception. (15-6)

12. The basic V-type antenna is a (broad/narrow) band, (omnidirectional/bidirectional/unidirectional)
antenna capable of covering both VHF and UHF bands. J15-8, 9)

13. The bow-tie antenna is a (broad/narrow) band, unidirectional antenna which provides satisfactory
UHF TV reception in (weak/strong) signal areas. (15-10, 11)

4 50
21



14. Why are parabolic reflectors generally used in TV microwave relay systems rather than,en VHF
and UHF TV systems? (15-12, 13)

15. The slotted loop (slotted ring) antenna is generally used as a high-band VHF and UHF TV
(transmitting/receiving) antenna. (15-18)

16. How can the gain of the slotted loop antenna be increased? (15-21)

17. How do UHF and VHF antennas compare with respect to size, bandwidth, and impedance
matching requirements? (15-25, 26)

18. Explain the various ways in which the use of waveguides increases the efficiency of microwave
transmission. (15-27)

19. When using the double conversion method with UHF TV, how many oscillators are necessary?
(16-3)

20. How is the capacitance changed during alignment of a UHF tuner to insure proper tracking?
(16-6)

4 5
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/0/1.
21. Give a basic description of a microwave receiver. (16-7)

22. How is the noise removed from the microwave receiver? (16-8)

23. What type of tube is frequently used for a local oscillator in a microwave receiver? (16-9)

24. A common consideration when selecting tubes oftransistors is their time.

(16-10)
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ANSWERS FOR CHAPTER REVIEW EXERCISES

CHAPTER 1

1. 1. a.
2. b.

3. c.
4. d.
(1-3-6)

2. Stronger. (1-9, 10, fig. 1)

3. Image orthicon. (1-11)

4. Incandescent. (1-12)

5. Control the lighting. (1-13, 16)

6. Zoom. (1-20, 22)

7. Front and rear screen projectors, semitransparent mirrors, scroll, and cue cards. (2-2)

8. Scroll, d-c amplifiers, control section/power supply, and remote control. (2-3)

9. D-c synchronous motor, gear train, reels, and paper. (2-3)

10. Clean and inspect the equipment, and replace or repair all defective components. (2-5)

11. Dirty relay contacts, K 1. (2-6, fig. 3)

12. Horizontal, vertical. (2-8)

13. Incidence, reflection, equal. (2-9)

14. Absorption. (2-10)

15. Optical axis. (2-11)

16. Projector lenses are not required to control light quantity, whereas camera lenses do control light
quantity. (2-12)

17. Front, rear. (2-13)

18. a. Front light.
b. Slide density.
c. Type of scene.
d. Screen size.
e. Fall-off.
(2-14)

19. So light will not pass directly through the screen and into the camera lens. (2-20)

20. Absorption, reflection. (2-21)

21. a. Low light level.
b. No power.
c. LOW light level.
d. No light from that stage.
e. No image from that stage.
f. Keystone effect.

g. Low light level.
h. Maximum light with no Control over brightness.
(2-22-27) 4 61

24



22. Dirt decreases efficiency. (2-23)

23. Keying, montage, special effects amplifier. (3-1)

24. Horizontal and vertical drive signals. (3-1, fig. 6)

25. Polarity of biases must be changed to positive if n-p-n transistors are employed in figure 8. The

d-c reference level of the output signal becomes positive, but the waveforms and phase relation-

ships are unaffected. (3-4-7, fig. 8)

26. To produce the keying signal (square wave) for the pattern in figure 7,A, the regenerative clipper

is driven with a sawtooth having the horizontal scan frequency. For the pattern in figure 7,D, a

triangular signal having the horizontal scan frequency combined with a sawtooth having the field

scan frequency must be used as the input to the regenerative clipper. (3-8-10, fig. 7)

27. a. Triangular 15.75-kc signal.
b. Sawtooth 15.75-kc signal.
c. Triangular 60-cps signal.
d. Sawtooth 60-cps signal.
(3-11)

28. The pattern in figure 7,C, needs both a horizontal and vertical sawtooth signal to produce the

keying signal, whereas the pattern in figure 7,B, is produced when only a vertical sawtooth is

used. For these reasons, the trouble described indicates the absence of the horizontal sawtooth

input to the regenerative clipper. To locate the trouble, select on the S.E. generator panel the

pattern in figure 7,A. If pattern appears, the selector circuit for figure 7,C, is faulty. If pattern

is blank, check the keying signal input to the special effects generator. A normal signal locates

the trouble in the switcher section of the S.E. amplifier; no signal means S.E. generator trouble.

Observe waveform at TP2 in figure 10. If normal, check output of K1. No signal at TP2 localizes

the trouble to the H-sawtooth generator. (3-11, 12, 18, figs. 7, 10, 12)

29. Check your sketch with figure 11. (3-14, fig. 11)

30. a. Conducting.
b. Cut off.
c. Conducting.
d. Cut oft.
e. Conducting.
(3-15-17, fig. 12)

31. The black level balance adjust (fig. 7) changes the bias of Q1 and Q2 oppositely until both

conduct equally. (3-18, figs. 7, 12)

32. Preventive maintenance; an actual breakdown has not occurred. (4-4)

33. Replace. (4-5)

34. See figure 13 and use only one headset and microphone in each place or use the telephone which

would be the same circuit. (4-8, fig. 13)

CHAPTER 2

1. Recording, erasing, playing back. (5-3)

2. Transport mechanism, heads, electronics. (5-4)

3. To keep_the tape from becoming tangled. (5-6)

4. Reduction of magnetic losses due to eddy currents, thus better response to high frequencies.

(5-10)
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S. To provide a high frenuency for tape er.1n:-.,1 and t serve as a rource of bias current foraine
record head so 6E1: it w:ll operate on pot ion of i!s :.:urve. (5-13. 16, 17)

6. To equalize the voltages of high and :o.v fre.quencre.s. (5-21;
_-7. The old signal would not be eras.:d. The r,,v, signal would be weak and distorted. to-25)

8. Video. (5-30)

9. Servo. (5-34. 40. 41, 45)

10. Greater tension, 3peed. (5-41)

11. D-c to 4 MHz. (5-45)

12. Negative. (5-47)

1.3. Rough handling. (5-49)

14. a. A television monitor.
b. A motion picture camera.
c. A sound camera or recorder.
(5-52)

15. Conversion of 30 television frames to 24 motion picture frames. (5-59)

1.6. An electronic pulse from the recording camera. (5-63, fig. 33)

17. a. Single-film system: sound and picture recorded on same camera film.
b. Double-film system: sound and picture recorded by separate cameras.
(5-68)

18. Preventive, corrective. (5-73)

19. Conversion, synchronization, and adaptability of the projection cycle. (6-2)

20. 4, 5. (6-4, 5)

21. A defective synchronizing waveform generator or a defective unique-phase synchronous motor.
(6-6, 7)

22. Claw, sprocket. (6-11)

23. Some sections and components are delicate, while others are very sturdy. (6-19)

14. Provides more versatility. (6-23)

25. A sliding mirror. (6-31)

26. To prevent malfunctions and thus insure optimum operation. (6-33, 34)

27. Select or mix the output from several inputs and thus provide more versatility. (7-1. 11)

28. Field lens and mirrors. (7-8, 9)

29. A defective solenoid or gear train. (7-8, 10,11)

30. Clean, lubricate, and inspect. (7-16)

1. Film camera. (8-1)

2. Test pattern. (8-1)

CHAPTER 3
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3. a. Resolution capabilities.
b. Low-frequency phase shift.
c. Contrast.
d. Deflection linearity.
c. Transmitter quality and performance tests.
1. Receiver performance.
(8-5)

4. Horizontal lines beneath the center circle. (8-8)

5. Deflection Circuits. (9-2)

6. Vertical linearity. (9-7)

7. Convergence. (9-7; 10-15)

8. Dot. (9-8)

9. Sweep marker generator. (9-10, 11)

10. Pulse cross display. (9-12)

11. Three (since a video scan is 1H and F represents 3H). (9-16, fig. 52)

12. 4 mc. (9-17)

13. a. Resolution.
b. Geometric distortion.
c. Aspect ratio.
d. Shading uniformity.
e. Streaking.
1. Gray-scale reproduction.
g. Interlace.
h. R-f interference.
i. Frequency response.
j. Brightnesl.
(9-18)

14. Standard linearity chart (by focusing the camera on this chart and superimposing the grating

pattern on the presentation). (9-25)

15. a. 1.

b. 2.

c. 3.

d. 4.
(10-2, 4, 8, 12)

CHAPTER 4

1. Oscillator connected to an antenna. (11-2)

2. Master oscillator power amplifier. (11-4)

3. a. Capacitive.
b. Inductive.
c. Link.
(11-5) _

4. Compromise of the two methods. (11-6)

5. Itsxs necessary to have an AM visual transmitter and an FM aural transmitter. (11-10)



6. Linear. (11-12)

7. 6 MHz. (11-13)

8. Visual. is .4:1000 Hz and the aural is :1000 Hz. (11-13)

9. Co-channel stations are two stations on'the same frequency, while adiaceri channel stations
are two stations adjacent in frequency. (11-15)

10. Vestigial sideband filter. (11-17)

11. 50 KHz. (11-27)

12. A diplexer enables the transmission of multiple signals by one antenna. (11.28)

13. Black. (11-31)

14. Check to see if you have drive from the preceding stage. Then, if necessary, , check the stage
which you are tuning. (11-33-37)

15. Tolerance limits. (11-40)

16. With an increase in frequency, transmission line losses increase. (12-7)

17. Characteristic Transmitting Antenna Receiving Antenna

a. Polarization. Horizontal. Horizontal.
b. Bandwidth. 6 mc. Minimum of 6 mc (often much

wider).
c. Directivity. Omnidirectional. Unidirect ional.
d. Gain. Good. Excellent.
e. Insulation requirements. Critical. Not a matter of concern.
(12-11-26)

18. The center input impedance of the folded dipole is greater than that of a basic dipole; each
additional conductor of a folded dipole further increases the center input impedance of the
antenna. (12-14, 15)

19. By using antenna wire with increased diameter, by stacking dipoles one above the other, or by
using a folded dipole. (12-21)

20. a. By mounting transmitting and receiving antennas at increased heights, the line-of-sight
distance between them can be extended.

b. Increasing the height of a receiving antenna generally places it in an area of stronger held
strength. (12-24)

21. Receiver. (12-27, 28)

22. Balanced, unbalanced. (12-29-31)

23. The electrical characteristics of a Yagi antenna are high gain, unidirectional, good front-to-back
ratio, and relatively narrow bandwidth; it is also used as a TV receiving antenna. (12-34)

24. Broad; receiving. (12-37)

25. Because its input impedance, radiation pattern, and active elements repeat periodically as a
function of the logarithm of frequency. (12-38)

26. The stacked radiating elements of the superturnstile antenna have higher gain. increased vertical
directivity, and wider bandwidth than has the basic turnstile antenna. (12-41-44)

27. From the way the slots in the antenna are fed. (12-45, 46)

28. Small. (12-48)

29. Similar to. (12-51-53)
4 6 J
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30. a. R-f.

b. I-f.
c. Video.
d. Sync separator.
e. Vertical sweep.
I. Ho:izontal sweep.

g. High voltage.
h. Low voltage.
i. Automatic gain control (agc).
j. Audio.
(13-2)

31. The fine tuning control varies the local oscillator frequency, thus centering the incoming signal
for proper bandpass. (13-9)

32. CB is generally preferred due to stability, controlled gain, and interchangeability. (13-12)

33. The d-c polarities must also be reversed. (13-17)

34. No power gain and selectivity are affected by loading. (13-24)

35. This is the detector for the FM signal which is the audio portion of TV broadcasting. (13-25)

36. Troubleshooting and repair of equipment. (13-28)

37. a. Determine' if visual, aural, or both are affected.
b. Determine the section or circuit group.
c. Isolate to a specific stage or circuit.
d. Locate the faulty component.
(13-28-30)

38. a. Color synchronizing section.
b. Demodulation (chrominance) section.
c. Matrix section.
(13-3 1)

CHAPTER 5

1. 470-MHz to 890-MHz range. (14-2)

2. a. 1990 MHz to 2110 MHz (2000-MHz band).
b. 6925 MHz to 7050 MHz (7000-MHz band).
c. 13,025 MHz to 13,200 MHz (13,000-MHz band).
d. 890.5 MHz to 910.5 MHz (900-MHz band for audio only).
(14-4)

3. The amplifier is so designed that the materials used in its construction make up circuit
components. (14-11)

4. a. A microwave transmitter.
b. A transmitting antenna system.
c. A receiving antenna system.
d. A microwave receiver.
(14-21)

5. Velocities. (14-23)

6. The electron which leaves the cathode approaches the repeller plate which is more negative than
the electron; the like charges repel and the electron travel is reversed. (14-27)

7. Repel ler voltage. (14-30)
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3. Apply the signal to the klystro:i repeller and thus 71,..:dulatt- the output. (14-32)

9. UHF and microwave equipment is more diff'cult t...) maintain because the circuits are more
critical and may be influenced by such things as dust, lint, temperature changes, and voltage
variations. (14-33)

10. The tuning cavity can have its capacitance and thus its resonance changed by any particle
carried into it by the cooling system. (14-33)

11. The UHF comer reflector antenna is unidirectional, with maximum signal radiated in line with the
bisector of the corner angle. It has excellent gain over most of the UHF spectrum. (15-6)

12. Broad; bidirectional. (15-8, 9)

13. Broad; strong. (15-10, 11)

14. Microwave transmission is usually between two points; therefore, it is directive. The properties
of microwave energy approach those of light waves; therefore, microwaves can be easily
concentrated into a tight beam. Also, antenna structure is bulky for the lower frequencies.
(15-12,13)

15. Transmitting. (13-18)

16. By stacking identical bays one above the other. (15-21)

17. UHF antennas are smaller. UHF antennas have broader bandwidth. (They are shorter in length;
therefore, they have a smaller length-to-diameter ratio.) Impedance matching should be more
carefully considered in UHF antenna systems because, transmission line losses are greater at
the higher frequencies. (15-25, 25)

18. Microwave transmission efficiency is increased when waveguides are used because radiation
losses are less, copper losses are less, dielectric losses are less, and power-handling capability
is greater. (15-27)

19. Two. (16-3)

20. By bending the tabs located in the tuner. (16-6)

21. A microwave receiver is basically an FM superheterodyne receiver with several stages of i-f

amplification. (16-7)

22. The i-f signal is passed through clipper stage(s) to remove noise. (16-8)

23. Klystron. (16-9)

24. Transit. (16-10)
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Chapter 1

4. (202) What is the purpose of the special effects generator?

a. To produce a montage display.
b. To produce a keying signal.
c. To make it possible to receive two picture signals simultaneously.
d. To combine the picture signals and montage display.

5. (200) What are the four major types of lighting used in television?

a. Base, key, fluorescent, and incandescent lighting.
b. Base, fill, fluorescent, and effects lighting.
c. Base, fill, effects, and incandescent lighting.
d. Base, fill, key, and effects lighting.

6. (202) How do the waveshapes and frequencies of the signals at TP3 and TP4 of the special
effects generator compare with those at TP1 and TP2?

a. The waveshapes and frequencies are the same as those at TP1 and TP2.
b. The waveshapes are the same as those at TP1 and TP2. but the frequency of the signals is

different.
c. The waveshapes are different, but the frequencies are the same as those at TP1 and TP2.
d. Both the waveshapes and frequencies are different from those at TN and TP2.

