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Preface

THIS FIRST VOLUME of CDC 30455, General Subjects, is designed to provide the
3 skill level person with the required knowledge for upgrading to a 5 skill level. This
volume is designed to expand your knowledge of those functions that are common
to all television systems maintenance areas. These are on-the-job training (OJT),
security, television equipment, safety, AF publications, supervision, and
maintenanice management.

Modules 10009 and 10003, referenced in the text, are included as separate
inclosures.

The inclusion of names of any specific commercial product, commodity or service
in this publication is for information purposes only and does not imply endorsement
by the Air Force.

Direct your questions or comments relating to the accuracy or currency of this
volume to the course author: 3420th Technical Training ‘Group, ATTN: MSgt James
S. Green, Lowry AFB, CO 80230. If you need an immediate response, call the
author, AUTOVON 926-2406, between 0800 and 150 Mountain Standard Time,
Monday through Friday. (NOTE: Do not use the suggestion program to submit
changes or corrections for this course.)

If you have questions on course enroliment or administration, or on any of ECI’s
instructional aids (Your Key to a Successful Course, Behavioral Objective Exercises,
Volume Review Exercise, and Course Examination), consult your education officer,
training officer, or NCO, as appropriate. If this person can’t answer your questions,
send them to ECI, Gunter AFS AL 36118, preferably on ECI Form 17, Student
Request for Assistance.

This volume is valued at 30 hours (10 points).

Material for this volume is technically accurate, adequate and current as of
August 1980.
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CHAPTER i

correct, review the objectives and its text.

NOTE: In this volume, the subject matter is developed by a series of student-centered objectives.
Each of ihese carries a three-digit number and is in boldface type. Each sets a learning goal for you.
The text that follows the objective gives you the information you need to reach that goal. The
exercises following the information give you a check on your achievement. When you complete them,
see whether your answers match those in the back of this volume. If your response to an exercise is in-

On-The-Job Training

THE ATTITUDE you have toward your job will, to
a great extent, determine your success. Your ability
to broaden the scope of your knowledge and
performance will be much greater if you fully realize
your important role in the Air Force mission.

How important is your job in the Air Force
mission? You are required to maintain some of the
most complex electronic systems in the Air Force
inventory. Applications of television are limited only
by the medium of transmission and the user’s
imagination. Ordinarily, the mention of television
causes one to think of entertainment, but entertain-
ment is only one of numerous TV applications.
Besides regular broadcast television operated by the
American Force; Television Network at various
places throughout the world for the information and
education of servicemen and their dependents, there
are many other military uses for tclevision. Your job
as a TV repairman or technician is to maintain any
present-day type of system or any entirely new and
different system programmed for the future and to
see that it is working perfectly.

Your job assignment requires great skill and the
use of advanced maintenance techniques. The success
of the mission, as well as the safety of fellow
workers, rests on your ability to perform assigned
maintenance tasks without failure. A careless or
‘‘just-get-by”’ attitude may result in the failure of a
television system, thereby resulting in a failure to
complete a valuable mission.

You probably have attended the basic Television
Equipment Repair Course, where you were intro-
duced to methods and procedures for maintaining
these systems. Now you are required to continue your

RIC
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training under a different concept: on-the-iob
training (OJT). Your OJT is ‘‘a planned training
program designed to qualify you, through self-study
and supervised instruction.’’ This on-the-job training
applies the principle of ‘‘learning by doing’ under
the guidance of an experienced person. Yours is a
“‘dual-channel OJT program’’ in that it includes two
parts—career development and job proficiency
development. You must complete both parts before
you can be upgraded to the 5 skill level.

The Television Equipment Repair Course from
which you recently graduated (if you attended the
course) is a formal training p.ogram. If you are like
most of us, you found the rapid succession of facts
and functions somewhat bewildering. Therefore, you
have found your present assignment to be an entirely
new experience. We have made this Career Develop-
ment Course as personal a presentation as we can;
however, the scope of information it contains is quite
extensive.

You probably have many questions running
through your mind, such as what this Career
Development Course really is, how it is related to
task assignments, what benefits it has to offer, and
what systems require competent maintenance
techniques. Basically, it is a continuation of the Tele-
vision Equipment Repair Course—with one major
exception. You are now cast in the role of both
teacher and student. Although we have made our
best eiiort to present this material in the most con-
cise, direct manner that we know, this is still a self-
instructional course that may require considerable
study during your off-duty time.

o



On-The-Job Training, Module 1009

NOTF- For objectives 001-043, study objectives 001-043 in Module 10009, On-The-Job Training.,
which accompanies this volume. When you compiete Module 10009, return to the text.

M .duie 10009
On Trie-Jeb Training

CDC 30455 Objectives Module 10009 Objectives

001 001
002 002
003 003
004 004
005 005
006 006
007 007
008 008
009 009
010 010
ol1 011
012 012
013 013
014 014
015 015
0i6 016
017 017
018 018
019 019
020 020
021 021
022 022
023 023
024 024
025 025
026 026
027 027
028 028
029 029
030 030
031 031
032 032
033 033
034 034
035 035
036 036
037 037
038 038
039 039
040 040
041 M1
042 042
043 043




CHAPTER 2

Security, Module 10003

NOTE: For objectives 044-065, study objectives 001-022 in Module 10003, Securitv, which accom-
panies this volume. When vou complete Module 10003, return tc the text.

Module 10003

Security
CDC 30455 Objectives Module 10003 Objectives
044 001
045 002
046 003
047 004
048 005
049 006
050 007
051 008
052 009
053 010
054 011
055 012
056 013
057 0i4
058 015
059 016
060 017
061 018
062 019
063 020
064 021
065 022
3
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CHAPTER 3

Television Equipment _afety

WE ARE ALL responsible for making our jobs as
safe as possible. We must observe and practice safety
precautions in all things we do. If we do not apply ihe
rules of saf-- v, our television equipment may become
useless an ' .1operative. Worse still, you or one of
your fellow workers may be hospitalized,
permanently crippled, or even killed. Safety is a full-
time responsibility. We can help prevent accidents by
being safety-conscious 24 hours a day. Safety-
consciousness, both on and off the job, is an attitude
that each and every one of must develop. A safety-
conscious frame of mind focuses attention on acci-
dent prevcation. Remember—accidents don’t just
happen; they are caused. Now, let us see what is in-
volved with ground safety, as well as electrical and
maintenance hazards.

3-1. Objectives of Ground Safety

The Air Force has ground savety directors, safety
inspectors, safety technicians, and others. These
people are responsible for advising on safety rules,
enforcing the rules, and providing safety guidance.
Their duties include organizing and administering
ground safety. They inspect periodically to determine
unsafe practices and unsafe working conditions.
They investigate all accidents. They have a lot of
information and can advise or provide training films
and training literature for you. However, they cannot
be expected to eliminate all hazards or potential
dangers. The primary responsibility is still with the
individual.

066. Provided with examples of accidents, identify
the most probable cause.

Causes of Accidents. Accidents are preventable;
they do not happen without cause. Only 2 percent ot
all accidents are caused by mother nature and are
classified as ‘‘natural phenomena.?’ Even these can
be controlled to some extent. It is only in the realm of
nature involving phenomena such as lightning,
storms, floods, and earthquakes that accidents are
extremely difficult to prevent. However, you can
even minimize the effects of these. For example, you
can secure aircraft when you expect strong winds.

Theoretically, you can trace preventable accidents
to antecedents or causes originating in the heredity
and early environment of individuals. These
beginnings may manifest themselves in unsafe
personal characteristics which allow or cause an
individual to act unsafely or to overlook and tolerate
an unsafe condition. Unsafe acts of people cause 88
percent of all accidents, and unsafe conditions cause

Q
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10 percent. In other words, 98 percent of all accidents
are caused by unsafe acts and unsafe conditions and
are preventable. In most cases, you can anticipate
unsafe acts and conditions, readily identify them,
anc eliminate them. Practical accident prevention
measures and controls have been developed to
eliminate causes of preventable accidents and to
minimize the effects of other accidents.

Exercises (066):

In each of the following, give the cause of the
accident to be an unsafc act, an unsafe condition, or
a natural phenomena.

1. An airman was adjusting the 10,000-volt power
supply the floor was wet, and he was not
standing on a rubber mat.

2. An airman was replacing a fuse that supplies the
line voltage, but did not turn off the main power.

3. When a crew of men were moving a camera from
the studio to a truck, the wind caused the camera
to fall off the dolly.

067. For given situations identify the proper method
for preventing a repetition of an accident.

Accident ’revention. 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 cost on the Government. There are two
types of costs: direct cost and indirect cost.

Direct cost to the Government is for medical care,
insurance payments, claims, compensation for
civilian employees, and related services. Accident
costs, carefully computed over a representative
period of time, make it possible to accurately
estimate the direct cost of each fatality, injury, and
first aid case. These costs are enormous; but equally
important is the human suffering, something that
you cannot evaluate in dollars and cents.

Indirect cost consists of loss of productive time of
the injured person, time of those who aid him, time
of the curious and sympathetic people, cost of
investigation, cost of training replacements,
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interruption of operation, damaged equipment, and
similar losses. Studies indicate that the ratio of
indirect costs to direct costs is at least 4 to 1. You can
prevent these losses through safety engineering,
safety education, safety training, and safety super-
vision.

Safety engineering controls the work environment
to the extent that only a minimum of physical
hazards remain. Scientific methods of engineering
revisions are accomplished by substitution, isolation,
mechanical guarding, facility and operation layout,
and identification.

Substitution involves replacing hazardous
methods, procedures, facilities, and equipment.
Isolation involves locating certain hazardous opera-
tions in isolated areas where they are less likely to
endanger other operations and activities or person-
nel. Mechanical guarding provides mechanical
safeguards on moving machine parts, which prevent
personnel injury in case of equipment failure or
unsafe use. Facility and operation layout takes into
consideration the need for adequate work areas,
clearly defined traffic lanes and aisles, sufficient light
and fresh air, proper stockpiling, ease of production-
line-type operations, and so on. Identification is the
highlighting of hazardous areas, shops, or operations
by using colored lights, flares, barriers, signs, audible
signals, and other means to make the hazard
particularly conspicuous.

Safety education is extremely important in
preventing accidents that cannot be offset by
engineering, particularly accidents that occur off
duty or off base. The most important effect of safety
education is that it develops safety-consciousness in a
person. When properly ingrained, this safety-
consciousness functions without mechanical
safeguards or enforcement pressures.

Safety training is a specialized form of education
used to prepare a person for a specific job. Proper
training enables a person to do the job safely and
without supervision.

No one is better qualified or in a better position to
find and correct both routine and unusual safety
hazards than the shop supervisor. The supervisor
deals directly with both the worker and the job. The
supervisor is in the best position to improve the
worker’s attitude toward the job, to fill gaps in
personal knowledge of the job, and to correct unsafe
conditions involved in the job. When a supervisor
fails in any one of these responsibilities, inefficiency
and costly results are to be expected.

Exercises (067):

In the following situations, state whether safety
engineering, safety education, safety training, or
safety supervision could prevent a repetition of the
accident.

RIC
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1. An airman was told to turn on the 2encrator.
He/She was not sure of the procedure, pressed
the wrong switch, and caused the main fuse to
blow.

2. A sergeant in charge of a maintenance shop saw
an airman testing a machine that was not
electrically grounded, but did not say a word to
the airman.

3-2. Electrical Hazards

As a repair person in a television maintenance
shop, you will be working with electrical and
mechanical tools to repair your equipment. Working
with equipment that requires adjusting high voltages
requires selection of the proper tools to make
mechanical adjustments. Therefore, you cannot take
any chances of getting hurt or hurting someone else.
Let’s discuss some of the precautions.

068. Given specific conditions, identify the safety
hazards involved.

Electrical Hazards Associated with Tools. The
wide use of electrical facilities and equipinent, such
as test sets, cameras, and controls, that requirc elec-
trical current for their operation exposes television
system maintenance personnel to many of the accom-
panying hazards.

Poor judgment in the use of electrical tools is a
major cause of injuries and equipment damage.
Ground operations personnel are constantly exposed
to the danger of severe electrical shock, burns
resulting from contact with ‘hot’ circuits, and
injuries received in fires caused by improper or
careless use of electrical facilities and equipment.
Short circuits, overloading, accidental grounding,
poor electrical contacts, and misuse are all responsi-
ble for major accidents involving electricity.

When working on electrical equipment, do not
wear personal jewelry or metal objects such as rings,
metal wrist bands, metal rimmed glasses, watch
chains, watches, etc., for such items can act as
electrical contacts. Tools must oe insulated. They
must not be taped or otherwise self-modified to
provide insulation. All electrical equipment and
facilities must be connected to a low resistance

ground. Remember, carelessness may cost you your
life.
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Exercises (068):

I. If you did not properly ground test equipment,
would this be an electrical hazard?

2. Is ths use of elecrical tools that are not properly

insulated a hazard?

3. Why must you remove all rings and jewelry when
working on electrical equipment?

069. For given situations, identify the condition that
would present the greatest electrical hazard, and
name three methods of reviving victims of electrical
shock.

Electrical Shock. Adequate training in the use and
operation of equipment and adequate instruction in
safety requirements help to reduce accidents caused
by electricity. However, the possibility for human
error still exists, making the ground safety program
necessary. Often, airmen become so familiar with
their assigned tasks that they become negligent. Such
negligence results in preventable accidents. Unfor-
tunately, electrical hazards are present in nature.
Rain and lightning storms contain electrical poten-
tials capable of causing damage to structures and
equipment as well as death through electrocution.
However, experience shows that, even in such cir-
cumstances, certain precautions can prevent death
and damage.

Death or serious injury due to electrical shock is
usually caused by heart muscle spasm (ventricular
fibrillation) or by paralysis of the breathing nerve
center in the brain. The factors determining the
seriousness of an electrical shock are voltage of the
power source contacted and electrical resistance of
the body. These two factors determine the current
path.

An electric current through the body can reduce
the rhythmic contractions of heart muscles to
spasmodic contraction efforts. If this condition
occurs, the heart cannot supply purified blood to the
rest of the body. Death may result if the victim is not
released from the current source within 3 minutes. If
the person is released from the current source soon
enough, the heart muscles may resume their regular
rhythmic contractions normally or when stimulated
by artificial respiration.

Electric shock damage to the nerve center
regulating the breathing muscles may cause death by
suffocation. Current passing through the chest

Q
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muscles can cause suffocation also, in spite of the
fact that the heart and the breathing nerve center are
not damaged or paralyzed. A current of 15
milliamperes (mA) or more flowing from one arm to
the other is enough to render the victim incapable of
releasing himself from the current source. At the
same time, the muscles needed for breathing may be

paralyzed.
Electric shocks are never completely without
danger. At commercial powerline frequencies,

voltages between 200 and 1,000 volts are particularly
harmful’ since heart muscle spasm and paralysis of
the respiratory center occur in combination. On the
other hand, lower voltages can prove fatal, as
evidenced by records of deaths caused by 32-volt
farm light systems. The body responsc to certain
magnitudes of current is as follows:
¢ 3 to 15 mA stimulates the muscles.
® 15 to 19 mA can paralyze the muscles and
nerves.
* 25 mA and above may cause permanent damage
to nerve tissue and blood vessels.
®* 70 mA and above may be fatal.

The injurious effects suffered during electric shock
depend upon the path of current through the body.
Generally, the current takes the most direct route
through the body between the two points of contact.
Any cuirent passing through the heart or the brain is
particularly dangerous.

When lig:itning directly strikes a person, the results
are nearly always fatal. Extraordinary escapes from
direct lightning strokes have been reported; however,
it is extremely doubtful that any of these strokes was
actually a direct stroke. The shock from direct
strokes is so great that survival is rare. The major
portion of lightning casualties arise from secondary
conditions, such as side flashes and induced charges.
First aid treatment, especially artificial respiration
administered in time, may prevent death from any
charge except direct charges.

In many cases of electrical shock, the victim
remains in contact with the current source. In such
cases, quickly turn off the electric power, if possible,
and ground the high-voltage circuits. If you cannot
turn the power off without delay, free the victim
from the power source by using dry insulating
material such as a piece of dry wood, clothing, or a
rope. You can use an axe with a dry wooden handle
to cut a high-voltage transmission wire. If this action
is necessary, turn your face away from the wire to
protect your eyes from any flash that may occur. DO
NOT TOUCH THE VICTIM WITH YOUR BARE
HANDS UNTIL THE ELECTRICAL POTENTIAL
HAS BEEN REMOVED. In the case of severe shock,
the victim is usually very white or blue. He/She is
completely unconsciousness and the pulse is extreme-
ly weak or entirely absent. The victim’s body may
become rigid or stiff in a few minutes. This condi-
tion can be caused by muscular reaction and is not
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necessarily rigor mortis. Therefore, apply artificial
respiration regardless of body stiffness; recovery has
been reported in such cases. This means that you
should not accept the ordinary test for death—the
appearance of rigor mortis—as fatal.

Resuscitation Methods. It is most urgent to begin
artificial respiration quickly and to send for medical
aid as soon as possible. The rescuer should perform
artificial respiration immediately at the location of
the accident unless the victim’s life or the rescuer’s
life is endangered by such action. In this case only,
move the victim to another place. If the new location
is more than a few feet away, perform artificial
respiration while moving the victim.

Mechanical respirators.Automatic mechanical
respirators are more effective in supplying oxygen
and removing carbon dioxide than manual methods.
However, pressure-operated mechanical respirators
used by unskilled operators can do considerable
damage and even cause death. Therefore, until you
can obtain an automatic respirator and a competent
operator, you should apply manual artificial respira-
tion. The back-pressure arm-lift method of resuscita-
tion is one of the methods of manual artificial
respiration. However, this method may be prchibited
during transportation (depending on the means of
transportation) and you may use other methods of
resuscitation. In such cases, you should use the direct
mouth-to-mouth method.

1 TO BEGIN BACK=~PRESSURE
. ARM=LIFT METHOD, PLACE
HANDS ON VICTIM’S BACK

AS SHOWN

3 GRASP VICTIM’S ARMS
SLIGHTLY ABOVE ELBOWS

2 ROCK FORWARD
UNTIL ARMS ARE
ABOUT VERTICAL

4 ROCK BACKWARD

Back-pressure arm-lift method. For this method of
artificial respiration, place the victim face down ina
prone position as shown in figure 3-1. Bend the
victim’s elbows and place the hands one upon the
other. Turn the face to one side, placing the cheek
upon the hands. Quickly sweep your fingers into the
victim’s mouth, removing any froth and debris while
drawing the tongue forward. Do not waste time
loosening the victim’s clothing or warming the
victim. This can be done by assistants while artificial
respiration is in process.

Kneel on either the right or left knee by the head of
the victim, facing the victim. Place your knee at the
side of the victim’s head, close to the forearm. Place
your opposite foot near the elbow. If it is more
comfortable, kneel on both knees — one on each side
of the victim’s head. Be very careful not to obstruct
breathing. Place your hands upon the flat of the
victim’s back so that the heels of your hands are just
below a line between the armpits. With the tips of
your thumbs just touching, spread your fingers
dcwnward and outward.

For the compression phase, rock forward until
your arms are approximately vertical and allow the
weight of the upper part of your body to exert a slow,
steady, even, downward pressure. This pressure
forces air out of the victim’s lungs. Keep your elbows
straight so that you exert the presssure directly
downward on the back.

KEEPING YOUR
ARMS STRAIGKT....

REPEAT CYCLE

Figure 3-1. Back pressurc-arm-lift method.
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For the expansion phase, release the pressure,
avoiding a final thrust, and begin to rock slowly
backwards. Place your hands upon the victim’s arms,
just above the clbows, as shown in part 3 of figure
3-1. Draw the arms upward and toward you. Apply
just enough lift to feel resistance and tension at the
victim’s shoulders. Do not bend your elbows. As you
rock backward, the victim’s arms are drawn toward
you, as shown in part 4 of figure 3-1. Then lower the
victim’s arms to the ground. This completes the full
cycle. The arm lift expands the chest by pulling on
the chest muscles, arching the back, and relieving the
weight of the chest.

You repeat the cycle 12 times per minute at a
steady, uniform rate; the compression phase and the
expansion phase should take about the same time,
with release periods of minimum duration. Continue
the process of artificial respiration without interrup-
tion. Allow nothing to interfere with proper timing
and rhythmic motions.

If a dry blanket is available, slide it under the
victim without interupting the respiration cycles. You
can easily accomplish this with the aid of an
assistant. Cover the victim loosely by wrapping the
ends of the blanket around him. Between cycles, have
your assistant loosen any tight clothing, such as a belt
and collar.

Continue to apply artificial respiration until the
victim begins to breathe regularly. Do not give up
hope! Sometimes 7 hours of continuous artificial
respiration is necessary to restore regulai breathing.
Remember that only a doctor is qualified to
pronounce decth under circumstances requiring
artificial respiration. A revived person may suddenly
stop breathing and ruquire additional artificial
respiration. For this reason you must watch him
closely. Never leave a resuscitated person alone until
you are sure that h: or she is fully conscious and
breathing normally.

Mouth-to-mouth respiration method. This is the
preferred method of artificial respiration. As its
name indicates, and as illustrated in figure 3-2, actual
mouth contact is made by the rescuer and the victim.
The mouth-to-mouth respiration method is very
effective, simple, easy to administer, and is credited
with saving many lives. Figure 3-2 shows the five
basic steps of this method. One reason for the
effectiveness of this method is that you normally take
only one quarter of the oxygen out of the air which
you force into the victim’s lungs.

Time is of prime importance. You must begin
resuscitation immediately after you find the victim
has stopped breathing. Do not waste time looking for
help. Also, do not waste time moving the victim to a

Q
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more convenient piace, giving stimulants, loosening
tight clothing, or anything else.

Part 1 in figure 3-2 illustrates how you tilt the
victim’s head backward. This makes certain that the
air passages to the lungs are open. If there is an
obstruction, air cannot enter the lungs, no matter
what method of artificial respiration you use.
Experience shows that the air passage is usually
blocked to some extent. The best way to open and
maintain a clear passageway is by placing the victim’s
head in the position of an individual looking up-
wards, while holding the lower jaw in a ‘“‘sword-
swallowing’’ position.

After administering mouth-to-mouth resuscitation
and the victim appears to be breathing to some
degree, continue supporting the lower jaw to keep the
passageways open until he or she awakens. Check the
color of the tongue and fingernails. If either is blue,
rather than healthy pink, the victim is not breathing
the way he should; help is needed. You can help the
victim by forcing air into the lungs each time he or
she tries to inhale. Adjust your timing to assist the
victim. Part 4 in figure 3-2 suggests that about 12
breaths per minute should be blown into the adult’s
lungs while first applying this method of resuscita-
tion. Once your victim tries to breathe, adjust your
timing to match that breathing rate. The victim may
appear to breathe because of the movement of the
chest and abdomen. However, if you improperly
position the head and jaw, the air cannot move into
the lungs. Quite often, air is forced into the victim’s
stomach rather than the lungs. Part 5 of figure 3-2
explains how you can correct this condition — by
gently pressing on the victim’s abdomen while
blowing into the mouth. In either case, it is most
important to determine if air is moving in and out of
the victim’s mouth and nose. You can do this by
listening closely for the return rush of air which in-
dicates air exchange. If you don’t hear a rush of air
(you must place your ear close to the victim’s mouth
to detect this rush), repeat the blowing effort.

As soon as the victim starts breathing, or if more
help becomes available while you are applying
mouth-to-mouth resuscitation, loosen all clothing (if
wet, remove) and treat for shock. You can do this by
lowering the head and shoulders, elevating the legs,
and covering as necessary for warmth. Do not inter-
rupt rhythmic artificial respiration for treatment
before the victim starts breathing.

While transporting the victim to the hospital,
remain near the head to make sure air passageways
remain open and to resume artificial resuscitation if
breathing stops.



1. TILT HEAD BACK

This movement should help rslisve
obstruction of the air passage by moving
the base of the tongue from the back of
the throat.

) !

A

2. KEEP MOUTH OPEN

If the victim's jaw is clenched, air may
\ still be blown through his teeth. If there

is foreign matter visible in the mouth, wipe
it out quickly with your fingers.

3. PINCH NOSTRILS SHUT

Nose must be closed to prevent the
escape of air.

<. BLOW INTO MOUTH

For an adult, blow vigorously at the
rate of about 12 breaths per minute. For
a child, blow relatively sheallow breaths
appropriate for the child's size, at the
rate of about 20 per minute.

5. LISTEN FOR AIR

Remove your mouth, turn your head to the side, and listen for the
return rush of air that indicates air exchange. Repeat the blowing
offort. If the victim's stomach swells during resuscitation, air may be
entering it. This may be corrected by gently pressing on the victim's
stomach while blowing.

Figure 3-2. Mouth-to-mouth respiration method.




Exercises (069):
1. In which of the following situations would the

danger of death be greatest?
a. Being struck by lightning.

b. Reing shocked by a 90 mA current.

2. Three methods of reviving shock victims are
’ , and .

3. Which of the above methods should be applied
only by skilled operators? Which is the preferred
method?

3.3. Maintenance Hazards

In addition to electrical hazards, you are bound to
encounter hazards of poor housekeeping and
soldering. These are the prime hazards encountered
in the maintenance shop.

070. Explain the most effective means by which you
can prevent maintenance hazards and for particular
situations, specify the appropriate procedure to
follow.

Poor Housekeeping. One of the best ways to see
that a work area is safe to prevent those conditions
that commonly cause accidents. This can be done
effectively by observing good housekeeping rules.
What is involved in good housekeeping? Consider
the following:

a. Care for oily and greasy floors immediately.

b. Keep paper and waste materials cleaned up at all
times.

¢. Have a place for everything and keep everything
in its place.

d. Make adequate provisions for the disposal of
waste and scraps (containers properly marked and
placed).

e. Stack or store items neatly, and keep like items
in the same stack.

J. Remove nails, strapping wires, and iron bands
which may be projecting from boxes, crates, barrels,
etc.

g. Leave a space of at least 18 inches between the
top of any item and an automatic sprinkler head.

h. Provide adequate ventilation and lighting in the
work area.

i. Dispose of poisonous fumes effectively.

29

Cleanliness is of extremc importance in the
maintenance you perform. The parts and related
equipment you handle make it mandatory that you
keep your hands, your tools, and your work area
clean at all times. Minute particles of forcign matter
can cause a mission failure. If the facilities in your
shop or in the studio prevent you from maintaining
adequate cleanliness, do whatever you can, as soon
as you can, io improve the siluation. Also refer the
matter to your supervisor for further consideration
and for development of additional protective
measures.

Soldering Hazards. Soldering is a safe process if
you recognize the hazards and observe normal safety
precautions. The possible sources of danger to
personnel and property are from heat, fire,
electricity, fumes, and chemicals.

Since soldering requires heat, the risk of receiving
painful and dangerous burns is always present. Burns
can be received from the primary source of heat,
from explosions caused by open flames, and from
handling soldered metals before they have cooled
sufficiently. Burns are a serious problem and you can
avoid them by thorough training.

Closely associated with the danger of heat is the
fire hazarl. Fires can cause extensive property
damage, and frequently are the cause of loss of life or
injury to personnel. The equipment used for general-
purpose soldering always presents a definite fire
hazard. Fires can result from the careless handling of
flame heating devic.s, or from their use in the
vicinity of inflammable fumes and liquids. You can
decrease fire hazards greatly by observing simple
safety precautions.

Volatile fumes are a hazard to both personnel and
property; however, the danger during soldering
operations is minimal if you provide adequate
ventilation. Fumes from gasoline and alcohol present
an explosion hazard, since they can be ignited by an
open flame or by a spark. Combustible gas mixtures,
such as oxygen and acetylene, present the same type
of danger. Other fumes may be injurious to the
health of operating personnel. For example, fumes
from heated fluxes and from degreasing liquids can
cause lung and skin irritations.

Since electrical soldering equipment is so widely
used, an electrical hazard to personnel and property
often exists. Electrical defects in soldering equipment
and associated supply circuits can cause fires and
explosions under certain conditions. You can
minimize this hazard by using equipment in good
cor-’tion. As with all electrical equipment, the
danger of electrical shock to operating personnel is
present.

Chemicals which may present a health hazard are
used extensively in soldering fluxes and degreasing
solutions. Noncorrosive fluxes present little problem,
but the alkalies and acids used in corrosive fluxes
may cause skin irritations and burns. Danger to the
eyes also exists, since many of the chemicals are in



liquid solutions, and splashing or spattering may
occur. The hazard presented by chermicals is slight if
you observe proper safety precautions.

Many precautions are common to all types of
soldering. They must be observed to prevent person-
nel injuries and dan:age to property. Here are several
precautions for soldering:

a. Do not solder electronic equipment unless it is
disconnected from the power supply circuit. Sericus
burns can be received by contact with RF circuits. Death
can result from contact with a high-voltage source

b. Ground all equipment t> lessen the danger ot
electrical shock.

c. Ground electric soldering irons and guns when
feasible and in accordance with the ‘‘National Elec-
trical Code’’ handbook. This procedure serves to
eliminate the danger of electrical shock resulting
from defective equipment when working in high-
voltage areas and also reduces the danger of the
soldering equipment producing a spark in explosive
areas. The grounding process also protects semicon-
ductor devices by neutralizing any differences in
potential between the soldering equipment and the
semiconductors in transistorized equipment.

d. Do not flip excess solder from the tip of a hot
soldering iron. Bits of hot solder can cause serious
skin and eye burns; they may also ignite combustible
materials.

e. To avoid painful burns, do not handle hot
metals. In addition, completed soldering assemblies
may be dropped and damaged by handling them
when they are hot.
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f. Select the proper working area for soldering.
Choose a well-ventilated location away from all fire
hazards.

g. Mechanically hold large workpieces securely
while they are being soldered. Severe injuries or
burns may be received because of a falling
workpiece.

h. Wear the proper clothing and protective devices
while soldering.

i. Maintain a clean working area to prevent fires.
Remove combustible materials from the floor and
from the surrounding area.