7. (201) What sections make up the scroll TV prompter?

a. Scroll, control, power supply, and gear train.
b. Scroll, power supply, amplifier, and gear train.
c. Scroll, control, amplifier, and remote control.
d Scroll. amplifier, power supply, and control.
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8. (202) What components conduct on the high-level alternation of the special effects keying signal

in the special effects amplifier?

a. Q4, Q5. DI. and 02. c. Q4, Q1, D3, and D4.
b. Q4, Q5, D2, and D3. d. Q4, Q5, Q3, and P3.

9. (200) How is the TV light source effectively controlled?

a. By placement of the lights, size of the lights, and individual dimmers.
b. By individual dimmers, individual switches, placement, and patching of the light facilities.

c. By individual and group dimmers, individual and master switches, and size of the lights.

d. By individual and group dimmers, individual and master switches, and patching facilities.

10. (201) What operating controls could make the rear screen projector more versatile and flexible in

its operation?

a. Dimmers, crawl mechanisms, light switches, iris controls , and semitransparent mirrors.

b. Dimmers, wipus, light switches, and semitransparent mirrors.
c. Dimmers, crawl mechanisms, light switches, iris controls, arid wipers.
d. Diramers, wipers, light switches, and semitransparent and front surface mirrors.

11. (201) Why are the troubieshooting and iepair functions encountered in the rear screen projector

relatively simple in nature?

a. Because.few components become defective.
b. Because all of the components are stationary.
c. Because few of the components are movable.
d. Because of its design simplicity.

12. (202) What determines the regefterative clipper's rapid switching action?

a. The input signal. c. The collector voltage.
b. The threshold potential. d. The regenerative feedback.

Chapter 2

13. (207) The basic equipment required for kinescope recording of a television program must include

a. TV monitor, video camera, s mind camera recorder.

b. TV monitor, video amplifier, video camera.
c. TV monitor, video amplifier, audio amplifier.
d. TV monitor, video camera, audio aliplifier.

14. (207) When the shutter of the kinescope recording camera is controlled electronically, what is

the duration of the blanking pulse output from the shutter gate generator?

a. `,. second.
b. second.

C. t,,, second.
d. second.

15. (210) What unit provides for mixing several video inputs to produce one output for the camera?

a. Dual-optical slide projector.
b. Vidicon multiplexer.
c. Video recorder-reproducer.
d. Video distribution system stabilizing amplifier.
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16. (204) The erase head of an audio tap.: rt :orde f i1ore the previous rcf-oziling wh,:n
recording is made. Which of the follow:ng a possible cse?
a. Tape and heads are out of alignment.
b. Capstan aFtd capstan pressure roller are out o: alignment.
c. Transport mechanism is inoperative.
d. Record head is inoperative..

17. (206) Which of the following represents a major maintenance problem of a traverse
video tape recorder?

a. Lubrication. c. Head tip wear.
b. Tube replacement. d. Equalization.

18 (206) The relationship between wavelength, frequency, and tape velocity is expressed by the
formula A r- . What occurs to the wavelength if the frequency increases ivL the l'elocitt' remd:ns
constant?

a. It decreases.
b. It remains the same.

c. It increases in length.
d. It disappears.

19. (210) Which of the following is a maintenance requirement of a rnultiplexer

a. Lubrication of focal throw. c. Inspection of optical plane.
b. Adjustment of mirror transparency. d. Cleaning of mirrors.

20. (207) When the shutter of the kinescope recording camera is controlled electronicall. what the
frequency of the cycling pulse?

a. 30 pulses per second.
b. 24 pulses per second.

c. 60 second.
d. It:, second.

21. (205) Which of the following features is employed in the construction of tape heads tu reduce
high-frequency losses?

a. Laminated core.
b. Circular shape.

c. Magnetic filled gap.
d. Hard steel.

22. (209) The more efficient way to transfer light from one optical path to another in a dual-optical
slide projector is to use

a. two projection lamps. c. a rotating slide magazine.
b. a sliding mirror. d. an adjustable pnsm.

23. (206) What circuitry is used to maintain constant tape arld rotating head speed and to ;educe
timing errors?

a. Closed loop servosysterns. c. Elec:mnic delay.
b. Quadrature overlap. d. Initial presets.

24. (207) In a single-film system, the sound of a reproduced composite tele...ision signal precedes the
picture. What is a possible cause?

a. The top loop of the camera film is too lor.g.
b. The top loop of the camera film is too short.
c. The bottom loop of the camera film is too short.
d. The bottom loop of the camera film is too long.
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25 (204) la audio tape recorders, erasing, recording. and playing back are functions of which of the

jemmying'

a. Transport mechanisms. c. Tape heads.
b. Electronic circuits. d, Tape handlers.

26. t 208) In addition to the specially designed intermittence of the projector. what is required to

convert the film frame rate to the TV frame rate?

a. .A low persistent type pickup tube.
b. A pickup tube with storage properties.

c. Pickup camera synchronization.
d. Light flaShes from the pickup tube.

27. 1205) The high-frequency bias current insures that the signal to be recorded will fall on the
linear portion of the hysteresis curve. What is another use of this bias current?

a. Audio amplifier fixed bias. c. Frequency equalization.
b. Head current erasure. d. Playback bias.

28. (205) In tape recorders it is standard practice to overcome the loss of high frequencies in the

record amplifier. and to overcome the loss of low frequencies in the playback amplifier. Which of

the following terms best describes this practice?

a. Preemphasis.
b. Deemphasis.

c. Equalization.
d. Attenuation.

29. (208) What special feature of the film projector permits moving the film in alternate steps of

1, and `... seconds)

a. An ordinary synchronous motor. c. Pulses from synchronizing waveform generator.

h. A unique phase synchronous motor. d. Intermittent with a 3-sided Geneva movement.

30. (205) Which of the following statements best describes the purpose of equalivation circuits in an

audio tape recorder)

a. To prov ide the same output level for low and high frequencies.
b. To permit full-track or half-track recording.
c. To provide automatic gain control.
d. To maintain constant tape speed.

31. (204) Which of the following components of a tape transport mechanism reduces the effect of tape

speed variations)

a. The pinch roller. c. The rolling tape guide.

b. The tension idler. d. The capstan.

32. 1208) If there is no image from the film projector. the trouble might be caused by

a. a burned out projector lamp. - c. loss of the upper film loop.

b. loss of the lower film loop. d. a broken intermittent claw.

33. (208) What is a desired characteristiC of the moving film projector lens?

a. Short focal length. c. Long throw.

b. High magnification. d. Automatic zoom.
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Chapter 3

34. (213) The output of the synchronizing generator rniT be observed as a pulse cross display on a
modified television monitor. Which of the folloyLing hc.st describes the rneasuretnents that can be
made with this output display?

a. Linear amplifier frequency response and bandwidth.
b. Horizontal and vertical deflection frequency rates.
c. Dynamic and static convergence.
d. Equalizing, sync, and blanking pulse widths.

35. (211) What is the purpose of the calibrated markings associated with the verticid and horizontal
wedges in test pattern presentations?

a. To measure grayscale reproduction. c. To evaluate low-frequency response.
b. To calculate aspect ratio. d. To determine the resolution capability.

36. (213) A modified television monitor is being used to observe a pulse cross display. What check
could be in progress?

a. A resolution check. c. A vertical blanking check.
b. The deflection linearity check. d. The geometric distortion check.

37. (214) Which test equipment could be used to adjust the convergence of a color TV monitor?

a. Grating or dot generators. c. Color analyzer or linearity checker.
b. Color-bar or rainbow generator. d. Vectorscope and color-burst generator.

38. (211) Which of the following units can be used to replace a camera for te.rt pattern transmission.'

a. A grating generator. c. A linearity checker.
b. A monoscope amplifier. d. A resolution chart.

39. (212) Which of the following statements best describes one of the purposes of the video
equipment known as a grating generator?'

a. To generate a pulse cross display.
b. To provide equalizing pulses.

c. To check the linearity of deflection circuits.
d. To check the blanking interval.

40. (213) A monitor displays a grating pattern superimposed on a standard linearity chart presentation.
Which of the following statements is correct if the grating lines intersect w!th;n the circles?

a. Geometric distortion is less than 2 percent.
b. Resolution is 500 or more.
c. Correct gray scale is present.
d. Correct interlace condition is present.

41. (211) What part of the monoscOpe test pattern is used to check low-frequency response?

a. The wedge lines. c. The station identification letters.
b. The upper right corner wedge. d. The horizontal lines beneath the center circle.

4 7,i
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42. (214) Which combination of test equipment can be used to adjust the phase of the 1 and Q signals
in a colorplexer?

a. Color linearity checker and colcr analyzer.
b. Color-bar generator and color analyzek.
c. Rainbow generator and color linearity checker.
d. Color-bar generator and chromatron.

Chapter 4

43. (219) In most TV receivers, the output of the tuner section is

a. an i-f signal.
b. an r-f signal.

c. an oscillator frequency signal.
d. a raw video signal.

44. (216) Which of the following TV stations are adjacent-channel, but may be assigned to the same
city?

a. 7 and 8.
b. 5 and 6.

c. 4 am
d. 3 and 4.

45. (219) What is a logical procedure for TV receiver troubleshooting?

a. Isolate the stage and locate the circuit group.
b. Locate the circuit group and then locate the component.
c. Locate the circuit group, isolate the stage, and locate the faulty component.
d. Locate the faulty cumponent, isolate the stage, and locate the circuit group.

46. (217) The length of a dipole antenna designed for channel 10 operation (192-198 mc) should be
approximately how long?

a. 4:7 feet.
b. 2.4 feet.

c. 14 inches.
d. 42 inches.

47. (219) Which transistor amplifier configuration is preferred for stability and interchangeability cl
components?

a. CA. c. CC.
b. CS. d. CE.

48. (217) Which of the following is a major purpose of a reflector placed behind an antenna?

a. To increase signal gain.
b. To increase vertical directivity.

c. Tr) increase input impedance.
d. To increase bandwidth.

49. (216) Suppose there is no output from a transmitter whose stages are V1 (oscillator),
V2 (doubler). V3 (tripler), and V4 (power amplifier). In what order would you "read"
the symptoms?

a. V4, V3, V2, and V 1. c. V4, VI, V3, and V2.
b. V4, V3, and V1, V2. d. V1, V2, V3, and V4.

SO. (216) How much visual carrier frequency deviation is permissible in a television system?

a. -1000 Hz.
b. 1000 Hz.

c. +1000 Hz.
d. ±-100 Hz.
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31. (219) What is the function of an AM ae,ector ci:ruir in r: 1V receiver?

a. To select, rectify, and filter the aural siqnal.
b. To select, rectify, and filter the video signId.
c. To select, rectify, and fill:er only the video sync pulses.
d. To select, rectify, and filter out unwanted AM stations.

52. (218) Which of the following best describes the log-periodic antenna (LPA) used in VHF TV
systems?

a. A high-gain, wide-band, unidirectional receiving antenna.
b. A high-gain, wide-band, omnidirectional transmitting antenna.
c. A high-gain, narrow-band, unidirectional receiving antenna.
d. A high-gain, narrow-band, omnidirectional transmitting antenna.

53. (219) Normally, what amplifier sections of a TV receiver have agc voltage applied?

a. All i-f sections and r-f sections.
b. All i-f sections except the last (normally) and r-f sections.
c. All i-f sections and r-f sections except the second (normally).
d. The i-f sections only.

54. (217) Which characteristics greatly determine the physical size of a VHF TV antenna?

a. The operating frequency and desired radiation pattern.
b. The polarization and desired radiation pattern.
c. The operating frequency and power-handling capability.
d. The polarization and power-handling capability.

55. (218) Which of the following serves most efficiently as an omnidirectional VHF TV transmitting
antenna?

a. Th fanned conical antenna with reflector.
b. The three-bay log-periodic antenna.
c. The Yagi antenna.
d. The helical antenna.

56. (216) When using a meter in the cathode circuit to tune an amplifier plate circuit in a TV
transmitter, the meter should show

a. maximum plate current. c. maximum grid drive of stage being tuned.
b. minimum grid drive of following stage. d. minimum plate current.

57. (215) Which of the following are basic types of coupling in VHF transmitters?

a. Capacitive, link, and inductive. c. Inductive, link, and chain.
b. Link, capacitive, and chain. d. Capacitive, chain, and inductive.

58. (218) What is the chief function of a balun?

a. To:match impedances.
b. To balance asymmetrical circuits.

c. To balance antenna impedance.
d. To increase antenna.gain.

59. (219) What is the purpose of the fine tuning control in the r-f section of the VHF TV receiver?

a. To trim the r-f amplifier. c. To change the frequency of the local oscillator.
b. To vary the i-f amplifier. d. To select the proper tuned circuit.
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60. (210) What stages are replaced by use of a converter section?

a. R-f amplifier and mixer stages. c. Oscillator and r-f amplifier stages.

b. Oscillator and mixer stages. d. Mixer and i-f amplifier stages.

61. (216) When troubleshooting a TV transmitter, if V3 grid meter indicates grid drive and the
cathode meter indicates no tube current, you should check the components of

a. the previous stage (V2).
b. the following stage (V4).

,c. both the previous stage (V2) and the following stage (V4).

d. the stage in question (V3).

62. (219) What signals are amplified by the r-f section of a TV receiver?

a. AM video and FM audio signals. c. AM audio and sync signals.

b. Composite video and AM audio signals. d. FM video and sync signals.

63. (219) What is the necessary bandwidth of the r-f section of a TV receiver?

a. .25 MHz.
b. 1.25 MHz.

c. 4.50 MHz.
d. 6.0 MHz.

o4. (217) The transmitting antenna serving a VHF TV broadcast station is usually

a. bidirectional. c. omnidirectional.

b. vertically polarized. d. narrow in bandwidth.

65. (218) Which of the following will increase the gain, directivity, and bandwidth of a turnstile

antenna used for VHF TV transmission?

a. Increasing the height of the antenna.

b. Increasing the size of each radiating element.

c. Vertical stacking of individual radiating elements.

d. Balun coupling of antenna and transmitter.

66. (217) A TV antenna which has a low Q will possess

a. a high gain. c. a narrow bandwidth.

b. a broad bandwidth. d. an excellent directivity.

67. (217) The insulation requirements of an antenna serving a VHF TV transmitting station would

most likely be reduced by increasing the

a. height of the antenna.
b. bandwidth of the antenna.

c. video transmitter output.
d. video transmitter ERP requirement.

Chapter 5

68. (22W What is the normal transmitting range of VHF and UHF equipment?

a. Both systems have an infinite range.
b. A range of 54 MHz to 216 MHz.

c. A range of 470 MHz to 890 MHz.

d. Both systems are limited to line-of-sight transmission.
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69. (223) Which of the following best describes the UHF slotted loop (slott9d rin7:1 tntenn

a. High-gain, balanced conductors. c. Low-gain, high-power-handling capL,biliiv.
b. Low-gain, unbalanced conductors. d. High-gain, low-power-handling capability.

70, (222) Which of the following is a proper comparison of UHF and VHF propagauon characteristics*"

a. VHF propagation characteristics are less favorable.
b. UHF shadow effect is less severe.
c. UHF line-of-sight distance is shorter.
d. VHF line-of-sight distance is shorter.

71. (224) What is double conversion in a UHF receiver?

a. The reception of two TV signals simultaneously.
b. Two stages of heterodyning to develop two i-f signals.
c. A tuner with two r-f paths.
d. Detecting two r-f signals with one i-f stage.

72. (224) How does a tricrowave receiver differ from a TV receive('

a. It uses fewer i-f stages. c. It has a narrower bandpass.
b. It uses r-f amplifier stages. d. It uses a klystron local oscillator.

73. (220) Under what conditions, if ever, will the UHF transmitter have the same basic circuits as
the VHF transmitter?

a. The transmitters never have the same basic circuits.
b. The transmitters have the same basic circuits at the higher frequency levels.
c. The transmitters have the same basic circuits at the lower frequency levels.
d. The circuits are the same when transmitting video signals only.

7 4. (223) Why are waveguides more efficient than transmission lines for microwave transm1ssior0

a. Waveguides have less signal attenuation.
b. Waveguides have no standing waves.
c. Waveguides present no impedance matching problems.
d. Waveguides permit the antenna to be more directive.

75. (221) What is velocity modulation?

a. A variation in the number of electrons.
b. The speed of an electron beam.

c. Electrons striking a resonant cavity.
ci A variation in the speed of electrons.

76. (223) UHF antennas are less subject to interference from the surrounding area than VHF
antennas because the

a. VHF antennas are longer. c. UHF antennas are shorter.
b. VHF wavelengths are longer. d. UHF v.avelengths are shorter.

77. (221) Why does a UHF microwavL transmitter require more careful matntenance than a standard
AM transmitter?

a. It has wide-band circuits that are sensitive to changes.
b. There is more heat generated that causes circuit changes.
c. The circuits use lar-3.47r component tequiits comit out tunity4.
d. Standing waves are constantly changing iind must he !tined out.
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78. (222) Which of the following is a characteristic of the UHF TV bow-tie antenna?

a. Narrow bandwidth.
b. Broad bandwidth.

c. Omnidirectional.
d. Vertical polarization.

74. (220) From the information in the text, what does a UHF power amplifier have that a VHF power

amplifier does not have?

a. Four coaxial cavities. c. Larger capacitors.

b. Two more coaxial tetrodes. d. Larger inductors.

80. (222) The input impedance of a corner reflector antenna can be increased by

a. using a balun between the antenna and nsmission line.

b. mounting the antenna in the vertical plane.
c. using a folded dipole for the driven eiement.
d. increasing the height of the antenna.
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Preface

THIS FINAL VOLUME of CDC 30455 contains information necessary for the
proper maintenance of television systems. Chapter I deals with operational re-
sponsibilities. more specifically. publications, types of inspections, and quality

checks. as well as thc dutics and responsibilities of inspection teams. In Chapter 2,
we develop troubleshooting and repair procedures as they apply to both test
equipment and television 'equipment. In addition, proposals for correcting re-
curring equipment malfunctions are discussed. Finally, the responsibilities for
repair, calibration, and certification of precision-measuring equipment are stated.
Television system troubles are described and the symptoms diagnosed in Chapter 3.
Our final chapter is devoted to C-E planning, programming, and the related PC
and PCSP documents. A discussion of siting. installation, and the various types of
accepiancc tcsts necessary for new television systems is also included. Finally,
the need for modification is discussed.

If you have questions on thc accuracy or currency of the subject matter of
this text. or recomnwndations for its improvement, send them to Tech Tng Cen
(TSOC). Keesler AF13, MS 39534.

If you have questions on eourse enrollment or administration, or on any of
En's instructional aids I Your Key to Career Development. Study Reference
Guides. Chapter Review Exercises. Volume Review Exercise, and Course Exami-
nation). consult your education officer, training officer. or NCO, as appropriate.
It' he can't answer your questions. send them to ECI, Gunter AFB, Alabama
36114, preferably on ECI Form 17. Student Request for Assistance.

This %olunw is valued at 15 hours (S points). .
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CHAPTER 2

Troubleshooting and Repah.

IN THIS CHAPTER wc will discuss the types
of test equipment uscd at a television installa-

tion, as well as their purpose. use. and common
failures. When test equipment failures are en-
countered. alternate testing methods must be
available; therefore, we will discuss some of
these alternate testing methods. General tele-
vision system troubleshooting methods and pro-
cedures that arc needed to maintain a system
in proper operating condition will be diseussed:
in addition. television equipment alignment and
calibration procedures are developed. We will
also describe the advantages of using bcnch mock-
ups over other testing methods. Finally, the re-
sponsibilities for the repair. calibration, and cer-
tification of precision measuring equipment are
explained.

4. Television Test Equipment, Types, Use,
and Malfunctions

4-1. This section states the types of test
equipment necessary to maintain various telei-
sion system configurations properly. In addition.
we will identify some alternate systcm testing
methods and describe how each is accomplished.
Likewise. alternate transistor tests and precau-
tions are discussed. Finally, we will identify
some test equipment malfunctions and describe
the related symptoms,

4-2. Television Test Equipment. The normal
procedure of troubleshooting closed-circuit and
r-f television systems is through tests made to
determine the character of the video and audio
signals; to evaluate the performance of the tele-
vision equipment: to maintain and repair the
equpmcnt: or to determine peculiarities of in-
dividual equipments. The majority of these func-
tions and tests can be made with standard shop
test equipment. such as tube checkers. watt-
meters. voltmeters, ohmmeters. tnilliammeters.
and dummy loads. However. the oscilloscope
and video sweep generator are particularly ap-
plicable to television testing. while the multiburst
generator. grating generator. monoscope aniplifier

8

(camera). and waveform monitor re gener-
ally eonsidered as speciali/ed test equipment k-
sitned television system quality testing.

4-3. Ohmmeters. t,,huwters, and minium-
mewrs. These general pet, of metered test
equipment are normally used in :*tnal sZagcs
of ir,..ubleshooting. This ma} entail ::nding the
failed component of an inoperative circuit. Hoe,
ever. the %oltmeter milliammeter nix, also
be used whik you niaL sonw relatively simple
system maintenance checks. These checks usu-
ally consist of monitoring the output of the reg,u-
lated power supplies ni.! similar operatkms. In
addition. they are used to make some types of
oltage and current measurements during PMI's.
where metered measurements arc required. It

must be understood that oscilloscope voltage
measurements are much more accurate: thus.
they are more desirable for critical readings.

4-4. Tube checker. A tube checker is nor-
mally used during PMI's and when a tube's
condition is doubtful. Somt tete% ision equipment
peculiarities extend the ustiiness of the tube
checker be}ond locating defective tubes. Tele-
vision equipment using balanced modulator cir-
cuits is an example. inasmuch as the tubes must
be closdy matched under such conditions. 1here-
fore. the tube checker can be used to -niatdi-
tubes in pairs from the bench stock. thereb)
saving a oonsiderable amount of money. Tubes
that are purcliased in matched sets are much more
expensive.

4-5. Dummy loadv am! wattmeters. When
performing PMI's and troubleshOdting functions
on transmission equipment. dummy loads and
wattmeters are often needed. Their use will pre-
vent r-f interference with other operations which

may be going on at that time. The dummy
loads and wattmeters selet:ted for television main-
tenance must have adequate power handling capa-
bilities to handle the hieli-power output of the
%idol transmitter satisfaetoril.

Catho(fr_rw osohvovro In% A cathode-ray
oscilloscope suitable for television application is



specifically designed for maintenance. alignment.
and adjustment of that equipment. It must pre-
sent accurately all of the video waveforms that
are employed in a television broadcast installa-
tion.

4-7. By using an oscilloscope designed for
television, you can observe any portion of the
television picture waveform, from, complete tele-
vison picture frames to small segments of individ-
ual scanning lines, as well as waveshape, width.
and amplitude. The oscilloscope thus provides an
accurate means of measuring both amplitude and
time of television signals. in addition to present-
ing a detailed representation of the picture sig-
nal. Consequently, the oscilloscope is adaptable
for both troubleshooting-and system maintenance.

4-8. Video sweep generator. The video sweep
generator is used to inject a signal through a
circuit under test. Thus, the oscilloscope meas-
urement of signal amplitude is possible. The
overall response of the tested circut with respect
to its frequency characteristic can be obtained.
Use a vkleo sweep generator when adjustment
of camera preamplifiers and bandpass of other
video circuits is necessary.

4-9. Multihurst generator. The multiburst
generator is primarily used for complete televi-
sion broadcast facility operational checks. How-
ever. while it is limited when used to test in-
dividual components or circuits, it can be used
like the sweep generator in some respects. such
as providing the signal to a circuit under test
and for measurement of the circuit output am-
plitude versus frequency response. The advan-
tage of using this instrument is that no tested
circuitry need be disabled or disconnected. The
generator will apply test signals, simulating ac-
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tual teie..;sion signal frequencies. and feed them
directly into the television facility for an opera-
tional response. The multiburst generator pro-
vides an output consisting of bursts. or group-
ings, of various frequencies superimposed on the
pedestal, with standard blanking and synchroniz-
ing signals added. As shown in figure 1, all
bursts must be of equal amplitude for applica-
tion to the input of the television broadcast
facility. Changes of waveform amplitude, as
observed on an oscilloscope connected at either
the facility output or other convenient check-
point. will indicate circuit or network frequency
response deviationi at particular frequencies.
However, this check does not isolate a mal-
functioning circuit; it only indicates a malfunc-
tion of the system.

4-10. Grating generator. The grating gener-
ator provides a pattern which is a convenient
method of testing and adjusting both the hori-
zontal and vertical linearity of the television de-
flection circuits. This test provides checks for
deviations in picture characteristics, such as pic-
ture compression or expansion resulting from
nonuniform scanning velocity that may be caused
by the deflection circuits.

4-11. Monoscope amplifier (camera). The
monoscope amplifier (camera) unit, as you al-
ready know. is a suitable means of checking res-
olution, low-frequency phase shift, contrast, and
deflection linearity of the television broadcast
equipment. It also provides a modulating signal
for transmitter tests and receiver performance.

4-12. Waveform monitor. The waveform
monitor is a specialized type of oscilloscope which
provides detailed and varied video information.
It is capable of presenting many video combina-
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Figure I. Multiburst generator output test signal.
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tions from a complete television frame to a sing'e
segment of a desired line or even a single pulse
shape or edge. Consequently, the waveform mon-
itor is much more adaptable to tele% ision testing
than is the average oscilloscope. Its UF(*ti arc
much the iame as other types of oscilloscopes:
however, it is more suitable for system tests than
for individual circuit or circuit component troub-
bleshooting.

4-13. Color Television Testing. In addition to
the previously mentioned items of test equipment.
the proper maintenance of a color television
broadcast system necessitates the use of more
specialized and refined test equipment. Such
equipment as the dot generator. color bar genera-
tor. vectorscope, color signal analyzer, and linear-
ity checker are used to provide the proper test
signals.

4-14. Dot generator. The dot generator pro-
vides a pattern which is prirnariy used for con-
vergence and registration checks of color tele-
vision monitorS and receivers. However, it is also
used for system maintenance checks.

4-15. Color bar gewrator. A color bar gen-
erator provides rectangular pulses for applica-
tion to the red, blue, and green input circuits
of a colorplexer. This will produce a color bar
test pattern at the colorplexer output. The pat-
tern is used to check the color quality of an
entire color television system.

4-16. Vectorscope. The vectorscope permits
inspection of the amplitudes and phase relations
of the color subcarrier signals. A vectorscope is
particularly valuable for checking the phase am-
plitudes of the color outputs from the colorplexcr.
Again, the vectorscope is p .imarily used to check
the color quality of the system.

4-17. Color signal analyzer. This test instru-
ment is used to study the components of a

composite color video and subcarrier signal. When
the typical color signal analyzer is used in con-
junction with a color bar generator and oscillo-
scope, you can measure the phase relations be-
tween the subcarrier burst reference and the
different components of the composite color sig-
nal. In addition, the color signal analyzer used
in conjunction with a linearity checker will pro-
vide a method of obtaining differential phase
measurements.

4-18. Linearity checker. Lincarity checkers
are primarily signal generators which provide a
simulated color video signal. The typical linearity
checker is used to measure both the differential
gain and differential phase distortion of video
amplifiers and transmission facilities. The linear-
ity checker is more valuable since the gain and
phase linearity of color television signals must be
maintained at a hiah level.

10

Test Equipment NIaliunctions and De-
tection. Test equipment malfunctions ar c. usually
discovered during operaticn since test equipment
is not normally maintained in a-continuou oper-
wing. condition. Beeause of !he differences in
test equipment. indications of equipment failures
will manifest themselves in %:irious wa. '1 he
most reliable means of isolating test equipment
problems, as in other types of electronic equip-
ment. is through substitution of a like item. Thu,.
if the alternate unit operates properly. thz:

original unit is faulty. Many of the problems en-
countered in television test equipment will he
visually apparent since the primary funetion of
this test equipment is video alignment and test-
ing.

4-20. O.seilloscopes und waveform moniton,
The most obvious problems in oscilloscopes and
waveform monitors are lack of vertical or hori-
zontal deflection, unstable display, no video dis-
play, and loss of operating-voltage.

Loss of vertical deflection is indicated when
the visual display has no height: consequently.
the problem is most likely in the vertical deflec-
tion circuits.

Loss of horizontal deflection is indicated
when the video display has no width: thus, the
problem will probably be located in the horizontal
deflection circuits.

An unstable display usually indicates a lack
of triguring pulses. The trigger pulses may be
derived either internally or externally. depend-
ing upon which mode of operation is being used.
When the trigger pulses are derived externally,
the problem is probably a defective test lead. If
the trigger pulses are derived internally, the
trouble is probably in the 1000-kc oscillator cir-
cuit.

When no video display is visible. the usual
cause is a failure in a video amplifier circuit or
defective test lead.

Loss of operating voltages indicates a failure
of the power supply or line fuse.

4-21. Remember that substitution is the best
means of determining if the test equipment or the
unit being tested has failed.

4-22. Video sweep generator. Video sweep
generator problems usually consist of no output
or an unstable output. Either of these conditions
can be checked with an oscilloscope.

When there is no output from the video
sweep 1.!enerator. the cause may be in any one
of several areas: pow er supply, oscillator. am-
plifiers, or test leads.

An unstable output is usually caused by
the failure of a component in the oscillator circuit.
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4-23 Vultiburst venerwor. Since the mufti-
burs( generator is a type ot signal generator. its
output can he checked. or monitored, with an
)scillosLope. If an portion of the output wave-

form is missing or distorted. determine which cir-
cuits are concerned. then troubleshoot,

4-24. Gratinv L,' enerator. The most noticea-
He problems occurring in the grating generator
are the loss of horizontal bars or vertical bars.

fhe loss of the vertical bars indicates a

failure of the I S times multiplier or adder cir-
cuits.

The loss of the horizontal bars indicates a
failure of the 20 times multiplier or adder cir-
cuits.

4-25. Dot venerator. A possible problem in
the dot generator is the appearance of hori-
zontal or vertical bars. This indicates a failure of
the clipper circuit or misadjustment of the clipper
bias.

4-2o. Color bar enerator. The color bar gen-
erator produces a series of rectangular pulses.
rcd. Hue. green. special -I.- special "Q.- and
white. used tor color quality testing. The best
Inethod of detecting discrepancies is to observe
the output on a color monitor. A failure in one
of the color bar generator circuits will cause asso-
ciated problems in the output. Since the color
bar generator produces pulses. an oscilloscope
can be easily used to trace the pulses through
their associated signal paths.