J. Keep firefighting devices and first aid supplies
near the soldering area. Check all equipment
regularly.

Exercises (070):

1. How can you most effectively z.ake sure that
your work area is safe?

2. You are stacking materials under an automatic
sprinkler head. What is the minimum clearance
you should allow?

3. You are preparing to solder a high-voltage
circuit. What is the first precaution you should
observe?
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CHAPTER 4

Air Force Publications

A S5-LEVEL SPECIALIST is required to use
standard and technical publications during the
performance of maintenance tasks. These publica-
tions apply primarily to maintenance functions.

As you progress in skill and rank, you will find
yourself in the role of supervisor. In this position,
you will need a good understanding of standard
publications. The standard publications include Air
Force regulations (AFRs), Air Force manuals
(AFMs), and other directive-type publications. You
will find both technical and commercial manuals
essential in your work.

You should also become adept in the use of indexes
and other basic references. This will help you locate
the information that you need to perform your work.
In this chapter, we will first examine the types of Air
Force standard publications. Then we’ll proceed with
a survey of the Air Force technical publications and
numbering system.

4-1. Standard Publications

Air Force standard publications may be divided
into two general classes: departmental and field.
Departmental publications are issued by (or for)
Headquarters USAF. They apply to the entire
Department of the Air Force. Field publications are
issued at major command level or below for use
within the issuing organization. These two general
classes are further divided into (1) standard
publications and (2) specialized, miscellaneous, and
other publications.

071. Given descriptive statemenis of different types
of standard publications, identify the type of
publication described.

Types of Standard Publications. We begin our
discussion with standard departmental publications.
These 'are more frequently used throughout the Air
Force. They are used to announce policies, assign
responsibilities, prescribe procedures, direct actions,
and inform or motivate personnel. Let’s look at these
siandard publications and their specific uses. We will
elabcrate more fully on the ones most commonly

used.
Air Force regulations (AFRs). Regulations contain

directive and policy material and assign respon-
sibilities. They may include brief procedural details
when necessary. Regulations are usually permanent
in nature. When it is known that a regulation wili
cease on a specific date, the expiration date is
included. Air Force regulations are the most
numerous of all Air Force standard publications.
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Air Force manuals (AFMs). Manuals give detailed
instructions (procedures and techniques) that tell
personnel now to perform their duties. The contents
of a manual may be general and deal with principles
or doctrines. A manual may direct the step-by-step
performance of a specific task. It may include
policies or assign responsibilities when this is not
covered ir. another publication. Manuals also differ
from regulations in that they coniain a forword page.
They have a contents page which lists chapter titles,
main subdivisions of chapters, and corresponding
page numbers.

Air Force pamphlets (AFPs). Pamphlets usually
contain information of a nondirective nature. They
are written in an informal style and are usually
published in brochure or booklet form. They are
permanent in nature, but an expiration clause may be
included if desired.

Operating instructions. Operating instructions are
similar to regulations but apply only within the
issuing headquarters. These instructions are
designated ‘‘Headquarters Operating Instructions”’
(HOIs), ‘‘Branch Operating Instructions®’ (BOIs),
etc. OIs must comply with existing higher level direc-
tives and be updated accordingly.

Visual aids. Visual aids are charts, posters, or
graphic illustrations for indefinite use or display.
They are used in connection with planned operations
or programs. They do not include posters for
temporary display.

Bulletins. Bulletins contain announcements,
notices, and temporary instructions. For example,
daily or weekly bulletins fall into this category.

Staff digests. These contain summaries of
significant staff actions, important announcenients,
and special notices. They are issued periodically or
when needed, and at various command levels.

Supplements. Supplements are used by lower head-
quarters to implement, amplify, interpret, or clarify
a higher level publication. A supplement does not
alter or change the intent of the basic publication. A
lower headquarters cannot supplement the supple-
ment of a higher headquarters, but can supplement
the basic publication. Supplements are filed behind
the basic publication or behind the supplement of the
next higher headquarters.

Exercises (071):
For each of th: uescriptive phrases below, indicate

the type of standard departmental publication
described.
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1. Similar to regulations but apply only within the
issuing headquarters.

2. Illustrations for indefinite use in connection with
planned operations or programs.

3. Contain directive and policy material and assign
responsibilities.

4. Are written in an informal style and usually
contain information of a nondirective nature.

S. May direct the step-by-step performance of a
specific task.

072. Specify the five bits of information presented
for each entry in the index for standard publications,
the title of that index, and the title of an index for
other than standard publications.

Suppose you wanted to read about the Battle of
Gettysburg. You would probably select a book on
American history to find the information you need.
Would you thumb idly through the book until you
happened to find what you wanted? No, you would
go to the book’s index and then turn directly to the
indicated pages. For efficiency and timesaving an
index is essential.

Air Force standard publications, for the same
reason, are indexed numerically. All Air Force
publication indexes use the basic number zero (0) as
the first digit.

AFR 0-2, Numerical Index of Standard and
Recurring Air Force Publications, lists regulations,
manuals, pamphlets, and visual aids in numerical
order by basic series number. The numerical index is
divided into four sections: Recurring Periodicals
(such as TIG Briefs, Airman, etc.); Visual Aids;
Regulations, Manuals, and Pampbhlets; and Obsolete
Publications (rescinded or superseded recently). For
each publication listed, the following information is
given: type and number, date, title, office of primary
responsibility (OPR) symbol, and distribution
symbol. The latter two, OPR and distribution, are
primarily of interest to those who maintain the file. A
typical entry looks like this:
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Type and
Number Date Title OPR Distr
R91-7 2 Nov 73 Heating PREE S

The Air Force publications numerical index is
revised and reprinted periodically. This is to keep the
index current, because the Air Force publication«
change frequently. The numerical index is completely
adequate when you know the type and number of a
publication. In this case, you merely check the index
to see if your organization has a copy. Then, make
sure it is the current copy with all changes. The
numerical index lists the basic directives and any
published changes occurring siuce they were
published. Thus, you can be sure of getting the latest
information available.

Your command and your base issue indexes similar
to the Air Force indexes just discussed. These indexes
list directives published at command and local level.
If you need information about a certain policy, refer
to the basic index.

Special, Miscellaneous, and Other Publications.
Another index, AFR 0-4, Department of Defense,
Joint Chiefs of Staff, & Interservice Publications and
Air Force Acquisition Documents, is a standard
publication that lists publications other than
standard. A listing and brief explanation of entries in
AFR-04 follows:

Specialized publications. These are prepared and
issued by Air Force commands concerning some
specialized function. They are made available to all
organizations involved with this function. Examples
of this type of publication are armed services
procurement regulations, OJT packages, organiza-
tion tables, tables of allowance, and Specialty Train-
ing Standards.

Miscellaneous (unnumbered) publications.
Examples of this type of publication are the Armed
Forces Hymnal, U.S. Manual for Courts-Martial,
Congressional Directory, Flying Arsenal of the Air
Force, and other Government agency publications
applicable to the Air Force. This index covers
publications of the department of defense; Joint
Chiefs of Staff; Defense Supply Agency;
Departments of Army and Navy; American Public
Health Association; and Departments of Labor,
State, Treasury, and Post Office and many Federal
bureaus.

Exercises (072):

1. Give the five bits of information AFR 0-2 lists
for each standard publication.

2. What is the name of the regulation listing Air

Force regulations,
visual aids?

manuals, pamphlets, and



3. What is the index listing and

miscellaneous publications?

special

073. Name the governing regulation and explain the
different parts of the standard publication
numbering system.

We have discussed types of standard publications;
now we arc¢ concerned with identification and
numbering.

Basic Numbering System. Because of the large
number of Air Force publications, a method for
identifying them quickly is needed. The Air Force has
developed subject and numbering systems to do this.
Basic subjects and basic numbers are assigned to
publications from the list in AFR 5-4, Publications
Numbering Systems.

Regulations, manuals, and pamphlets have a
double-number system to simplify reference and
control. For example, consider AFR 35-3, Service
Dates. The first number, 35, is the basic number. It
shows the basic subject of the directive to be
‘‘Military Pe: sonnel.”” The second number, preceded
by a dash (-3). indicates exactly what area of military
personnel is covered. In this case, the specific title
corresponding to the second number, -3, is ‘‘Service
Dates.”” The numbers are assigned by the Director of
Administrative Services, Headquarters USAF. They
identify the publication, and with the title, help you
locate the exact information required. It is simpler to
refer to a publication by its specific title than by tis
subject matter.

The basic number is the same for related subjects
throughout the different types of publications. For
example, AFR 34-3 and AFP 34-1-9, The Soldiers’
and Sailors’ Civil Relief Act, are in the Personnel
Services area. So, each has the same basic number of
34. The second number of the AFR, AFM, and AFP
tells what pari of the Personnel Services area each
covers. Note in the above example that the pamphlet
has an additional or third number. The first number
provides for grouping under secondary subjects, and
the third number is for a more detailed breakdown.
This permits closely related subjects to be issued in
separate pamphlets with the same basic and
secondary numbers.

Supplements are identified with the basic publica-
tions which they supplement and are numbered in
sequence; for example, ATC Supplement 1 to AFR
4-1, 18 Jan 73 Functions and Responsibilities of
Administration. Remember that every Air Force
publication is given a number and title. This makes it
possible to index and file all publications in an
orderly fashion. This makes it simple for you to
locate any publication quickly and easily for
reference purposss.
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Exercises (073):

1. AFR 5-4 contains a list of basic subjects that are
important to us. What is the title of this list?

2. What do the basic numbers of Air Force regula-
tions, manuals, and pampbhlets indicate?

What would a second number affixed to one of
these indicate?

3. Which of the three groups of numbers below in-
dicates an Air Force pamphlet?

a. 34-3
b. 3-4
c. 34-1-9

074. Given some conditions possibly encountered
when using publications, specify the appropriate
procedures you would follow,

Use of Publications. As a publications user, you
are not charged with maintaining files. However, you
are responsible for checking the currency of the
publications you use. The procedure is similar for
standard other-than-standard publications. First, go
to the official file and check the publication date in
the index, either AFR 0-2 or AFR (¢-4. There are
several other things you should know about using
AFR 0-2. This index lists regulations, manuals, and
pamphlets mixed together in one section. Since all
three publications may have the same number, a
letter symbol shows which it is. The letters ‘“R,”’
“M,”” aud “‘P’’ precede the publication number to
tell the type of publication. The file clerk may use the
system of writing a status symbol in the left margin in
front of each publication ordered for the file. A plus
(+) is written for each publication ordered and on
hand (a current copy). A dash (-) indicates that a
publication is needed and ordered, but a current copy
is not on hand. No marks are used for publications
not required. If a change to a publication should
arrive and the change is not printed in the index, the
clerk indicates the change in red. You may sign for a
loan of a publication from official files. The
maximurn loan period is 3 days. Don’t be too eager
to get a copy for your own personal use. There may
be a temporary advantage to this, but before long it is
obsolete. :
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rxercises (074):

1. To determine that the AFM you arc using is
current, you check the current AFR 0-2 and find
the date listed at 13 Sep 72. Your manual bas a
date of 3 May 73 on the cover sheet. To correct
the index error, what would you do?

2. Lookingin the index for AFM 39-62, you notice
that someotte had placed a dash (-) in front of
the number. What do you de¢ next to locate the
current copy of this manual?

3. You checked AFR 34-3 out of the official file on

3 May. By what date should you return it?

075. Name the two major types ¢f publication files,
their location, usage, and the OPR responsible for
currency,

Publication Files. To make sure that up-to-date
information is available, the Air Force prescribes
establishment of publications libraries or files. An
individual is assigned to each library or file to keep it
current. There are two major types of files.

Master publications library. Such a library is
authorized for organizations down to wing or base
level — ysually no lower.

Functional publications library. These libraries are
authorized for lower level activities which need them;
however, such files are limited to publications which
pertain specifically to the mission of the activity.

Responsibility for Currency. Every procedure and
policy is subject to change. Changes are necessary
whenever new or better equipment or ways to use it
are developed. As changes in procedures or policies
are introduced publications covering them are
revised, changed, or rescinded. The responsibility for
keeping publications current is first that of the office
of primary responsibility (OPR). From there, it gocs
to each individual charged with maintaining the
library or file.

Exercises (075):
1. Name the two major types of files.

2. What is the lowest command level at which

master libraries are located?

RIC
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Publications

that are used almost daily  are
normally found in what library?
4. What did your supervisor mean when he/she

stated that your shop would be the OPR for a
new regulation being prited?

4-2, Technical Publications

Therc arc sceveral hundred publications covering
the supply, operation, and maintenance of television
cquipment. Finding the desired information is
difficult if you do not know the system of cataloging,
indexing, and numbering thesc publications. These
topics are discussed in the following paragraphs.
Once you have a working knowledge of the use of
these publications, you can find the needed
information.

076. Given examples of the sort of material to be
found in TOs, identify the different types of
technical orders.

Types of Technical Orders. When you buy a new
car or some other relatively complicated item of
consumer gcods, the manufacturer of that itemn
furnishes a pamphlet of instructions for operating
and maintaining the item. This helps to give you the
greatest possible satisfaction from your purchase. In
much the same manner, the Air Force furnishes
printed instructions for all of its equipment. These
publications provide technical information and
instructions for operating and maintaining such Air
Force equipment as aircraft, missiles, special
weapons, etc. Also, some nontechnical publications
provide information for administrative and control
purposes.

The Air Force technical order (TO) system is the
cfficial mediurn for disseminating technical
informatiion, safety procedures, and instructions for
installing, operating, maintaining, inspecting, and
modifying Air Force equipment and materials. TO
00-5-1, AF Technical Order System, describes the
technical order system. This system includes data and
instructions that are published by the Air Force
Systems Command (AFSC) and distributed by the
Air Force Logistics Command (AFLC) in accordance
with AFR 8-2, Air Force Technical Order (TO)
System. In accordance with Government contracts
and specifications, the equipment manufacturer
prepares the text and illustrations for most of the
publications. However, the Air Force does prepare
some of the publications. Considering the great
diversity, complexity, and worldwide usage of
television systems equipment, it is easy to see that
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theie must be a well organized system to furnish the
vitally needed information to all operating activities.
The TO system provides the infoimation as needed
and in the most economical and efficient manner.
The types of Air Force publications are as follows:

® Technical manuals.

® Preliminary technical orders.

® Automation technical orders.

Time compliance technical orders.
Methods and procedures technical orders.
Abbreviated tect nical orders.

Index-type technical orders.

The Air Force has adopted this system as the most
practical method of compiling the required
information. Each of these types contains specific
information for certain Air Force activities. While
accomplishing your duties, you need to use either the
technical manual (if one exists) or the commercial
manual fcr the piece of equipment you are working
on. These types of technical publications contain
detailed information and instructions for operating,
maintaining, and overhauling equipment for
identifying the parts/components of the various
types of TV equipment. Figure 4-1 shows the types of
technical order publications.

AIR FORCE .
TECHNICAL ORDER SYSTEM

TECHNICAL METHODS AND PROCEDURES
MANUALS TECHNICAL ORDERS

1 1

ABBREVIATED AUTOMATION
TECHNICAL ORDERS

TECHNICAL ORDERS

T{ME COMPLIANCE
TECHNICAL ORDERS

INDEX TYPE
TECHNICAL ORDERS

AF TECHNICAL ORDER SYSTEM

DISTRIBUTION AND STORAGE
OF AF TECHNICAL ORDER
SYSTEM PUBLICATIONS

VISUAL INSPECTION SYSTEM

AIRCRAFT
MISSILES

SPECIAL WEAPONS
OTHER EQUIPMENT

l HI-VALUE ITEM LISTS
COMMERCIAL TYPE
PUBLICATIONS

(OTHER)

AIRCRAFT INSPECTION WORK
CARDS, SEQUENCE CHARTS,
AND WORKSHEETS

LUBRICATION CHARTS

BOMEING TABLES

CHECK LISTS

CHECKXOUT TAPES
CHECKOUT CARDS

IMMEDIATE ACTION
URGENT ACTION

NUMERICAL INDEX AND
REQUIREMENT TABLE
(NI&RT)

PRELIMINARY T.0.s ARE NOT CONSIDERED
A TYPE OF T.0., BUT ARE PREPARED IN
LIMITED QTY TO TEST AND VERIFY THE

ROUTINE ACTION

ALPHABETICAL

PROCEDURES CONTAINED THEREIN. THEY

RECORD

CROSS REF TABLES

ARE NOT NORMA! LY USED FOR OPERATION
AND MAINTENANCE UNLESS APPROVED

INTERIM

LIST OF APPLICABLE
PUBLICATIONS (LOAP)

BY HQ MAJOR COMMAND, AFSC, AFLC,
AND HQ USAF.

Figure 4-1. Types of technical order publications.
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Technical manuals. 71echnical manuals cover
broad subject areas such as aircraft, missiles, space
systems, ground communications, electronics,
photographic systems, and other equipment. These
technical manuals are grouped accordingly and are
referred to as technical orders, or simply as TOs.

These TOs have various titles, including Operation

and Service Instructions and [Illustrated Parts
Breakdown. There are several other TO titles, but
these two contain the information that you need the
most in performing your duties.

Preliminary technical orders. These technical orders
are developed for testing and verifying procedures
against first test or early production models of the
equipment. They are normally produced in limited
quantity and are not used for operation and
maintenance by the operating commands except when
specifically authorized. However, they may be used
for training purposes.

Index-type technical orders. The index-type TO is
very important in your work. TOs of this type group
other TOs as they pertain to specific items of
equipment. They also provide a means of selecting
needed TOs and show the status of all TOs.

Automation technical orders. The automation TOs
contain data relevant to operating special device
equipment. This data is in digital form on tapes and
cards. In other words, the automation TO is a tape or
card which reveals immediate analysis and
peiiormance results of systems equipment.

Time compliance technical orders (TCTOs). These
publications provide instructions for making one-
time changes or for making a record of one-time
changes (record-type technical orders) in equipment
that may or may not be in service at the time. In
addition, these publications impart precautionary
instructions relating to flight safety or inspection of
equipment. Compliance with these TOs is required
within specified time limits.

Methods and procedures technical
orders.Publications of this type provide information
and instructions, usually for administrative and
supervisory personnel, concerning subjects such as
the TO system; the maintenance management
system; standard and special procedures; air
evacuation; arctic, desert, and tropic operation and
maintenance; and protective packing and
preservation packaging. Methods and procedures
TOs are printed in the same format as aircraft and
equipment technical manuals. However, the
identification number of methods and procedures
TOs starts with a double zero (00) which if followed
example, AFR 34-3 and AFP 34-1-9, The Soldiers’
for the TO system, dash twenty (-20) for maintenance
management system, dash thirty-five (-35) for
administrative TOs, etc.

Abbreviated technical orders. These publications,
primarily work-simplification devices, aid personnel
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in following the instructions contained in other types
of TOs. This group of TOs also includes those used
for special purposes, such as bombing tables, flight
crew checklists, inspection workcards, inspection
sequence charts, inspection worksheets, and lubrica-
tion charts.

Commercial manuals. These technical publications
are supplied by the equipment manufacturers when a
new item is purchased. These manuals are, for the
most part, very well written and cover all aspects of
equipment operation and maintenance. Since a
majority of the television equipment used in the Air
Force is commercial-type equipment, there are very
few Air Force technical manuals available and most
of the maintenance tasks you perform will be
accomplished using commercial manuals.

Exercises (076):

1. Name the type of technical order containing the
following items:
a. Checklists.

b. Status of all TOs.

c. Procedures for the Air Force TO system.

d. Operating instructions for television

equipment.

You have learned that the present method of
aligning a camera could result in burning out the
pickup tube. What type technical order contains
the detailed information or: the new aligning
method?

3. Your shop just received a new TV system for

testing purposes. The TV system is accompanied
by the appropriate TO. What type TO is this?

You have just completed repairing a TV system.
For an operational check, what type of TQ
should you use?
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077. Clarify the purpese of a snpplement to a
technical manual, when you should revise a basic
TO, and the difference between a change and a
revision.

Technical Manuals. We briefly discussed technical
manuals earlier in this chapter. You may recall that
the technical manual is one of several types of TOs.
Since you use the technical manual more than any
other type of TO, we will discuss it in more detail.
After a technical manual is printed and published,
changes and revisions may be necessary.

Changes. Changes are issued when only part of a
technical order is affected. A change may be the
result of someone finding an error or it may be the
result of a modification of equipment. A new title
page is issued with each change. The new title page
bears the basic TO date as well as the change number
and the change date. You can identify changed pages
by referring to the list of effective A pages which
indicates the change numbers or change dates. The
*hange number is printed, along with the page
number, in the lower corner of the changed page. If
‘he changes within the text are of a technical nature
sertaining to policy or procedure, they are identified
Jy a heavy black line in the outer margin opposite the
:hanged part of the text. Corrections of minor inac-
:uracies of a nontechnical nature, such as spelling
ind punctuation, are not marked with a black line
less the corrections change the meaning of instruc-
ive information and procedures. If you file changed
vages in a TO, keep in mind that the changed pages
eplace the corresponding numbered pages, and all
eplaced pages must be removed from the TO and
liscarded or placed in a ‘‘replaced pages’’ file, as
ipplicable.

Revisions. A revision is a completely new edition
of an existing TO, and it has a new basic date. A
revision includes existing changes and changes that
have not been published previously. It replaces any
supplements that are listed in the replacement note
on the title page. If you are responsible for revisions,
you should revise a TO when the number of pages
affected by changes (both existing changes and
hanges to be made) equals 80 percent or more of the
‘otal number of pages in the TO. Also, the need for
-evising a TO is based on factors such as the impact
>f changes and supplements on the usability of the
T'O; urgency of need for change, cost, and quantity
>f stock on hand; and the existence of reprint incor-
>orating (merging) existing changes. When used,
rerical borderline symbols indicate current changes
n the text of a revision which were not previously
»ublished as TO changes or supplements.

Supplements. Supplements augment change data
n basic TOs that require more change than is prac-
ical with change pages. The supplement for a TO has
he same title and number as the basic TO, except
hat the number includes a supplement designator.
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basic TO number is
12P3-2AAS18-42, the supplement number is
12P3-2AAS18-42S8-2. “‘S” indicates that the
publication is a supplement to a basic TO. If it
happens to be a safety supplement, the supplement
designator is ‘‘SS.’’ The word ““‘SUPPLEMENT"’ is
printed at the top of each title page. If you replace a
basic TO with a revision, you normally include all of
the essential information in outstanding sup-
plements. You must remove from the active file
outstanding supplements replaced by a revision.

Types of technical manuals. As mentioned earlier,
technical manuals cover installation, operation,
servicing, and overhaui of Air Force equipment and
material. Some complex systems or equipment
require a specific type of manual such as a
maintenance manual or parts breakdown. These
manuals may be published in sections. Each section is
a separate publication and has a separate TO
number. For less complex items, specific types of in-
structions may be published in a single manual.

The operating instructions technical manual
provides a general description of the equipment, a
detailed description of the component parts (or
assemblies), the operation preparation instructions,
and the operating instructions.

The servicing instructions contain information per-
tinent to the periodic inspection, maintenance, and
lubrication of the components in the item of equip-
ment. Some of these technical manuals also include
troubleshcnting and calibration instructions.

The illustrated parts breakdown (IPB) technical
manuals contain component part breakdowns that
are used for identifying, -equisitioning, storing, and
determining disassembly and reassembly sequence.
Each component parts breakdown lists part
numbers, nomenclature, and other information
necessary to support the item of equipment. Also, it
includes illustrations of assemblies and subassemblies
which identify in detail each component part.

A technical manual for less complex equipment,
published as one manual, may contain the following:

a. Operation, service, and repair instructions. In
addition to a description of component parts, opera-
tion procedures, and other characteristics, these
mznuals contain instructions for equipment repair,
inspection, lubrication, and adjustments.

b. Overhaul instructions. These manuals describe
equipment characteristics and provide detailed
instructions on the disassembly and reassembly of
major components.

¢. Overhaul instructions with parts breakdown. In
addition to the instructions on disassembly and
reassembly, these manuals contain breakdowns used
for identifying, requisitioning, storing, and”deter-
mining the sequence for disassembly and reassembly.

d. Inspection instructions. These manuals contain
requirements for maintenance inspection and
replacement of accessories and components.

For example, if the
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Exercises (077):

1. What is the purpose of a supplement?

2. When should you revise a basic TO?

3. What is the difference between a change and a
revision?

078. Using an excerpt from a TO index, identify
which TO contains requested information.

Methods and Procedures Technical Orders. The
methods and procedures technical orders differ from
the technical manuals, which deal with specific air-
craft or equipment. The method and procedures TOs
are general in content and are not issued for specific
systems or equipment. These TOs establish policies
and prescribe procedures relating to such subjects as
the TO system, preventive maintenance, scheduled
inspections, maintenance management, and
maintenance documentation.

The methods and procedures TOs contain general
information which is common in maintenance
activities throughout the Air Force. Any methods
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and procedures TO is effective on the date it is
received unless otherwise specified. This type of TO
may be either of two classes. Both are listed in the in-
dex 0-1-2 and start with double zero (00).. Both
classes involve policies, methods, and procedures.
One is related to maintenance management, ad-
ministration, inspection, control and use of reparable
assets, and configuration management. The other is
related to ground handling of aerospace vehicles,
management of precision measuiement eguipment,
and the safe use of Air Force equipment. They may
specify common procedures for arrangement of
maintenance production facilities or special inspec-
tion functions.

Exercise (078):

1. Using figure 4-2, determine the number of the
TO that covers each of the following:

a. Air Force TO system.

b. Maintenance documentation for
equipment for AGE.

on-

c. Inspection system for AGE.



GENERAL TECHNICAL ORDERS

TECHNICAL ORDERS SYSTEM -- GENERAL

00-5-1 AF TECHNICAL ORDER SYSTEM 15 NOV 73 oOC
-
00-5-2 TECHNICAL ORDER DISTRIBUTION SYS 20 AUG 73 OC
U) CHG 1, 15 FEB 74
00-5-15 AIR FORCE TIME COMPLIANCE TO SYS 1 JUN 71 00
())

MAINTENANCE MANAGEMENT SYSTEM ~--GENERAL
00-20-~1 PREVENTIVE MAINT PROGRAM, GEN REQUIREMENTS 15 JAN 74 OC
) AND PROCEDURES CHG 1, 1 JUN 74
00-20-2 THE MAINTENANCE DATA COLLECTION SYSTEM 1 JUN 74 oC
(v , CHG 1, 25 JUN 74
00-20-2-2 ON-EQUIP MAINT DOCUMENTATION FOR ACFT 1 JUN 74 OC
) AIR LAUNCHED MISSILES, GROUND LAUNCHED MISSILES,

EXCEPT ICBMS, DRONES, AND RELATED TRAINING EQUIP
00-20-2~4 MAINT DOCUMENTATION FOR IN-SHOP ENG MAINT 1 JUN 73 oOC
) CHG 1, 1 JUN 74
00-20-2-5 ON~EQUIPMENT DOCUMENTATION FOR INTERCONTINENTAL 1 JUN 73 OC
) BALLISTIC MISSILES-~LGM25*1.GM30 CHG1l, 1 JUN 74
00-20-2-6 ON-EQUIP MAINT DOCUMENTATION FOR NUCLEAR WEAPONS, 1 JUN 73 OC
41)) REENTRY VEHICLES AND REENTRY SYS, AND RELATED CHG 1, 1 JUN 74

TEST AND HANDLTNG EQUIP
00-~20-2-7 ON-EQUIP MAINT uOCUMENTATION FOR AGE, TRAINERS 1 JUN 73 oOC
41)) AND SIMULATORS CHG 1, 1 JUN 74
00-~-20-2-8 ON-EQUIP MINAT DOCUMENTATION FOR GROUND 1JUN 73 oOC
) COMMUNICATIONS-ELECTRONICS-METEOROLOGICAL EQUIP CHG 1, 1 JUN 74
00-20-2-10 OFF-EQUIP MAINT DOCUMENTATION FOR SHOP WORK, 1 JuN 74 oC .
U) CONVENTIONAL MUNITIONS, AND PRECISION MEASUREMENT EQUIP .
00-20-2-11 THE MAINT DATA COLLECTION SYS. ERROR DETAIL 15 DEC 72
U) LISTING, RCS NO LOG-MMO(AR)7163, PCN DO56A0904-- CHG 2, 1/;ﬁ§c74

(FORMERLY RCS, NO. 4~LOG~K260) y
00-20-2-13 AFLC DEPOT OFF EQUIP MAINT DOCUMENTATION 1 APR 71 OC
40)) CHG 1, 1 JUN 71
00-20-~3 MAINT PROCESSING OF REPARABLE PROPERTY AND 1 JUN 73 OC
) REPAIR CYCLE ASSET CONTROL SYS CHG 1, 15 JAN 74
00-20-4 CONFIGURATION MANAGEMENT SYS 1 JUN 73 OC
40)) CHG 1, 1 JUN 74
00~-20-5 ACFT, DRONE AND AIR LAUNCHED MISSILE INSPECTIONS, 1 JUN 73 OC
) FLT REPORTS AND SUPPORTING MAINT DOCUMENTS CHG 4, 1 JUN 74
00-20-6 INSPECTION SYS, DOCUMENTATION, AND STATUS 1 JUN 74 oOC
v) REPORTING FOR GROUND-LAUNCHED MISSILES AND THEIR

TRAINERS AGE AND GROUND CEM EQUIP
00-20-7 INSP SYS, DOCUMENTATION, AND STATUS REPORTING FOR 1 JUN 74 OC
41)) AGE AND TRAINING EQUIP (EXCLUDING GROUND-LAUNCHED

MISSILES) )

404-14

Figure 4-2. Typical methods and procedures TO (objective 078, exercise 1.
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079. Briefly, state the contents or purpose of given
TO Indexes used in television facilities.