4-27. The most common problem encountered
in the color bar generator is low amplitude of the
individual pulses. This problem may be caused
by a defective amplifier circuit.

4-2S, Vectorscope. The vectorscopes opera-
tion is much like that of an oscilloscope and
any problems encountered in it will be similar
to those found in the oscilloscope or waveform
monitor.

4-29. Color signal mwlyzer. Indications of
problems in the color signal analyzer are inability
to demodulate the color subcarrier signal or an
inability to check the phasing of the color sub-
carrier.

When you are unable to demodulate the
color subearrier signal. the malfunction will prob-
ably he in the demodulating circuits. Using nor-
mal troubleshooting procedures. the circuit mal-
function can be rapidly located.

Phasing problems will be found in the as-
sociated phasing network or circuit.

4-30. Monoseope wnplifier (camera). The
failures encountered in a monoscope amplifier
(camera) are similar to those found in a simple
closed-drcuit television camera chain: therefore.

the trouble symptoms are also similar. The one
major difference between the monoseope ampli-
fier (camera ) and other types of television
cameras is the pickup tube design. as you know
from Volume 2. Because the image is etched
on the target of the rnonoscope tube. defects in
the coating material will cause errors in the output
video signal.

4-3 1. .Alternate Quality Testing Methods. When
the test equipment fails, an alternate means of
testing system frequency response. picture quality.
and color fidelity is necessary. Some of the al-
ternate testing methods may not be as accurate
or complete. while others may be more complex
than the desired methods. They are. however.
acceptable on a temporary basis.

4-32. Frequehey response. The two items of
test equipment generally used for checking and
adjusting the television system frequency response
are the video sweep generator and the multi-
burst generator. The video sweep generator. as
you know, is used to check and adjust individual
circuits and system components: whereas. the
multiburst generator is designed to check the
overall system frequency response.

4-33. Should the multiburst eenerator fail, the
monoscope amplifier (camera) unit or the EIA
resolution chart may be used to check the overall
system frequency response. The frequency re-
sponse checks are accomplished in the same
manner when either of these alternate methods
becomes necessary. However, you must insure
that the camera is properly positioned and focused
on the E1A resolution chart when it is used.

This is not -necessary when the monoscope unit is
used since its display is permanently positioned.

4-34. When .the E1A resolution pattern is used
for frequency response checks, spurious peaks or
sharp cutoff of the characteristic response fre-
quency will disclose themselves as irregularities
in the video presentation. The irregularities ap-
pear as closely spaced. horizontally displaced.
positive or negative, delayed or advanced repeti-
tions of the original signal and will.appear in the
video output of the television system. These dis-
crepancies are called "ringing". The vertical
wedges in the pattern are used to determine hori-
zontal resolution. The point in the wedges
where the lines appear to blend together indi-
cates the limits of resolution. By referring to the
calibration adjacent to the bars. the resolution
may be read directly in terms of lines. The maxi-
mum horizontal resolution is approximately 80
lines per megahertz of bandwidth. To obtain
horizontal resolution in terms of bandwidth.- di-
vide the number of lines by 80. To evaluate
the frequency response of the system. compare



the bandwidth figure obtained with the normal
bandwidth figure of the system.

4-35. Picture quality. Again, the monoscope
amplifier (camera) unit as well as the EIA reso-
lution teu patterns arc used as an alternate
method of testing the overall picture quality of a
television system. In addition, the. EIA linearity
test chart can be used to test i.he deflection line-
arity. which in turn will determine the quality of
the video signal.

4-36. Since the monoscope camera and EIA
resolution patterns are similar, their picture test-
ing capabilities are much the same. As previously
discussed (Volume 2), most aspects of the video
signal can be analyzed and adjusted while using
either of these patterns as a standard. The com-
ponents of the video signal that may be checked
with these patterns are: gray-scale rendition.
shading, uniformity, streaking, interlace, aspect
ratio, geometric distortion, horizontal and verti-
cal resolution, and irregularities in the response
frequency characteristic. All of these items will
have specific relations to the picture quality.

4-37. The grating generator pattern may also
be considered a picture quality check since it is a
check of the deflection linearity. However, it is

normally used in addition to the EIA linearity
test chart

4-38: Color fidelity. All of the items discussed
in the picture quality and frequency response
areas will have a determining effect on the color
quality. One of the most important things in
color reproduction is to first derive a good black
and white picture. In addition, other specialized
testing procedures have been developed to pro-
duce the best quality color picture possible.

4-39. As you know from previous discussion of

specialized test equipment (Volume 2), both
the vectorscope and color signal analyzer are used

as a method of testing the color subcarrier phas-
ing and amplitude. Thus, they may be considered
as alternate methods for each other when color
subcarrier phase and amplitude tests arc required.
Likewise, the grating generator and dot generator
may be considered as alternate methods of testing
convergence of a color receiver.

4-40. The color bar generator produces a

series of pulses which, when vectorially added.
produce color bars covering the color spectrum.
These bars are then used to test the system's
ability to reproduce those colors. An alternate
means of checking color fidelity is by observing
a video presentation. Look for proper shading
and color fringing around objects. These will
give some indication of the color quality and
proper camera setup.

4-41. Transistor Checks. The usual trouble-
shooting practices also apply to transistors. It is

recommended that transistor checkers be used to
evaluate transistors whenever possible..,Howel,er.
if a transistor tester is not available, a good
ohmmeter may be used for this purpose. The
ohmmeter slected must. however, meet estab-
lished requirements sincc damaai to transistors-
may result when improper test equipment is used.
The damage is usually the result of accidentally
applying too much current or voltage to the tran-
sistor.

4-42. Test equipnwm. Tcst equipment with i
transformerless power supply is one source of

excess current. This type of test equipment can
be used by employing an isolation transformer in

the powei iffle. Damage to the transistor may
also result from too much line current, even
though the test equ'pment has a power trans-
former in the power supply, if the test equipment
has a line filter. This filter may act as a voltage
divider and apply half of the line voltage and
a portion of the line current to the transistor. To
eliminate this trouble situation, connect a ground
wire from the chassis of the test equipment to
the chassis of the equipment under test before

making any other connections.
4-43. Another cause of transistor damage is a

multimeter that requires excessive current for ade-
quate indications. Multimeters that have sensi-
t;vities of less than 5000 ohms per volt should not
be used. A multimeter with lower sensitivity will

draw too much current through many types of
transistors and damage them. The use of 20,000-
ohm-per-volt meters or vacuum-tube voltmeters is

recommended. Check the ohmmeter circuits
(even thwe in VTVM's) on all scales with an
external, low.resistance milliammeter in series
with the ohmmeter leads. If the ohmmeter draws
more than 1 milliampere on any range, this range
cannot be used safely on small transistors.

4-44. Finally, always use fresh batteries of

the proper value for the equipment under test.
Never use battery,eliminators because the regula-
tion of these devices is poor at the current values

drawn by transistor circuits. Be certain about
identification of polarity before attaching the bat-

tery to the equipment under test; polarity re-
versal may damage the transistor.

4-45. When troubleshooting transistor circuits.
be sure the test probes are clean and sharp. Many
of the resistors used in, transistorized equipment
have low values; therefore any additional resis-
tance produced by a dirty test probe will make a
good resistor appear to be out of tolerance.

4-46. Ohtnmeter test of transistors. To cheek
a p-n-p transistor. connect the positive lead of
the ohmmeter to the base and the negative lead

to the emitter. Use caution when connecting the
test leads to the transistor, ince the red lead is
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not necessaril y. the positive lead on all ohm-
meters. Generally. a resistance reading of 50.000
ohms Or more should be obtained. Connect the
negative lead to the collector: again a reading oi
50.000 ohms or more should he obtained. Recon-
nect the circuit with the negative lead of the
ohmmeter to the base. With the positive lead
connected to the emitter, a value of resistance ol
approximately 500 ohms or less .should be ob-
tained. likewise. with the positive lead con-
nected to the collector, a value of 500 ohms or
less should be obtained.

4-47. Similar tests on n-p-n transistors will
produce the following results. With the negatie
ohmmeter test lead connected to the base and the
positive test lead connected to the emitter. the
value of resistance should be high. Then connect
the positive test lead to the collector: the value
of the resistance should again be . high. With
th; positive ohmmeter test lead connected to the
base and the negative test lead connected to the
emitter, the value of the resistance between the
base and emitter should be low. Likewise, when
the negative test lead is connected to the collec-
tor the %utile of the resistance should be low.

4-48. If the readings in either instance do not
check out as indicated, the transistor is probably
defective and should be replaced. If a defecti e
transistor is found. make sure that the cricuit is
in good operating order before inserting the re-
placement transistor. If a short circuit exists in
the circuit. plugging in another transistor most
likely will result in another burned-out transistor.
Do not depend upon fuses to protect transistors.
The transistor is very sensitive to improper bias
voltages: therefore, a short or open circuit in the
bias resistors may damage the transistor. For this
reason. do 'not troubleshoot by shorting various
points in the circuit to ground and listening for
cl icks.

5. Troubleshooting and Maintenance
Procedures

5-1. In this section we will outline systematic
troubleshooting procedures and identify what
each step entails. A description of how intricate
alignment, calibration, and maintenance proce-
dures are written and used is included with a few
examples. Finally we will propose some courses
of action to take should you be faced with re-
curring equipment malfunctions.

5-2. Elements of Troubleshooting and Repair.
When troubleshooting a television system, there
are basic steps which should be followed. These
steps should- be accomplished in a systematic se-
quence such as: symptom recognition, symptom
analysis. trouble localization, trouble analysis.
and trcluble correction. In the following para-

graphs we will discuss each of these steps and
enumerate the things to be considered as the
troubleshooting process develops.

SYmplom recognition. The symptom may
he defined as a trouble indication. Some ex-
amples of symptoms are: no video, no raster.
unstable synchronization. weak picture, and any
other indication of trouble in the television sys-
tem. Most trouble symptoms indicate malfunc-
tions in either the transmission or receiving equip-
ments. As an example. unstable synchronization
cart be a symptom of trouble in the synchronizing
generator. pulse distribution amplifier, video dis-
tribution amplifier, video transmitter. or receiver.
Once you have detected a trouble from a partic-
ular symptom. analy ze that symptom.

5-4. Simptom analysis. Symptom analysis is

the process of determining in what area or areas
a trouble. with a particular symptom. could origi-
nate. Again referring to the symptom of unstable
synchronization, analyze that symptom, determine
the trouble possibilities. and then isolate the mal-
function.

5-5. Trouble bicalization. After determining
the possible troubles, through symptom analysis.
isolate the malfunction using systematic trouble-
shooting procedures. Where the symptom indi-
cates that the trooble may originate in either the
transmission or receiving equipment. isolate the
problem to one or the other. In either area, the
trouble can be further localized through signal
tracing. When the failed unit is located, a com-
bination,of signal tracing. voltage readings. and
resistance measurements may be used to isolate
the faulty circuit and finally the failed component.

5-6. Trouble witilysis. When the malfunction-
ing unit is located, an analysis of the trouble may
indicate which circuit has failed. An analysis of
the signal at various points in the unit will indi-
cate possible circuit and component failures.
Thus. trouble analysis is the process of evaluat-
ing signal discrepancies and relating them to pos-
sible circuit malfunctions.

5-7. Trouble correction. When the failed cir-
cuit component has been located, the final step
of correction is necessary. At this point, complete
any disassembly. replacement. repair. and reas-
sembly deemed necessary to place the equipment
in proper operating condition.

5-8. Recurring Malfunction Correction. Usually.
malfunctions that recur regularly indicate one of
two things: another faulty component or circuit
which is causing the more obvious problem or
faulty design of the malfunctioning circuit. Cor-
rection of the recurring malfunction demands
that you locate the basic cause of the problem.
If the cause is another faulty component or cir-
cuit. simply replace or repair that item. However,
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if the reeurring miaunction caused by fault:
circuit design. recommendations for modification
of that circuit will be necessary.

5-9. Prescribed Nlaintenance Procedures. All

prescribed maintenance procedures should be

written in a logical sequence. Nlaintenance pro-
cedures are written and used to eliminate the

possibility of forgetting to accomplish assigned
tasks. Failure to complete a specified task may
result in an operational malfunction. Preventive
maintenance instructions (PMI's), alignment.
and calibration procedures arc examples of pre-
scribed maintenance procedures.

5-10. Alignment and calibration procedures'.
Alignment and calibration procedures must be
accomplished upon installation of all new equip-
ment to insure its proper operation. They must
also be performed after replacement of circuit
components. after certain system maintenance has
been completed. and immediately prior to opera-
tion. This last requirement is necessary at least
daily, twice daily, and sometimes on a more fre-
quent basis, depending on the type- of equip-
ment and the operational requirements of the
television system.

5-11. Examples of transmission equipment
alienent and calibration requirements are cam-
era setup. synchronizing generator adjustments.
pulse and video distribution amplifier gain ad-
justments, audio output checks. and transmitter
tuning. In addition, color transmission alignment
and calibration procedures will include the color-
plexer setup. a more detailed camera setup, and
the alignment of other units as necessary for

proper color production.
5-12. The most common alignment procedures

performed on color television receivers and moni-
tors are convergence, purity, and white balance
(temperature adjustments). These procedures
may need to be accomplished each time the com-
ponents affecting their circuit operation arc re-
placed.

5-13. Written alignment and calibration pro-
cedures. Alignment and calibration procedures
should be written in a straightforward, logical se-
quence of events. Consequently. the steps are
written in such a manner that even the most
complex alignment and calibration procedures
can be easily followed. An example of some of
the more complex procedures are those required
for adjusting convergence. purity, and tempera-
ture of a color television receiver.

6. Systematic Repair
6-1. In this section we will discuss the prac-

tices, procedures. and precautions necessary to
perform logical and systematic repair of television
equipment. The advantages of using bench
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mockups tor ,clevision equipment checkvt and
alienment will also by identified and compared
to alternate che,:',e,ut proeedures. Finally, we
,ill ,,pecif tile :e5pon3ibilities for repair. calibr4-
lion. and certification of various categ-ories of pre-
ci3ion measuring equipment.

n-2. Equipment Repair. In ordei to repair tele-
vision equipment there are four necessary func-
tionsdkassembly. replacement. repair. and re-
assemblywhich must be done. There are also

certain pro,:edures. ;7!.actiees. and precautions
w hich must be observed and followed when wu
do these tasks. We now describe the procedures.
practices, and precautions as they relate to the
four repair tasks.

6-3. Disassembly. Daring disassembly of tele-

vision equipment it is most important ' t you

follow the recommended procedures contained in
the appropriate technical order or manufacturer's
handbook. If no disassembly instructions arc
available, proceed with the most direct approach.
taking care not to disassemble any more than
necessary in this phase of the equipment repair.
While disassembling the equipment. place all

component parts. in orderly fashion, in a de;,11
and convenient location. Place all small com-
ponents, nuts. and bolts in containers. This will
prevent the parts from being scattered and lost.
Soldered and other types of mechanical wiring
connections should be labeled during disassembly.
Labeling will permit their proper reconnection
during reassembly.

6-4. Replacement. This action is necessary
when the malfunctioning component requires re-
placement. When replacing parts, insure that
only like items or suitable substitutes are used to
replace circuit components. Unsuitable replace-
ment parts may do further damage to that equip-
ment or other equipment in the television system.

6-5. If solder connections are used. insure that
they arc properly made: cold-solder joints and
loose connections will decrease the equipment's
operating capabilities.

6-6. Repair. If it is possible to repair the failed
component without decreasing the equipment op-
erating efficiency, by all means do so. On the
other hand, some breakdowns lend themselves
more readily to repair than others. Failures such
as broken connections. cold-solder joints, and
other similar defects should be repaired rather
than replaced. ,When dealing with broken con-
nections. consult schematic and wiring diagrams if

there is any doubt about where the connection
should be made. Failure to consult the necessary
diagrams, and a resulting wrong connection, may
cause serious damage to the equipment and the
rest of the television sstern serviced hy that
equipment.
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6- 1-,-.Reassembly. Remember that reassembly
is simply the reverse operation of the diassembly
task: however, you must insure that all parts
and components arc replaced in their original
positions. Care must also be exercised when re-
placing such items as screws, nuts, and bolts: he
sure that they are not cross threaded or otherwse
damaged during reassembly. All electrical con-
nections must be replaced in their proper pla.:e
and good solder connections made when appro-
priate. A final visual check of the equipment
should be made to insure that no shorts, broken
wires, loose solder. washers, or other discrepances
are found before returning the equipment to op-
eration.

6-8. Advantages of Bench Nlockups. There are
many advantages in using bench mockups and
their related test equipment for final checkout of
television equipment. Bench mockups facilitate
alignment. calibrating, and final checkout proce-
dures before the equipment is installed or rein-
stalled in the television system. Consequently.
the equiptnent is known to he in good operating
condition prior to use. Since bench mockups are
permanently set up. they are available for prompt
equipment checkout at all times. Therefore. spare
equipment can be readily maintained in good
operating condition and placed in operation at a
moment's notice if needed.

6-9. Alternate Checkout Nkthods. When bench
mockups are not avaiiable, the equipment must
be checked with test equipment similar to that
used in bench mockups or placed in an opera-
tional facility for final checkout, alignment, and
calibration. These alternate testing methods
create some disadvantages. The test equipment
must be set up each time it is used. and the
operating facility is not always available due to
scheduled programming. Consequently. delays
and increased timc outages may be encountered.

6-10. Quality Checks. Quality checks are final
inspections to insure that the equipment is in
acceptable condition prior to being placed in op-
eration. The quality inspector must make sure
that all repairs were completed and had met the
highest standards. Any defects found should he
noted and brought to the attention of those re-
sponsible. as this could be a basis for additional
training. This may also require reaccomplish-
ment of the repair task: poor workmanship could
cause damage to other system equipment and ex-
tended outage of the system.

6-1 I Precision Measuring Equitiment (PMEL
Precision measuring equipment consists of tools
and test equipment required for repair. inspec-
tion, calibration, or adjustment of operating
equipment. major assembly. or components.
whose* normal function is to measurcs or provide
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a known reference of comparison for perfor-
mance characteristics.

.6-12. PME categories. PME categories are

established to identify -.stem. subsystem, and
equipment calibration requirements. and to facili-
tate assignment of responsibility for calibration.
certification, and repair.

6-13. Category I equipment is operational
equipment installed in systems. subsystems. or
equipment whose performance parameters arc to
be measured. verified, or tested

6-14. Category 2 equipment is peculiar PME
used to check. maintain, and calibrate category 1
equipment.

6-15. Category 3 equipment is commercial
and military standard PME used for mainte-
nance. troubleshooting. testing. verification, and
calibration of cati:uory I and 2 equipment.

6-16. Category 4 equipment consists of stand-
ards and accessories used to calibrate category
2 and 3 equipment.

6-17. Calibration and certification of PME.
Calibration is a comparison between instruments;
one is a standard of known accuracy used to de-
tect and correlate or adjust any variation in the
accuracy of the instrument being compared.

6-18. Certification is the act of designating
that the PME has been calibrated and meets the
established standards.

6-19. Economy. mission. and combat effec-
tiveness demand that maximum calibration be
performed at the lowest practical organizational
element. Maximum emphasis must be placed at
all levels on fast. high-quality, base-level support
and TO compliance. The calibration and certi-
fication of PME are performed as prescribed in
the TO 33K series calibration procedures.

6-20. The maximum interval for recalibration
of PME is specified in TO 33K-1-01 except for
those intervals prescribed in Calibration Measure-
ment Summaries for PME, as applied to a speei-
fie system. Calibration intervals prescribed in
Calibration Measurement Summaries take prece-
dence over all other TO's. Items designated
"schedule calibration as necessary" (SCAN) will
normally be recalibrated at unscheduled inter-
vals unless the using organization elects to es-
tablish a scheduled interval based on system ap-
plication. When an interval or SCAN is not
prescribed in TO 33K-1-01. thc maximum cali-
bration interval is 180 days.

6-21. There is no minimum time interval be-
tween calibration periods of PME. When it has
been determined that PME requires calibration
or is known to have been subjeCted to rough
handling, overload, or other conditions detrimen-
tal to the capabilities of the equipment. it must be
considered questionable. Recalibration of equip-
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ment falling into this cateLzory is mandatory
PME that has .exceeded the prescribed ealibr-
don interval or has not been calibrated will not
he used.

6-22. PME., especially that of- a general-pur-
pose nature. is designed to operate over a wide
range. This equipment may be used only over a
portion of the range. or at certain points in the
range, When this is :he case. there is no need to

--certify the entire range. You should calibrate
only at the points or in the ranges where used
if the calibration range is clearly indicated on the
instrument. It is the using activity's responsibility
to specify desired calibration points or ranges on
AFTO Form 211. Maintenance Discrepancy Pro-
duction Credit Record.

6-23. PME having ancillary equipment such
as cables. probes. test leads, and other accessory
components must be delivered to the Precision
Measuring Equipment Laboratory (PMEL) in a
complete package. The PMEL may return with-
out action any item that is not sufficiently com-
plete to allow full calibration and certification,

6-24 At installations where AF standards are
not maintained. PME is calibrated by the closest
PMEL subject to support agreements negotiated
between the site or base and the supporting ac-
tivity. Remote sites and bases are required to
investigate this type of calibration support prior
to requesting command van assistance.

6-25. Items in storage do not require periodic
calibration. Items which are overdue for calibra-
tion may be shipped as set.% iceable. Activities
receiving such items should have the reSponsible
PMEL calibrate them before placing the_ items
in use.

6-26. Activities involved in evaluation of tech-
niques and procedures or collection of data for
prototype calibration equipment may not have
requirements for scheduled periodic calibration of
its PME. These equipments may be identified
with an AFTO Form 108, Certification Label.
marked "this equipment is used for and
need not be periodically calibrated." The AFTO
Form 108 must be signed and dated by the own-
ing organization supervisor. In the event equip-
ment status changes. it is to revert back to a
periodic calibration schedule. Under no circum-
stances will PME being used to determine serv-
iceability or acceptability of systems or other
equipments be released from the requirement of
periodic calibration.

6-27. Calibration and certification responsibili-
ties. The basic requirements and assignment of
responsibilities for calibration and certification of
PME are outlined ir AFR 74-2. Repair. Cali-
bration. and Certification of Preiision ,tittoure-
ment Equipment. This regulation is applicable to
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all isersonnel ;neagcd on orgai.
and depot-ievc1 maintenanc.: of
cision measuring equipment.

PMEI . established

Air Force pre-

n act:ordanee
with AFR 74-2 as the base focal point in the
AF single integrated calibration sstem. will he
responsibk for:

Operating and maintaining th; highest
echelon of calibration reference standards as

signed to the base.
The ealibration and certification of eat.:gory

3 general-purpose AF and comthercial test equip-
ment.

The calibration and certification of general-
purpose AF and commercial test equipment used
as component parts of category 2 equipnmit
which does not require calibration in place and
can be removed to the PMEL for the work to be
accomplished.

Participating with other base-assigned or
tenant activities in calibration of category and
2 equipment that must be calibrated in place and
which requires skills ur equipment available only
at the base PMEL. Base reference standards w
not be removed from the PMEL for this purpose.

Calibration and certification of selected cat-
gory 2 items specifically kkntified in TO 33K-
1-01.

6-29. In addition to responsibilities for normal
maintenance, activities having responsibility for
maintenance of weapon and support systems and
equipment will be responsible for:

Calibration of category I and 2 equipment
and certification of category 3 equipment.

Return of AF and commercial general-pur-
pose test equipment. including any category 4-
type items in their possession. to the base
PMEL on a scheduled basis for calibration.

Requesting assistance from the base PMEL.
on category 1 and 2 items on which such as-
sistance is specified in thc applicable 33K series
weapon system TO.

Requesting command assistance through
channels for calibration of category 2 equipment
beyond the base PMEL resource capabilit!'.

6-30. Any category 1 and 2 items on which
the PMEL has participating responsibility for
calibration will be identified during thc weapon
system calibration review and indicated in the
applicable 33K series TO.

6-31. Those types of category 4 equipment
authorized to activities other than the base PMEL
which are used for support of athanced systems
and equipment are referred to the base PMEL
for ciAibration. The base PMEL will either cali-
brate or will have these devices calibrated by
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an echelon capable of meetine the required ac-
curacy.

6-32. While thc above responsibiilties arc di-
rected generally to systcm support where cate-
gories can be readily determined, thc same

principles can be applied to "nonsystcm" equip-
ment.

6-33. Calibration responsibilities for specific
itcms of equipment are published in TO 33K-
1-01 and the systcm calibration mcasurement
summary. Activities requiring clarification Of

equipment categories and calibration responsibi-
lities not listed in these TO's should submit thcir
requirements to the Calibration and Meteorology
Division.

6-34. The using organization is responsible for
compiling an accurate list of all tools and equip-
ment which require calibration. inspection, or
adjustmcnt by PMEL or the calibrating work cen-
tcr. This list will be used by Data Systems to
establish thc PME scheduling master file. The
using organization will also notify Data Systems
whenever the owning work ccnter. building num-
ber. or phone number used to identify the loca-
tion of equipment is changed. This is necessary
in order for Data Systems to prepare accurate
scheduline reports.

6-35. It is the responsibility of the using or-
ganization to process a new item of equipment
through the PMEL or calibrating work center to
verify calibration of the item. This action is taken
in accordance with procedures established for
scheduled calibration. The input forms will serve
to establish a scheduling card for the master file
to control future calibrations.

6-36. The organizational equipment custodian
will be responsible for immediately notifying the
PMEL or calibrating work center of all changes
(quantity. serial number. etc.) to the inventory if
manual instead of mechanized records are main-
tained.

6-37. The AFTO Form 211 initiated by the
owning organization must contain the following
cntries.

a. The owning organization will enter the Fed-
eral Supply Class Code for thc item in block lc.

b. The owning activity will cnter thc part num-
bcr for the item as listed on the data plate or in
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thc parts catalog in block 2c. If an item does not
have a part number. the manufacturcr's model
number will be recorded in this block. If the
item has neither a part number nor a model
number. thc Federal Item Identification Number.
which consists of all digits following thc Federal
stock class, will be recorded in this space.

c. Thc owning activity will enter the manu-
facturer's or AF serial number in block 3c. If
no manufacturer's or AF serial number is as-
signed. a local numbcr will be assigned by the
PMEL or calibrating work center and this num-
ber will be used as long as the equipment is as-
signed to the base. Locally assigned serial num-
bers will not exceed eight digits.

d. The PMEL or calibrating work center tech-
nician or the owing organization will enter the
appropriate "when discovered" code from TO
00-25-06-4-1, Field Maintenance Shops Work
Unit Code Manual, Precision measuring Equip-
ment, or TO 00-25-06-2-2, Field Maintenance
Instructions, Work Unit Code Manual, Aerospace
Ground Equipment, that identifies scheduled
or unscheduled calibration or repair of the equip-
ment being processed. This information is entered
in block 9 of AF Form 211.

e. The owning activity will enter a brief de-
scription of the work required in block K.

f. The owning activity will enter the work cen-
ter code. building number where the equipment
is located, and the phone number of the re-
sponsible office in that order. This information
is recorded in Block L of AFTO Form 211.

6-38. All four copies of the AFTO Form 211
will be attached to the item by the owning activity
before it is delivered to the PMEL or calibrating
work center workload scheduler. Upon receipt.
copy 1 of the form will be siened by the
scheduler and dated in the last line of block K.
Copy 1 of the AFTO Form 211 will then serve as
a receipt by the owning organization.

6-39. When the necessary action has been com-
pleted on the PME and the workload scheduler
has properly completed the forms. the equipment
will be returned to the using activity. The work-
load scheduler will obtain the AFTO Form 211,
copy 1, at this time and destroy it.
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CHAPTER 3

Diagnosing System Troubles

IF THE TV equipment and systems arc to
operate in accordance with applicable speci-

fications. you must maintain the equipment and
systems to meet certain standards. In this chapter
we will discuss some of the procedures for diag-
nosing system troubles and the general manner
in which diagnosis is accomplished. The follow-
ing system troubles are not intended to familiar-
ize you with one specific system. but rather to
acquaint you with the general nature of an sys-
tems. In addition to discussing a number of
troubles. we will discuss symptoms of troubles.
symptom analysis. and associated circuit per-
formance.

2. Troubles of the transmission system will
be discussed first and the receiving system last
in this chapter. However, remember there will
be interrelated symptoms. Yet. with cumulative
experience. it will become easier to recognize
in which of the systems or unit of a system a
trouble exists. The major units of the transmis-
sion system wiltse problems can arise are power
supply. sync generator. camera, switcher, distri-
bution amplifiers, monitor, exciter, and transmit-
ting antenna. The major units of thc receiving
system are subdivided into two groups: however.
this is only an arbitrary subdivision as other
combinations are possible. For our purposes we
will divide the receiving equipment in the fol-
lowing manner: antenna. cable, and receiver:
tape machine, distribution amplifiers, and moni-
tor.

3. To communicate by television, we necd only
a few items of equipment. However, if equip-
ment problems are studied in a complete system.
you will be able to understand these problems
in a simple system. The symptoms presented
and reasoning used to locate the unit at fault
are intended to help you become proficient in
diagnosing system troubles. The symptoms and
problems form a pattern for diagnosing system
troubles. which may be similar or different. yet
the analysis process is the same.
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7. Transmission System Troubles
7-I. We must he able to eliminate either the

transmitting system or receiving system as the
first step toward locating the trouble. Wc should
he able to recognize interkrence due to spurious
signals. ghost signak. adjacent channd or co-
channel signals. and local oscillators whidi are
radiating signals. plus many more signal sources.
Incidenmlly. these interfering signals nta bc pre-
sent in both cable and radiated systems. In
systcm maintenance when we are locating trans-
mission system trouble. we would. in a sense.
use a split system analysis. In a radiated ss-
tem: for example. we would simply select an-
other channel to determine if the receiver was
functioning properly. In cable -broadcast we
could do the same; however, in most closed
circuit systems, we woukl only need to feed in a
test signal from installed test equipment. In any
case. after insuring that the receiver is working
properly, we assume the transmission system to he
faulty. Whcn the preliminary analysis is com-
pleted and the transmission system is found to be
at fault. the ensuing steps are to locate and
repair thc trouble or troubles.

7-2. The following troubleshooting and trouble
analysis procedures for a television system are
based upon system operation. Faults can he iso-
lated. to some extent, during preliminary test
setup operations by observing the results of these
operations on the \lewer monitors and the main-
tenance monitor. Normally, operating units ean
be .eliminated as a source of trouble by switdi-
ing between cameras and monitors and observ-
ing all units before starting trouble analysis of
the system. For example. a malfunction in one
of the camera units could indicate a possible
trouble in the monitor. the switching and distri-
bution circuits, or the camera. By switching the
monitor to use another camera. the monitor and
the switching and distribution circuits are elimi-
nated as thc cause of trouble.