Index-Type Technical Orders. A: mentioned
carlier, index-type TOs are very important in our
work. Even if we have had experience with TOs, the
problem of finding a certain TO still exists. However,

using the proper index makes this problem an easy

task. Of the several indexes, the firsi one you need to
learn is the numerical index and requircment table
(N1&RT), which contains a listing of all television
equipment technical manuals. To find the required
NI1&RT, you must rerer to a general index which lists
all availatle indexes.

The 0-1-01, Numerical Index and Requirement
Table, is an index to indexes. It lists all NI&RTs as
well as the alphabetical index, 0-2-1, and the cross-
reference tables, 0-4-1.

The 0-4-1, Index of Cross-Reference Tables,
contains a complete listing of all TOs which were
affected by the renumbering system with the former
numbers and corresponding new numbers.

The Air Force publishes a numerical index and
requirement table for each specific category of equip-
ment. These indexes bear TO numbers from 0-1-1-1,
for general aircraft and missiles, through 0-1-71, for
international logistics (MAP, FMS, and consortium).
TOs 0-1-10, on photographic equipment, and TO
0-1-12, on airborne electronic equipment, are the
indexes which list all avionic reconnaissance elec-
tronic sensor systems. You must use the NI&RT if
you need to check the availability or status of a cer-
tain publication, requisition a publication, or main-
tain current technical publications files.

In addition to either numerical indes, you may
occasionally refer to the alphabetical index, 0-2-1
(see fig. 4-3). The alphabetical index lists the publica-
tions pertaining to the items of equipment by their
basic or primary names, arranged alphabetically.
This provides an easy method of locating the correct
TO group when only the type of equipment is known.

Exercise (079):

1. Briefly describe each of the following indexes
according to its contents or purpose.

a. 0-1-01.

b. 0-2-1.

c. 0-4-1.

21

d. 0-1-10.

e. 0-1-12.

4-3. Technical Order Numbering System

The TO numbering system provides for logical
grouping of all technical orders. Each TO number is
divided into three or more parts, and each part is
separated from the other parts by dashes. With this
in mind, let’s look at the three- and four-part TO
numbering systems.

080. Given a list of subjects, point out the type of
index which contains these subjects or TO numbers.

The Three-Part Numbering System. The three-part
number is divided into three major parts by dashes,
as shown in the following diagram:

st 2nd 3rd

TO Category 12 P 3-2AAS18- 3
Major Group of I:‘.quipment..—————I I
Specific Type of Major Group

General Series, Type, Model, or Part Number

Kind of TO

The first part normally consists of three
designators as follows: (1) The first designator is
numerical and identifies the TO category. In this
case, the 12 series, as listed in the table of contents of
TO 0-1-12, is Airborne Electronic Equipment. (2)
The second designator is alphabetical and identifies a
major group of equipment. The P, as listed in TO
0-1-12, is identified as Radar Electronic Equipment
Airborne. (3) The third designator is numerical and
identifies a specific type of major group. Since this
TO covers the AN/AAS-18 infrared system, the third
designator is listed as Airborne Electronic
Equipment. If this were a radar sensor, it would be
identified as Radar Electronic Equipment.

The second major part of a'TO number identifies a
general technical order series or an equipment type,
model, or part number when the three-part number is
used. As you can see, the second major part identifies
the type of equipment. The 2AAS18 identifies the
AN/AAS-18 infrared system.
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T.O. 0-2:1

CALIBRATORS
Automatic Flight Control. .. .. Crte et SAS
Bombing Systems and Equipment. . ......... 11B53
Bridge. . ......cocienennnnn ceean .514.2
Liquid-Level, Quantity and Flow
Measuring Instrume:ts. . . ettt 514
Specxal'rools......... ettt ieaaa 32A18
Test Equipment, Associated, Snecial
PUrPOSE. v vttt ii i it et tec et 33DA92
Test Equipment, Photoqraphic cetiienan 33D10-36
CAMERAS
Airtborne . . .......... [ 10Al
Components. . .. nennsconncnnnenn 10A2
Ground...... ..ottt iieentnnnnnnnaas 10B1
Gun Airborne. . .. ... ...t ieina.. 10A1-2
Hand,Ground. .. oo oevvevennnnnnnn. 10B1:12
Identification,Ground .. . ... .. ..cou ... 10B1.9
Mapping, Airbome. . . .. ... vt 10A13
Microfilm Equipment. . . .. .....ovvo. .. 10F1
MotionPicture . . . ..... .ttt nnnnan. 10C1
Motion Picture, Miscellaneous . . « .« v v v 0 v . 10C1-5
MotionPicture, 16MM . . . .. ............ 10C1-3
Motion Picture, 35MM . . . ... e v e v v ve ... 10C14
Optical Aitborne. . . ... ...iev vt nnn, 10A1-10
Oscilloscope, Ground . .+ ¢ ¢ oot ve v 10B1-11
Pair, Airtbome. . .. . . vt v ivven et neennn. 10A1-8
Photographic Instrumentation. .. .. ........ 10L1
Radar Recording, Airborne . . . ... ........ 10A14
Reconnaissance, Aircraft Type, Airborne. . . . . 10Al-5
Stll,8x10,Ground . .. .. i ienenann.. 10B1-7
Still, SOMM, Ground . .. ..c it i, 10B14
Sdl;4x5,Ground ... .. il Cheeen 10B16
- Stll,3SMM, Ground ... ...ttt 10B1-3
. Strike, Airborne . .. ... i e e, .. 10A1-6
Strip, Continuous, Airborne ... .......... 10A1.7
Television, FireContral . . .......c00.... 11F73
Test EqQuipment, Photographic. . ......... 33D10-2
CAMOUFLAGE EQUIPMENT .
Weapons and Equipment. ... ............ 11wA2
CAMSHAFTS ’
Engine Components, Nonacronautical. . . .. .. 38X18
CANISTERS
Test EQquipment, Guided Missile. . ....... 33D9-102
CANOPY HATCH ASSEMBLIES
Airframe Components .. ..........00.... 16W2
CAP ASSEMBLIES
FuelandWater............00vveenenn. 6J18
FuelTank . .......ci0eiiinnnnnnnnn. 6J18-2
JetEngine . .. .......iii it 2JA7
Turbo Jet and Turbo-Prop Aircraft and
Engine Fuel System. ... ...ovvveennenna. 6J18
CAPSULE ASSEMBLIES
AirframeComponents . . . ... ...t un... 16W4
Test Equipment, Associated . ........... 33AA24
CARBINES .
Ground Weapons and Equipment . . ....... 11w3-2
CARBURETORS
Engine Components, Nonacronautical, . ... ... 38X2
Float Type. . .. ..t ii i ieiieiieennanns 6R1.2
Injecon TYPe . .. ve e v ennnnnnnnnns 6R13
Reciprocating Au'craft and Fuel System. ....... 6R1
Figure 4-3. Alphabetical
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CARD ASSEMBLIES
Test Equipment, Automatic Flight
Control . e Ceer e et 33D3-26
CARGO LOADXNG TIE DOWN AN AER!AL
DELIVERY EQUIPMENT
Aerial Pick-up System ...... Che s . 13C8
Aerial Delivery Containers. . . .« ce.v0v. 13C4
Aerial Delivery Kits. ... .. . 13C7
Aerial Delivery Parachutes. . ... ........... 13C5
Aerial Delivery System. .. ... cesesesraaes 13C3
Cargo Tie-Down Devices. . . oo oo vnnnenen 13C2
HofstandCranes. . .. ......civvnnnennn. 13C1
Parachutes and Cargo Discharge1$. . . . oo v\ .. . 13Co
3 13C11
Release Hook .......... e e taeaeaea s 13C9
UnloadingKits . . . .........ciiiunn.. 13C10
CARRIAGE AND SHACKLE ASSEMBLIES
Airframe Components . ................. 16w8
CARRIAGES
Loadingand Servicing ................. 35D31
Vehicles, Construction and Material
Handling Equipment Components . ........ 36Y44
CARRIERS
Construction Equipment. . . .. ........... 36C32
Target, Training Equipment. ... .......... 43E1.2
Training Equipment. . . ... ...00uevnnn... 43E1
Weapons, Aerial Delivery . ............. 13C7-16
CARS
Box, Railroad Equipment. .. ............ 45A1.-2
Flat Railroad Equipment . .............. 45A1-3
Maintenance, Railroad Equipment . . ....... 4SA1-5
Passenger, Vehicles ............. @t ee e 36A7
Railroad Equipment. . ... .....ccovvu.n.. 45A1
Tank, Raflroad Equipment . ..........%.. 45A1-6
CARTRIDGES
Engine Starter, Ammunition . . .. .. ....... 11A2-3
Fire Control System. . . . .........00n... 11F96
Fire Extinguisher, Ammunition . . .. ....... 11A2-5
Parachute Release, Ammunition. . ......... 11A24
Personnel Ejection System ............... 11P7
Photoflash Type, Ammunition. . .. ........ 11A2.2
Strut. . .. i i e i e 4SA10
CARTS
Fuel and Oil Handling Equipment. . ......... 37A2
Hose, Fuel and Ol Handling Equipment . . . . . 37A2-2
Hydraulic Power, Looading and Servicing ... .35D29.3
Lavatory Servicing, Loading and
Servicing. .. ......... i, 35D29-6
Liquid, Loading and Servicing . ... ....... 35D29-5
Loadingand Servicing . .....cocnuvnn.. 35D29
Training Equipment. . . .. ...ovvuun.n.. 43E17-3
CASE ASSEMBLIES
Airframe Components . .. ....coovuvun.. 16W16
CASES
Missile, Utility Operating ... ........... 35E19-2
Shipping, Engine Components,
Nonacronautical . .o . cvvvrvnvennnnn... 38X17
Utllity Operating Equipment. .. . .o 0. .. 35E19
CATAPULTS
Personnel Ejection Systems. .. ............ 11P1
CATHETOMETER
Optical Instruments. ... ............... 49A14

index.



The third major part identifies the kind of TO as
follows:

a. Operating
through -491.

b. Service instructions: -2, -12, -22, etc., through
-492,

¢. Overhaul instructions: -3,1-13, -23, etc. through
-493.

d. Hlustrated parts breakdown: -4, -14, -24, etc.,
through -4%4.

instructions: -1, -11, -21, etc.

e. Inspection requirements: -6, -16, -26, etc.,
through -496.
f. Hlustration instructions: -7, -17, -27, etc.,

through -497.

g. Checkout manuals: -8, -18, -28, etc., through
-498.

h. Time compliance technical orders: -501 and
higher.

The third major part identifies the type of
technical order according to its purpose (operating
instructions, overhaul instructions etc.). The ‘“3*’ in
this example identifies the TO as overhaul instructins
for the AN/AAS-18 infrared system.

The Four-Part Numbering System. The four-part
number is divided into four major parts by dashes, as
shown in the following diagram:

1st 2nd 3rd 4th

12 P 3-2APQ102 -2-6

TO Category J )
Major Group of Equipment

Specific Type of Major Group

General Series, Type, Model, or Part Number

Kind of TO

Specific Item
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The diagrams for the three-part and the four-part
numbering systems are identical, with the exception
of the fourth major part.In this example, the *‘6"’
identifies the recorder control TO for the
AN/APQ-102 side-looking radar system. With this
in mind, you can see each TO number specifies the
TO category.

Let’s assume that you are looking for the technical
manual that contains information and instructions
on the operation of a system.

Use of the Numerical Index, 0-1-01. This index
lists all indexes in numerical sequence. The preface of
this index contains information which is applicable to
all NI&RTs. If you want or need to check the status
of an index for currency, you must refer to the
0-1-10 or 0-1-12 index. If you see a symbol in an in-
dex, the preface of that index explains the symbol.

Use of the Alphabetical Index, 0-2-1. This index
provides an easy method for locating the correct TO
number group when the type of equipment is known.
This TO does not indicate the status, but does refer
you to the proper category of NI&RTs. In.figure 4-3,
under “CAMERAS,”’ you can see airborne, ground,
and reconnaissance equipment.

Use of the Numerical Index, 0-1-31-5 or
0-1-31-8. In order to locate information about an
item of television systems equipment, you must refer
to TO 0-1-31-5, Special Ground Elecironic Equip-
ment, or 0-1-31-8,Ground Defense Systems. When
using either of these indexes, turn to the table of con-
tents and locate the major group of publications you
desire.

Exercises (080):

1. To find out if TO 0-1-10 is current, which TO -
would you use?

2. To find the proper category of an NI&RT for a
certain type of equipment, which TO would you
use?

3. To find a particular TO on a television system,
which TO would you use?



CHAPTER 5

Supervision

SOMEDAY YOU MAY be a supervisor. As a super-
visor you will need to perform well in many different
jobs. You will always be concerned with personnel.
Such concern includes the selection, assignment,
training, productivity, safety, morale, and advance-
ment of your subordinates. You will also be con-
cerned with resources to include equipment, space,
and supplies.

As a supervisor, you must secure cooperation
through leadership and understanding rather than
through rank and authority. You niust communicate
with individuals at all levels in terms that each
understands. In short, you must understand the
problems of supervision and develop mature and
sensible avenues to solve these problems.

It is impossible to provide comprehensive training
in all the areas mentioned in one short chapter.
However, we do hope that you will attain enough
knowledge from this course of study to make your
job a little easier.

5-1. Personnel

As you work your way up the career ladder from a
3 level to a 9 level, you will gain more supervisory
duties. At the 5 level you will find that your super-
visory duties consist of such items as evaluating per-
sonnel, orienting newly assigned personnel, super-
vising maintenance activities, and establishing
requirements for equipment, space and tools.

081. State the first thing to do when conducting the
orientation of new personnel and list four items
which should te covered during the orientation.

Orienting and Assigning New Personnel. One of
the first aspects of supervision you are likely to
encounter when you reach the 5 level is orienting
newly assigned personnel. Remember, it wasn’t too
long ago that you reported for your present assign-
ment. How were you treated? It is a great help to
know that your fellow workers will help you find
your way around for the first few weeks.

To start, let’s assume that a new specialist has
arrived on station and that the section chief has com-
pleted the initial briefing. It is now your respon-
sibility for orientation and assignment of newly
arrived personnel. What can you do to make this
transition as bencficial as possible to the newcomer
as well as to the unit?

Many first impressions are lasting; these impres-
sions will have considerable effect on his/her attitude
and will towards succeeding in this new assignment.
Don’t try to cover everything in too short of a time,
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as this will only confuse and bewilder the person. Of
course, the first thing you should do is to put the new
specialist at ease. This is easily accomplished by
asking questions about such things as background,
previous assignment, interests, and hobbies. Also,
you might take this time to find out if there are any
problems in getting settled. Many times assistance
with the small problems will help more than you may
realize. Information on local housing and transporta-
tion to and from work are examples of things the new
specialist may be worried about. Personal problems
do affect the job and should routinely be taken care
of by the supervisor to prevent them from becoming
serious. e e

Next, you should explain the function of your unit
and how the new specialist fits in. Make sure to
discuss the chain of command, especially who the
immediate supervisor is. It is also important for the
new specialist to know the relationship of his/her job
to the jobs of others in the unit.

You may find it will work well to explain the rela-
tionship of the new specialist’s jobs to other jobs at
the time you introduce him/her to the other
specialists in the unit. This allows association of
other specialists with their particuiar functions.
When you introduce the new specialist, do net forget
to tell the old hands the duties and responsibilities of
the new specialist.

While you are introducing the new specialist, show
him/her the layout of your shop. Point out the dif-
ferent facilities such as the latrines, drinking
fountains, smoking areas, break area, and above all,
any hazardous areas in the unit.

Last, but not least, make sure all local policies,
directives and standard procedures are brought to the
attention of the new specialist. Regulations and
manuals are not always fully understood by your
subordinates. Point out the more important points in
lccal policies or directives and explain then in simple
terms. Make sure the specialist understands that
he/she is responsible for reading and complying with
policies, directives and standard procedures for the
unit. Each one cannot be covered during orientation;
but, this is the time to introduce them and emphasize
the more important ones.

You must put newly assigned personel at ease
during the orientation by discussing their problems
and creating a friendly atmosphere. Show a sincere
interest in the personal welfare of all workers. Each
one is an individual and, therefore, has individual
needs. Remember this as you successfully guide them
into the framework of your unit. Relieving anxieties
and apprehensions while making them feel comfort-
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able. Keeping these ideas in mind can only make your
job easier and make your unit function more
smoothly.

Exercises (081):

1. When conducting orientation of a new specialist,
what is the first thing you should do?

2. What are four important areas you should cover

during orientation?

082. Identify the purpose of UDL functional account
codes and list four questions you should ask yourself
before making work assignments.

Assigning Personnel According to the Unit
Authorization Document. The unit detail listing
(UDL) is an indispensable tool in managing your
manpower resources. This document, basically,
breaks your shop into functional account codes.
These codes list the num’ r ple authorized by
skill level.

If you refer to your speci. .ty description, you will
see that only airmen first class and below are
authorized a 3 skill level. A sergeant (E-4) must hold
a § skill level as a primary Air Force specialty code
(AFSC); however, he/she can be assigned to a 3-skill-
level duty position (slot) on the UDL. You cannot
become an E-4 until you have been awarded a 5 skill
level in your primary AFSC. Let’s clarify this with
the following example. Sgt. Jane Smith has been
assigned to your shop. To have attained the grade of
sergeant (E-4) she must have been awarded a § skill
level. If all 5§ skill level duty slots are filled on our
UDL, you can then assign Sergeant Smith to a 3-skill-
level slot, provided none of the 5-skill-level slots are
presently filled by E-3s or below.

Likewise, a staff sergeant or technical sergeant,
although holding a 7 skill level, can be assigned to a
5-skill-level duty slot. As a section supervisor, you
normally are not required to assign personnel to these
UDL positions; however, as you progress farther up
the supervisory chain, you need to know how these
manpower assignments are made.

Individual Work Assignments. After assignment
of personnel to your unit you must establish
individual work assignments compatible with the
individual’s abilities and knowledge. To accomplish
this the supervisor must consider several factors.
Methods, standards cf performance, mission
accomplishment, individual workloads, and worker
qualifications are just a few of the factors which
must be considered.

25

First let’s consider the mission of the unit. As a
section supervisor, this must be your prime con-
sideration. Ask “‘Is the mission being accomplished
properly and efficiently?”’ Also, what can you do to
improve your operations? You must always strive to
improve methods and develop better techniques for
your particular mission.

Establishing standard work procedures and
specific performance standards are also an important
consideration. Written procedures establishing
methods of accomplishing routine or daily
maintenance procedures should be available to all
personnel. Make sure these procedures set forth the
specific standards that you expect from your
personnel.

Consider the individual workloads of your person-
nel. Are you assigning too much work or too little?
This question could be hard for you to answer unless
you, as the supervisor, know the job. As a super-
visor, you must know your manpower requirements,
the time required to do the job, and the equipment
required for the job. This is a must in order for you
to make job assignments that are efficient and mean-
ingful. A supervisor must have the experience on the
job in order to establish fair and equitable
workloads, and to be able to conduct on-the-job-
training (OJT).

A specialist must be qualified to do the specific job
to which he or she is assigned. This is a very
important consideration in giving work assignments.
If a specialist is not qualified, you must assign so-
meone who is qualified to assist and conduct OJT for
the new technician. Qur OJT program is very impor-
tant; therefore, it must be conduct~d by our first line
supervisors.

Newly arrived personnel and 3-skill-level personnel
must also be provided with good first line super-
vision. In choosing a first line supervisor, you must
first consider rank. Of equal importance, however,
this person must have the experience and job
knowledge required to train others. In other words, if
a person has never performed a particular job before,
either show or help them yourself, or send another
qualified worker to train and help them on the job.
This is our on-the-job training program.

Exercises (082):

1. What is the purpose of the functional account
codes on the UDL?

When making work assignments, what are four
important questions a supervisor must ask and
answer?
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083. Clarify concepts and procedures for leaves and
passes within the guidelines of Air Force regulations.

Leaves and Passes. A supervisor is responsible for
the scheduling of leave for personnel. Vacations and
short periods of rest from duty provide benefits to
morale and motivation essential to maintaining
maximum effectiveness. These periods of rest may be
in the form of leaves or passes.

An individual’s entitlement to leave is a right;
denial is subject only to military necessity, which
always takes precedence over personal plans and
desires. Members accrue 2V2 days leave for each
month of active duty. A supervisor must encourage
each member to use, on average, their entire 30 days
leave each year.

An immediate supervisor is responsible for
verifying a member’s leave balance from a current
leave and earnings statement (LES). The supervisor
also approves or disapproves leave, obtains leave
authorization numbers from the unit, and processes

requests for supervised members. Advance or
terminal leave musi be approved by the unit
commander.

After approval of regular leave, a supervisor
maintains part 1 of AF Form 988, Leave Request/
Authorization, until the member returns. Supervisors
will advise the accounting and finance officer (AFQ)
and the unit when a member fails to return on time
from leave. Upon return of the individual from
leave, the supervisor certifies on part 1 of AF Form
988, that the dates of leave are true and correct to the
best of his/her knowledge and belief.

Unlike leave, a pass is a privilege to be awarded to
deserving personnel by their commanders. A pass is
an authorized absence from your duty station,
granted for a relative short period of time, in order to
provide respite from the working environment or for
other specific reasons.

There are two types of passes, regular and special.
A regular pass is a pass period beginning at the end of
normal working hours on a given day and expires
with the start of normal working hours on the next
working day. Regular pass periods will not exceed 72
hours in length except during public holiday
weekends. A special pass is a pass period granted out-
side of regular pass periods, on special occasions, or
in spcial circumstances for the following reasons:

a. As special recognition for exceptional
performance of duty, such as Airman of the Month
or Year.

b. To attend spiritual gatherings or for
observances of major religious events requiring the
member to be continuously absent from work or
duty, when consistent with military requirements.

c. As compensatory ume oft Ior long or arduous
deployment from home base, or for duty in an
isolated location where regular pass is inadequate, or
following periods of continuous duty of excessive
duration, or following duty on national holidays.
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Special pass periods may include nonduty days,
but must include at least one duty day. Special pass
periods shall begin at the end of normal working
hours on a given day and end with the start of normal
working hours on the third day, such as from
Monday afternoon until Thursday niorning. Thus,
the usual length of a special pass is about 64 hours. It
may be extended to fit the unit’s operating schedule
to a maximum of 72 hours. Under normal
circumstances, if the commander deems it
appropriate, a special pass may be extended to a
maximum of 96 hours to include two consecutive
nonduty days. Under no circumstances wilj it exceed
96 hours.

Leave is important both to the member and the Air
Force. It provides the necessary respite from the
everyday work life of the individual and also
improves his/her morale and motivation. A special
pass can be quite an incentive far an individual to put
forth extra effort.

Exercises (083):

1. How many days leave will a member accrue
annually?

2. Who is responsible for verifying a member’s
leave balance?

3. Who is the approving authority for a member’s
Icave request?

4. List three situations you might recommend that

an individual receive a three-day special pass.

084. Describe certain aspects of good counseling
techniques and list four basic human needs.

Counseling. There are two forms of counseling
you may be dealing with as a supervisor. These are
informal and formal counseling. Counseling can and
should be a day by day process. You should keep up
with the problems of your personnel and always be
ready to assist them in any way possible. Before dealing
with the two counseling methods, remember that you
must keep in mind the basic needs of each individual,
not only during the initial orientation, but while
he/she is under your supervision. This is necessary in
order to maintain good relations and high morale.
The four basic needs common to most people are as
follows:
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a. Recognition. While recognition may mean that
you recognize each airman as an individual with
feelings like your own, it also means that you
recognize his/her interests and talents, and that you
give praise when praise is due.

b. Security. An airman feels secure then he/she is
healthy, has an important job with tangible benefits,
is able to evaluate his/her contribution to the
mission, and realizes that he/she is fully qualificd for
the job.

c. Opportunity. A good airman wants an
opportunity to serve and grow with the organization.
He/she desires an opportunity to demonstrate
his/her ability to do the assigned job and to progress
to more advanced jobs.

d. Belonging. An airman must feel that he/she
belongs and is a member of the group. They must be
kept informed and allowed to participate in planning
and production so that he/she does not feel left out.

Of course, these four basic needs do not cover all
the needs of each individual. However, if you reflect
back to your experience when you were first assigned
to your present organization, you will agree that
these needs were an important part of your being able
to start in the right direction. Other factors you must
consider in your role as a supervisor and counselor
include the differences in individual capabilities,
initiatives, and interests. Remember each person is a
specific individual and you must treat them as such in
supervision and counseling.

Informal counseling is a type of counseling you

‘will use almost continuously as a supervisor. Small

personal problems will always be present with your
personnel. Stay in tune to these problems whether
they be large or small. If you take care of the small
problems as they occur, you will be surprised at how
smooth your operations will go. Informal counseling
may be no more than a private discussion of one’s
problems over a cup of coffee. In this type ot coun-
seling you must learn to be a listener and to show a
sincere interest in the individual’s problem, no matter
how small it may seem. Let each individual know
where he/she stands. If they do an outstanding job,
tell them so. On the other hand, if their work is in-
ferior, then they should be informed of this as well.
This type of counseling, if done properly, will pro-
vide harmony and coherence within your section.
Hopefully, accomplishing informal counseling
properly will alleviate most of the need for formal
counseling. However, there will always be some need
for a formal counseling session. When this occurs,
get all the facts together. Select a quiet, private place
to conduct the counseling. Next, prepare yourself for
the counseling interview by making sure you are not
irritable, free from tensions, and in a calm state of
mind. Now you are ready for the interview. Bring the
counselee into the room, put him/her at ease, and
establish rapport (understanding, mutual trust, and
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confidence). You can do this by discussing the
individual’s background or something you both have
a mutual interest in. During the interview, remember
to be a good listener. Be yourself and consistently
display a sincere, courteous, and personal interest in
the individual and his/her problem. Never interrupt
the counselee, but allow him/her to interrupt you at
any time. Keep eye contact and let the counselee
know that you have a sincere interest in his/her
problem. If at all possible make the session a learning
situation.

Close the counseling session by summarizing the
problem and suggested solutions. Preferably, have
the counselee do the closing summary. The summary
should include a brief statement of the problem, its
causes, its effects on the individual and the section,
available options with possible consequences, and a
commitment to a course of action.

Counseling is a very important part of supervision.
In our previous discursion, it is easy to see that
informal counseling can and often does eliminate
small problems before they are full blown major pro-
blems. Formal counseling, as it seems, will always be
necessary at times. Be attentive to the personal
problems and needs of your personnel, and your sec-
tion will function extremely well.

Exercises (084):

1. List in order of importance the steps you should
follow in counseling an individual.

2. When should informal counseling be used in
preference to formal counseling?

3. As a supervisor, what four basic human needs
should you keep in mind?

085. From information given on various airmen,
determine appropriate actions taken and entries that
should be made on their rating forms.

Airman Performance Reports (APRs). Many
times, you as a supervisor will be confronted with the
job of evaluating and completing rating forms on
your personnel. Preparing the APR is a three-step
process. First, you must observe an individual, then
evaluate and report your observations. The time to
observe and evaluate an individual is now. This
process must be continuous in order to be effective.
Also, you must understand how to complete the
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appropriate rating forms. In our discussion of APRs
we will cover the AF Form 909, Airman Performance
Report (Airman Basic thru Senior Airman), and the
AF Form 910, TSGT, SSGT, and SGT Performance
Report.

Airman basic through senior airman (AF Form
909). The time to start your evaluation begins with
orientation to your unit. It will be too late to think
about observation and evaluation after you receive
the rating form. Remember when you rate an
individual you must include all periods of supervision
for the rating period. You should ask yourself how
the airman grasps instructions and how he/she
understands principles and concepts that pertain to
his/her job. Wiih this in mind, we will briefly discuss
the areas you must observe in the evaluation of an
airman’s performance on AF¥ Form 909 shown in
figure 5-1.

a. Performance of Duty. When you assign an air-
man to a job, consider the quality and quantity of
his/her work. Also, consider his/her timeliness i1
completing assignments. When rating an airman on
this item, you must have more than one or two jobs
on which to base your rating. For this reason you
should note how he/she completes each assignment.

b. Human Relations. You must consider how well
the individual supports and promotes equal oppor-
tunity. Does he/she show concern for his/her fellow
workers? Note how well the individual gets along
with other workers. Does he/she cooperate with
them and is he/she willing to help them when they
have difficulties? You should also notice how well
he/she communicates with fellow workers to do
his/her assigned jobs.

¢. Learning Ability. Consider how well the
individual grasps insiructions, communicates orally
and in writing, and understands the principles and
concepts related to his/her job. If the airman is on
OJT, consider how well he/she performs in this
respect. Was the required training completed on
schedule and how well was it completed?

d. Self-Improvement Efforts. Consider how well
the individual performed during OJT. Did the
individual make any extra effort towards improving
his/her job knowledge or educatior:al level? In this
area of rating we should consider the efforts the
individual put forth that were beyond what is
expected (not just what was required).

e. Adaptability to Military Life. Consider how well
the individual adapts and conforms to the

requirements of military duties not directly related to
his/her job. Ask the individual avbout his/her
performance during extra duties. If Airman Jones
pulls duty on CQ, ask how it went on the next duty
day. This will give you some idea of how he/she per-
formed. Of course, you must base this rating on
more than one extra duty.