7-3. The procedures in this section are limited
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I0 diagnosing troubles of a complete system be-
cause you have already studied troubleshooting
and trouble analysis of the individual units in

the system, In some instances a reverse proce-
dure is used; that is. the trouble k given for a
unit of thc system. The following discussion con-
cerns thc symptoms as they appear throughout
the system.

74, Power Supply. In our first exaniple we
will take a known trouble and list the symptoms
which will he found throughout the system. Re-
member. this is a prirwiple-centered study and
not a specific power supply. Assume you have
a power supply which pros ides unregulated volt-
ages. regulated voltage. and centering current.
We will assume that thc unregulated output volt-
ages and the centering curr,.....t are normal. but
the regulated voltage outpu. 's zero. In some
instances this trouble can be found by a voltage
check with the mcter built into the power supply.
In other cascs it will bc necessarY to find thc
trouble, through analysis of thc equipment symp-
toms, which would require verification by the
use of an external meter at checkpoints.

7-5. When thcre is a failure of the regulated
voltage output. the symptoms would be raster
only on utility monitor and camera control moni-
tor: the eamcra view findcr will not have a raster.
and the waveform monitor will have a trace
line without any video modulation. However.
these symptoms could also be present in a cam-
era control unit which uses a free-running oscil-
lator driven by the sync generator. For example.
if thc sync generator drive failed. you would lose
thc oscillator output and thus the signal.

7-6. A note of caution when looking at the
reverse of thc preceding analysis symptoms:
Never grasp at a quick conclusion when an image
disappears from a screen. With thc disappcarancc
of an image on onc monitor or viewfinder, cross-
check with other monitors. If the presentation
is from a live camera and it is in a closed circuit
system. there will probably bc a voice circuit to
aid in making thc suggested checks. if the pre-
sentation is from a tapcd sourcc, there will bc a
monitor on the tape machine or in the tape room.
thus enabling cross-ebecks with the initiating
point.

7-7. Again referring to the power supply as a
sourcc of trouble, you can examine the symptoms
for a clue to thc actual power supply trouble,
As previously stated. you do not have regulated
voltage; therefore. there is no image pickup but
thcrc is a raster on'camera control monitor. This
indicates there is some high voltage present: thus.
it can be assumed that the control relay of the
power supply is functioning. On the othcr hand.
if you do not have any voltage present. you
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would assurne that a relay could bc at fault.
Most powcr supplies are equipped with time-
delay devices to permit adequate warmup timc.
If thc time-delay device (relay) should fail. this
will eliminate thc various output voltages, and it
will also eliminate any centering current output.
The exact nature of thc trouble as to its symptoms
will also depend on the power supply itself. If
thc heating element of the tic delay is opcn. thcn
the pilot light probably will not light. If the
fuse is blown, this will give thc same indication.
Through this reasoning you will probably check
thc fuse and pilot light beforc checking the time-
delay relay. Again, it is a matter of reading thc
symptoms correctly and being able to make a
quick diagnosis of thc possible troubles. Con-
sequently a faster repair can be madc and the
system will be returned sooner to operational
status.

7-8. Sync Generator. Assume that you have a
closed circuit system in which the monitor in
your room is tearing horizontally. This is not
the even displacement. such as the venetian blind
effect. but represents thc loss of scanning lines
or portions of lines anywhere in thc picture
due to something which affects synchronization.
Normally, your first assumption is that the hori-
zontal oscillator of the monitor in question is

not operating properly. Again. it is important that
a cross-check with other monitors be made where
possible. If a cross-chcck is not possible, then
a check with monitors at the point of origin of
the signal is the next step. A check in this
instance reveals that ail monitors are giving the
same indications of tearing.

7-9. If. in a given instance, a cross-check did
not give the same indications but rather only
one set had thc indications and this was con-
nected to only one distribution amplifier, then
you would check the distribution amplifier or the
monitor. A substitudon of a distribution ampli-
fier or another monitor would localize thc trouble
to the given unit of a system.

7-10. Going back to the original set of symp-
toms. cross-check with othcr scts. and then pro-
ceed on to the sync generator. Here you again
substitute. if possible, to localize to the sync
generator. If you do not have a spare sync
generator. you would probably use a scope to
check the 15,750 signal. If this signal is nt t
stable. you will find the symptoms as indicated.
Another method of checking frequency stability
is to use a frequency counter with a short-time
constant. sincc it will indicate the frequency drift
by recounting thc frequency each time it changes.

7-11. Camera. in this instance, assume the
situation of a live camcra presentation with a
number of monitors in use simultaneously. The
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following symptoms appear: you have a normal
picture and the presentation is normal; suddenly
the normal presentation is interrupted and there
is only a rastcr on the monitor in question. Im-
mediately a cross-check is made to determine if
the same indications are to be found on other
monitors. In this instance all monitors are the
same; that is, a raster but no picture. After a
cross-check of monitors. a check to see if the
camera has an output is in order. The next
logical step is to use a substitute camera to make
the final determination of a faulty camera.

7-12. Another camera trouble which happens
quite frequently is the (white) high-peaker ad-
justment. The symptoms of this trouble are white
streaks to the right of an object as it appears on
the monitor screen. When this symptom appears,
and if a cross-check is made. the same indica-.
tions will appear on the other monitors. A sub-
stitute camera should eliminate this trouble, un-
less the second camera would have the same
trouble (which is unlikely). The actual trouble
in the camera is the high-frequency compensators
out of adjustment. This trouble can usually be
corrected by adjusting the hig.h-peaker control
while observing the monitor screen.

7-13. There is another very similar trouble
which occurs in the black regions or the signal.
Since this is in the dark portions of the picture,
it is not so noticeable. The dark streaking will
be most noticeable when a test pattern is being
picked up by the camera. The blacks will have
trailing streaks to their rieht as observed on the
monitor screen. This can be adjusted by chang-
ing the setting of the low-frequency peaking con-
trol, while observing the monitor screen. When
a major realignment of these circuits is necessary.
a sweep generator and a scope must be used to
obtain the correct envelope presentations.

7-14. Switcher. A symptom which will appear
as a result of faulty switcher contacts is a loss
of sync. This will be evidenced by the vertical
roll and the horizontal flopover of the picture.
These symptoms may appear together or individ-
ually. This trouble can be quickly checked on
a live progam by checking the line monitor at
the immediate output of the switcher. The line
monitol compared to the camera-ready monitors
and preview monitors will immediately localize
the trouble to the switcher.

7-15. Another trouble which will be evident to
the switcher operator is the loss of picture after
punch up. This is where there is a picture while
the switcher button is pushed down; but when
the button is released, the picture on the line'
monitor disappears. This is a fault in the switch
buttons of the switcher panel. These troubles
may be further localized by punchine up another
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camera to cross-check with another seleeter but-
ton on the switcher control panel. In this way
the trouble may be localized to thc exact push-
button at fault. Use an oscilloscope to circuit
trace in the switcher. when locating the exact
set of contacts at fault. or in some cases the
relay at fault.

7-16. Distribution Amplifiers. There are two
basic types of distribution amplifiers: the pulse
distribution amplifiers and the video,distribution
amplifiers. They are similar in their construction
and use; however, the pulse distribution amplifier
is designed to handle more power than the video
distribution amplifier. The pulse distribution am-
plifier also has more adjustments; thus it is set
up in a different manner. These two basic types
arc not to be interchanged in an installation. lf
they arc inadvertently interchanged during in-
stallation, there will be problems in the initial ad-
justments of the system. If during checkout of a
new system this difficulty of adjustment is ex-
perienced by personnel, the first items to look at
would be the distribution amplifiers to see if thc
correct units are installed.

7-17. Pulse distribution amplifiers. The pulse
distribution amplifiers can be responsible for a
number of symptoms in a live camera system.
Individual pulse distribution amplifiers can be
responsible for loss of sync pulses. vertical drive
pulses. horizontal drive pulses. and blanking
pulses. This would be indicated by failure of the
respective picture elements as they appear on a
monitor screen. Another factor is the actual
systcm location of the pulse distribution ampli-
fier; this location will determinc the overall effect
and symptom indication.

7-18. Assume that the system is a live camera
presentation and suddenly the picture disappears
on a room monitor. Immediately upon making a
cross-check of other monitors in the system. you
find there are no images on any monitors, but
there are rasters present. However, when the
monitor on the camera (view finder) is checked
it does not have a raster. This symptom could
be an indication of a failure of either the vertical
or horizontal sweep signal. The failure of either
of these signals will result in the activation of
the camera protection circuit to prevent burnine
of the camera tube or the picture tube. Since
there are separate pulse distribution amplifiers
used to drive the horizontal and the vertical
sweep, it can be concluded that a failure of either
of these distribution amplifiers would cause the
system to give the indicated symptoms.

7-19. As you will recall. there is also a sepa-
rate pulse distribution amplifier for thc blanking
pluse. Consequently. if this distribution amplifier
fails, then the blankine pulses would not bc pre-
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sent to eliminate the retrace lines. Thus. in thc
picture presentation there would be retrace lines
visible on thc systcm monitors. A word of cau-
tionin some monitors if thc brightness is in-
correctly adjusted. retrace lines may also be visi-
ble. This emphasizes the value of making a
cross-check with other monitor units of the sys-
tem.

7-20. If thc pulse distribution amplifier which
is used for the sync pulse fails, then there will
be a loss of both vertical and horizontal sync.
This is evidenced by vertical roll or horizOntal
flopover in the video presentation. Since individ-
ual monitors in many cases have adjustments for
this. it is important that a cross-check with other
sets be madc before any conclusions are drawn.

7-21. Video distribution amplifiers. The video
distribution amplifier is designed to pass either
the blanked video only. composite video, or sync
signal. Its actual use depends upon its location in
the system. Therefore. any symptom that is to be
traced to a video amplifier must be thought of in
relatkm to the amplifier's location. If it is in the
system prior to thc sync being added. the com-
posite signal will have sync but it will not have
video. Suppose you have a loss of composite
signal. but on a cross-check you find that the
sync and the blanked video signals are present
in the system. This combination of symptoms
indicates that the distribution amplifier responsi-
ble is located in the system following a point at
which the composite signal was formedproba-
bly at the switcher output. Most of the system
troubles that may be traced to a video distribu-
tion amplifier will neycr occur. Or it can be said.
they should not occur because during the preop-
erational test all normal problems will be recog-
nized and repairs will be made.

7-22. Assume that a tube weakens in a video
distribution amplifier used to amplify the com-
positc output signal and a dimming of picture
signal is apparent. A cross-check also reveals
the identical symptoms on all monitors: includ-
ing thc line monitor in the control room; how-
ever. it would not include the preview monitor
and thc individual camera monitors located along
with the line monitor. Again it is the situation of
reasoning out thc most likely problem from thc
symptoms presented. and keeping this idea in

mind, you will find most of the trouble sources
rapidly.

7-23. Monitor. Sincc thc monitor isin a man-
ner of speakingthe end of a systcm. there will
be few troubles inserted into thc system from
the monitor. The monitor is thc termination for
each output of thc video distribtuion amplifiers.

7-24. Assume there is a sudden loss of signal
at a particular monitor. With a cross-check you
find there is a signal present at the other moni-
tors connccted to the same video distribution am-
plifier. The distribution amplifier would not be at
fault, in this instance unless there was an open
in-the output for the specific monitor. Now if you
have the symptom of no signal at a monitor, and
on a cross-check you find there is no signal at
the associated monitors connected to the same
video distribution amplifier, the first suspected
fault would be the video distribution amplifier.

7-25. Exciter. The term "exciter" is used to
identify the r-f signal generator used in either the
cabled closed circuit or the radiated signal sys-
tem. In the case of the cabled system. with a
video r-f carrier. if the exciter were to fail there
would be a loss of the video signal. In some of
the more elaborate cable systems the exciter is
used to generate a carrier for both the video
and audio; an exciter failure results in a failure
of both video and audio signals. This is assum-
ing that the failure is of a nature that would
cause a loss of power to the entire unit. There
will be instances where only a tube fails and
thus only one signal will be lost.

7-26. Assume the situation of a cabled closed
circuit system which uses an r-f carrier for both
thc video and audio. In this instance 't will be
rather easy to find the part of the system that
is at fault when a failure of the exciter unit
occurs. For example, if suddenly the monitor's
video image is lost and the audio is good, many
possible troubles are eliminated immediately.
Reason it this way: If a cable breaks or power
failure occurs. all signals will be lost. By making
a cross-check, it is dctermned the other monitors
have the same symptoms; therefore, you will
know the trouble is at a point in the system com-
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mon to all monitors. A furthcr check reveals
that the line monitor at the input of the exciter
modulator section has a video signal prescnt.
Thus. all of the sections arc eliminated as a

sourcc of trouble except the modulator portion
and the exciter stages. It is assumed that the r-f
carrier is common to both the video and audio
stages; therefore if the audio is being received
and the video is not, the r-f section of the exciter
unit must be good. This would leave the source
of trouble as the video modulator portion of the
exciter unit.

7-27. If the system being used is of the type
which uses an r-f carrier for video, and the audio
is transmitted by conventional wire. the techni-
que will be simpler. In this instance. therc will
only be one sigial (video) to be affected by the
failure of the exciter. In this case. it will be
merely a matter of elimination to determine the
point at which the video signal is no longer
present.

7-28. The exciter becomes a very important
part of the radiated system. both broadcast and
relay. In the case of the relay systeni the exciter
can be used as a carrier for the video only or it
can be used for a carrier of video and audio.
The broadcast system does not use the same
exciter for both the video and audio carrier.
As you will recall from earlier volumes, the
video is AM and the audio is FM.

7-29. This tells us that the relay system will
have a complete failure of both signals when
one common carrier is used. However, in the
instance where the relay system uses a video r-f
carrier and the audio is carried by wire. there
will be only one signal failure as a result of ex-
citer failure.

7-30. The broadcast system will also experi-
ence separate exciter failures. That is, the exicter
for video will not affect the one for the audio
unless it causes a complete power failure, as
would be true in case the audio exciter caused
a power failure. Where the exciter units or as-
sociated modulator units fail in the broadcast
system. it will usually require more extensive
troubleshooting to find the source of the trouble.
The failure of the video will give more symptoms
than the audio because of the fact that it is AM.
This means there can be a carrier signal present
even though the video modulator fails. This is
eVidenced by the gray raster but no image is

present on the picture tube.
7-31. Transmitting Antenna. Transmitting an-

tennas are in two basic categories: the broad-
cast antenna and the microwave relay antenna.
Therefore. there are two basic types of problenis
as related to the use of the antenna. For exam-
ple, the broadcast antenna failure will be noted
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on ail receiv;ne set.F. whereas ia a closed circuit
system with a microwave link, a relav'antenna
failure will be noted only on the closed circuit
receiving system. Tbe overall effect of anv an-
tenna failure will of course bc indicated tirst
on the receiving sets. The indications on the
sets will be any variation from a weakening of
picture to a complete loss of picture. Also. since
the audio carrier is fed in from a separate trans-
mitter in the case of the broadcast unit. there
could be a weakening or loss of audio whiL Ii
woud be directly attributable to the antenna sys-
tem.