J. Bearing and Behavior. This relates to bearing
and behavior both on and off duty. This covers an
item of the airman’s performance that you are not
likely to observe on the job. Where do you get the
necessary information to rate an airman? Earlier in
the chapter, we mentioned that you should ask an air-
man about his/her interests and hobbies to help put
him/her at ease. You should follow through on this
and talk to him/her about interests and hobbies from
time to time. For example, on a Monday morning,
you ask Airman Jones, ‘“Did you enjoy your
weekend?’’ The reply given can indicate how he/she
conducted himself or herself during off-duty time.
Of course, you must base your rating on more than
one question of this type. You should have many
opportunities to find out how he/she conducts
himself or herself off duty.

g. Overall Evaluation. Last but not least is how
well does the individual compare with others of the
same grade and Air Force specialty? Potential for
promotion and increased responsiblity are both
essur'tial considerations in this rating.

Sergeant through technical sergeant (AF Form
910). Occasionally, depending on your rank, you
may be required to rate an individual using an AF
Form 910 as illustrated in figure 5-2. Some of the
rating blocks un this form are different to show the
increased responsibilities of a noncommissioned
officer. Since many of the rating blocks are the same
as the AF Form 909 shown in figure 5-1, we will only
discuss the rating blocks which are different.

a. Training. Here you must consider how well the
individual discharged his/her responsibilities as an
OJT supervisor or trainer. Did the individual make
an effort to improve his/her technical knowledge and
educational level?

b. Supervision. Consider how well the individual
supervises and leads his/her subordinates. Does the
NCO communicate well both orally and written and
does he/she maintain good order and discipline? Do
the individual’s subordinates work harmoniously and
efficiently together to accomplish assigned tasks?
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3. LEARNING ABILITY: Consider how well RATER
ratee grasps instructions. communicates (oral
and written), and understands principles and N O o ' 2 4 4 s & ’ 3 hd
concepts related to the job. 1ST INDORSER
4. SELF-tIMPROVEMENT EFFORTS: Consider RATER
how well ratee progresses in on-the-job training
and in other efforts to improve technical know- N/o ° A2 2 ! ki il 6 ’ e 2
ledge and educational level. 1ST INDORSER H
—
s. ADAPTABILITY TO MILITARY LIFE: RATER [ T
Consider how well ratee adapts and conforms to
the requirements of military duties not directly N/© S ! 2 ! 4 3 s 1.7 8 9
related to the job. 1ST INDORSER
om |
6. BEARING AND BEHAVIOR: Consider the RATER B4 i
degree to which ratee’s bearing and behavior on ~o 3 3 s "
and off duty improve the image of Air Force ! ° ' 2 3 ¢ ? 2
airmen. 1ST INDORSER B8R
B l
IV. OVERALL EVALUATION
How does the ratee compare with others of the
same grade and Air Force specialty? Potential for [ 4] ] 1 J 2 1 3 l a l ES J © 1 7 J 8 1 9 J
promotion and increased responsibility are
essential considerations in this rating. RATER l— _l [ l l l l ] l ]
1
1ST INDORSER l L l l’ 1 I l I L l J
2D INDORSER
rr rr r r v 1§
3D INDORSER l [ l —[ l } r 1 T I'—J
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1. RATEE IDENTIFICATION DATA (Read AFR 39-62, Vol 1, carefully before completing ar
1 NAME (favt, Preve, Yddie nal)y 2. S§AN 3 GRADE
* SSSQNIZA”ON'COMMAND' LOCATION AND PAS 5. PERIOD OF REPORT ANU SUPERVISION| 6. REASON {"OR REPORT
FROM NC. OF CHANGE OF RATER
vs
oA ANNUAL
THROUGH D'RECTEO BY
! PAFSC 8. DAFSC 9 CAFSC
It.  JOB OESCRIPTION:
11l EVALUATION OF PERFORMANCE
1. PERFORMANCE OF DUTY: Consider the RATER
qliu'ntil;.'.dquuldity'. u_r'l’dd(i_mebline:s uf”dulics N/O o ’ 2 a s 6 2 s ®
crfarmed as deseribed in Section 11,
P € un duse ¢ 1ST INDORSER
2. HUMAN RELATIONS: Consider how well RATER
ratee supports and promotes equal opportunity, 0 \ 7 a L] 6 ? 8 ®
shows concern and is sensitive to needs of others. 1ST INDORSER
3. TRAINING: Cansider how well responsi. RATER
bilities are discharged as an OJ T supervisur or - "
trainer and in other efforts to imprave technical Ni© ° ' 2 4 A s 7 Ld
knowledge and educational level. 1ST INDORSER
4. SUVERVISION: Consider how well ratee RATER
supervises, leads. uses available resources, —
communicates (oral and written). and maintains N/D o+ 1 2 A 3 s L4 L hd
good order and discipline. 1ST INDORSER l
S. ACCEPTANCE OF NCO RESPONSIBILITY: RATER
Consider ratee's acceptance of responsibilivy for N/O "] ] 2 a s [ 7 s ]
personat actions and those of subordinates. 1ST INDORSER
BR !
6. BILARING AND BEHAVIOR: Consider the RATER BH
degree to which ratee’s bearing und behaviur on s >
and off duty improve the image of Air Foree N/o 9 ! 2 nd s d ?
noncommissioned officers, 1ST INDORSER B8R
BH
IV. OVERALL EVALUATION
Huw does the ratee compare with athers of the
same grade and Air Force specialty? Potential L" l ' I 2 l l b l s l 8 l ? J hd [ ’j
for pramaotion and increased responsibility are RATER
essential considerations in this rating. l l [ l 1 I T J [ r j
ST INDORSER [T T T T T T 1T 1T 1]
2D INDORSER —
F T T T T T 1T 17177
3D INDORSER
| T T T I'T T T 1T 17
1 ORM
AF SEP 79 910 PREVIOUS EOITIONS ARE OBSOLETE. TSGT, SSGT, SGT PERFORMANCE REPORT
Figure 5-2. AF Form 910.
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At the right side of Figures 5-1 and 5-2 are the
blocks to be completed by both the reporting and the
indorsing official. The N/O block is used only when
this particular iter 7 the airmen’s personal qualities
has not been observed. Numbers 0 through 9 are used
to rate the airman against others with the same AFSC
and grade. If your evaluation shows that an airman
compares with the group at the 80th percentile, place
an ‘X"’ in the box above the 8. Follow this procedure
for each of the six items. When you are rating an air-
man, remember to be objective. Rate him/her
according to their performance and not acvording (v
how you like or dislike them.

For the purpose of the Airman Performance
Report (APR), the reporting official is the irnmediate
supervisor of the ratee. The indorsing official is
normally the supervisor of the reporting official. At
your present level, it is unlikely that you will be an
indorsing official, so we will not discuss the ratings
made in this block, except to say that tine same
general procedures apply.

The next block is labelled ‘‘Overall Evaiuation.”’
Naturally your rating in this block is a summary of
the previous ratings. For example, if you rate the
majority of the personal qualities a 5 or 6, it is
unrealistic to give an overall rating of 8 or 9. In this
case an overall rating of 6 would be a more accurate
description of overall ability. An overall rating of 9 is
defined as ‘‘outstanding’. Therefore, ratings in this
top box should be reserved for those few airmen who
are clearly superior performers. Rating too many
airmen as outstanding penalizes the truly outstanding
performer, and negates the value of the APR as a
usable tool for effective personnel management
actions.

The back side of AF Form 909 and 910 (not
shown) provides space for comments and additional
indorsements. This section gives you an opportunity
to justify the evaluation you made in Sections 111 and
1V. The ‘“*word picture,”’ as this section is commonly
called, is designed to support outstanding and
referral reports and to provide information that
makes the report more meaningful. Your comments
in this section should describe the ratee’s perform-
ance and show positive and negative aspects that
should be taken intc consideration. Take sufficient
time to complete this section. Do not use long lists of
adjectives to describe the individual. Be brief,
factual, and to the point. How does he/she perform?
Why did you rate him/her as you did? The indorsing
official may also use this section to explain his/her
rating or add additional information. You, as the
rater, should complete the comments section with a
sincere desire to communicate the evaluation of the
ratee.

Exercises (085):

1. You are rating Airman Brown, and during the
time he/she has worked for you, you noticed that
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he/she completed his/her CJT in an outstanding
manner. Under which headings on the AF Form
909 would you take this fact into consideration?

2. Airman Smith is an active bny scout leader.
Under which item would you consider this fact
whon rating him/her?

3. Sgt. Davis’s APR is due next week. What form
would you use to prepare his/her performance
report?

4. If you rated Airman Green as follows, in what

range would you cxpect your overall evaluation
to be?

1 ..Pcrformance of duty 7
2. Human rela.ions 7
3. Learning ab‘lity 7
4. Self-improvement efforts 6
5. Adaptability to military life 6
6. Bearing and behavior BR 6

BH 7

5-2. Resources

As a supervisor, you will be concerned with
resources. Specifically, we will discuss equipment
requirements, space requirements, and the supplies
needed to support your personnel and equipment.
You must carefully determine the resources required
for your particular mission. If equipment is needed,
first determine whether or not it is authorized, then
requisition only what’s needed to accomplish your
mission. Space is also important and several things
must be considered. How much and the type of
equipment will, to a great exient, determine the space
required but you must also consider personnel. For
example, if you have 25 personnel on station, one
latrine with a single toilet and sink will certainly be
unsatisfactory.

Next, we will discuss supplies required to meet
your mission requirements and how to order them.
Here you will have to include spare parts for equip-
ment and support supplies, such as cleaning supplies,
paper towels, toilet paper, and office supplies.
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086. Given a hypothetical systein, determine the
requirements for equipment and space.

Equipment. The equipmcent authorized for your
unit is based on two general factors, the unit mission
and the number of people. These factors are inter-
related. For example, if performancc of thc mission
requircs certain vehicles, then operator personnel
must bc authorized. As people are authcrized,
quantities of other equipment based on thc numbcr
of people are affected.

The equipment authorized your unit is based on
USAF allowance documents. These documents
reflect the average minimum quantities of equipment
items needed to accomplish the mission. However,
the allowance documents do not necessarily reflect
the exact quantities your unit will be authorized.
Exact quantities are determined by major commands
ani - e cquipment management offices. They are
influenced by such factors as the size of the
workload, the type of maintenance performed, the
number of personnel and the climatic conditions.

The USAF tables of allowances (T/A) are the
authorization sources quoted when requesting issue
of equipment. AFR 0-10, Management Control and
Authorization Program of Allowance Source Codes
Jor USAF Activities, is the index of T/As. T/As
provide a list of the items of equipment in the
quantity normally required by the mission of the Air
Force activity. Repair parts are not listed.

Space. The design of a television facility is
dependent upon many factors, such as the size of the
arca that is served by a television station and the type
of progrumming the station originates. In our career
field, there are also many smaller closed circuit
systems which we deal with. There are too many
variables invoived to make it practical to attempt to
give an average plan for a studio or closed circuit
facility. We will discuss the basic principles involved
but design and construction is best left to the
planiters and builders. Requirements for space will
vary a great deal depending on the size and amount
of equipment to be installed. Common sense and
good judgment on your part as a supervisor must
prevail. In most cases, you will only advise as to the
space required for your particular mission.

In determining the requirements for space, you
must provide for office facilities, storage areas, and
maintenance areas. Another important consideration
for a studio is a large room with a high ceiling for
studio lighting. It is important that you consider all
factors to include number of personnel and the
amount and type of equipment in determining the
space requirements so that adequate facilities will be
available.

Exercises (086):

1. What source would you use to find out what
equipment is authorized for your unit?

Q
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What source would vou use to find thc

appropriate T/A for your organization?

te

3. You arc asked to advise on the relocation of a
major studio facility. What are some important
space requircments you must consider?

4. Why is thc number of personnel within an
organization important in considering space

requirements?
087. Given a specific system, determine the
requirements for supplies, identify the forms

required to order them, and determine specific
entries to be made on these forms.

Supplies. Most supplies are known as expendable.
Expendable supplies are items which either are
consumed or lose their original identity by
incorporation into another assembly. Office supplies
such as paper and pencils are examples of items
consumed in use. Bench stock items such as nuts and
bolts, resistors, capacitors, transistors, or component
parts are items which are incorporated into another
assembly.

The base supply office (BSO) controls and issues
repair parts and maintenance items. This includes
bench stock, repair cycle items, and local purchase
items, such as pencils and paper clips.

For requesting repair parts and supplies, you will
use iwo forms. Primarily the AF Form 20085,
Issue/Turn-In Request will be used. However, ali
Non-NSN (National Stock Number) requisitions
require a DD Form 1348-6, Non-NSN Requisition
(Manual) also.

AF Form 2005, Issue/Turn in Request.These
forms are used to get expendable supplies through
base supply. Prepare the form in the number of
copies required by your base. Figure 5-3 gives
detailed instructions for completion of the AF Form
2005.

DL Form 1348-6 Non-NSN Requisition
(Manual). This form is used for all items that do not
have national stock numbers (NSN) as illustrated in
figure 5-4. To assist in getting the needed item, you
must give the best possible information on this form.
However, do not use detailed drawings, blueprints,
or military standards if commercial products are
acceptable and the price is less. You should also give
base supply estimated unit prices and allowable
tolerances for these prices. An AF Form 2005 will
always be completed and sent with the DD Form
1348-6. Completion of the DD Form 1348-6 is shown
in figures 5-5SA and 5-5B.
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ISSUE/TURN-IN REQUEST

TRIC

o1, Oye* M

A, INCHECHER. NAME, DATE (TIN|

0. INSPECTON, NAME-STAMP, DATE TV o

DELIVERY

T = :
RIEREI K eTn B H
H
:
1 1 | REQUESTER, TIME & DATE (ISW i - —
BTOCK NUMBER N T OH C DOCUMENT NUMMR © -
QuaNTITy —_—
NSC NN ADDN { 1SSUt C vag sHor DA sta NO e
slefwlnlvalvahalwwlisToTwTeTo T T asT1eTarTae T 20 nlnh:fn 3el3513e] 3138 3w a0l e TazTadrfau
L1 i I T I 1 1 | S ! . I i ! O T L414L1
D. PART NUMBLAMGFIA CODE ON NAMEMEMARKS r(. T.0. REFERENCE/TECHNICAL PUBLICATION OR END- TEM APPLICATION ‘NEXT
HIGHER ASSEMALY
H
\
.
H
WORK DADER TEX c-«{uo ws PROMC? Al #t0 D4 DAty uJC MARK DR F 1.0, PpSC AND ‘OR FRAC
SHIP TO s1few oo safnsoaforTsoT 0T a0 a1 ] 0t Ju oam 50 ] 0k DOCUMENT NUMSER POST/2087
wlaloTalTelw s2]ed 02,001caf0soa| er]asTosTroT il 22l ralral s TreTraTr0 10 T0o
i -
H
{ ;1 ! S I W il : S N T O
G. TIwt & DATE OF W, CELIVERY TIME . TJ. NOMENCLAT UAL
H

.
'

. '

L 2 L]

AF 5. 2005

23-24

25-29
30

31-33

34-35

36-39

40-43
44

55-56
60-61

Entry

Name of requesting individual and phone number.

TRIC - ISU = Issue

Delivery Destination - code given to your section by
base supply which identifies the building where item

is to be delivered.

Stock Number-give the national stock number. If no NSN
is available, write stock class in Blocks 8-11. If
known, 12-20 is left blank (see Note 1).

Unit of Issue-this tells how item is issued. EA=each,
BX=box, PK=package.

Quantity Required-is the number of like items required.
Tells priority item is to be ordered. R=routine,
X=expidite

Organization-tells supply whose account the funds will b
coming from.

Shop.

Date.

Serial Number.

Part Number, Manufacturer's Code and ilanufacturer's Name

Priority-this is the time that may elapse from the time
that base supply receives the request until the material
is delivered. This priority is the same as the main-
tenance repair priority.

Figure 5-3. Instructions for preparing AF Form 2005, Issue/Turn-in Request.
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i

- . * DOCUMENT NUMBER
aonr | e Im MANUF ACTURER'S CODE UNIT = . T
& AND PART NUMBER OF QUANTITY | o - |
IDENTI- [IDENTI- —_— s5U w RECUIS e SERIAL
FIER FIER |3 Fscm PART NUMBER ! E 9] TIONER | L
v]2j3je)s[sj7la[9]rojtrjiz|ralrafsisrs 17]1e8]ts20] 21122232425 [26] 27]28]29 30, 31]32 ]33] 2435 ;36]37 [3m 39 40 [a1]a2]a3
i i |
-
o , w -
2 |suPPLEMENT ARY| 2 oisTR- | PRO. |, w REJEGT CODE
< ‘—">| ADDRESS zFuno 0T 00t Jeer | © s BLA (FOR USE BY
x| vlcone g S LANK SUPPLY
o148 @ CODE | CODE |g < +ISOURCE ONLY)
4414546 (a7 [a8 a9 [sofsi1]s2]: 3]54]55]s56 [s7]58]s5 ]60]61 s|esls7|ea|69]70]71]72] 73] 74[75]76] 77 78]79]60f '] 65 66
IDENTIFICATION DATA
* 1. MANUFACTURER'S CODE & PART NO. (When they excoed |2. MANUFACTURER'S NAME
Card Coluinne 8 thru 22)
6 7
3. MANUFACTURER’'S CATALOG IDENTIFICATION AND DATE 4. TECHNICAL ORDER NUMBER
8 9
Z[ 5. TECHNICAL MANUAL NUMBER 6. NAME OF ITEM REQUESTED
3
N 10 11
4
2[7. DESCRIPTION OF ITEM REQUESTED 7e. COLOR
13
12 75. SIZE
14
8. ENDITEM APPLICATION AND SOURCE OF SUPPLY
15
8a. MAKE 85. MODEL NUMBER 8c. SERIES 8d. SERIAL NUMBER
16 17 18 19
9. REQUISITIONER (Clear Text Name and Address) 10. REMARKS
20 21
FORM (REVISED
DD :arr77 1348.6 € ! NON-NSN REQUISITION (wanv AL)
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Block

10

11

12

Entry

Left blank by initiating activity. Used by Stock Control on wash
post request and on requisitions submitted to source of supply.
TRIC ISU will be assigned by Demand Processing only if the re-
quested item can be identified to am NSN or local stock number.

Left blank by initiating activity. To be determined by Demand
Processing. Demand Processing will enter the determined RI on
the lower margin of the remarks block.

Left blank by initiating activity. Stock Control will enter the
manufacturer's code and part number. This position of the form
will be left blank when the part number exceeds 10 positions or
the manufacturer's code is unknown (ZZZZZ). When an NSN is known
but the Air Force is not a recorded user, the NSN will be enterad

in the remarks field, indicating the Air Force is not a recorded
user.

Left blank by initiating activity. Demand Processing will place
the proper unit of issue in the lower margin of the remarks block.

To be completed by Stock Control Section from the accompanying
AF Form 2005.

Self-explanatory.

Enter the manufacturer's name and :ldress if known. If more than
one, enter on the reverse sidc of the form.

If applicable, enter commercial catalog number and date which
identifies this item.

Enter technical order number and figure and index number.
Enter technical manual number and figure and index.
Self-explanatory.

Enter a complete description of the item, the first 19 characters
being the most pertinent descriptive data recommended for stock
number directory purposes. MIL-STD-12B abbreviations may be used.
Common commercial terms should be used. Be realistic and use
identifiable purchase descriptions. Continue on the reverse side
of the form if this block is too small. Include the unit price,
if known; otherwise, enter an estimated unit price. The following
should be answered when writing a commercial description:

Figure 5-5A. Instructions for preparing DD Form 1348-6, Non-NSN Requisition.
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Block Entry

12 a. What is it? Start description with proper noun.
b. What is it made of? Paper, wood, steel, aluminum, plastic,
¢. What are the critical elements? Shape, size, color,
outside diameter, height, length.
d. What are its principal characteristics? Nontoxic,
technically or chemically pure, high grade, commerical
or construction grade,
e. What does it do? Holds, drives, separates, connects.
f. What type of work is it used in? Electrical, mechanical,
plumbing.
g. How is it used? 1Is it mainly used by itself or with other
items?
h. What is it used for? Indicate its use or purpose.
i. Where is it used? 1Is it a part of a complete assembly?
j« 1Is it recoverable? Can a used item be 1epaired economically?

13 “elf-explanatory.
14 Self-explanatory.
15-19 Blocks 15 thru 19 contain data applicable to the end item.

20 Left blank by initiating activity. The item research function of
the Demand Processing Unit will enter the organization name and
proper address. Example: 58 Supply Sq Luke AFB AZ 85309. TFor
1348-6 dated prior to April 77, enter this information in the
remarks block.

21 Enter organization identification, initiatox, and telephone
number. For locally procured items, the using activity is
responsible for identifying safety standards, specifications,
constraints or hazards. The local safety office is available
to assist the organization if needed.

Figure 5-5B. Instructions for preparing DD Form 1348-6. Non-NSN Requisition.
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Exercises (087):

I

Who controls and issues repair parts for your
unit?

When ordering expendable items such as light
bulbs or paint, what form is used?

What form is used when ordering items that do
not have a NSN?

37

What entry is required in blocks 1, 2, and 3 of an
AF Formn 20057

What entry is required in blocks 31 through 35 of
the AF Form 2005?

What entry should be made in block 7 of the DD
Form 1348-6?

What entry is required in block 1 of
identification data on the DD Form 1348-6?
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CHAPTER 6

Maintenance Mangement

YOU AND thousands of other Air Forcc personnel
are involved in performing maintenance to keep our
complex aerospace equipment ready for use. You are
part of a worldwide maintenance program. Air Force
maintenance responsibilities include not only the
teievision equipment that you work on, but also all
aircraft, missiles, aerospace ground equipment
(AGE), weapons systems, simulators, trainers,
precision measuring equipment (PME), as well as
other ground communications and electronic
equipment. A function of this magnitude demands
streamlined management and strict attention to
detail.

In this chapter, you will learn the makeup of a
maintenance management organization. You will
also learn how to complete the forms that provide the
maintenance data coilection system with accurate
and exacting data. Without this detailed knowledge
and an appreciation of the Air Force maintenance
system, we¢ would have a very disorganized
maintenance function.

While studying this chapter, you should remember
that any organization should be flexible enough to
meet changing needs. The organization of
maintenance activities directed by AFR 66-1, Volume
I, Maintenance Management and Volume
V,Communication Electronic Equipment
Maintenance will be revised, when needed, to meet
the demands of our changing times. Some of the
details you study here may change in time, but if you
understand the basic information, you will be well
equipped to adjust to these changes.

6-1. Chief of Maintenance and Staff

While maintenance organizations may exhibit points
of dissimilarity because of different missions, the
management structure of maintenance is uniform.
We will start our learning of maintenance
management by discussing the senior manager in the
maintenance function, the chief of maintenance
(CM), and the staff.

088. List the functions of the CM and clarify certain
duties and responsibilities within the scope of this
office.

Maintenance is a vital part of the organizational
structure of the Air Force. No matter where you are
assigned, you and the personnel on the staff of the
Chief of Maintenance are important to the mission.
Let’s see how you, the CM, and the staff fit into the
overall structure of an organizational chart (fig. 6-1).
We’ll begin at the top with and work our way
through the staff agencies, discussing each as we go.

Q
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Chief of Maintenance. He/she plans, organizes,
coordinates, directs, and controls the :naintenance
effort, while being responsible to the commander for
the maintenance mission. He/she is the executive
manags: of the maintenance organization and
exercises centralized control and direction of all
functions of the activity. The CM, normally a
commissioned officer, and the staff agencies must
provide direction and guidance essential for all
subordinates to implement, apply, and comply with
local and higher headquarters directives. The staff
agencies act in the name of the CM on those matters
for which they have been given responsibility.

Directly under the CM are the maintenance
superintendent and five staff agencies that are
common to most maintenance organizations. These
branches arc:

® Administration.

® Production Analysis.

® Logistics Support.

®* Quality Control (QC).

® Maintenance Control.

Though not limited to these, the responsibilities of
the CM are to:

a. Make sure that the maintenance done on
equipment is timely and of the required quality.

b. Manage the maintenance complex by providing
the direction and guidance needed to implement and
comply with maintenance policies and directives.

¢. Delegate, to the lowest practical level, the
authority necessary for staff and protection activities
to accomplish their duties.

d. Control the assignment and use of all
maintenance personnel, and coordinate with the
appropriate agencies to satisfy maintenance manning
requirements.

e. Make sure that requirements necessary to
support the maintenance mission are included in
plans and programs and host-tenant, interservice,
and interagency agreements.

f. Control the use of allocated maintenance
facilities.

8. Make sure that effective safety programs for all
parts of the maintenance complex are established and
used.

h. Manage the
maintenance complex.

i. Make sure that a comprehensive training
program is set up and used in all parts of the
maintenance complex.

J. Make sure that civil service employees are
managed in compliance with civil service commission
and Air Force 40-series directives.

financial program for the
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k. Establish an orientation program for newly
assigned maintenance officers and key supervisors.

l. Fully support the QC program and specify the
number, kind, and frequency of personnel
evaluations and inspections.

m. Make sure that sufficient material resources
(such as spare parts and components, tools, test
equipment, and technical data) are authorized and on
hand to suppert the maintenance mission.

n. Make sure that the technical order (TO) system
is set up and used in accordance with TO 00-5-1.

0. Make sure that corrective action is taken to
resolve management and equipment deficiencies and
their causes.

p. Make certain that all supervisors enforce supply
discipline and good test equipment and tool
management practices.

As you can see, the chief of maintenance has a lot
of weight to carry. The complexity of the overall
responsibilities is such that some of them are
normally handled by the maintenance superintendent
and a group of staff agencies. As previously
mentioned, the CM and the staff must plan,
organize, coordinate, control, and direct subordinate
activities in accomplishing the assigned mission. The
supervisors of these agencies comprise the CM’s staff
to furnish tue technical support, data, and
coordination required for effective management of
the activity. They assume responsibilities for certain
control functions which are common to all
maintenance activities, each agency being responsible
for certain related and interdependent functions.

A maintenance superintendent may be authorized
by the major command (MAJCOM) when the
position is required to directly support the chief of
maintenance function. The CM will choose the best
¢ :alified person to fill this position. The job of the
superintendent is inherently broad, and the
individual must have both managerial and technical
qualifications. The superintendent’s responsibilities
include but are not limited to:

a. Advising and assisting the CM and the
maintenance supervisors in managing and
administering the maintenance program.

b. Serving as a technical advisor to the CM.

c. Advising the CM on morale and welfare.

d. Being thoroughly familiar with all the
maintenance functions and making
recommendations to enhance the maintenance
mission.

e. Keeping a close working relationship with the
CM staff functions and the workcenter supervisors.

f. Acting as the chief of maintenance in the
absence of CM, when so directed.

Exercises (088):

1. Name the major functions of the chief of

maintenance.
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2. State the five staff agencies that work for the
chief of maintenance.

3. If the CM goes TDY for 90 days, who acts as CM
during the absence?

089. List the three branches that are not directly
concerned with maintenance personnel, and specify
how the other two branches are involved with these
personnel.

CM Staff Agencies. As previously mentioned, the
CM has five staff functions that work directly for
him. These branches help the CM to plan, organize,
coordinate, direct, control, and perform the job of
maintenance manager. Of the five branches, two of
them deal directly with maintenance personnel. The
other three are concerned with duties that only
indirectly involve these personnel.

Maintenance Control and Quality Control are the
two branches that normally communicate on a
person-to-person basis with the maintenance
personnel concerning actual maintenance of
equipment. The duties and responsibilities of these
two branches are such that they are in constant
contact with the people doing the maintenance job.
Quality Control comes in contact with these people
through its inspection duties. Maintenance Control
does so because of its responsibilities involving
scheduling, job control, and supply support.
Production Analysis, Logistics Support, and
Administration only indirectly concern themselves-
with the actual maintenance and repair of television
equipment. These three branches are more concerned
with the areas implied by their titles. We shall discuss
these five staff agencies in the following paragraphs.

Exercises (089):

1. List the three branches under the CM that are
only indirectly concerned with maintenance
personnel.

2. What relationship exists between Maintenance
Control and Quality Control and the
maintenance activities that does not exist
between the other branches and the maintenance
activities?

How does Quality Control come in contact with
maintenance personnel? In what ways does
Maintenance Control deal with these personnel?

YY)
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090. List the subfunctions of Maintenance Control
and Qua'lty Control and distinguish between the
responsivilities of each of these two staff agencies.

Maintenance Control. Maintenance Control is the
staff function responsible for directing the
maintenance production activity, authorizing the
expenditure of resources, and controlling the actions
required to support the mission. The Maintenance
Control function plans, schedules, monitors,
controls, and provides support for maintenance
production. To carry out these responsibiiities,
Maintenance Control is divided into three elements
or subfunctions consisting of job control, plans and
scheduling, and materiel control. Maintenance
Control must have the support and cooperation of all
work centers and staff agencies to accomplish its
mission.

Maintenance Control (MC) has the responsibilities
to:

a. Receive and act on all reports of equipment
outages or malfunctions.

b. Control all maintenance actions designated by
the chief of maintenance.

c. Maintain status of equipment.

d. Document and report equipment status as
required by AF regulations.

e. Request and monitor indirect maintenance
assistance.

f. Coordinate unscheduled maintenance and track
inprogress maintenance that is done by contractor
personnel.

g. Monitor the status of assigned maintenance
vehicles.

h. Maintain the status of specialist availability and
direct the dispatch of specialists when needed.

i. Keep a work file of job status documents (JSD)
for active jobs.

J. Direct and control cannibalizations which have
been authorized.

k. Keep a current inventory of all mission essential
end items which are maintained by the unit.