7-32. Broadcast. In most instances the main-
tenance personnel will recognize trouble symp-
toms associated with a broadcast antenna just as
quickly as those using receiving scts. There will
be instances whcre those using receivers will
notice problems first: however, unless they 'are
trained maintenance personnel. they will not he
able to recognize the difference in receiver prob-
lems and transmitter problems. If the transmit-
ting antenna becomes damaged or the coaxial
cable becomes damaged. there will be an alarm
signal. This may be either audible or visual. hut
it will indicate thc failure of the antenna system.
Then by analyzing the associated meters. the ex-
act type of failure can be determined. In this
type of trouble there L not a great problem in
finding the part of the system at fault. It will
require more extensive analysis to determine the
exact cause of the trouble. but the system has
been located and repair action can be initiated.

7-33. Microwave relay. The failure of a micro-
wave relay antenna will be more of a go or no-go
situation. This is due to the limited power and
directivity of the antenna because if power weak-
ens or alignment is changed. there will be no
signal. As stated earlier, normally there will
be only one receiver unit affectedthe Micro-
wave receiver. However. thc receiver will be
connected to a monitor system which may contain
one or more monitor units. The monitors will
not receive a signal and the video and audio
will be- lost. Those using the monitors will be
aware of a failure but will not know its exact
location. Both the microwave receiver and trans-
mitter will alarm when thc signal is lost. There
is little effort required to locate the systcm caus-
ing.the trouble. The problern_will be in finding
the trouble in the system by using test equipment..

8. Receiving System Troubles
As already stated. the receiving equip-

ment mav be divided into a number of combina-
tions. Also the receiving equipment may be
combined into one large system in which all the
different types of units arc used, even to the
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UHF-VHF
ANTENNA

OFF THE AIR
UHFVHF RECEIVER

MICROWAVE MICROWAVE
RECEIVER

D A

ANTENNA
D A

UHFVHF
UTILITYTUNER
MONITOR

D A
IN

POWER SUPPLY

OUT

VIDEO TAPE
MACHINE

UTILITY
MONITOR

Figure 2. Receiving equipment combinations.

extent of duplicaton of many of .the units. As
.already implied, there will be a large number of
monitors or receivers in most systems. Logical
reasoning will lead to the conclusion that where
the most equipment is involved in a system there
will be morc system problems. In contrast there
will bc a minimum number of antennas. cables.
tape machines. and distribution amplifiers. Fig-
urc 2 illustrates an overall combination of re-
ceiving equipment. Any given installation could
include part or all of the equipment shown in the
illustration.

8-2. Simple System. Thc term "simple system"
is uscd here only as a means of separating sys-
tems. The simplest systcm thcn includes an an-
tenna. a cable from the antenna to thc receiver.
and thc receiver. In this system if you lose the
video and audio. but still have a lighted screen.
you would suspect the incoming signal. The
quickest check is to change channels. if thcrc
still is no signal, the ncxt stcp is to check the
immediate systcm. This includes the cable con-
nections. thc cable. and the antenna. If a visual
inspectton reveals thc conncctions and cable to
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UTILITY
MONITOR

UTILITY
MONITOR

be in apparently good condition. the next step
is to use test equipment. When more than one
receiver is available, substitution of receivers will
localize to one specific cable or antenna. In
some installations, one antenna will serve more
than one receiver. Where this type of installa-
tion is used. a simple cross-check of receivers
will be sufficient to localize the trouble.

8-3. There will be installations where the sim-
ple system is a part of a large system. Where

this is true. there will be a variety of checks
that can be made to determine if the antenna.
cable. or reciver is at fault. Again look at figure
2 and you will see that in the large installation
the simple system is connected to the overall sys-
tem; thus. an overall check is possible with moni-
tors or built-in test equipment to localize trouble
areas.

8-4. Complex System. The term "complex sys-
tem" is uscd to have a point of reference. Thc
complex system can be represented by figure 2
or it could have fewer units as well as more units
to make up thc overall system. Logical reason-
ing tells us that there is litne interaction between



units of tit:: simple system to complicate any sys-
tem analysis. In the cornpin system this is r..n
the case. as a trouble in one arca can affect thc
entire system.

8-5. Assume that only a per: :on of the sys-
tem is in operationthe tapc machine, the di-
tribution amplifier, and monitors. In this instance
if a video image is not obtained on a nwnitor.
the trouble could be in the cables. switclwr.
distribution amplifiers, or tape machine. An
open cable between the switcher and the monitor
would cause a loss of image; however, this trou-
ble could be checked by using a known good
monitor. Also a faulty distribution amplifier could
cause the same symptom, but substitution would
aid in localizing the faulty unit. If the tape ma-
chine were faulty. then when video on a monitor
was lost, all monitors would have the same indica-
tions. A check with the tape machine video moni-
tor and the tape machine waveform monitor will
quiekly indicate that the tape machine is the_

trouble source.
8-6. The distribution amplifier unit can be

affected by a monitor in such a manner to cause

24

!r biow a ruse
znc system. This

and thus affect the rest of
would be the s,anc as

ctscd in the previous section im transmission
d;-.;ribution o.mplifiers. The distribution ampli-
,k1 power suppiy unit lailure would have th::
same effect. in that would affect more than one
Liistribution amplifier. This v..ould also ;Weer all
monitors attaehe to thc distribution amplifier
units the same as would be revealed by cross-
check of monitors.

8-7. The complex system will enable a mory
comprehensive stud\ of system troubks. When
troubleshooting a system tdways renwmher to
use all available symptoms. learn to read the
s)mptoms. and analyze them to deterrnine the
unit which is faui:y. Never fai! to compare sys-
tem symptoms as this will lead to a rapid repair
and thus keep a system on the air. If a signal
does not reach its destination. regardless of the
cause. then efficiency is lost. Therefore all parts
of the system are important. as you wiil see from
the planning involved in system installation, as
covered in the next chapter,

4 9j
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WORKBOOK

TELEVISION EQUIPMENT REPAIRMAN/TECHNICIAN

Ire.T--ItP\CAING
/SRGCRE VdR

This workbook places thc materials you need where you need thcm while you
are studying. In it, you will find thc Study .Reference Guide, the Chapter Review
Excrciscs and thcir answers, and the Volume Review Exercise. You can easily
compare textual references with chaptcr exercise items without flipping pages
back and forth in your text. You will not misplace any one of these essential
study materials. You will have a single reference pamphlet in the proper sequence

for lcarnino.
Thcsc devices in your workbook are autoinstructional aids. They take the

place of the teacher who would be directing your progress if you wcre in a
classroom. The workbook puts these self-teachers into one booklet. If you will
follow the study plan given in "Your Key to Carccr Development," which is
in your course packet, you will be leading yourself by easily learned stcps to
mastery of your text.

If y ou have any questions which you cannot answer by referring to "Your
Kcy to Career Development" or your course material, use ECI Form 17, "Student
Request for Assistance," identify yourself and your inquiry fully and send it to
ECI.

Keep the rest of this workbook in your files. Do not return any other part
of it to ECI.

EXTENSION COURSE INSTITUTE

Air University
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STUDY REFERENCE GUIDE

I. Cse this Guide as- a .Stady Aid. It emphasizes all important study areas of this volume.

2. 1 se the Guide (1)111plete the VI,Iffine Review ExerriAe and for Review after Feedhack

the Results. After each item number on your V RE is a three digit number in parenthesis. That

numbcr correspomk to the Guide Number in this Study Reference Guide which shows you where

the answer to that VR E item can he found in the text. When answering the items in your

VRI:, refer to the areas in the text indicated by these Guide Numbers. The VRE results will he

sent to you on a poocard which will list the actual I'RE items you mi.s.sed. Go to your VRE
booklet and locate the Guide Number for each item missed. List these Guide Numbers. Then go
hack to your textbook and carefully review thz areas covered by these Guide Numbers. Review

the entire VRE again before you take the closed-book Course Examination.

3. I e the Guide for Follow-up after you complete the Cours.e Examination. The CE results will

he sent to you on a postcard. which will indicate "Satisfactory- or "Unsatisfactory- completion.
.1 he card will list Guide Nunthers relating to the questions missed. Locate these numbers in the

Guide and draw a hue under the Guide Number, topic, and reference. Review these areas to
insure your mastery of the course.

Guidc
Numiwr Guide Numbers 300 through 315

300 Operational Responsibilities; Sy stem s,
pages 1-2

301 Inspection: Daily; Weekly; Monthly, pages
2-4

302 Inspection: Two Months (60 Days); Three
Months (90 Days); Semiannual; Annual; In-
spection Teams; Evaluation of Inspection
Reports, pages 4-6

303 System Quality Checks, pages 6-7

304 Troubleshooting and R ep al r; Television
Test Equipment, Types, Use, and Malfunc-
tions: Television Test Equipment; Color
Television Testing, pages 8-10

305 Television Test Equipment, Types, Use, and
Malfunctions: Test Equipment Malfunctions
and Detection; Alternate Quality Testing
Methods; Transistor Checks, pages 10-13

306 Troubleshooting and Maintenance Proced-
ures, pages 13-14

307 Systematic Repair, pages 14-17

Guide
Number

308 Diagnosing System Troubles; Transmission
System Troubles: Power Supply; Sync Gen-
erator; Camera; Switcher, pages 18-20

309 Transmission System Troubles: Distribu-
tion Amplifiers; Monitor; Exciter; Trans-
mitting Antenna, pages 20-22

310 Receiving System Troubles, pages 22-24

311 Installation and Modification; C -E Program-
ming: C-E Requirements; Planning; Plan-
ning Qualitative and Quantitative C-E Re-
quirements; Programming; Programming
Qualitative and Quantitative C-E Require-
ments, pages 25-28

312 C-E Programming; Programming Televis-
ion Requirements; C-E Program Manage-
ment; Implementation; Implementing Quali-
tative and Quantative C-E Requirements;
C-E Schemes; C-E Implementation Sched-
ule; Implementing Television Requirements,
pages 28-30

313 Installation Phase, pages 30-32

314 Installation Testing, Inspection and Accep-
tance, pages 32-35

315 Modifications, pages 35-38

*NOTE: Pages 494 and 495 are missing due to deleted material. No pertinent
information was omitted.

1



2. Match the follw.ving items of test equirri.-:it wit' the apprqpriate staten't'nt. 41,

Tube checker. 1. Used fo7 regulated pov.er suppl% t-sts.

Wa; tmeter. 2. Checks Jefleti ion Iirienritv.
Voltmeter:: and mill iamrneters.
Ohmmeter.

Prevents r-t inter'crenee dunng rr.insinittet
testing.

Grating generator.,
Dummy load.

4. Provide!, modulating signal tor transmitter
testing.

Multiburst generator. 5. Provides accurate voltage rnew-urements.

Video sweep generator. h. Checks transmitter output power.-h.
Oscilloscope. 7. Checks video circuit bandwidth.

Monoscope amplifier. 8. Checks system pulse widths.

Jc Waveform monitor. 9. Produces video and other timed pukes.
10. Check for matched tubes.
11. Alternate transistor test.

3. Identify the test equipment specially designed for color testing. (4-13)

4. What is the best method of troubleshooting a color bar generator? t 4.26)

5. Give the best alternate method of testing the frequency response of a television system the

multiburst generator should fail and describe how irregularities are identified. I 4-33..1-1)

6. Name the video quality tests that can be made using the E1A resoiutton test pattern. 14. f),

5u,t



7. How do you check a p-n-p transistor with an ohmmeter? (4-46)

3. Name the steps associated with troubleshooting and repairing television equipment. (5-2)

9. Describe the similarities of symptom analysis and trouble analysis. (5-4, 6)

10. What conditions may result in recurring circuit malfunctions? (5-8)

11. Why are intricate maintenance procedures written? Give three examples of these procedures. (5-9)

12. How are alignment and calibration procedures written? (5-13)

13. What precautions should be taken during disassembly of television equipment? (6-3)

14. What are the advantages of using bench mockups for equipment checkout? (6-8)

5
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/MI
15 What are the dist,dvantages of not,usine bench mockups for equiPMent checkout? (6-9.0

16.. Why are quality checks desirable? (6-1G)

17. Who is responsibk for the calibration of precision measuring equipment? (6-27)

18. Who is responsible for processing new items of precision measuring equipment through the PMEL?
(6-35)

CHAPTER 3

Objectives: To desc,ribe the procedures used in analyzing system symptoms to determine the'malfunc-
tioning units in the system.

1. Number the following events in their proper sequence as they relate to systems maintenance.
(7-1, 2)

Isolate trouble.
b Recognize symptoms.
c. Cross-check symptoms.
d. Verify symptoms by substitution.
e Localize symptom to unit of system.

Analyze symptoms.
g Verify unit at fault by substitution.

Repair or replace unit at fault.

506
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2. Which of the following items can be matched to the associated statement(s)? (7-44)

...a. A fuse. 1. Can be bad and there will not be any power to the pilot light.

- -----b. A time-delay device. 2. Malfunctioning will cause a loss of current and voltage output.

A control relay. 3. Working improperly; could cause voltages to be applied too

quickly.
4. Could possibly be a cause of the pilot light not working.

11;
0

3. In a closed circuit cable system, a monitor indicates erratic horizontal tearing of the image. List

the system units which could cause this. (7-8-10)

4. If you have high-frequency loss in a camera preamplifier, what would be the symptoms and what

would be adjusted to compensate for the loss? (7-12)

5, What unit of the system would cause an instantaneous video presentation, but would also cause

the presentation to drop out just as quickly? (7-15)

6. Three monitors have lost thei signal but the other monitors all have good signals. What is the

most likely cause of the trouble? (7-16-22)

7. What would be the symptoms if a monitor input becomes shorted? (7-24)



8. List the various methods of using an e.:citer unit as related to the various types of r-f

transmissions. (7-25-30)

9. If you were told that a slight misalignment of antennas had caused a complete loss of signal.
what basic category of antennas would this probably be? (7-31-33)

10. Which signals would be affected on a TV receiver if the antenna cable is broken? (8-2)

11. How would a simple system, installed as part of a complex system, be an aid to trouble analysis?
(8-3, 4)

5 d
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ANSWERS FOR CHAPTER REVIEW EXERCISES

CHAPTER 2

1. Multiburst generator; grating generator; monoscope amplifier; and waveform monitor. (4-2)

2. 1, c; 2, e; 3, f; 4, j; 5, i; 6, b; 7, h; 8, k; 9, g; 10, a; and 11, d. (4-3-12, 46)

3. Color bar generator, dot generator, vectorscope, color signal analyzer, and linearity checker.
(4-13)

4. Signal tracing. (4-26)

5. The EIA resolution test pattern. Characteristic response frequency irregularities appear in the
output presentation as closely spaced, horizontally displaced, positive or negative, delayed or
advanced repetitions of the original signal. These discrepancies are called ringing. (4-33, 34)

6. Gray-scale rendition, shading, uniformity, streaking, interlace, aspect ratio, geometric distortion,
horizontal and vertical resolution, and characteristic response frequency. (4-36)

7. Base to emitter and base to collector front to back ratio. (4-46)

8. Symptom recognition, symptom analysis, trouble localization, trouble analysis, and trouble
correction. (5-2)

9. Both are evaluations of known factors. (5-4, 6)

10. Faulty circuit design and unrepaired component or circuit defects. (5-8)

11. To remember all necessary steps. Alignment, calibration. and PMI's. (5-9)

12. In r.imple, logical, straightforward steps. (5-13)

13. Do not perform more disassembly than necessary, follow TO's and manufacturer's handbooks, do
not lose components and other parts, and label wiring as it is disconnected. (6-3)

14 5 I o
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14. They are permanent4set.up. they are available at all times, they permit easy alignment,

calibration, and final checkout of equipment. (6-8)

15. Possible checkout delays and test equipment must be set up each time it is used. (6-9)

16. To Insure that repair is properly completed to locate need for additional training, and to prevent

equipment and system damage. (6-10)

perEonnel in organizational, field, and depot level maintenance of precision
n-::.:75. ring equipment. (6-27)

18. The using organization. (6-35)

1. a. 7.

h. 1.

d. 3.

s.
f. 4.
g. 6.
h. 8.
(7-1, 2)

CHAPTER 3

2. a. 1.

b. 3 and 4.
(.. 2.