I. When requested, coordinate with functions
within the maintenance complex and external
agencies for support of the maintenance effort.

m. Report deviations from scheduled actions
which change equipment status to plans and
scheduling for appropriate action.

n. Assign all job control numbers (JCN).

o. Verify supply requirements when material
control personnel are not available.

Quality Control. Maintenance quality and
reliability are the responsibility of all maintenance
personnel. The Quality Control staff determines the
quality of maintenance accomplished throughout the
maintenance organization and performs necessary
functions to manage the organization’s Quality
Control program.
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Quality ‘Control (QC) serves as the primary
technical advisor to the maintenance complex, and it
assists work center supervisors and the chief of
maintenance to identify and resolve problems. The
evaluation and analysis of deficiencies and problems
are key functions of QC. By determining the causes
of problems and recommending corrective actions,
QC can significantly affect the quality of
maintenance that is performed in the maintenance
complex. A good rapport and a close knit association
between the CM, QC, and each supervisor are
essential for an effective QC program.

QC must 'make sure that maintenance uses proven
techniques and proper safety practices, sound
maintenance discipline, and good housekeeping. The
following is a list of QC responsibilities:

a. Set up and run the maintenance standardization
evaluation program (MSEP). The MSEP is a
program which is made up of the primary elements of
training, inspections (both management and
equipment), and personnel evaluations. Its prime
objectives are to make sure of equipment
maintenance quality and specialist competence.

b. Be a focal point in the maintenance complex for
maintenance training.

c. Maintain plant-in-place records (PIPR) when
that responsibility is assigned to the CM.

d. Be the focal point for the self-sufficiency
program.

e. Do technical reviews and process modification
proposals that are originated in maintenance.

f. Analyze and report deficiencies such as those
found during MSEP inspections.

g. Set up and maintain a library for technical
orders (TOs), commercial publications, and other
specialized publications as required.

h. Give help and advice, and provide authoritative
regulatorv references to the chief of maintenance,
maintenaunce staff, and supervisors.

i. Be the focal point for matters pertaining to the
corrosion prevention and control program.

Exercises (090):

1. What are the three subfunctions of the
Maintenance Control?

2. Mark each of the following items with an MC if
the duty or responsibility belongs to
Maintenance Control and a QC if it belongs to
Quality Control.

— (1) Evaluate specialist competence.

——( 2) Maintain PIPRs.
—( 3) Assign JCNs.
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—.( 4) Make equipment inspections.
— ( 5) Maintain status of equipment.
——( 6) Authorize expenditure of resources.

—( 7) Direct maintenance
equipment.

on training

—.( 8) Make sure of equipment maintenance
quality.

—( 9) Maintain a technical order library.

—(10) Report deficiencies found during MSEP
inspections.

091. Associate the duties and responsibiliiies of the
three management staff agencies with the
appropriate staff agency; and from descriptions of
different required jobs, determine the management
staff agency mainly responsible for the job.

Administration Function. This function performs
the administrative tasks for the maintenance
complex. It serves and gives assistance to the chief of
maintenance, the staff, and the workcenters.

The administration functions responsibilities are as
follows:

a. Set up and maintain a central administrative
distribution system for the maintenance complex.

b. Monitor authorization and assignment of

- personnel in the maintenance complex and advise the
chief of maintenance on the status of manning.

¢. Accomplish or monitor the preparation of all
official correspondence and reports for which the
chief of maintenance and the staff is responsible.

d. Maintain correspondence and reports files.

e. Keep the functional publications library for the
maintenance complex.

J. Administer a correspondence and reports
suspense system.

g. Publish and distribute MOIs, directives,
schedules, reports, and summaries.

h. Keypunch maintenance data when an organic
keypunch capability exists.

i. Coordinate with production analysis and data
automation on cutoff times for delivery of
documents and punch cards for machine processing.

J. Prepare AF Form 285, Maintenance Data
Transmittal, for maintenance data documents if
required by data automation.

k. Provide messenger service between
maintenance complex and data automation.

the

Production Analysis Function. This function is a
key management information source whose job is to
help improve maintenance production. Analysis is
the primary means by which this is done. The
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analysis process (which includes comparison, evalua-
tion of trends, and study of all parts of a problem)
helps the maintenance manager to show past
performance, predict future performance, and make
timely decisions. Production analysis and QC must
work closely together to isolate problems in equip-
ment performance, training, and use of resources,
and to recommend corrective actions.

Production analysis will:

a. Provide the chief of maintenance, QC, and
other maintenance managers with statistical analysis
information such as materiel deficiency reports,
workhour consumption data, failure rates, mission
capable rates, deficiency analysis data, not reparable
this station (NRTS) data, and financial data.

b. Coordinate with data automation on hardware
and software problems associated with maintenance
management information systems to ensure accuracy
and timeliness of data.

c. Assign and keep a listing of local work center
codes.

d. Serve as the contact point within the
maintenance complex for the base-level inquiry
system (BLIS) and give help to the maintenance
managers in preparation and processing of
maintenance data file inquiries.

e. Provide special analysis, when requested.

J. Monitor the use of the Maintenance Data
Collection Record (AFTO Form 349, Receipt for
Documents Released to Accredited Representatives
of Foreign Nations), and give instructions to make
sure of data accuracy and timeliness.

Logistics Support Function. This function serves
to make sure that a continuing maintenance
capability exists and that the CM has knowledge of
changes in the mission, new programs, and new
support agreements.

The responsibilities
function are as follows:

a. Make the logistics inputs for host tenant inter-
service and interagen:y agreements.

b. Make the logistics inputs to programming
documents for new or modified communications-
electronics (C-E) equipment and systems.

¢. Make sure that plans are made to do all the
maintenance tasks that are needed to support
mobility requirements.

d. Make logistics inputs to and monitor the
command program action directives (PADs) that af-
fect the maintenance complex.

e. Do the logistics support tasks for new or
modified equipment programs.

J. Gather and submit maintenance budget
estimates and revisions in coordination with the unit
resource advisor for items such as temporary duty
(TDY), contract maintenance, overtime, equipment,
and supplies.

8. Serve as the focal point for maintenance contracts.

of the logistics support
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Exercise (¢91):

1. Match the duties or respon .vilities of the agency
listed in column A with the letter corresponding
to the staff agencies in column B. Each staff
agency can be used more than once.

Column A Columr B
) Btk ababiia v 4. Production
manning. Analysis.
—__(2) Keeps the functional b. Logistics
publications library. Support.

—_(3) Assigns work center codes. ¢. Administration.

———(4) Submits a budget.

——1{(5) Serves as focal point for
maintenance contracts.

——(6) Publishes MOls.

——(7) Makes inputs for host-
tenant agreements.

_—(8) Keypunches data.

6-2. The Maintenance Data Collection System

The maintenance data collection system is designed
as a management tool. Its objectives are to provide
maintenance managers with information about work
done by the workforce assigned to each organization
or workcenter. In addition to information on what
was done, the system provides data about direct
workhours expended on each job, what kind of
repair was required (action taken), when the
malfunction was discovered, and who did the work.
For bases with B3500 computers, it provides a
method of selectively retrieving the data from the
MDC data base using the base level inquiry system
(BLI1S). Additionally, for B3500 bases, the MDC
equipment schedule is updated daily with the
automatic production of the equipment schedules
and inventories, and automatic production, twice a
month, of MDC data to update the TCTO system.
Analysis of the information makes it possible to
identify problem areas, by workcenters, in order to
effectively meet and support established operation
and maintenance requirements. The main point to
keep in mind about the objectives and uses of this
MDC system is that it does not provide solutions to
problems, but merely identifies problems for
management, which must then decide on the ap-
propraite actions.

Management of the maintenance effort requires
documenting and reporting of all maintenance
actions that involve direct labor expenditures.

43

Detailed procedures for documentation may be
found in the 00-20 series technical orders. These
labor expenditures basically fall into three broad
categories of work. There are those that pertain to
modification and repair of equipment to keep the
equipment in an operational status, those that
pertain to routine and recurring servicing and
inspections, and other support-type functions that
are required as a normal result of usage of the
equipment. In the MDC system, these categories are
coinmonly referred to as failure information, TCTO,
and support general work.

The failure information supplies a means of
identifying problem areas and labor expenditures
related to repair actions. This information provides a
means of establishing labor standards. It is also used
for predicting rates of occurrence during further
operations in order to project either short- or long-
range workforce requirements. The failure
information combined with the support general work
also provides a means of estimating what level of
operation is supportable by the assigned workforce.
Additionally, the failure information can serve as a
meails of predicting the rate of successful missions or
satisfactory operations that can be expected to occur
for any established or planned operational program.
This information also serves as a means of estimating
turnaround capabilities, and it gives us an idea of the
chances we have in keeping sustained operations
successful.

092. Specify the purpose of key data eiements and
how they are formulated; and associate key data
element names and numbers.

Key Data Elements. There are three key data
elements that are used to authorize and control
maintenance and to provide production credit
information for work accomplished. These are the
job control number (JCN), the workcenter code, and
the identification (ID) number. When used in
conjunction with other data elements in the
maintenance data collection system, the JCN, ID
numbers, and workcenter codes play a vital part in
identifying, controlling, and analyzing maintenance
actions. Let’s first discuss the job control numbers,
their constructions, and their purpose.

The job control number (JCN). The JCN consists
of seven characters and is used to control and
identify maintenance actions. Only authorized
maintenance tasks will be assigned a JCN; and
maintenance is not authorized without a JCN or the
knowledge that a JCN will be assigned. The first
three characters of the JCN constitute a unique
number for the Julian date, such as 041 for 10
February. The last four characters are used to

O 4
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identify jobs, and are ormally a daily or monthly
job sequence number, .ch as 0001 for the first job
of the day or month. Using the cited examples, the
JCN would be 0410001. Each individual job will have
a unique JCN assigned, such as scheduled
inspections. TCTO’s, and special inspections. The
job control number provides a means to tie together
all on- and off-equipment actions taken, the work
hours expended, and the failed parts replaced in
satisfying a maintenance requirement, whether it be a
discrepancy, an inspection, or a time compliance
technical order. Every action taken that is related to a
job, regardless of workcenter, time, or place, will
carry the same job control number that was
originally assigned to the job. The procedure is
necessary to permit control of all related actions, and
to provide the capability to tie information together
in data systems to identify the total job for analysis
purposes.

Workcenter code. The workcenter code consists of
five characters and is used to identify organizational
elements to which maintenance personnel are
assigned or locations to which they may be
dispatched. Standard workcenter codes are used by
all organizations engaged in the maintenance
function. outlined in AFR 66-1, Maintenance
Management, and AFR 66-5,Production Oriented
Maintenace Organization. The first position of the
workcenter code can be either an alpha or numeric
character. It is to identify divisions, wings, separate
squadrons, or commands located on a base. The
second position can be either alpha or numeric, and it
would identify a squadron or function within the
maintenance complex. The third position is normally
a numeric character. It identifies the various
subfunctions within the squadron or function. The
fourth position is either alpha or numeric. It
identifies specific workcenters, such as a branch,
shop, or site. The fifth position may be either alpha
or numeric; it identifies subfunctions under the
fourth position. There are four types of workcenters.
They are:

(1) The owning workcenter, which is the
workcenter that has the basic custodial and
maintenance responsibility for an item of equipment.

(2) The performing workcenter, which is the
workcenter performing a maintenance action or a
workcenter which contributes labor towards a
maintenance requirement.

(3) A reporting workcenter, which is any
workcenter to which maintenance personnel are
assigned.

(4) A nonreporting workcenter, which is a
workcenter in which maintenance personnel may
expend work hours, but to which no maintenance
personnel are assigned. Examples of nonreporting
workcenters are those for maintenance contractors
who provide maintenance data or for training
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equipment which is not assigned to maintenance but
requires maintenance support.

Identification (ID) nuniber. The 1D number
consists of six characters used to icentify equipment
on which werk was performed or from which an item
was removed. The first character of the ID number is
the first character of the owning workcenter code.
The second character of the ID number is the first
character (prefix) of the standard equipment
reporting designator, such as A for aircraft, E for
ground radar, or L. for miscellaneous ground CEM.
The last four characters of the 1D number are
normally the same as the last four positions of the
equipment serial number.

Exercises {092):

1. What is the purpose of key data elements?

2. How is each of the data elements

constructed?

key

3. Match the data element number in column A
with the correct key data element name in
column B by writing the appropriate letter on the
appropriate line. Each key data element may be
used more than once.

Column A Column B
— (I) 3212003. a. Identification (1D) number.
— (2) U3I20. b. Workcenter code.
— (3) EA4779. ¢. Job control number (JCN).
— (4) 073105A..
— (5) XA3003.
— (6) 31220.

093. List the benefits of the MDC system and state
how data is collected and made available.

Uses of MDC Information. There are many and
varied uses made of MDC information starting at
workcenters and running through the complete
spectrum of maintenance and materiel management.
This information is also provided to industry for
consideration in new equipment design. Specific uses
of the output products from computer programs are
included in USAF directives. These uses are also
included in command regulations and manuals that
prescribe management requirements.



Base level use of maintenance information is
prescribed in TO 00-20-2, The Maintenance Data
Collection System.At base level, the MDC system
provides the means of managing assigned equipment
resources and planning and scheduling maintenance.
It also provides the means for validating and
initiating corrective action on maintenance problems.
The MDC system is a key source of information for
determining maintenance requirements. More
specifically, at base level, the MDC system provides:

a. Production information regarding the type of
work accomplished, the workcenter(s) that did the
work, and the equipment on which the work was
accomplished.

b. Equipment maintenance schedules and
inventory information for maintenance requirements
established on a calendar basis.

c. Direct and indirect labor hour expenditures by
workcenter and by type of equipment, in either
detailed or summary form. This includes labor
expended to support other organizations or special
projects.

d. Tquipment failures and discrepancies
composite form by type and model of equip nent.

e. Configuration status accounting for both
completed and uncompleted modifications.

in

Information in the MDC system is made available
to base level maintenance activities through daily or
monthly reports. Daily error listings are also
produced at base level to aid in maintaining accurate
information.

Exercises (093):
1. List the benefits that base level maintenance
activities can derive from the MDC system.

2. How is information collected by MDC made

available to base level maintenance activities?

094. Name the individual having responsibility for
accuracy of MDC data, and specify percent accuracy
required by configuration management programs.
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Accuracy of MDC Data. Becausc of the multitude
of uses made of the MDC system and the importance
of a management information system, it is essential
that the data be as accurate as possible. A continuous
effort by each individual, and all levels of
management, is required to make this system pay the
greatest dividends.

The effect of data errors varies for different uses.
For instance, some margin of error can be tolerated
when you are determining inspection intervals for an
end item of which there are many in the inventory.
However, computing the service life of a high cost,
low inventory item requires near 100 percent
accuracy. Configuration management programs
require 100 percent accuracy.

It is a responsibility of each performing
workcenter supervisor to make certain of the
completeness and accuracy of all forms before
turning them in for keypunching. This is for the
supervisor of the work center identified in block 2 of
the AFTO Form 349, Maintenance Data Collection
Reocrd. (The AFTO Form 349 will be discussed in
detail in the following sections of this text.) It is
important that the errors are actually corrected, and
not just ‘‘doctored’’ to pass edit programs.

Exercises (094):

1. Who is primarily responsible for making certain
that AFTO Forms 349 are filled out correctly
before they are sent forward from the
maintenance activity?

What percent of accuracy do configuration
management programs require?

095. Clarify contents and procedures required for
accomplishing AFTO Form 349 and specify certain
entries in selected blocks.

.
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AFTO Form 349, Maintenance Data Collection
Record. Since most of the maintenance you will
perform will be ‘‘on equipment’ maintenance, we
will use that form of documentation to complete the
AFTO Form 349, Maintenance Data Collection
Record.

One of the forms used almost constantly in the
maintenance data collection system is the AFTO
Form 349 as shown in figure 6-2. The form contains
30 numbered blocks. Twenty-eight blocks are located
on the front of the form, two on the back. Usually,
when a mairtenance person receives an AFTO Form
349 direciing a job to be done, some of the blocks
will already be filled in.

The inforimation listed in the following paragraphs
was condensed from the 00-20 series technical orders
that were current at the time of this writing. It is not
meant to be a complete reproduction of the technical
information concerning the AFTO Form 349. There
is, however, sufficient information to complete the
problems in this text. Always remember that you
must check the latest applicable technical orders
when you are checking entries in an actunal
maintenance situation. Also keep in mind that
recording procedures will vary somewhat, depending
upon whether on-equipment or off-equipment
maintenance is being performed.

To complete this section of the text, refer to the
AFTO 349 shown in figure 6-2 as you read the
following material for each numbered block on the
form.

Block I. The number in the Job Control No. block
is assigned by Job Control, which assigns a different
number for each unrelated discrepancy. All
documentation of actions taken to correct the
discrepancy, whether on the flight line or in the
shops, is considered part of the job and, therefore,
carries the same job control number. The job control
number is a seven-character data element. The first
three characters represent the Julian datc. On the
Julian calendar, 001 would be January 1st; 002 would
be January 2nd; 256, as illustrated, represents
September the 13th; and so on through 365. The
Julian date exceeds 365 only during a leap year, when
the year contains 366 days. The last four characters
are used to identify jobs and consist of a daily or
monthly job sequence number, such as 0001 for the
first job of the day, month, 2561394 would indicate
the 1394th job on the 13th of September for a daily
sequence, the 1394th job since 1 September for a
monthly sequence, or the 1394th job since 1 January
for a yearly sequence.

Block 2. The Workcenter block always contains
the identity of the workcenter of the person per-
forming the task. If two workcenters are involved in
the action, two forms are required—one form for
each workcenter. This workcenter designator is a
standard five-character USAF workcenter code.

Block 3. The ID No./Serial No. block shows the
six-digit identifier assigned. Normally, it’s madc up
of the first digit of the owning workcenter, the first
digit of the standard equipment reporting designator

| (SRD), and the last four digits of the equipment
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serial number. For example: In the ¢ntry SA7836, the
S is from the workcenter code, the A is part of the
standard equipment reporting designator, and the
digitc 7836 are the last four digits of the end item
serial ..umber.

Block 4. An entry is not normally required here.

Block 5. An entry is not required in this EQ/CL
block if an ID number is eniered in block 3. If no en-
try is recorded in block 3, either the standard equip-
ment reporting designator code from block 3A (SRD)
of the AFTO Form 350 attached to the item or the
applicable equipment reporting designator from TO
00-20-2 is entered.

NOTE: Even though block 5 of the AFTO Form
349 (EQ/CL) and block 3 (SRD) of the AFTO Form
350, Separation Pay Worksheet for Remote Ter-
minals (LRA), have different names, the same infor-
mation is entered in both.

Block 6. An entry in this block is required only
when reporting the removal and replacement of a
serially controlled subassembly from a serially
controlled assembly. These items are identified by an
asterisk in the work unit code manual of the weapon
or support systeni.

Block 7. When used as a dispatch form, the
priority (3) of work that was established by Mainten-
ance Control is entered in this block.

Block 8. No entry is normally required in this
block.

Block 9. When used as a dispatch form, actual
location (S-8) where work will be done is entered
here.

Blocks 10 through 13. Entri.: are not required in
these blocks unless engines are being removed and/or
replaced.

Blocks 14, 15, and 16. These blocks may be used at
the discretion of local management.

Block 17. An entry is required only when used as a
dispatch form. The time the work is scheduled to
begin is entered. Our example indicates work will
start at 0730.

Block 18. An entry is required only when used as a
dispatch form. The standard or average clock hours
needed to do the job and number of persons required
are entered. For example, two workers are required
for 3.5 hours.

Blocks 19 through 25. These blocks will be used
only to document item identification for actions
involving the removal and/or installation of time
change items. These items are identified by an
asterisk in the work unit code manual. Entries are
also required in these blocks for reporting tine
compliance technical orders (TCTO)
accomplishments.
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Block 19. The Federal supply classification of the
item is entered in this block. The FSC (5821) is the
first four digits of the national stock number. This
block is never left blank for off-equipment
maintenance.

Block 20. The part number (39J604) of the item is
entered in this block. If no part number exists, enter
the last nine digits of the national stock number.

Block 21. The serial number (1437) of the serially
controlled item being removed or the item being
modified is entered in this block.

Block 22. The last three digits of the tag number
are entered in this block. Entries are required in ihis
block when you are reporting serially controlled
items, time change items, and replacement items
requiring a block 29 entry.

Block 23. Enter the type designator as it appears
on the data plate without the AN prefix, as a first
preference. The second preference is the part nember
and the national item identification number is the last
preference.

Block 24. An entry in this block is required only
when you are reporting the installation of a serially
controlled item. The serial number of the item being
installed is entered in this biock. If the serial number
exceeds 10 characters, only the last 10 characters are
used.

Block 25. Enter the previous operating time of the
time change item being installed. This entry will be
the time since last overhaul to the nearest whole
hour. For calendar items, the entry will be to the
nearest whole month.

Line number and line entries. Above block 26,
there is a block of five lines, with the block divided
into columns. Lines have been identified by numbers
1 through 5§ so that when a maintenance action
requires an entry in block 29, it can be related to the
appropriate line number. Entries in columns A
through N are as follows:

Column A. The type maintenance code from TO
31-1-06-2 is entered here.

Column B. An entry is not reguired.

Column C. The applicable work unit code (WUC)
is entered here.

Column D. The applicable action taken code is
entered here.

Column E. The applicable when discovered code is
entered here.

Column F. The how malfunctioned code that best
describes the nature of the malfunction is entered
here.

Column G. The number of times that the action
identified in column D was taken against the item is
entered here. When action has not been completed
and the line entry or form requires a close-out, a zero
(0) should be entered.

Column H. The actual hour (24-hour clock) to the
nearest 5 minutes that the job starts is entered here.
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For example, for a job started at 0802, the entry
would bz 9809.

Column 1. The Julian day is entered in the day
column, as in the example, and the stop time is
figured the same way as the start time above, i.e.,
actual stop time to the closest 5 minutes.

Column J. This is usually a one-position number
showing the number of people who worked on the
job. When crew size changes, the open line must be
closed out and a new line started for the new crew
size and new start time. Also, no more than 8 clock
hours will be recorded on one line.

Coiumn K. This column is used to show the
category of labor, i.e., military, civilian, Reserve,
etc.

Column L. Equipment with no ID number will
have a two-position command corie showing owning
command in this space.

Column M. This is normally left blank.

Column N. Enter here the assigned number of the
person doing the work; if more than one person is
working, the crew chief will be entered here.

Block 26. A brief description of the discrepancy or
work to be done is entered here.

Block 27. A brief, but specific, description of the
work completed is shown here.

Block 28. A check to identify maintenance actions
that affect the historical documents of an item can be
found here. Removal and replacement of items
identified by asterisks and the abbreviation TCI in
the work unit code manual require the person
completing the action to check this block. The reason
for this is that such actions affect the historical
documents of the item.

Block 29. This block is used to record the
identification of parts replaced during repair.
Common hardware is listed only if it failed and was a
cause factor in the failure that necessitated the repair
action.

Block 30. This block is used for continuation of
block 26 or 27, or as prescribed by local directives.

Exercises (095):

1. How is the job control number determined?

2. Identify the positions in an ID numbor.

3. List the three common instances when an entry
should be found in block 22, Tag No., of AFTO
Form 349.
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If the WUC of the lowest assembly of an item
being repaired is 11300 but repair of this item
requires replacing 30 nuts and bolts which do not
have a WUC of their own, how many units
produced should be reported in column G of
AFTO Form 349 for thi. completed work?
Explain your answer.

When should block 28 of AFTO Form 349 be
used?

096. Identify the sources of information for filling
out AFTO Form 350 and the individuals who make
the entires.

AFTO Form 350, Reparable Item Processing Tag.
The AFTO Form 350 is a two-pari form. The bottom
is easily separated along the perforated line (fig. 6-3).
Items that require an AFTO Form 350 include such
items as removed engines, components removed
from end items, and subassemblies removed from
assemblies.

The completed AFTO Form 350 serves to identify
the origin of an item. It contains certain key data
elements needed to document shop actions on a shop-
generated AFTO Form 349.

Part I of AFTO Form 350. Part 1 of the AFTO
Form 350 is the repair cycle processing tag and Part
II serves as the production scheduling document.
Preci<~ details regarding the use of this form are con-
tainew in the 00-20 series of technical orders. What
follows is some general information regarding entries
on this form. When working with the actual equip-
ment, always refer to the latest 00-20 series of
technical orders for information concerning the
required entries.

There are 29 blocks on the two-part AFTO Form
350, but you will never use all of these blocks on any
one maintenance action.

Entries for blocks 1 through 14 are completed by
the person initiating the forra. Most of this informa-
tion can be obtained from the AFTO Form 349 that
was filled out at the time of the removal action.
During this explanation refer to figure 6-3.

Block 1, Job Control Number. The job control
number from the AFTO Form 349 is entered in block
1. If a component is broken down into
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subassemblies, each subassembly is tagged with a
separate AFTO Form 350 bearing the original job
control number.

Block 2, ID/Serial No. Enter ID/Serial Number
from block 3 on the AFTO Form 349 as applicable.

Block 3, TM. Enter the type maintenance code
(TM) in block 3 from column A of the AFTO Form
349 and the three-character equipment classification
code (EQ/CL) in block 3A from block 5 of the AF-
TO Form 349.

Block 4, When Disc. Enter the applicable when
discovered code from column E of the AFTO Form
349,

Block 5, How Mal. Enter the malfunctioned code
from column F of the AFTO Form 349.

Block 6, MDS. Enter the mission design/series
from block 4 of the AFTO Form 349 if it has been
filled in.

Block 7, Work Unit Code. Enter the applicable
work unit code of the item removed. This is the code
that had been entered in column C of the AFTO
Form 349.

Block 8, Item Oper. Time. If the item is a time
change or serially controlled item, enter the time
from block 6 of the AFTO Form 349.

Block 9, QTY. Enter the number of like items
being forwarded for processing.

Block 10, FSC. Enter the first 4 digits of the
Federal Supply Class code for the item being
removed.

Block 11, Part Number. Enter the part number of
the item being removed, including dashes and
slashes. First preference is the manufacturer’s part
number or complete identification as it appears on
the data plate. For items that do not have a part
number, enter the last seven characters of the
national stock number.

Block 12, Serial Number. For time change and
serially controlled items, enter the serial number of
the item. If the serial number exceeds 10 positions,
enter only the last 10 positions. Serially controlled
items and time change items are identified by an
asterisk in the work unit code manual.

Block 13, Supply Document Number. When a
demand is placed on the supply system, enter the
supply document number. This code is given to you
when an item is placed on order.

NOTE: The supply document number comes from
the supply people. Hewever, since you are required
to enter this number on the 349 and 350, a few words
of explanation are in order. The supply number is
composed of six parts and 14 digits, alpha and
numeric.
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Example: X103FL00010013
X 103 FL § 001

Activity Organization Shop Julian
Code Code Code Year

0013

Julian Ser. No. of
Dav  Parts Requested

X - Shows the type of demanc »slaced on supply.
103 - Account code assignec o a particular unit.
FL - Shop that ordered the part.

0 - Julian year - last digit of 1980.
001 - Julian day - 1 January.
0013 - Serial number of parts requested.

Block 14, Discrepancy. Enter a brief description of
the malfunction. If the part has a warranty, enter the
date of installation and date of removal; also a
statement as to the reason for removal.

Block 15, Shop Use Only. An entry is not required
for on-equipment maintenance. A brief description
of the work accomplished on the part is entered in
block 15 if the item was made serviceable. If the item
is not reparable at your station, enter NRTS (not
reparable this station) and the NRTS code.

Part Il of AFTO Form 350. Blocks 16 through 22
are filled out in RPC (reparable processing center).
This portion of the AFTO Form 350 will be detached
and retained as a record copy until the item is
returned from the repair shop. With the exception of
blocks 20 and 22, the information on this part of the
form is copied from the upper portion of the AFTO
Form 350. There is no use in discussing them further
here.

Entries on the Back of AFTO Form 350. You
probably will not make any of these entires.

Block 23, NSN (national stock number). This
number is usually filled in by Supply.

Block 24, SRAN Code (stock record account
code). When an NRTS determination is made, the
SRAN code is entered in the block. This entry is
completed by personnel from the shop or the
reparable processing activity.

Biock 25, Transportation Control Numbcr. This
block is for Supply use only.

Block 26, Serviceable. This block is completed by
the activity responsible for returning the item to a
serviceable status.

Block 27, Condemned. An entry is not required.
The item is tagged with either the DD Form 1577,
Unserviceable (Condemued) Tag Materiel, or the DD
Form 1577-1, Unserviceable (Condemned) Label —
Materiel, in accordance with the instructions in TO
00-20-3 by the activity responsible for determining
the condition of the item.

Block 28, Supply Inspectors Stamp. This block is
for Supply use only.

Part II of the Back of the AFTO Form 350. Block
29, Base Repair Cycle Data. is the responsibility of
the production scheduler.
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Exercises (096):

1. Where do you obtain the information for blocks
1 through 14 on AFTO Form 350?

2. What entry is made in block 15 of AFTO Form
3507

3. Who is responsibie for filling out biocks 16
through 22, Part II, of AFTO Form 350?

6-3. Equipment Accountability

In this section, we will discuss equipment
accountability to include the principles of supply
discipline, and the responsibilities for public property
covering command responsibilities, supervisory
responsibilities, and custodial responsibilities. Of the
three, supervisory and custodial responsibilities are
of most concern.

A supervisor has direct control over various
properties. Just as you are responsible for equipment
under your control, a supervisor is responsible for all
equipment and supplies within the span of control.

An account custodian has many areas of
accountability. These include the use of AF Form
1297, Temporary Issue Receipt; AF Form 601B,
Custodian Request/Receipt; and Equipment Status
Tags or Labels. More important, however, is the
responsibility for the Custodian
Authorization/Customer Report Listing (CA/CRL).
The CA/CRL is a machine run list showing all
authorizations, assets, and due-outs for each
custodian by organizational code and custodian
code. It is an excellent inventory ccntrol document.
It is impossible to cover every detail in this short
section but it will serve as a good introduction. More
detailed explanations can be obtained from the
appropriate regulations and manuals.

097. Given hypothetical job situations, identify
violations of principles of supply discipline.

Principles of Supply Discipline. All personnel
working for the Air Force must treat Government
property as if it were their own. This applies to
officers, airmen, and civilians alike. When you use a
piece of Government property it is like borrowing a
book from the library. Sooner or later you must
return it, and you are the one who is responsible for
it.
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It is important that you clearly understand your
responsibility for Government property. There may
come a time when the Air Force will ask you to pay
for a piece of equipment. Your tax money has
already helped purchase this equipment. You may
have to pay for it again, and you don’t even get to
keep the property. Your knowledge of the rules and
procedures may relieve you from monetary
responsibilities for its damage or loss.

Good business practices are important. Obtaining
more supplies than needed to accomplish the mission
of your organization is not good business practice.
You normally do not purchase four additional tires
as spares for your automobile merely because it has
four wheels. Neither is it necessary to buy a spare
engine. because the original engine should operate
for more than 50,000 miles. These same ideas are
followed when you obtain supplies for the Air Force.
We call these business practices the principles of
supply discipline. We want you to know and practice
these principles.

Exercises (097):

1. Airman Jones lost an Air Force multimeter and
paid for it. Later it was found by Airman Jones.
Jones said, ““If I paid for it, it’s mine.’”” Was
Airman Jones right?

2. Having 23 people assigned to night shift and 12

assigned to day shift, the supervisor tells you to
order 288 flashlight batteries from base supply.
Indicate errors the supervisor might have made.

098. Explain the reason and basis in law for
individual responsibility for Air Force public
property; and for a particular item of equipment,
identify responsibility, accountability, and
ownership.

Responsibility for Public Property. The property
you must use in your duties (whether it is a desk, a
toolbox, a truck, or electronic test equipment) is your
responsibility. Good management dictates that the
person who is using the property be responsible for
its care. Everyone in the Air Force is responsible for
some type of property. For one man, it may be a
shop ful of equipment; for another, a blanket. In any
case, property responsibility is part of any position in
the Air Force.

Because the Air Force is large and comvlex, it is
necessary to assign responsibility for property.
Otherwise, we can never be sure that the property will
be adequately safeguarded. This would cause the
whole system to fall into wastefulness and
carelessness. Let’s first determine where
responsibility originates.
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The monev used to buy property comes from all of
us in the form of taxes. Therefore, the title to this
property is not held by any one individual; it is
jointly owned by all of us. We have no problem
finding who is responsible for a personal item. We
know that if our personal property is abused, we pay
for its repair or replacement. Now then, who is to be
responsible for the millions of Air Force items
costing billions of dollars? Congress has the
responsibility for appropriating the money to buy
this property. Congress also passsed the law to hold
individuals responsible for public property.

Congress passed suci: a Federal law in March 1894.
This law is the authority for regulations concerning
responsibility for public property. The Air Force
explains the application of this law in AFR §7-10,
Responsibility for Management of Public Property in
Possession of the Air Force.Certain officers, airmen,
and civilian employees are designated as supervisors.
A supervisor is responsible for carrying out the
orders and directives of the commander. As a
represcntative of the commander, the supervisor has
certain responsibilities for subordinates and
property. However, the supervisor cannot be looking
over the shoulder of each worker at all times.
Therefore, like the commander, the supervisor
cannot be solely responsible for the propertv in your
activity.

In your duty section, you, your supervisor, and
your commander have the responsibility for property
you are using. If this property is damaged, the
circumstances determine who is responsible for the
damage.

Property responsibility is imposed by law on all
officers, airmen, and civilian employees and cannot
be delegated—only used. This obligation includes
pecuniary liability. This means that we must make
good the loss, destruction, or damage of property
caused by our maladministration or negligence. This
responsibility is the obligation of an individual. This
is so, regardless of duty assignment or level of
command or supervision. Depending on the
circumstances, any person, military or civilian, may
be charged with one or more of three types of
responsibility: command, supervisory, and custodial.
When you buy an article from any store, the moment
the sales clerk completes the transaction the store
drops its accountability. It then becomes your
property and your accountability and responsibility
for whatever use you make of it.

When a stock clerk issues an Air Force item to you,
accountability is dropped insofar as the issuing
authority is concerned. However, since you did r ot
purchase the item, you do not become the owner of
the item; instead, the Air Force retains ownership,
and you assume responsibility for the care and
protection of the item as provided by applicable
regulations. Stated in other words, the property you
use in your duties, whether it is a desk, a typewriter, a
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truck or a grinding machine, is your assigned
responsibility. It is important to note that property
responsibility is in no way lessened by the fact that
the issuing authority has terminated accountability.

Exercises (098):

1. Why is responsibility for Air Force equipment
assigned to individuals?

2. Explain the application of the law that deals with
responsibility for public property in possession
of the Air Force.

3. Who has the responsibility, accountability, and

ownership of the toolbox and contents that you
use on the job?

099. For particular equipment use and for particular
command procedures, identify the commander’s
property responsibilities.

Command Responsibility. Each commander at any
level has command responsibility for all assigned
property. Commanders are not exempt from
pecuniary liability for loss, damage, or destruction of
Government property within their command.

A commander must make sure that records of
supply transactions are accurately kept. To fulfill this
duty, he must rely upon the capabilities of the people
in his command. They must know the records to be
maintained and the procedures for their
accomplishment. It is almost impossible for the
commander to know all the minute details required
for recordkeeping. The commander must see that the
reople filling these positions are trained and are
trustworthy. To make sure of economical use, the
commander must set an example for those under his
command. The commander must see that supplies
are used for their intended purposes and are not
wasted. Some examples of waste would be using the
firetruck for taxi service or even the waste of the
standard paper clip. Numerous other items may be
used for purposes other than for which they were
intended. These examples only begin the list.

The commander or the commander’s
representative must frequently visit the base
activities. Thus the commander sees that the property
is receiving proper care and is being properly
safeguarded. Although AFR 67-10 states that these
visits should be made often, the time intervals are not
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stated. The needs of operation determine the
intervals of the visits. When the activity is operating
smoothly, the visits do not need to be as frequent.
To discharge property responsibilities, the
commander must issuc instructions and directives.
These should be timely enough to take care of any
changes in the mission of the command. They should
be issued as required to make certain that property is
used for its intended purpose and to complete the
mission.

Exercises (099):

1. The wing commander has just called the
squadron commander saying that one of the
squadron commander’s maintenance trucks is
full of people and sitting in front of the base
exchange. The squadron commander is also
informed that a similar occurrence will result in
all trucks being assigned to the regu:ar motor
pool. Why would the wing commander be so
concerned with the maintenance truck?

2. What determined how often a commander visits
base activities?

3. How does the commander keep the staff
informed of appropriate uses of Air Force
property?

100. Cite reasons for particular supervisor

responsibilities relating to property.

Supervisory Responsibility. The supervisor is
normally located near the property for which he/she
is responsible. Although he/she may not have as
many responsibilities as the commander, he/she has
more direct control over the property. Supervisory
responsibility applies to any person who exercises
supervision over the property. The property may be
received, in use, in transit, in storage, or undergoing
modification or repair. It covers the property from
the time the Air Force buys it until it is consumed or
sold. AFR 67-10 also tells about supervisory
responsibilities.

In situations where the commander has personnel
working directly under his/her supervision, he/she
has supervisory as well as command responsibilities.

The supervisor must make sure that subordinates
know the appropriate local directives as well as
higher publications. Subordinates must also be
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trained iw supply discipline, which will be discussed
later in this section. Now let us look at the
responsibilities a person has for property which
he/she uses.

Exercises (100):

1. Why is the supervisor often given control over
equipment and supplies?

List the conditions under which the commander
may also be assigned the supervisory
responsibility.

101. State general conditions for assuming custodial
responsibility and your specific responsilkility in a
hypothetical situation.

Custodial Responsibility. Custodial responsibility
is that responsibility which must be assumed by an
individual who has acquired physical possession of
Government property. The word ‘‘custodian’’ means
caretaker. He is personally responsible for such
property if the property is (1) issued for his official or
personal use, whether or not he has signed a receipt
for it; (2) under his direct control for storage, use,
custody, or safeguarding; or (3) found (indicating
possible loss, theft, or abandonment) under
circumstances requiring his personal care, custody,
or protection.

Property issued to an individual does not become
private property by the act of issuc (whether the issue
was for official or personal use). It remains at all
times public property and, as such, must be
adequately safeguarded.

A person may, and often does, have more than one
type of responsibility, as for example, the case of the
desk and chair used by the commander. The
commander has both command and custodial
responsibility. A supervisor of a secretary has
supervisory responsibility for the desk and other
office equipment used by his/her secretary. He/she
also has custodial responsibility for the desk and
office equipment he/she uses. From these examples,
we can think of many conditions which could place
more than one type of responsibility with an
individual. The person finding public property is
responsible for its care and protection until it can be
returned to the responsible person. The person
finding the property is required by AFM 67-1 to
place it back into the supply channels. Now that we
know the types of responsibility, we should also learn
the conditions under which we may be relieved of
responsibility.
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Exercises (101):

1. Under what conditions do you assume custodial
responsibility for Air Force equipment?

While following a supply truck loaded with small
boxes, you notice two boxes fall from it. What
actions are required of you by Air Foice Manual
67-1?

[

102. Define pecuniary liability; and for hypothetical
situations relating to relief from property
responsibility, state appropriate actions to be taken
or reasons for actions described.

Relief from Property Responsibility. We have
mentioned the circumstances under which property
responsibility is assumed. How can we be relieved of
property responsibility? The condition of the
property is an important factor when we are being
relieved of property responsibility. The property for
which we seek relief from responsibility may be
serviceable; unserviceable through fair wear and tear;
or lost, damaged, or destroyed. Pecuniary liability
may be involved when you are being relieved from
property responsibility. This applies to property
which was lost, damaged, or destroyed as a result of
causes other than fair wear and tear. (Pecuniary
liability means the responsible person must pay for
the loss.) The methods of relief from property
responsibility depend upon whether or not the
individual admits pecuniary liability. For the time
being, we will postpone discussing relief from
property responsibility under these conditions and
explain how to obtain relief when pecuniary Iliability
is not involved. There are two ways this can be
done—by turn-in and by transfer. These apply to
property which is serviceable or unserviceable.
However, these items must be considered to have
been damaged by fair wear and tear.

Turn-in. The turn-in of property means putting it
back into the supply channels. If the property is not
serviceable, it is transferred to a repair activity. If it is
beyond repair, it is transferred to the disposal unit.
Procedures for disposal depend on property
involved. Serviceable items are turned in for reissue.
When you have an item signed out from the
equipment management office (EMO) and don’t need
it, turn it in. For instance, suppose you have an
adding machine signed out and no longer need it.
Return it to EMO and pick up your receipt. If no one
else in the organization requires the machine, EMO
returns it to base supply. Supply will then look to see
if another organization needs the machine. If no
requirement for the machine exists, it may be shipped




to another base or depot, or to the local Defense
Property Disposal activity. The transaction must be
documented to relieve each individual or activity of
responsibility for the machine. Such transactions
occur frequently. Whean the turn-in is properly
documented, relief from responsibility and
accountability for the property is obtained.

Property transfer. The transfer of property, as
used here, means changing its physical location or
user. If the user of the property is changed, custodial
responsibility moves to the new user. For example,
the commander wants a new desk, so he/she sends
his/her old one to a section that needs it. Custodial
responsibility for the old desk then moves to the user
in the other section. Another example is provided by
an item that has a serial number. The physical
location of such items is entered on property records.
An example would be transferring a typewriter from
the orderly room to another section in the same
organization. This type of transfer relieves the people
in the orderly room of supervisory and custodial
responsibility. The command responsibility for the
typewriter remains with the squadron commander.
Had the typewriter been tranferred to another
squadron, the commander would be relieved. These
examples show that property responsibility goes with
custody or jurisdiction.

Transfer of personnel. When a person who is
responsible for property is transferred and the
property remains with the organization, property
responsibility also stays in the orgainzation. Some of
the items of property for which the individual has
custodial responsibility may be returned to Supply.
His/her records and hand receipts then are cleared of
these so that he/she may depart from the base. Let’s
say the individual is a supervisor and his/her
replacement is not on base to sign for the remainder
of the property. Then, the next higher supervisor will
normally be Leld responsible for the property until
the replacement arrives.

Exercises (102):

1. Explain what is meant by pecuniary liability.

2. The shop supervisor wants all personnel to turn
in unserviceable parts as soon as possible. Give
the reason for this action.

Your shop has 12 extra straight-backed chairs
because of persounel losses. The supervisor
wants to turn them in to EMO so that they can be
issued to Sergeant Beck, the shop chief in the
next room, who has a need for them. Explain
why he/she chose to turn them in rather than
transfer the property.
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4. The shop supervisor died. He/she had the
account frr the shop at the time. Explain what
must be done with the supply account.

103. Name forms used and explain certain entries
involved in being relieved {from properiy
responsibilities for lost, str.em, or damaged
equipment when there is negligence and carelessness
indicated.

Lost, Damaged, or Destroyed Property. The
monetary loss to the Air Force must be accounted for
in some manner when property is lost, damaged, or
destroyed. The person(s) with responsibility for the
property must rcimburse the Air Force. If not, the
Air Force stands the loss.

Two methods of being relieved of property
responsibility involve the use of a Cash Collection
Voucher and a Statement of Charges. These two
forms are used to reimburse the Air Force when
pecuniary liability is admitted. The damage to, or the
list price of, the article cannot exceed $500 to use
these methods. Keep in mind that even though the
individual has paid for the loss, the property does not
become the property of the individual.

The least troublesome way to settle a monetary
obligation is to pay in some form of cash. DD Form
1131, Cash Collection Voucher, is generally prepared
by the responsible officer (EMO) to cover the cash
collections for a particular period of time. Listed on
the Cash Collection Voucher are the names of the
airmen, the articles lost or damaged, and the
amounts involved. The voucher shows the complete
Air Force description of the items invoived and the
purpose for which collection was made. Negligence
and carelessness may be indicated as the causes of
damage to the property. The statement ‘‘used in Lieu
of Report of Survey’’ is an indication that pecuniary
liability has been admitted. Before the money is
turned in to the finance office, the Cash Collection
Voucher must be approved by the individual’s
commander. Cash Collection Vouchers are prepared
by supply personnel. What do we use to make the
payment if we do not have the money with which to
pay?

Airmen and civilian employees use the DD Form
362, Statement of Charges for Government Property
Lost, Damaged, or Destroyed, when pecuniary
liability is admitted but a payroll deduction is
desired. This is in lieu of a cash payment. Like the
Cash Collection Voucher, the damaged item’s price
cannot exceed $500. The individual(s) is charged the
cost of the articles or allowed up to 25 percent
depreciation. This is why the actual cost may be less
than the prices listed in the top section of the form.
When the individual signs a Statement of Charges,
he/she has made an acknowledgement, an
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authorization, a waiver of a right, an affirmation,
and an agreement. The commander must certify this
form before it is submitted for a payroll deduction.

If an officer admits liability and cannot pay with
cash, he/she uses DD Form 114, Military Pay Order.
This authorizes a deduction from his/her pay for the
amount involved.

Exercises (103):

1. Name the two forms used by the Air Force to be
reimbursed for lost, damaged, or stolen property
valued at or below $500 listed price.

2. Explain why there might be a price of $450 listed
at the top of a Statement of Charges form and a
$435 price listed at the bottom.

3. What are some of the things an individual agrees
to when he signs a Statement of Charges form?

104. Explain the purpose of the Report of Survey,
and identify the person responsible and the time
allowed for its preparation.

Report of Survey. A Report of Survey is an
instrument for explaining and recording the
circumstances which involve loss, damage, or
destruction of Air Force property. When used, it
supports the dropping of property from the records.
It also serves to resolve the questions of responsibility
for loss and it fixes liability. In summary, when one
individual does not admit liability or when the
amount to be charged is over $500, a Report of
Survey must be prepared.

Preparing the Report of Survey form is the first
step in the Report of Survey process. The individual
who has custodial responsibility for the property
starts the process. Others may do this for the
custodian when it is impractical for him to fill it out.
Since the Report of Survey is a means for explaining
the loss, damage, or destruction of Government
property, the responsible individual should include
all pertinent facts and circumstances surrounding the
loss. Remember, the information presented on the
Report of Survey is the basis for deciding whether an
investigation is necessary. It’s important that the
Reperts of Survey be initiated and processed within
30 days after the loss was discovered. The
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investigation must be made while the persons
involved, including witnesses, are available and facts
are still fresh. After the report is complete, it goes to
the base appointing authority for review and
appropriate action.

If the Report of Survey is approved, the individual
is relieved of the responsibility for the individual
equipment. He/she need not reimburse the Air Force
for the cost of the item. However, if the authorities
decide the individual was negligent, he/she must
reimburse the Air Force.

Exercises (104):

1. What is the purpose of the Report of Survey?

2. Who prepares a Report of Survey?

3. What is the longest time after a loss is discovered
within which a Report of Survey must be
initiated?

10S. Given various situations concerning a supply
account, explain the responsibilities of an account
custodian to include selection of proper forms and
mzking specific entries on these forms.

Account Custodian. All personnel have
responsibility for public property. As you move up
the ladder in the Air Force, you will eventualily
become a supervisor. As a supervisor, you will, most
likely, become an account custodian for your
organization. What is an account custodian? Each
organization is assigned an equipment account that
must be managed by someone. This someone is called
the account custodian for your organization.
Normally an alternate custodian is also assigned to
manage the account during absences of the primary
custodian.

An account custodian has many responsibilities.
These can be related to those of a librarian. A
librarian must account for books on loan by signing
them out to give an accounting of where the books
are at all times. If a librarian needs a new book, it is
ordered using a purchase order. If a book becomes
torn, it is identified for repair or replacement.
Finally, the card catalog gives a listing of all books
on hand regardless of status. An account custodian
must do all those things with the equipment charged
to his/her account. Equipment on loan is signed out
to an individual using a Temporary Issue Receipt, AF
Form 1297. You order equipment using an AF Form
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601B, Custodian Request/Receipt and identify the
status of equipment by utilizing equipment status tags
or labcis. All equipment is listed on the Custodian
Authorizetion/Customer Report Listing (CA/CRL).
Let’s take a closer look at the account custodian’s
responsibilities beginning with the CA/CRL.

CA4/CRL. The CA/CRL is a machine run listing
showing all authorizations, assets, and due-outs for
each custodian account by organizational code and
custodian code. In simpler terms, each custodian will
receive a machine listing for his/her account which
will show all equipment authorized, on hand, and on
order. The due-out items will be indicated in the Due-
Out column, as to quantity. The items on the
CA/CRL will be listed in preferred stock number
sequence. Preferred means the exact stock number
you ordered. If supply substitutes an item, the
substitute stock numbers will be listed immediately
after the preferred item.

The custodian must check the CA/CRL to make
sure that all substitute items are suitable. If an item is
not suitable, notify your allowance and authorization
(A&A) section of base supply in writing and turn the
item in. Annotate the item on your CA/CRL as an
unsatisfactory substitute (U).

Upon receipt of a new CA/CRL, the custodian
signs and returns one copy of the CA/CRL within 15
working days of receipt. By signing and returning a
copy of the CA/CRL, the account custodian is
certifying that an inventory has been made and all
equipment is accounted for.

If you receive an approved authorization increase,
(this would be in the form of an approved 601B,
Custodian Request Receipt) the custodian is
responsible for listing this new authorization on
his/her copy of the CA/CRL. This will be explained
further during our discussion of the 601B, Custodian
Request Receipt.

Equipment custodians are responsible for all
equipment issued to their accounts. They are also
responsible for aiding supply personnel with
inventories of their account and make sure all items
are on hand and serviceable. In addition, a custodian
is responsible for establishing and maintaining the
AF Form 126, Custodian Request Log, which is a
simple log of AF Form 601B transactions. Any excess
authorizations found during inventory, using the
CA/CRL, will be reported at once to the A&A
section of base supply. Once reported, it should be
turned in or justified using the AF Form 601B.

New CA/CRLs will be received from base supply
at random intervals. These will be received when
enough changes warrant a new CA/CRL but at a
minimum of an annual basis.

AF Form 601B, Custodian Request/Receipt. The
custodian will use this form to make changes in
authorization, turn-in, or to request issue of
equipment authorization inventory data (EAID)
| property. Prepare this form in the number of copies
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required by your local allowance and authorization
(A&A) section of base supply. Use one form for each
line item. After the organization commander has
signed the 601B, keep one copy in your suspense file
and send the other copies to the A&A section of base
supply. Maintain one copy of th¢ 601B in your
suspense file until the A&A section has acted on your
request. Keep this file in custodian request number
sequence. As stated previously, an approved 601B
action for an increase is logged on your CA/CRL
and then the 601B is placed in your completed file.
Consider such action complete once the transaction
appears on your daily documeni register. The daily
document register is a machine listing received from
base supply showing all transactions for each day.
Completion of the 601B is shown in detail in figures
6-4, 6-5, and 6-5B.

AF Fc-m 1297, Temporary Issue Receipt. A
librarian uses cards and a numbering system to
control books on loan. A custodian uses the AF
Form 1297 for control of expendable and
nonexpendable equipment issued to individuals for
use in doing their jobs. The AF Form 1297 will be
maintained on file until equipment is returned.
Instructions for completion of the .* ~orm 1297 are
shown in figure 6-6.

Equipment status tags or lat These tags are
used to indicate the status ¢ equipment being
shipped for repair and equipment being turned in to
supply as excess or condemned items. These status
tags are color coded, red, green, and yellow. Most of
us identify the status tag colors but not with the form
numbers. Here we will discuss the different tags and
their purpose.

a. The DD Form 1574, Yellow Serviceable Tag
(fig. 6-7) is used for serviceable equipment which is
turned in as excess to indicate the serviceable status
of the equipment. Also, if an item is bench checked,
repaired, and returned to base supply stocks, a DD
Form 1574 is prepared by the responsible shop for
condition determination and attached to the item to
indicate serviceable status. Completion of the form is
self-explanatory except for the condition code. There
are three condition codes for the serviceable tag.
Condition code ‘“A’’ indicates the item is new, used,
repaired, or reconditioned and issueable without
limitations or restrictions. This includes materiel with
6 months or more shelf life remaining. Condition
code ‘‘B” indicates new, used, repaired or
reconditioned item that is issueable for its intended
purpose, but is restricted to specific units by reason
of limited usefulness or short life expectancy. This
includes materiel with a shelf life of 3-6 months.
Condition code *‘C’’ incidates new, used, repaired or
reconditioned materiel issueable to selected
customers but which must be issued before condition
code ““‘A’’ and ‘‘B’’ materiel to avoid loss of useable
assets. This includes materiel with a shelf life of 3
months or less.
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Block Entry

1 Enter the custodian's name, telephone number, and office
symbol. Other information such as organization or building
number may be entered as required.

2 Get the next available control number from the custodian
request log. The custodian request number consists of
the organization code (3 position numeric), shop code
(2 gosition alpha), the Julian date (4 position numeric),
and sequential number (4 positions) of the request.

3 Leave blank.
4 Leave blank.
5 Enter the stock number or part number, if availzble. If the

-item is already on the CRL, enter the stock number on the
list. If the request is for a new authorization, enter the
stock number shown in the TA. If none of the above is
available, enter a complete description of the item in
block 19, continuing in block 22 if necessary.

6 Enter the in-use detail number if the item is shown on the
CRL. Leave blank if the request is for a new authorization.

7 Enter the allowance identification, which consists of the TA
number, including the part, section, subsection, and column.
If the request is not based on the TA, enter the special
ASC, such as 041, 048, or 987.

8 Enter the quantity currently authorized and shown on the CRL,
plus any authorizations approved after the date of the CRL.

9 Enter the quantity currently on hand, including substitutes.

10 Enter the new authorized quantity being requested. Leave blank
if no authorization change is involved.

11 Enter the quantity to be issued or turned in.

12 Enter the unit of issue.

13 Leave blank. (Since the custodian does not usually have unit

cost, this blank is filled in by the ASA Section.)
14 Enter the urgency of need designator (UND). See figure 3-1.

15 Enter the force activity designator (FAD). See figure 3-1.

Figure 6-5A. Instructions for completion of AF Form 601b, Custodian Request/Receipt.
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Block
16 through 18

19

20
21

22

23

24

25

26

27 and 28

Entry
Leave blank.

Enter sufficient description to identify the item.
This should include such information as type,
model, size and color. Continue in block 22, 4f
necessary.

Enter the custodian's signature.
Leave blank.

*Enter adequate justification to support the request.
The justification must support the basis of issue
in the TA or ASC cited in block 7. If the items
are to be used for education or training, as opposed
to administrative or operational use, state that
the item is to be used in direct support of educa~
tional requirements. In addition, enter such
information as use, end item that applies, system,
aircraft, level of maintenance, technical order,
AFSC, or other pertinent data. If more space 1s
needed, use a separate sheet of paper. If UND A
or B was entered in block 14, this action must be
supported in this block. Attachments may be used
for this justification rather than entering the
data on to the AF Form 60lb. Provide make, model,
type, and serial number of items available for
trade-in for a requested local purchase item.

Enter an X in the appropriate block.

Enter an X in the appropriate block. (A&A Section
enters the advice code.)

Enter the total quantity being turned in in the first
block to the right. Further, enter the specific
quantity according to condition and status of the
items in the appropriate condition and status
blocks. For items that are not complete, enter the
missing parts in block 22. Include the document
numbers on which the parts have been ordered from
Base Supply.

Enter the typed or printed name, grade and signature
of the organization commander, staff agency chief,
or the designated representative.

Leave blank.

Figure 6-5B. Instructions for completion of AF Form 601b, Custodian Request/Receipt.
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i 3

1YPID OR PRINTED NAME, GRADE AND ORC + NIZATION l TO: (Responsible Officer) ORG. ACCT. NO. DATE 1TEM(S) TO BE RETURNED
QUANTITY cost
$TOCK NO. DESCRIPYION unit \sSUED
5 6 7 8 9

| ACKNOWLEDGE RECEIPT AND RESPONSIBILITY FOR ITEM(S) SHOWN IN “QUANTITY ISSUED"™ COLUMN, WHICH WiLL 8E RETURMED ON DATE SPECHIED

ASOVE,
DATE SIONATURE DUTY PHONE 13SUED BY
10 11 12 13
AF 25, 1297  MEVIOUS tomoNs Wik B used TEMPORARY ISSUE RECEIPT cr—ie—sasuisl  ero

(1) Typed or printed name, grade, and organization of user

(2) Shop Chief

(3) Your Supply Account Number under which equipment is listed

(4) Date necessary for equipment to be returned due to scheduled maintenance,
etc.

(5) Stock Number (Serial Number) of individual equipment

(6) Equipment Description-Manufacturer, Model Number, note any damages,
dings, dents, etc.

(7) Unit of Issue (i.e., each)

(8) Number of units issued

(9) Estimated cost per item

(10) Present Date

(11) Payroll signature of user

(12) Duty Phone of user

(13) Name and rank of issuing person

Figure 6-6. Instructions for completion of AF Form 1297, Temporary Issue Receipt.
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FSN, PARTNO. AND ITEM DESCRIPTION

SERVICEABLE TAG - MATERIEL

NEXT INSPECTION DUE/OVER-

CONTITION
co

this tag may be subject to a fine of not more than 1,000 or imprisorment

WARNING: Unauthorized persons removing, defac;ng. or dm;oyir.g
for not more than one year or both.

g . AGE DATE DE
Q INSPECTION ACTIVITY
o
®
SERIAL NUMBER/LOT NUMBER 'léf;lJEOF INSPECTOR'S NAME OR STAMP AND DATE
CONTRACTOR PURCHASE QUANTITY
ORDER NO.
REMARKS

REPLACES AF FORM 50B. WHICH MAY BE USED IN THE USAF.

Figure 6-7. DD Form 1574, Yellow Serviceable Tag - Materiel.

" FSN, PART NO. AND ITEM DESCRIPTION

(18 USC 1361)

TAG - MATERIEL

UNSERVICEABLE (REPARABLE)

INSPECTION ACTIVITY

CONDITION
CODE

REASON FOR REPARABLE CONDITION

« | SERIAL NUMBER/ILOT NUMBER UNIT OF | REMOVED FROM
ISSUE
INSPECTOR’S NAME OR STAMP AND DATE
CONTRACTOR PURCHASE QUANTITY
ORDER NO.
REMARKS

this tag may be subject to a fine of aot more than 1,000 or imprisonment

WARNING: Unauthorized persons removing, defacing, or émuoying
for not more than one year or both.

Figure 6-8. DD Form 1577-2, Green Unserviceable (Reparable) Tag - Material.