(7-4-7)

3. Monitor (horizontal oscillator), distribution amplifier, and sync generator. (7-8-10)

4. The symptom would be white streaks in the video presentation, and the adjustment of the high-

peaker should correct the problem. (7-12)

5. The switcher would cause this symptom if iti switch contacts are bad. There would be a
momentary video presentation due to the pressure of the operatbr pushing the button. (7-15)

6. A video distribution amplifier used as a line amplifier for the three monitors. It could be a line

going to the distribution amplifier, but this is a less likely problem. (7-16-22)

7. There would not be a video presentation on that particular monitor or other monitors connected to

the same distribution amplifier. A short on a monitor input will cause a distribution amplifier fuse

to blow due to the excessive current at the distribution amplifier output. (7-24)

8. Cable video only, r-f carrier; cable video and audio, r-f carrier; relay radiated video and audio, r-f

carrier; broadcast radiated video, AM carrier; braodcast radiated audio, FM carrier. (7-25-30)

9. Microwave relay antennas, because they are a highly directional low-power antenna; thus a slight

misalignment can cause complete loss of power. (7-31-33)

10. Both the video and audio signals as they are separated internally; thus a broken cable will cause

a loss of all signals. (8-2)

11. The simple systerr could be used to insert a test signal, and it can be used to receive and thus

compare signals. This enables the checking of inputs to the complex system. (8-3, 4)

*NOTE: Pages 504 and 505 are missing due to deleted material. No pertinent
material was omitted.
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S T 0 P -
I. MA1CII ANSWER

SHEE1 10 THIS
EXERCISE NUM-
BER.

Carefully read the following:

bo'S:

2. USE NUMBER' I
PENCIL..

30455 03 21

VOLUME ,REVIEW EXERCISE

1. Check the "course.- "volume.- and "form- numbers from the answer sheet address tab against
the "VRE answer sheet identification number.' in the righthand column of the shipping list. If
numbers do not match, take action to return the answer sheet and the shipping list to ECI immedi-
ately with a note of explanation.

2. Note that numerical sequence on answer sheet alternates across from column to column.

3. Use only medium sharp ::1 black lead pencil for marking answer sheet.

4. Use a clean eraser for any answer sheet changes. keeping erasures to a minimum.

5. Take action to return entire answer sheet to EC1.

6. Keep Volume Review Exercise booklet for review and reference.

7. If ntantiatortlu enrolled student, process questions or comments through your unit trainer or OJT

supervisor.
If roluntarilu enrolled student, send questions or comments to ECI on ECI Form 17.

DON'TS:

1. Don't use answer sheets other than one furnished specifically for each review exercise.

2. Don't mark on the answer sheet except to fill in marking blocks. Double marks or excessive
markings which overflow marking blocks will register as errors.

3. Don't fold, ,::pindle, staple. tape, or mutilate the answer sheet.

4. Don't use ink or any marking other than with a I black lead pencil.

Note: The 3-digit number in parenthesis immediately following each item number in this Volume
Review Exercise represents a Guide Number in the Study Reference Guide which in turn indicates

the area of the text where the answer to that item can be found. For proper use of these Guide

Numbers in assisting you with your Volume.Review Exercise, read carefully the instructions in

the heading of the Study Reference Guide.

18
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Multiple Choice

Nott.: The first three Items in this exercise are based on instructions tha t were included with your

course materials. The correctness or incorrectness of your answers to these items will be reflected in

your total score. There are no Study Reference Guide subject-area numbers for these first three items.

1. The form number of this VRE (or CE) must match

a. mv course number. c. the form number on the answer sheet.

b. the number of the Shipping List. d. my course volume number.

2. So that the electronic scanner can properly score my answer sheet, I must mark my answers with a

a. pen with blue ink. c. number 1 black lead pencil.

b. ball point or liquid-lead pen. d. pen with black ink.

3. If I tape, staple or mutilate my answer sheet; or if I do not cleanly erase when I make changes on

the sheet; or if I write over the numbers and symbols along the top margin of the sheet,

a. I will receive a new answer sheet.
b. my answer sheet will be unscored or scored incorrectly.

c. I will be required to retake the VRE (or CE).
d. my answer sheet will be hand-graded.

5



Chapter 2

10. (306) What functions are involved during the trouble correction phase of troubleshooting and

repair of TV equipment?

a. Disassembly, replacement, repair, and reassembly.
b. Disassembly, replacement, repair, evaluation, and reassembly.
c. Disassembly, repair, reassembly, and inspection.
d. Disassembly, replacement, reassembly, and inspection.

11. (304) What unit of TV test equipment is used for contrast, deflection linearity, low-frequency
phase shift, and resolution tests?

a. The waveform monitor. c. The grating generator.
b. The monoscope amplifier (camera).. d. The multiburst generator.

12. (306) What steps (not necessaiily in logical order) are it:volved in the systematic process of

troubleshooting and repair of TV equipment?

a. Trouble localization, trouble analysis, disassembly, correction, and reassembly.
b. Disassembly, replacement, repair, and reassembly.

c. Symptom recognition, correction, trouble localization, symptom analysis, and trouble analysis.

d. Symptom recognition, trouble analysis, disassembly, repair, and reassembly.

13. (304) Which of the following units of test equipment are used for color testing?

a. The vectorscope, color signal analyzer, and lenearity checker.
b. The vectorscope,.color signal analyzer, and multiburst generator.

c. The ve:.torscope, monoscope amplifier, and color-bar generator.
d. The vectorscope, video sweep generatot, and linearity checker.

14. (305) What video quality tests can be made using the EIA resolution test pattern?

a. Streaking, interlace, aspect ratio, and color fidelity.

b. Gray-scale rendition, aspect ratio, streaking, and geometric distortion.

c. Interlace, aspect ratio, frequency response, and color fidelity.

d. Aspect ratio, shading, vertical resolution, and horizontal amplitude.

15. (307) Who, is responsible for processing new items of precision-measuring equipment through the

PMEL?

a. The PMEL.
u. Base supply.

I. (307) Why are quality checks necessary?

a. To prevent equipment damage.
b. To complete repairs.

c. The using organization.
d. The Calibration and Meteorology Division.

c. To discover poor workmanship.
d. To increase training needs.

rJ ki
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17. (305) What is the best method of troubleshooting a color-bar generator?

a. Voltage checks. c. Resistance checks.
b. Signal tracing with an oscilloscope. d. Pulse amplitude checks with an oscilloscope.

18. (307) Why are alternate checkout methods less desirable than bench mockups?

a. Increased time outage of the operational equipment.
b. Increased repair time.
c. Scheduled programming is interrupted.
d. Test equipment must be set up when it is used.

19. (306) Why are detailed maintenance procedures written?

a. To complete proper alignment and calibration of the equipment.
b. To complete the proper PMI's.
c. To insure completion of all necessary maintenance tasks.
d. To complete all necessary alignment procedures.

20. (306) What conditions do recurring malfunctions usually indicate?

a. Faulty circuit design and modification.
b. Unrepaired circuit components and excessive equipment failures.
c. Unrepaired circuit components and modifications.
d. Faulty circuit design and unrepaired circuit components.

Chapter 3

21. (308) A monitor has erratic tearing of the horizontal image. Which of the following groups is most
likely the cause?

a. Monitor (horizontal oscillator), transmitter, and sync generator.
b. Distribution amplifier, camera, and sync generator.
c. Monitor (horizontal oscillator), distribution amplifier, and sync generator.
d. Monitor (horizontal oscillator), power supply, and sync generator.

22. (309) What would be the most correct symptoms if a monitor input were to become shorted?

a. No video presentation and a blown fuse in the distribution amplifier.
b. No video presentation on one monitor, but all others would be normal.
c. There would probably be a weak video signal present on the monitor.
d. The video signal would have a vertical roll due to change of impedance.

23. (310) How would the incoming signal to a color TV receiver be affected if the antenna cable
conductor is broken?

a. The video will become weak. c. Only the color burst signal will be lost.
b. All incoming signals will be lost. d. The audio will become weak.

24. (309) Which of the following systems would normally use an r-f exciter unit to generate a carrier
signal to he modulated by video?

a. Sin Oe camera and monitor, used for doorway surveillance.
b. Studio camera to tape machine for making tapes.
c. Studio-to-transmitter relay.

Switcher to tape machine for making Wises.

21
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LIST OF CHANGES

COURSE
NO.

30455
EFFECTIVE DATE
OF SHIPPING U.ST
7 Apr 76

CAREER FIELDS. POLICIES. PROCEDURES AND EQUIPMENT CHANGE. ALSO ERRORS

OCCASIONALLY GET INTO PRINT. THE FOLLOWING ITEMS UPDATE AND CORRECT

YOUR COURSE MATERIALS. PLEASE MAKE THE INDICATED CHANGES.

. CHANGES FOR THE VOLUME WORKBOOK: VOLUME lA

e. Page 35, Special Situation instructions preceding question 64, line 1:

Change "test" to "text." Line 2: Change "as folloWb" to "initially for each

question."

f. Page 36, Special Situation instructions, question 68: Change "up as

follows"%o "initially for each question."

g. The following questions are no longer scored and need not be answered:

32 and 36.

8. CHANGES FOR THE VOLUME WORKBOOK: VOLUME 2

a. Page 30, Chapter Review Exercise, answer 11: Change "radiated" to

"received."

b. The following questions are no longer scored and need not be answered:

24 27 and 67.

9. CHANGE FOR THE VOLUME WORKBOOK: VOLUME 3

The following questions are no longer scored and need not be answered:

22, 40 and 45.

NOTE: Change the currency date on all volumes to "15 December 1974."
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LIST OF CHANGES

COURSE
NO.

30455

EFFECTIVE DATE
OF SHIPPING UST

7 Aor 76

CAREER FIELDS, POLICIES, PROCEDURES AND EQUIPMENT CHANGE. ALSO ERRORS
OCCASIONALLY GET INTO PRINT. THE FOLLOWING ITEMS UPDATE AND CORRECT
YOUR COURSE MATEFIIALS. PLEASE MAKE THE INDICATED CHANGES.

1. CHANGES FOR THE TEXT: VOLUME 1

a. Preface, page iii, line 2: Change sentence to read ". . . achievement of
5-level proficiency." Lines 4 and 5: Delete sentence which reads "If you are
training to . . . in additign to this course." Lines 7 and 8: Change sentence
to read "Such items are contained in CDC 30000 for 5-skill level training."

b. Page 6, Fig 1: At the 5 skill level, change "1098" to "2095." At the
7 skill level, change "1098" to "2096."

c. Page 51, col 1, line 3: Change "you will" to "possibly."

d. Page 90, Fig 83: Change secondary of input transformer to center tapped.
Label upper transistor Ql and lower transistor Q2. Add tie point at the junction
of the emitters of both transistors and ground.

2. CHANGES FOR THE CHANGE SUPPLEMENT: VOLUME 1 (30455 01 S01 0569)

a. Page 1, col 1, lines 8 and 9: Change °Tech Tng Ctr (TSOC), Keesler AFB,
MS 39534" to "USAF School of Applied Aerospace Sciences (TTOX), Lowry AFB, CO
80230."

b. Page 1, under "Workbook" changes: Beginning with page 18, changes should
be reflecte under Changes for the Text.:

c. Page 1, Changes for the Workbook, line 5: Delete "Change CDA to DCA."

3. CHANGE FOR THE TEXT: VOLUME lA

Page iii, lines 24 and 25: Change "Tech Tng Ctr (TSOC), Keesler AFB, MS
39534" to "USAF School of Applied Aerospace Sciences (TTOX), Lowry AFB, CO 80230."

I. CHANGE FOR THE TEXT: VOLUME 2

Page iii, lines 20 and 21: Change "Tech Tng Ctr (TSOC), Keesler AFB, MS
39534" to "USAF School of Applied Aerospace Sciences (TTOX), Lowry AFB, CO 80230."

5. CHANGE FOR THE TEXT: VOLUME 3

Page iii, lines 15 and 16: Change "Tech Tng Ctr (TSOC), Keesler AFB, MS
39534" to "USAF School of Applied Aerospace Sciences (TTOX), Lowry AFB, CO 80230."

6. CHANGES FOR THE VOLUME WORKBOOK: VOLUME 1

a. Pdge 7, Chapter Review Exercise, question 10, line 3: Change "(7; Fig. 31)'

(Page 2 of 14 )



COURSE
NO.

LIST OF CHANGES

30455

EFFECTIVE DATE
OF SHIPPING UST

7 Apr 76

CAREER FIELDS, POLICIES, PROCEDURES AND EQUIPMENT CHANGE. ALSO ERRORS

OCCASIONALLY GET INTO PRINT. THE FOLLOWING ITEMS UPDATE AND CORRECT

YOUR COURSE MATERIALS. PLEASE MAKE THE INDICATED CHANGES.

6. CHANGES FOR THE VOLUME WORKBOOK: VOLUME I (Continued)

to "(7-9; Fig. 31)." Question 11, lines 2 and 3: Change "I6-17-Kc" to "16.7Kc.".

b. Page 8, Chapter Review Exercise, question 13, line 1: Change "31" to "30."

c. Page 11, Chapter Review Exercise, question 21, lines 3 and 4: After "no"

add "horizontal."

d. Page 14, Chapter Review Exercise, question 22, col B: Change "grid" to

"heater" in choice b.

e. Page 18, Chapter Review Exercise, question 16: Change "How can the color

camera TO be adjusted?" to read "What provision is made to equalize the gain of

the TO tubes in a color camera?"

f. Page 22, Chapter Review Exercise, col 2, answer 10: Change "(7; Fig 31.)"

to "(7-9; Fig 31.)"

g. Page 24, Chapter Review Exercise, answer 12, line 3: Change "(at TP3)"

to "(at TP6)." Answer 17, line 2: Change "oscillator" to "monitor."

h. Page 34, question 69: Change "(121)" to read "(122)."

i. The following questions are no longer scored and need not be answered:

9, ul and 63.

7. CHANGES FOR THE VOLUME WORKBOOK: VOLUME lA

a. Page 7, Chapter Review Exercise, question 25: Change "(10-10)" to

"(10-15)." Question 26: Change "(10-15)" to "(10-13)."

b. Page 20, Chapter Review Exercise, answer 26: Change "control" to

"management." Answer 29: Change "310E" to "210E."

c. Page 21, Chapter Review Exercise, answer 40: Change "213" to "187."

Answer 43: Change "extra copy" to "a shop."

d. Page 24, Chapter Review Exercise, answer 23: Change " 10 " to

10
4.73 X 105

4.73 X 10 Answel, 29: Change "TO 33K-1-01, Calibration Procedures and

Responsibilities" o "TO 33K-1-100, Responsibilities and Calibration Measurement

Areas."
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