ERIC

Aruitoxt provided by Eic:
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FSN, PART NO. AND ITEM DESCRIPTION

(18 USC 1361)

UNSERVICEABLE (CONDEMNED)
TAG - MATERIEL

INSPECTION ACTIVITY

REASON OR AUTHORITY

SERIAL NUMBER/LOT NUMBER

INSPECTOR'S NAME OR STAMP AND DATE

UNIT OF 1ISSUE QUANTITY

fine of not more than 1,000 or imprisonment

REMARKS

WARNING: Unauthorized persons removing, defacing, or destroying

for not more than one year or both.

this tag may be subject to a

Figure 6-9. DD Form 1577, Red Unserviceable (Condemned) Tag-Materiel.

b. The DD Form 1577-2, Green Unserviceable
(Reparable) Tag Materiel (fig. 6-8) is initiated by the
workcenter for equipment which is not reparable
within their organization or equipment which is being
turned in as excess and reparable. This tag will be
attached to the item before it is boxed for shipping.
After the item is packed for shipping a DD Form
1577-3, Unserviceable (Reparable) Label—Materiel,
will be affixed to the outside of the shipping
container. This identifies reparable status of materiel
within the container. The DD Form 1577-3,
unserviceable materiel label is identical to the DD
Form 1577-2 shown in figure 6-9. The only
difference is.that one is a stick-on label and one is a
tag. Completion of the DD Form 1577-2 is also self-
explanatory with the exception of the condition
codes. The unserviceable tag has three codes also.
Condition code ‘‘E’’ indicates that the materiel will
take limited expense or effort to repair and the repair
is don¢ in the storage activity where stock is located.
Condition code “F” indicates the materiel is
economically reparable but requires inshop repair,
overhaul, or reconditioning. Condition code ‘“‘G”
indicates that the materiel requires additional parts
or components to complete the item prior to its use.

Economical repair cost of Air Force property is
established at 75 percent of the current stock list price
unless otherwise specified in technical orders or other
published directions.

¢c. The DI Form 1577, Red Unserviceable
(Condemned) Tag—Materiei (fig. 6-9) is initiated by
the workcenter when an item is beyond economical
repair. This form is attached directly to the item. Any
item with a unit cost of $1000 or more will not
normally be condemned at base level unless crushed,

Q
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burned, or battle damaged. Items costing more than
$1000 will normally be tagged as unserviceable
(reparable) with DD Form 1577-2 and turned in to
base supply. Appropriate agencies will then
determine the future status of the materiel.

Exercises (105):

1. What entries must an account custodian make on
the CA/CRL?

How often does an account custodian receive a
new CA/CRL?

3. Upon receipt of a new CA/CRL, what actions
must an account custodian take? What is the
suspense on these actions?

What is the primary responsibility of an account
custodian?

5. A new item of test equipment is needed for your

shop, as a supervisor what actions should you
take? i
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TSgt Tiernan, from another maintenance shop,
wants to borrow an oscilloscope on a temporary
basis. What procedure should you follow in
loaning this test equipment?

Au item of equipment is found excess on SSgt
Jones’ supply account. This item is inoperable.
What actions should SSgt Jones take?

What is meant by economical repair cost of AF
property?

6-4. Materiel Deficiency Reporting

No system is perfect. Today, we are all familiar
with the recall of automobiles to correct deficiencies.
The Air Force is no different. From time to time,
items of equipment are found to have contributed to
an accident or incident, or created a safety hazard.
Some of these items are caught through analysis of
the maintenance data collection system. However,
the Air Force also depends on each individual to
report materiel deficiencies. You have plenty of help
when you make a materiel deficiency report, because
there are normally many people involved in such a
report. The responsibility for clearance and control
of materiel deficiency reports is assigned to Quality
Control. If you make out one of these reports,
always check TO 00-35D-54,USAF Materiel
Deficiency Reporting and Investigating Ssytem, to
make sure you have the latest information. Also, be
sure to check with your Quality Control section for
up-to-date advise on materiel deficiency reporting.
Now, let us see what types of reports are available
and how they are defined.

106. Given various situations regarding materiel
deficiencies, jdentify the type of report required for
each deficiency.

Reporting of materiel deficiencies inder this system
is necessary so that (1) the same deficiencies can be
corrected on like equipment at other installations,
and (2) improvements can be made in design, test,
and modification programs. Details for reporting
materiel deficiencies under this system are in TO
00-35D-54. To report materiel deficiencies,
personnel such as you initiate special deficiency
reports. Quality Control is the base maintenance
management agency that controls and coordinates
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these reports. They transmit valid reports by letter or
emergency means, as urgency demands, to the
appropriate corrective action agency.

The type of reports initiated are the Category 1
Report and the Category II Report.

Category I Report. This report is submitted to
report an emergency condition of a safety nature
which falls under one of the following categories:

a. An Air Force mishap that does damage to
persons or property.

b. A nuclear safety deficiency.

c. A critical deficiency.

d. An explosive safety deficiency.

To initiate a Category I Report, describe the
deficiency to Quality Control. If it is valid, they will
transmit the report to the appropriate corrective
action agency.

Category II Report. This report is submitted to
report a design and maintenance materiel deficiency
on a non-work-unit-coded item which does not have
a safety impact.

This report is also submitted to report materiel
deficiencies attributed to nonconformance with
applicable specifications, drawings, standards, and
errors in workmanship. Another purpose of this
report is that it is a means of obtaining the Air
Force’s evaluation of the quality of work performed
by contractors and specialized repair activities.

Conditions Not To Be Reported. A table in TO
00-35D-54 lists deficiencies, conditions, and
equipment that should nor be reported under the
materiel deficiency reporting system. Included are
deficiencies in TOs. TO deficiencies are reported
under the TO improvement program. Before
submitting a report under the materiel deficiency
reporting system, check TO 00-35D-54 to determine
if the deficiency is authorized for reporting under this
system.

Exercises (106):
1. What type of deficiency report do you submit if

you discover a condition causing electrical arcing
in a monitor?

2. What type of deficiency report do you submit if
you find a resistor that is cracking under stress
because of the way it is mounted?

3. What form i- .sed to evaluate the workmanship
performed by contractors or depot personnel?
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Answers for Exercises

CHAPTER 3 077- 1. A supplement augments change data in basic TOs that
Reference: require more change than is practical with change pages.
) 2. When the number of pages affected by changes equals
066- 1. An unsafe act. 80 percent or more of the total number of pages in the
2. An unsafe act. TO.
3. Natural phenomenon. 3. Changes are issued when only part of a technical order
is affected. A revision is a complete new edition of an
067 - 1. Safety training. existing TO and has a new basic date.
2. Safety supervision.
078- 1. a. TO 00-5-1.
068- 1. Yes. b. TO 90-20-2-7.
2. Yes. c. TO 00-20-7.
3. These itcms act as elecrical contacts.
079- 1. a.0-1-01, Numerical Index and Requirement Table, is
069- 1. a. an index to indexes.
2. Mechanical respirators; by back-pressure arm-lift b. 0-2-1, the alphabetical index, lists the publications
method; and by mouth-to-mouth respiration. pertaining to the items of equipment by their basic or
3. A mechanical respirator should be applied only by primary names arranged in alphabetical order.
skilled operators. Mouth-to-mouth resuscitation is the €. 0-4~1, Index of Cross-Reference Tables, contains a
preferred nethod. complete listing of all TO’s which were affected by
the renumbering system with the former numbers and
070- 1. Prevent those conditions that commonly cause corresponding new number.
accidents. d. 0-1-10 is a numerical index and requirement table on
2. I8 inches. photographic equipment.
3. Disconnect from the power source. €. 0-1-12 is a numerical index and requirement table on
airborne clectronic equipment.
CHAPTER 4 080- 1. TO 0-1-01.
2. TO 0-2-1.
071 - 1. Opecrating instructions. 3. TO 0-1-31-5 or 0-1-31-8.
2. Visual aids.
3. Regulations.
4. Pamphlets. CHAPTER 5
5. Manuals.
- 081 - 1. Put the new specialist at ease.
072- 1. Type and number, date, title, OPR, and distribution 2. a. Explain the rules and regulations of your shop.
symbol. b. Explain the function of your unit.
2. AFR 0-2, Numerical Index of Standard and Recurring c. Introduce the new person to fellow workers.
Publications. d. Show the new person the layout of the shop and
3. AFR 0-4, Department of Defense, Joint Chiefs of facilities.
Staff, & Interservice Publications and Air Force
Acguisition Documents. 082- 1. These codes list the number of people authorized by
skill level.
073- 1. Basic subjects and numbers are listed in AFR 5-4, 2. a. Have I considered the mission of the unit?
Publications Numberiig System. b. Have I taken the individual’s workload into account?
2. The basic number indicates a specific subject. For c. Do 1 know how to do the job?
instance, to locate publications pertaining to military d. Have I checked to make sure the man I assigned can
personnel matters, we would want publications that do the job?
begin with the number 35. The second number indicates
a more specific grouping within the subject area. 083 - 1. 30 days.
3. c¢. 34-1-9. This is indicated by the third number. 2. The immediate supervisor.
3. The immediate supervisor.
074- 1. The file clerk or you would enter the proper date in red. 4. a. Special recognition for exceptional performance of
2. A dash (-) indicates the manual is necded and on order. duty.
Since there is no current copy in file, wait. b. To attend spiritual or religious events.
3. The 6th of May. c. As compensatory time off for arduous deployment
from home base.
075- 1. Master publications z1d funcional publications.
2. Wing or base leve!. 084- 1. a. Get the facts.
3. Functional puplicatons library. b. Select a quiet, private place.
4. OPR means the office of primary responsibility. Your c. Prepare yourself.
shop, bein's OPR, would be : cspensible for keepirig the d. Put the counselee at ease (establish rapport),
publicatioa current. €. Be a good listener (establish eye contact).
f. Close session with summary.
076- 1. a. Abbreviaisd. 2. Whenever it seems possible.
b. Index type. 3. Recognition, security, opportunity, and belonging.
c. Methods and procedures.
d. Technical mas:uals. 085- 1. Self improvements efforts.
2. TCTO. 2. Bearing and behavior.
3. Preliminary. 3. AF Form 910.
4. Technical manual or comtaercial manual. 4. Ab6or7.
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. Quality Control

USAF tables of allowances (T/As).

AFR 0-10 is the index of T/As.

Provisions for office facilities, storage areas,
maintenance areas, proper studio lighting, number of
personnel, type and amount of equipment.

So that adequate facilities will be availablc.

The base supply office controls and issues parts.
AF Form 2005.

DD Form 1348-6.

1SU.

Organization code and shop code.

A description of the item requested.
Manufacturer’s code and part number.

CHAPTER 6

Plans, organizes, coordiantes, directs, and controls the
maintenance effort, while being responsible to the
commanders for the maintenance mission.
Administration, Production Analysis, Logistics
Support, Quality Control, Maintenance Control.

The maintenance superintendent.

Production
Administration.
Maintenance Control and Quality Control are normally
in constant contact with the maintenance personnel.
through its inspection duties.
Maintenance Control through scheduling, job control
and supply support.

Analysis, Logistics Support,

Job control, plans and scheduling, and materiel control.
(1) QC.
(2) QC.
(3) MC.
4) QC.
(5) MC.
(6) MC.
(") MC.
8) QC.
9 QC.
(10) QC.

(1)
Q)
3)
(4)
(5)
(6)
)
®)

poogopoP

They are used to authorize and control maintenance.

a. (JCN). The JCN consists of seven characters. The
first three characters are the Julian date, such as 041
for 10 February; the las: four umbers identify jobs
and are a daily or monthly job sequence number,
such as 0001 for the first job of the day or month.

b. (Workcenter code.) This consists of five characters
and is used to identify organizational elements where
personnel are assigned or located. The first position
of the workcenter code can be either an alpha or
nuraeric charcter. It is to identify divisions, wings,
separate squadrons, or commands located on a base.
The second position can be either alpha or numeric,
and it ideitifies the various squadrons or functions
within the maintenance complex. The third position
is normally a numeric character. It identifies the
various subfunctions within the squadron or
function. The fourth position is either alpha or
numeric. It identifies specific workcenters, such as a

092 -

093

094 -

095 -

096 -

097 -

098 -

branch, shop, or site. The fifth position may be either
alpha or numeric, and it identifies subfunctions
under the fourth position.
¢. (ID number.) The ID Number consists of six
characters and is used to identify equipment. The
first character of the ID number is the first character
of the owning workcenter code. The second number
is the first character (prefix) of the standard
equipment reporting designator, such as A for
aircraft, E for ground radar, or L for miscellaneous
ground CEM. The last four characters of the ID
number are normally the same as the last faur
positions of the equipment serial number.
(]
@)
(€)]
)
)
©)

op o gn

a. Production information.

b. Equipment maintenance schedules.

¢. Direct and indirect labor hour expenditures.

d. Equipment failures.

Through daily or monthly reports and daily error
listings.

Each performing workcenter supervisor.
100 percent accuracy.

. The tab control number is a seven-character data

element. The first three characters represent the Julian
date. The last four characters are used to identify jobs.
The first digit of the owning workcenter, the first digit
of the standard equipment reporting designator, and the
last four digits of the equipment serial number.

(1) Serially controlled items.

(2) Time change items.

(3) Replacement of item requiring a block 29 entry.
One unit of work should be entered. Even though 30
nuts and bolts were removed and replaced, the work
unit code in column C was acted upon only once.

A check is made in block 28 to identify maintenance
actions that affect the historical documents of an item.
Removal and replacement of items identified by an
asterisk and the abbreviation TCI in the work unit code
manual require the person completing the action to
check this block.

Most of the information can be obtained from the
AFTO Form 349 that was filled out at the time of
removal action.

A brief description of the work accomplished if the item
was repaired. If the item is not reparable at your station,
enter NRTS and the NRTS code.

RPC.

No, the ownership remains with the Air Force.

It is believed that several errors could have been made.
First, failure to determine the exact number of
personnel who needed batteries. Second, ordering
approximately four times the number of batteries even
if every person needed new batteries. Third, failure to
display good supply discipline for personnel to follow.

Persons in the Air Force are required to assume
responsibility for the equipment they use. Without this
responsibility, the Air Force personnel might become
wasteful and careless.

The law passed by Congress holds individuals
responsible for public property. It is also the authority
for AFR 67-10, which explains the law to Air Force
personnel.

79
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100 -

101 -

102 -
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The individual who signed for toolbox and its contents
assumes both responsibility and accountability. The Air
Force retains ownership of the property.

The wing commander has command responsibility for
all equipment assigned to the wing. The commander
also knows that when a maintenance truck is being used
to transport personnel to the base exchange the
squadron commander has not accepted full
responsibility. Therefore, the wing commander
indicated that he would assign this responsibility to the
transportation officer.

Commander visits may be very often or very seldom. It
depends upon the unit. Those that are complying with
regulations, manuals, and local directives will be visited
less than those units that are not following proceduies
correctly.

Issue of timely instructions and directives.

The supervisor is normally in the best location to
exercise direct contro! over equipment.

The commander may be assigned supervisory
responsibility when he/she has personnel working
directly under his/her command.

Custodial responsibility must be assumed by those who
use, issue, find, safeguard, and transport Air Force
property. ’

Give them care and protection until returned to the
responsible person.

The responsible person must pay for the loss.

The supervisor wants to return reparable and
serviceable parts to supply channels to have them
repaired or stocked in serviceable condition. Also, this
relieves the supervisor of the responsibility for
safeguarding unserviceable equipment.

By turning in the equipment to supply for reissue, both
responsibility and accountability have been transferred
to the other shop chief as well as the property. Had just
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the chairs been transferred, responsibility and
accountability would have been retained.

The ranking assigned person will have to assume the
responsibility for the supply account.

Normally they are (1) Cash Collection Voucher, DD
Form 1131, and (2) Statement of Charges, DD Form
362.

The reason for the different prices appearing is that the
top price is the full price, wher=as the bottom price is the
price the Air Force is to collect from the individual. This
reduction is allowed, but may not exceed 25 percent.
Proper signature on the Statement of Charges form
indicates (1) acknowledgement, (2) authorization, 3)
waiver of a right, (4) affirmation, and (5) agreement.

The Report of Survey explains and records
circumstances involving lost, damaged, or destroyed Air
Force property.

The individual who has custodial responsibility at the
time of loss.

. Within 30 days.

List new authorizations,
substitute jtems.

As changes warrant or a minimum of annually.
Inventory and account for all equipment. Sign and
return one copy of the CA/CRL within 15 working
days.

Equipment accountability.
Check T/A for authorization then if authorized,
prepare an AF Form 601B requesting the new item.
Initiate an AF Form 1297, Temporary Issue Receipt,
and keep on permanent file until item is returned.
Prepare AF Form 601B for turn-in of the item. Once the
601B is approved, attach a DD Form 1577-2 to the itcn
and a DD Form 1577-3 to the packing container.
Seventy-five percent of the current stock list price.

annotate unsatisfactory

\

Category I Report.
Category II Report.
Category II Report.
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STOP - 1. MATCH ANSWER SHEET TO THIS EXERCISE NUMBER.
2. USE NUMBER 2 PENCIL ONLY.

EXTENSION COURSE INSTITUTE
VOLUME REVIEW EXERCISE

30455 01 23
GENERAL SUBJECTS

Carefully read the following:

DO's:

1. Check the ‘“course," "volume," and "form" numbers from the answe -
sheet address tab against the "VRE answer sheet identification
number" in the righthand column of the shipping list. . If numbers do
not match, return the answer sheet and the shipping list to ECI
immediately with a note of explanation.

2. Note that item numbers on answer sheet are sequential in each
column.

3. Use a medium sharp #2 black lead pencil for marking answer sheet .

4. Write the correct answer in the margin at the left of the item.
(When you review for the course examination, Yyou can cover your
answers with a strip of paper and then check your review answers

against your original choices.) After you are sure of your answers,

transfer them to the answer sheet. If you have to change an answer
on the answer sheet, be sure that the erasure is complete. Use a
clean eraser. But try to avoic 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 -'noklet 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 a #2 black lead pencil.

NOTE: NUMBERED LEARNING OBJECTIVE REFERENCES ARE USED ON THE VOLUME

REVIEW EXERCISE. In parenthesis after each item number on the
VRE is the Learning Objective Number where the answer to that
item can be located. When answering the items on the VRE, refer
to the Learning Objectives 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 Learning Objective Numbers for the items missed. Go to the
text and carefully review the areas covered by these references.
Review the entire VRE again before you take the closed-book
Course Examination.

30455 01 23



MULTIPLE CHOICE

Note to Student: Consider all choices carefully and select the best
answer to each gnestion.
1. (001) Which organization is responsible for determining the skill
requirements for training?
a. Air University (AU). ¢. Air Training Command (ATC).
b. FEach training section. d. Extension Course Institute (ECI).
2. (002) Upgrade training is defined as training designed to
a&. increase an individual's career knowledge only.
b. advance an airman's AFSC skill level.
¢. 1increase knowledge and skill in an AFSC already awarded.
d. help an individual earn an AFSC not in the normal progression
pattern of the individual's present AFSC.
3. (003) How is the dual channel OJT program conducted?

. By self-study and technical schools.

. By supervised study and proficiency training.

. By technical schools and actual work situations.

. By self-study and supervised proficiency t.~aining.

20 owp

(004) Field Technical Training, Type 4, usually consists of special
or regular on-site training conducted by

a. ATC resident instructors only.

b. ATC, FTD, or MTT instructors.

¢. contractor personnel trained by ATC.
d. other US Government agencies.

{005) AFM 50-5, USAF Formal Schools Catalog, Volume II, contains
which of the following types of information?

4. Course announcements.
b. Types of special training.
¢. Training terms explanation.

d. Instructions for completing AF Form 403, Request for Special
Training.
(006) Which one of the following is not a category of ECI courses?

a. Specialized. c. Officer Professional Training.
b. Career Development. d. Professional Military Education Program.

8¢
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7. (007) The Air Force pays part of the expense «f an airman's off-
duty education. This tuition assistance is part of which one
of the following programs?

a. Operation Bootstrap. o. Professional Military Education.
b. ECI Correspondence Coursecz. d. Community College of the Air Force.

8. (008) Concerning training needs, when is the initial evaluation
of a newly assigned airman required?

a. At the time the airman reports for duty.

b. Within 20 workdays of arrival at the base.

c. Within 20 days of arrival at the duty section.
d. Within 30 days of arrival at the duty section.

9. (009) Which of the following airmen is most likely to be chosen
for retraining in another career field?

a. One in career status.

b. One from a shortage AFS.

~. One who is surplus in a career field.

d. One who is on a directed duty assignment.

10. (010) The Unit Manning Document authorizes the

a. requirement to conduct OJT.

b. assignment of personnel by AFS skill level.

c. upgrading of skills through qualification training.

d. forecast of a unit's personnel situation at any given time.

11. (011) For a training capability to exist, the ‘e must be

a. a qualified technician as a trainer.

b. an individual to certify job proficiency.

¢. a trainer with the same or higher skill level.

d. a person technically qualified to perform the task.

12. f012) Upon completion of cirassification policy requirements and
training, an airman should be immediately

a. awarded the new AFS skill level.

b. be permitted to demonstrate proficiency.

c. considered for award of the appropriate AFSC.

d. entered into training for the next higher skill level.

13. (013) If an airman who has been removed from UGT for failure
to progress does not concur with the withdrawal, what action must
be taken?

a. Coatinue the airman in training.
b. Schedule a classification board hearing.
c. Return the airman to a previously awarded AFS.

d. Initiate retraining orders into another AFS.
30455 01 23
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4. (014) CDCs are written to provide the trainees with sufficient
information to satisfy the

a. knowledge requirements listed in the STS.

b. proficiency requirements specified for the job.

¢. task requirements specified in the dual channel 0OJT concept.

d. knowledge and proficiency requirements specified in the STS
and the JPG.

5. (014) If a trainee cannot complete the CDC satisfactorily on
retesting, what should be done first?

a. Reenroll the airman in the same CDC.

b. Retrain the airman into a lateral AFS.

¢. Use the STS/TRs for career knowledge training.

d. Ask the squadron commander to review the training difficulties.

16. (015) A point the supervisor should stress during issuance of
CDC materials to a trainee is the

a. supervisor's responsibility.

b. parallel proficiency training.

c. importance of VRE scores.

d. essentiality of CDC for career progression.

17. (016) A supervisor should document the results of a trainee's
supervised study of "weak" areas of CDC knowledge on the

a. Study/Technical Reference Guide.

b. AF Form 1096, CDC Status Record.

c. ECI Form 9, Report of Volume Review Exercise (or Course Examination).
d. AF Form 623a, On-the-Job Training Record Continuation Sheet.

" 18. (017) The PTT is the mission directive for accomplishing

a. technical training only.

b. on-the-job training only.

c. military and technical training.
d. all formal Air Force training.

19. (018) Bypassed specialists are airmen whc are awarded the semiskilled
level of an AFS based upon

a. previous military or civilian training, elucation, or experience.
b. skills gained through on-the-job training.

c. demonstrated aptitudes for a required AFS.

d. prior active service in other military services.

20. (018) What system of control insures that airmen are used in
the AFS for which they are trained?

a. Retraining program. ¢. Directed duty assignments.
b. Dual channel OJT program. d. ATC technical training program.
30455 01 23
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21.

23.

24,

25.

26.

(019) OQualified airmen whose control AFSC is indicated as an
overage

a. must be retrained.

b. are encouraged to retrain.
c. must be returned to any previously awarded AFSC.

d. must be discharged if they are first-term airmen.

(020) The specialty training standard (STS) is defined as

a. an on-~-the-~job training guide.

b. the official Air Force specification for training.

c. a document containing tasks for all Air Force AFSCs.
d. the official ATC specification for technical training.

(021) An "X" in column 2A of an STS indicates that no training
is given in the basic course because

a. of limitations in resources.

b. training must be gained on the job.
c. no proficiency is required at this level.

d. the student has previous training on this task.

(022) A "ta/-" in column 28 of an SS indicates that no training is

a. provided on the job.

b. 1needed for upgrading.

c. provided in the bhasic cour-e.

d. neaded at the semi-skilled level.

(023) While reviewing and coordinating on a tentative STS, consider
the fact that the STS is directed toward

a. both the specialty and the job.
b. the Job, not the specialty.

¢. the specialty, not the job.

d. total Air Force requirements.

(024) If a trainee is sent TDY for a period of more than 30 days
and the TDY unit has a training capability, who, 1i1f anyone, becomes
resronsible for his or her training records?

The gaining supervisor.

The home base supervisor.

. The unit OJT manager.

No one, as TDYs do not count against training time.

QoG o
L]
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27. (028%) The OJT advisory service has the responsibility of

training OJT supervisors in OJT methods.

training personnel on OJT for the ANG/AFRES.

advising trainers of OJT methods and responsibilities.
assisting commanders in establishing OJT programs.

a0 oW

28. (026) 1If an STS for a specialty exists, you should use it

a. aa a trainee's JPG after designating the specific job tasks.
o. as a checklist for training needs.

c. to reflect all training tasks.

d. with an AF Form 623a as a JPG.

26, (027) When an STS task outlines two action verbs, how is certification
shown for the entire task?

a. By circliing and dating each verb.

b. By separately initialing each verb.

Q. In the same manner as any other task.

d. By circling and initialing the proficiency code.

30. (028) What must the supervisor do if a new or revised STS is
received?

a. Review it for command coordination.

b. Use it only if a new trainee is assigned.

¢. Compare it with the JPG being used for training.

d. Convert it to a JPG and file it in the trainee's training
folder.

31. (028) The JPG should reflect which of the following?

a. Tasks shown on the annotated STS only.

b. Only those tasks on which the trainee has already qualified.
¢. Task:s applicable to the trainee's position assignment.

d. Tasks recorded on AF Form 797, JPG Continuation Sheet only.

32. {029) Supervisory personnel use AF Form 623 for all of the following
except

a. determining when qualification traininZ is necessary.
b. determining whom to recommend for upgrading.

c. maintaining a record of an airman's training progress.
d. indicating proficiency codes for JPG tasks.

ol 3
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33. (030) If the AF Form 623a is no longer applicable to a trainee's
current OJT training objective, what action should you take?

a. Line out all entries not applicable.

bh. Remove the AF Form 623a from the training folder.

¢c. Continue to use the AF Form 623a until all blanks are filled.
d. Keep the AF Form 623a in the training folder for reference.

34, (031) The supervisor uses AF Form 1096 to

a. record progress in proficiency training.
b. have a permanent record of CDC trainees.
c. evaluate the effectiveness of the trainer and trainee.

d. monitor progress in mandatory career development courses.

35. (032) The purpose of AF Form 1098 is to document all of the following
except

a. tasks requiring recurring training.

b. task qualifications of a critical nature.

c. tasks normally recorded on the JPG or AF Form 623a.

d. tasks for which the supervisor relies on someone else to validate.

36. (033) The MMICS printout designed to provide rosters of maintenance
personnel scheduled to attend training courses is the

a. Class Update. c. Consolidated Training Report.
b. Course Status Report. d. Maintenance Personnel Inquiry.

37. (034) Which of the following OJT responsibilities belongs to the
trainer?

a. Monitoring CDC progression.

b. Evaluating assigned trainees.

c. Acting as holder of CDC package.

d. Maintaining issued CDCs in good condition.

38. (C35) To maintain liaison between CB[O and subordinate units
on OJT matters is a responsibility of the

a. OJT trainer. c¢. trainee's immediate supervisor.
b. NCOIC, CBPO-OJT unit. d. squadron OJT manager.

39. (036) An effective OJT trainer must have all the following characteris:® .cs

except

a. technical Knowledge.

b. the same AFSC as the trainee.
¢. familiarity with CDCs.
d. the ability to get along with others.

30455 01 23
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(037) Three steps that are helpful to stimulate an active learning
situation are

a. 1instruction, practice, and evaluation.

b. motivation, periormance, and testing.

c. 1indoctrination, motivation, and instruction.
d. motivation, instruction, and practice.

(038) Which of the following reflects correct training principles?

a. Unknown to known, easy to difficult, and emphasis on speed.
b. Known to unknown, difficult to easy, and emphasis on speed.
¢. Known to unknown, easy to difficult, and emphasis on accuracy.
d. Unknown to known, easy to difficult, and emphasis on accuracy.

(039) To show relationships between theory and practice, to summarizc

ideas, and ‘o introduce a new subject, you should use which teaching
mathod?

a. LLecture. C. Performance.
b. Discussion. d. Demonstration.

(039) The most effective instructional method to use in teaching
new manual skills is

a. lecture. ¢. performance.
b. discussion. d. demonstration.

(040) Helping the trainee to build self-corfidence is a part of
what OJT step?

a. Trying out performance.

b. Preparing the training situation.

. Preparing the trainee for instruction.
d. Presenting the operation to the trainee.

(041)  Which of the following determines how far a task should
he broken down for job instruction nurposes?

. Local directives.

. JPG knowledge levels.

. Trainee's experience and the type of .r<x.
. Trainer's experience and ability.

Q0 oW

(042) The result of an effective 0JT program should be

increased production.

better training methods.

. trainees with a genuine interest in training.
accurately maintained charts and Efgfrds.

D Ccw

~
po N
.

30455 01 23




§7. (043) The field evaluation program provides a source of information
to determine the .

a. need to update the JPG.

b. need to revise the approved STS.

c. extent of or-the-job training effectiveness.
d. extent to which graduates are promoted.

48, (0Ouh4) Under the Information Security Program, each individual's
responsibilities include

a. maintaining industrial classification codes.

b. granting such security clearances as may be needed.

c. protecting against attempts to gain information through espionage.
d. maintaining all facilities used for storing classified documents.

g, (045) How is information that reveals an insight into a Secret
operation categorized?

. For Official Use Only.

. Classified irrelevant information.

. Unclassified relevant information.

. Unclassified information of possible intelligence value.

0o D

50. (046) T'nauthorized disclosure of Secret information would probably
result in

a. serious damage to the national security.

b. seriously grave damage to the national security.

c. exceptionally grave damage to the national security.

d. damage to the national defense and the national security.

51. (O47) Who is responsible for furnishing you with security classificaticn
guidance when you are involved in a classified project?
a. Classified Information Officer.
b. Plans and Programs Security manager.
c¢. Each individual commander or supervisor.
d. Commander or other official responsible for initial classification
of the project. '

52. (0U48) The declassification schedule for a classified document
must contain all of the following except the

a. current date.
b. date of origin.

c¢. 1instructions for downgrading.
d. 1instructions for declassifying.

30455 01 23
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3

59 .

(0UQ) As used in the Information Security Program, the term access
means the ability and opportunity to .

a. tamper with a nuclear weapon.

b. enter restricted areas with an escort.

¢. obtain knowledge of classified information.

d. enter the area where classified documents are used or stored.

(050) Which mode of classified information movement is reliable
and provides the greatest security in the transfer?

a. Mail. ¢. Telecommunications.
b, Courier. d. Encrypted radio transmission.

(081} The Department of Defense developed the Industrial Security
Frogram to regulate

. and protect classified USAF material used by industry.
. classified USAF material used by industry.

. the transfer of classified USAF material.

. the control of classified USAF information.

Qo ow

(052) What is the biggest concern in the Communications Security
Program?

a. Improper use of radios. c. Use of teletypewriter systems.
b. Imprc er use of telephones. d. The microwave relay system.

(053) What aspect of TRANSEC has the Air Force developed into
a unit to counter "talking around" classified information?

a. Cryptosecurity. c. Emission security.
b. Physical security. d. Essential Elements of Friendly Information.

(054)  During a telep-»ne conversation, you discuss bits of information
which you had not intended to discuss and which caused a Security
viclation. This situation resulted from

4. a planned conversation. €. an incomplete conversation.
b. an unplanned conversation. d. a talk-around conversation.

(055) OPSEC history has shown that enemy intelligence has obtained
sensitive information about our operations by observing which
of out following actions?

a. Schedules, communications, and alert duties.
b. Posted schedules, increased security, and alert duties.
¢. Alert duties, more stringent base entry procedures, increased
security.
d. More stringent base entry procedures, increased security,
and posted schedules.
90
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60. (056) What is a major objective of the Operations Sccurity Program?

a. Develop OPSEC procedures and techniques.

b. Institute corrective actions for breaches of security.

c. Deny the enemy access to our classified areas.

d. Document enemy attempts to gain information concerning our
combat operations.

61. (057) Which of the following is a lesson learned in Operations
Security?

a. Unclassified Air Force documents must be protected.

b. It is easy to infiltrate the USAF and gain a position of trust.

c. It is very easy for an enemy to gain foreknowledge of planned
operations.

d. Following procedures is the surest way to insure that our
operations will be successful.

62. (058) What is the purpose of the Air Force Physical Security
Program? .

a. Deter hostile enemy acts against the USAF.

b. Protect all USAF bases containing Priority A . nurces.
¢. Furnish manpower and equipment support to the . sources protection
program.

d. Provide a positive means of controlling personnel near priority
resources.

63. (059) The six major sources of threat to USAF resources are adversary
nations, third world countries, terrorists

a. dissidents, mentally deluded persons, and criminals.

b. dissidents, mentally deranged persons, and criminal elements.
c. dissidents, mentally deprived perscns, and criminals.

d. mentally deranged persons, lunatics, and criminals.

64. (060) 1Identify the primary methods used by threat groups to obtain
their goals.

a. Coercion, political concessions, and infiltration.
b. Extortion, geographical concessions, and kidnapping.
c. Kidnapping, open attack,and subversion.

d. Sabotage, esp:~nage, and hostages.

65. (061) wWhat term is used to describe an event that may be a hostile
action in connection with priority A or B resources?

a. Safe Wind. ¢. Brcken Arrow.
b. Helping Hand. d. Covered Wagon.
30455 01 23
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b6. (062) You are responsibie for which three progressive steps under
the Air Force Physical Security program?

a. Detect, alarm, and rspond.

b. Alarm, challange, and report.

c. Detect, challenge, and report.
d. Challenge, identify, and report.

7. (0€3) Which threat to resources is described as willful or malicious
destruction of property?

a. Damage. ¢. Destruction.
b. Vandalism. d. Loss.
8. (G64)  Who must you, as a member of the Air Force, notify if you

hecome aware of a threat against the President?

a. The FBI. ¢. Your supervisor.
b. The local sheriff. d. Your co-workers.

69. (065) If approached at a local night spot by a person who wants
to know about your base's operation, you shou.d notify

a. no one until you have further information.
b. the police, sheritf, or FBI.

c. all available law enforcement agencies.

d. your supervisor, commander, or 0SI.

70. (066) What is the percentage of accidents caused by unsafe acts
of people?

a. 98 percent. c. 88 percent.
b. 92 percent. d. 82 percent.

71. (067) What would control the prevention of an accident caused
by a facility and operation layout?

a. Safety training. c. Safety education.
b. Safety supervision. d. Safety engineering.
72, (068) What is the major cause of injuries to personnel while working

with electrical tools?

a. Poor judgement. c. Ineffective supervision.
b. Inadequate training. d. Damaged equipment.

73. (069) Death may result in “ow many minutes if the victim is not
released from a live curret source?

a. One. ¢c. Three.
b. Two. d. Four.

30455 01 23
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4.

75.

76.

7.

78.

79.

80.

81.

82.

(070) You should ground electric soldering irons and guns in
accordance with

a. AFM 127-101. c. the underwriter's laboratory report.
b. AFR 39-12. d. the "National) Electrical Code" handbook.

(071) What type of publication clarifies a higher level publication?

a. Bulletin. c. Staff digest.
b. Supplement. d. Operating instruction.

(072) Which one of the following contains the lists for standard
and recurring Air Force publications?

a. AFM O-1. c. AFM 1-1.
b. AFR 0-2. d. AFR 1-2.

(073) To simplify reference and control of regulations, manuals,
and pamphlets the Air Force uses what type of numbering system?

a. Single. c. Triple.
b. Double. d. Quadruple.

(074) To determine the currency of an Air Force manual, you should
check

a. AFR 0-2. ¢c. AFR 1-1,
b. AFR 1-1. d. AFR 34-3.

(075) Select the two major types of publication files.

a. Master publications library and group publications library.

b. Group publications library and base publications library.
¢. Master publications library and functional publications library.

d. Functional publications library and unit publications library.

(076) For a general explanation of the Air Force technical order
(TO) system, you would refer to

a. TO 00-5-1. c. TO 00-20-7.
b. AFR 8-2. d. TO 00-35-1.

(077) To revise a technical order, what percentage of the total
number of pages musiL ve changad?

a. 20 percent. c. 60 percent.
b. 40 percent. d. 80 percent.

(078) Methods and procedures TOs contain

a. specific information. ¢c. 1inspection instructions.
b. general information. d. special precedures.
30455 01 23
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83.

84.

85.

86 .

87.

88.

89.

(079) 1Identify the TO that contains the complete listing of al}
TOs which were affected by the rcnumbering system with the former
numbers and corresponding new numbers.

a. TO 00-2. c. TO 0O-4-1.
b. TO 0-1-1. d. TO 0-2-1.

(080) What major part of the TO number provides the inspection
requirement for a sSpecific equipment?

a. First part. ¢. Third part.
b. Second part. d. Fourth part.

(081) The first requirement of an effective orientation of a
newly assigned individual is to

a. put the new individual at ease.

b. explain the function of the unit.

c. explain the layout of the shop area.

d. 1introduce the individual to others in the shop.

(082) As a supervisor, you must know

a. manpower requirements.

b. time requirement for the job.

¢c. equipment requirement for the job.
d. all of the above requirements.

(083) Except during public holiday weekends, regular pass periods
may no’. exceed how may hours?

a. Uus. c. 24,
b. 72. d. 96.

(084) When formal counseling is necessary, what is the first
thing you should do?

a. Put counselee at ease.

b. Establish a good rapport.
c. Remember you are the supervisor.

d. Get the facts prior to counseling session.

(085) Airman Davis is prompt and thorough ‘in doing assigned tasks;
under which block of Section III of an airman performance report
(APR) would you enter your rating based on this information?

a. Learning ability. Cc. Self-improvement.
b. Performance on duty. d. Bearing and behavior.

94
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90. (086) An index of the USAF tables of allowances (T/As) is provided

in
a. AFR 0-2. c. AFR 0-10.
b. AFM 0-5. d. TO 0-1-01.

91. (087) Which form is used to request expendable items through base

supply?
a. AF Form 601b. ¢. AF Form 2005.
b. AF Form 1297. d. DD Form 1577.

92. (088) The maintenance superintendent, when authorized, is normally

a. the ranking maintenance person.
b. the best qualified person.

¢c. an officer.

d. a senior NCO, E-8 or above.

93. (089) What chief of maintenance staff agency is responsible for

inspections?
a. Quality Control. ¢. Production Analysis.
b. Maintenance Control. d. Administration.

94, (090) The staff agency of the chief of maintenance responsible
for the analysis and evaluation of deficiencies is

a. Production Analysis. ¢. Logistics Support.
b. Maintenance Control. d. Quality Control.

95. (091) The staff agency of the chief of maintenance responsible
for manning authorizations and assignmenis is

a. Logistics Support. ¢. Administration.
b. Maintenance Control. d. Quality Control.

96. (092) Select the five-character code which is used in time accounting
and identifies the organization to which a maintenance personnel
is assigned.

a. Work unit code. ¢c. Man-number code.
b. Work center code. d. Functional account code.

97. (093) Which one of the following provides a key source of information
for assessing maintenance requirements?

a. Maintenance Control.

b. Applicable workcenter.

c. MDC system.

d. Materiel deficiency reporting system.

30455 01 23
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aa,

100.

101,

102.

103.

104,

(094) Who is responsible for insuring the accuracy »f maintenance
data collection (MDC) forms?

a. Chief of Maintenance. ¢. Administration.
b, Production Analysis. d. Workcenter supervisor.

(095) Who is responsible for assigning the job control number
for block 1 of AFTO Form 349°?

a. Workcenter supervisor. ¢. Maintenance Control.
b. Chief of Maintenance. d. Owning workcenter.

(096) Who initiates the AFTO Form 350, Repairable Processing
Tag?

a. Person removing tle item. *
h. Materiel control clerk.

¢. Repairable Processing Center.

d. Job Control Section.

(097) Responsibility for Air Force property always remains with
t he

a. Squadron Commander. c. Supply account custodian.
b. Chief of Maintenance. d. 1individual using the equipment.

(098) Responsibility for public property in possession of the
Air Force is ~overed in

a. AFR 50-231. c. AFR 67-10.
b. AFM 67-1. d. AFM 67-10.

(099) Commanders must visit their sections to insure supply
discipline

when prescribed by AFR 67-10.

as determined bty the needs of the mission.
every 90 days.

every six months.

a5 T v
.

(100) An individual with supervisory responsibility normally

a. 1issues local directives.
b. is not located near the property.

¢. has direct control over the property.
d. 1is responsible for equipment on order.

Yo
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(101) Custodial responsibility is assumed by an individual only
for equipment

a. which is officially issued.

h. which is issued for personal use.

~. which has been found.

4. of which the individual has physical possession.

{102) Pecuniary liability is defined as the responsibility

a. for nroperty.

h., {eor payment of lost property.

~. ta turr in all unserviceable property.

d. to investigate for loss of property resulting from a stztement

g

of changes.

(103) Select the form used when pecuniary liability is admitted
v an individual but desires a payroll deduction.

. AF Form 1297. c. DD Form 1131.
h. AF Form 340, d. DD Form 362.
(104} .alect the instrument used for explaining and recording

the circumstances wnich involve loss, damage, or destruction
Fal

~{ Alr Force property.

a. Report of Survey. c. Pecuniary Liability Survey.
b. Statement of Changes. d. Custodial Responsibility Survey.

{13€° Which of the following forms is used when equipment is

loaned¢ to an individual?

~. AF Form 1297. c. AF Form 601B.
h., DD Form 1574. d. AF Form 126.

i 70A) Which base maintenance agency is responsible for controlling
coordinating materiel deficiency reports?

#. Ba~> Supply. c. Maintenance Control.
h., Quality Control. d. Chief of Maintenance.

END OF EXERCISE

I/
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Preface

THIS VOLUME. Advanced Electronics, contains a review and thorough discussion
of electrical and electronic principles applicable to your field. The volume is divided
into four chapters. Chapter 1 is a review of magnetic principles. Chapter 2 inciudes an
analysis of solid-state devices, etc. You will be referred to Module 10008.
Semiconductors and Semiconductor Devices (which is included in your course
package) for objectives 208-218. Chapter 3 includes power supplies, amplifier circuits,
and various waveshaping circuits. Chapter 4 includes digital mathematics, logic
circuits and truth tables, boolean algebra. computer circuit functions, logic
generators, counters and registers, decoders and ¢ncoders, memory devices, and
analog and digital conversions. You will be referred to Module 10005. Digiral
Techniques (Modules 2-9), which is included in your course package. A good under-
standing of these chapters will help ycu to analyze individual circuit operation and aid
you in effective maintenance and repair of your systems.

Effective maintenance of today’s television systems requires a thorough detailed
knowledge of the chapters in this volume. The maintenance philosophy ror many
electronic systems has been “ldentify the faulty unit. remove it, and replace it.”
Maintenance of your television systems requires bit-and-piece, component repair. In
these cases, you have to troubleshoot the systems. This volume is designed to heip vou
in this troubieshooting.

Modules 10008 and 10005, referenced in the text, are included as separate
inclosures.

Code numbers appearing on figures are for preparing agency identification only and
should be of no concern to the student.

The inclusion of names of any specific commercial product, commodity, or service
in this publication is for information purposes only and does not imply indorsement
by the Air Force.

Direct your questions or comments relating to the accuracy or currency of this
volume to the course author: 3420 TCHTG/TTMZC, ATTN: MSgt Robert L.
Domineck or MSgt James S. Green, Lowry AFB, CO 80230. If you need an immediate
response, call the author, AUTOVON 926-2407, between 0800 and 1500 (MST),
Monday through Friday. (NOTE: Do not use the suggestion program to submit
changes or corrections for this course.)

If you have questions on course enrollment or administration, or on any of ECI’s
instructional aids (Your Key to a Successful Course, Behavioral Objective Exercises,
Volume Review Exercise, and Course Examination), consult your education officer.
training officer, or NCO, as appropriate. If this person can’t answer your ¢, .:estions,
send them to ECI, Gunter AFS AL 36118, preferablv on EC1 ¥ . 7 =~.udent
Request for Assistance.

This volume is valued at 45 hours (15 points). These hours and points include those
assigned to the modules that you will study in conjunction with Chapters 2 and 4.

Material in this volume is technically accurate, adequate. and current as of
August 1980.
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CHAPTER 1

objective and its text.

NOTE: In this volume, the subject matter is developed by a series of student-centered objectives. Each
of these carries a three-digit number and is in boldface type. Each sets a learning goal for you. The text
that follows the objective gives you the information you need to reach that goal. The exercises follewing
the information give you a check on your achievement. When you complete them, see whether your
answers match those in the back of this volume. If your response to an excrcise is incorrect, review the

Magnetism and Transformers

IN MAINTAINING television systems, you must use
many of the basic and advanced principles of
electricity and electronics. A good understanding of
these principles will make it easier for you to
understand the operation of the TV systems and
enable you to mcre efficiently use the test equipment
required for maintaining the TV systems.

In this chapter, we will discuss magnetism and
transformers. All circuits encountered in electronics
require magnetism or transformers.

1-1. Magnetism

A magnet is an object that has the property of
attracting iron and steel. If permitted to turn freely, a
magnet v ill rotate to a definite direction, or toward
“magnetic north.” Before we get into the relation-
ships between magnets and transformers, let’s very
briefly review some very basic facts about natural
magnets and electromagnets.

200. State the basic law of magnetism, and distinguish
between natural magnetism and electromagnetism.

Magnetism. All of us live in a magnetic field. It is
everywhere, surrounding us on every side. Although
we cannot see, feel, or taste it, we can easily detect its
presence with an ordinary compass. When a compas~

is placed  thir :+ mnone ¢ field, such &+ he 2
mag: =1d, i always points north. Tne earth is like
a m Jynamo, generating a magnetic field that

con - surrounds us.

Magnetism is like electricity; we do not know
exactly what it is, yet we can still make use of its
properties. A magnetic field is an essential part of
many electrical devices. For example, motors, genera-
tors, and transformers cannot operate without mag-
netism. All TV systems depend upon magnetic fields
for their proper operation.

Many centuries ago, the ancient Greeks and Chinese
found that some lead-colored stones had the power to

Q
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attract small pieces of iron or steel. They called them
lodestones, meaning “leading stones,” because when
freely suspended, they always pointed north and
south. The Chinese used the lodestone as a crude and
simple compass. The lodestones are also called mag-
nets, probably after Magnesia, a province in Asia
Minor where the stones were plentiful.

The basic law of magnetism is that like magnetic
poles repel each other, whereas unlike poles attract
each other. Another well-known fact about the lode-
stone is that its properties can be transferred to a piece
of steel by stroking one against the other. The piece of
steel then acts as a magnet because it has been
magnetized by the lodestone.

Electromagnetism. We have, so far, discussed only
natural magnetism. However, TV systems rely almost
entirely upon electromagnetism. Electromagnetism
exists around every current-carrying conductor.

Magnetic fields are easily produced by an electric
current. You can see how an electromagnetic field
looks by trying a very simple experiment. All you need
is a small battery, a piece of wire, a sheet of stiff paper,
and some iron filings.

After running the wire through the center of the
paper, connect it to the battery as shown in figure 1-
ILA. To see how the electromagnetic field appears,
sprinkle some iron filings on the sheet of paper. As you
-ently tar e paper, the iron filings form concentric

Coun 0 ¢ -ater, vucics around the wire. The circles
¥ taced by the filings define the lines of force
<ing up the field.

Exercises (200):
1. What is the basic law of magnetism?

2. What is the basic difference between a natural
magnet and an electromagnet?

1y
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MAGNETIC PIELD 1
- REVERSES «D!RECTION

7
COMPASS
l POINTS
‘COMPASS CURRENT IN OPPOSITE
‘ CURRENT FLOW DIRECTION
| i egsen N~ -
Figure 1-1. An clectric current produces a magnetic field.

201. State the left-hand rule for determining the north
pole of a coil, and name three ways to increase a coil’s
field strength.

Use a small compass to determine the direction of
lines of force. When placed on the sheet of paper (fig.
1-1,A). its needle points along one of the lines of force.
Reversing the battery leads causes the compass needle
to point in the opposite direction as in figure 1-1,B.
The directior. of the magnetic field about a curreni-
carrving conductor depends on the direciion of cur-
rent through the conductor. The “left-hand rule” is
another method for determining the direction of the
lines of force around a conductor. Consider current as
being from negative to positive. Figure 1-2 shows how
the left-hand rule works. Hold the conductor in your
left hand with your thumb pointing in the direction of
current. Your fingers now point in the direction of the
lines of force around the conductor. Master this rule
by studying figure 1-2.A, and B.

ISeld st .th To <pzjus o obegeld ~ cngthis

CLBeu. 3. ek to g re 1- . If vou place the

CURRENT
FLOW

compass at the edge of the paper and gently tap:. ¢
needle swings about freely. Place the compass closer to
the conductor. The needle does not swing ricely
because the magnetic field is stronger close to the
conductor. It gets weaker as the distance from the
conductor increases.

Connecting another battery in series with the one in
figure 1-1 causes more current through the conductor
and thus a stronger magnetic field. The increase in
field strength becomes more evident when you sprinkle
more iron filings on the paper. They now arrange
themselves in larger circles than they did before.

A second method of increasing the field strength is
by forming a loop in the conductor as shown in figure
1-3,A. A magnetic field is stronger inside the loop than
it is on the outside. Adding more loops increases the
field strength as shown in figure 1-3,B. If you add more
loops until you have a coil, the lines of tarce around
each loop ccmbine and prodh cere ger field.
Such a coil is ca''ed a soler. i - ueld around -
svienoid is like a rield arounda .. magnet. Figure -
3,C, shows how to de'~rmine the ..rection of the fielc.
Use the left-hand rt  again. Grasp the coillinyour lei.

329104

CURRENT
FLOW

';\:;_.‘-.,-\' \
- —

Figure 1-2. The left-hand rule shows the direction of the magnetic field.
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HANG FLOW
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Figure 1-3. A current-carrying conductor exerts a force against a magnetic field.

hand with the fingers in the direction of current. Your
thumb now points to the north pole of the magnetic
field.

If you place a piece of soft iron in the center of the
solenoid, the strength of the magnetic field increases
greatly. The same amount of current in the coil now sets
up thousands of times as many magpnetic lines of force
in the iron core as it would in the 2ir alone. Thus, the
magnetic lines of force pass more easily through iron
than they do through air because the lines of force take
the path of least resistance.

Exercises (201):
1. Using the left-hand rule, how do you determine
the north pole of a coil?

2. In what three ways can we increase a coil’s field
strength?

Qrwo POLE DC MOTOR

FIELD POLES

HAMMER 4
ARMATURE
~N

CONTACT——
POINT

e
SPRING

G ELECTRIC BELL

202. State three advantages of an electromagnetover a
natural magnet.

The combination of a solenoid and an iron core
forms an electromagnet. Electromagnets are widely
used in such electrical devices as the magnetic hoist,
the relay, the electric bell, the telephone and the
telegraph; in electric motors, generators, and transfor-
mers; and in electrical measuring instruments such as
the ammeter, voltmeter, and others. In fact,anelectro-
magnet is part of nearly every electrical machine. The
principal advantages of using electromagnets instead
of permanent magnets are:

® They can be made much stronger than permanent
magnets.

e Their field strength is easily controlled vy regula-
ting the current through the coil.

® They lose practically all their magnetism im-
mediately after the currvent is turned off, provided soft
iron is used as the core material.

Figure 1-4 shows a few applications of electro-
magnets. The magnetic circuit for a two-pole DC

329-107
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motor is shown in figure 1-4,A. The coil wound on the
field poles sets up the intense magnetic fields required
to convert electrical energy into mechanical energy.

Figure 1-4,B, shows the common electric bell.
Pushing the button energizes the electromagnet which
attracts the soft-iron, vibrating armature. As the
armature moves over, it breaks the contact point. This
causes the electromagnet to lose its magnetism. The
spring then moves the armature back, making contact
again and reenergizing the electromagnet. So long as
the pushbutton is closed. the armature moves back
and forth, making and breaking the circuit. The
hammer attached to the armature keeps striking the
gong.

A simplified diagram of the Weston meter move-
ment used in many DC measuring instruments is
shown in figure 1-4,C. This \ype of movement is also
called the mermanent-magnet, moving-coil type. As
current through the coil increases, a magnetic field
builds up with the polarity indicated. The north pole of
the permanent magnet repels the north pole of the coil.
This causes the coilto rotate. The amount of current in
the coil determines the amount of rotation.

Exercise (202):
1. What are the three major advantages of an electro-
magnet over a natural magnet?

203. Define “magnetomotive force,” “reluctance,”
“saturation,” “residual magnetism,” and ‘“hysteresis
loss.”

Electric and Magnetic Circuits. Electromagnetism
is produced by an electric current through a conduc-
tor. Permeability is the ability of the core material to
conduct lines of force. It is the ratio of the number of
lines of force in a core material to the number of lines
of force in air. A current-carrying conductor withina
magnetic field exerts a force against that field. This
tends to push the conductor out of the field.

The magnetic circuit has many things in common
with the familiar electric circuit. The same laws which
are fundamental to the electric circuit apply to the
magnetic circuit. Refer to figure 1-5 to compare the
magnetic circuit with the electric circuit. The simple

magnetic circuit in figure 1-5.A. consists of an iron
ring closely wrapped with wire to form an electromag-
net. Current through the wire creates a magnetic field
around it. This induces a clockwise. magnetic flux into
the ring.

The magnetic flux consists of thousands of lines of
force and is similar to the current in the electric circuit
shown in figure 1-5,B. The current in the electric
circuit is expressed in amperes and the magnetic flux in
the magnetic circuit is expressed as flux lines. Just as
we use the letter I torepresent the current in an eleciric
circuit, we use the Greek letter phi (pronounced “fie™)
to represent the number of lines in a magnetic circuit
and the letter B to represent the flux density (number
of flux lines per square inch of a magnetic circuit).

Magnetomotive force. In an electric circuit, an
electromotive force (voltage) produces the current.
This force, represented by the letter E, is measured in
volts. It is usually produced by either a battery or a
generator.

In the magnetic circuit, the magnetomotive force,
represented by the letter F, produces the magnetic
flux. This force, usually produced by a current through
a coil, is measured in ampere-turns. Ampere-turns are
the product of the amperes and number of turns in a
coil. For example, a current of 3 amperes through a
coil consisting of 50 turns produces 150 ampere-turns.

Assume that the core in our simple magnetic circuit is
10 inches long. Magnetizing 1 inch of this circuit
requires 150/10, or 15 ampere-turns. This value of
ampere-turns is called the magnetizing force and is
represented by the letter H.

H, then, is the number of ampere-turns required to
send a given number of lines through 1 inch of a given
magnetic circuit. On the other hand, Fis the number of
ampere-turns necessary to set up a given number of
flux lines through the complete magnetic circuit.

Reluctance. The current in an electric circuit is
opposed by resistance, which is measured in ohms.
Similarly, there is an opposition to lines of flux, called
reluctance, which is represented by the script letter R.
Because this is true, Rowland’s law applies to a mag-
netic circuit just as Ohm’s law does to an electric
circuit.

In an electric circuit, electromotive force (E) pro-
duces current (I) which is opposed by resistance (R).
Similarly in a magnetic circuit, magnetomotive force
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(F) creates a magnetic flux (@) which is opposed
by reluctance (R). Compare the two formulas below:

Ohm’'s law for electric circuits

E=1xR

Rowland's law for magnetic circuits
F=a=x R

Permeability. The permeability of a vacuum and air
(for all practical purposes) is unity, but iron and
similar magnetic materials have permeability values
ranging from a few hundred totenthousand. Actually,
the permeability of a magnetic material is not a fixed
quantity; it varies with the amount of flux density (B)
and the magnetizing force (H). In fact, permeability is
the ratio of Bto H. Since itisaratio, permeability does
not have units of measurement. The permeability
number merely indicates the ease with which a mag-
metic material conducts lines of force.

For example, a particular grade of iron has a per-
meability of 2,500. This material, used as a magnetic
core, increases the magnetic field strength 2,500 times.
Thus the magnetic field strength is 2,500 times that of
an air core.

To see hew the permeability of a material changes
with flux density and magnetizing force, look at the
curves plotted in figure 1-6. Graph A shows the mag-
netizing force required to produce various amounts of
flux density for a particular material. This curve is
called a magnetization curve or B-H curve. Every
magnetic material has a B-H cui.e. Graph B shows
what happens to permeability as a magnetizing force
increases.

Saturation. Let’s increase the current (and thus the

magnetizing force) applied for a coil withaniron core.
Graph A shows that as the magnetizing force in-
creases, the flux density also increases. The flux den-
sity increases very rapidly at first. However, a point is
soon reached where further increases in magnetizing
force add very few lines to the total flux. The point at
which the curve starts to flatten is the saruration point.
Saturation of a core is similar to that of a trarsistor. A
transistor is saturated when a further increase in col-
lector voltage results in no further increase in collector
current. A core becomes saturated when a further
increase in magnetizing force results in little increase in
flux density.

Now look at graph B, which shows how the perme-
ability of the core changes with magnetizing force. At
first, the permeability increases very rapidly. As the
core approaches saturation, its permeability starts to
decrease until finally, at saturatior, the permeability is
near unity, or 1. The effect on permeability ar satura-
tion is similar to that produced by removal of the
magnetic core.

Residual magnetism. Look at figure 1-7. Suppose
we now reduce the current through the coil. This
reduces the magnetizing force, causing the flux density
to follow the curve a-b in figure 1-7,A. Notice that,
although *he magnetizing force is zero, some mag-
metism remains in the core material (point b). The
magnetism that remains is caiicd residual magnetism,
or remanence. A material that retains its magnetism,
after the magnetizing force is removed, has a high
retentivity.

Residual magnetism and core saturation. Let’s not
reverse the current and apply a magnetizing force of
opposing polarity to reduce the residual magnetism to
zero. This builds up a magnetic field of opposite
polarity which cancels the residual magnetism. Figure
1-7,B, shows that the flux density now decreases from
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Figure 1-7. Hysteresis loop showing residual magnetism and coercive force.

b to ¢. The amcunt of force required to cancel the
residual magnetism is called coercive force, shown as
O-c in figure 1-7,B. A material having a high degree of
retentivity requires a large coercive force to cancel the
residual magnetism.

Figure 1-7,C, shows what happens if we keep in-
creasing the magnetizing force in the opposite direc-
tion. The flux density increases from c to d, saturating
the core. Decreasing the magnetizing force to zero
reduces the flux density from d to e, leaving some
residual magnetism of opposite polarity at e. To cancel
the residual magnetism, we again apply a positive
magnetizing force, lowering the flux density frometo
f. Let us compiete the loop by saturating the core again
in the positive direction. The curve that we have now

produced in figure 1-7,C, is called a hysteresis loop. In
figure 1-7, the change in flux density always occurs
after the change in magnetizing force. This lag of flux
density behind the magnetizing force is called hysteresis.

Hysteresis loss. Figure 1-8 shows how you can view
the hysteresis loop of a particular core material on an
oscilloscope. Figure 1-8,A, shows the circuit in which
=n AC input set up the magnetic flux. The graph in
figure 1-8,B, shows what happens when the frequency
of the magnetizing current through the coil increases
from 60 to 400 hertz (H=). The hysteresis loop ob-
tained with DC is als» shown. Notice that the loop gets
wider as the frequency of the magnetizing current
increases. The reasonis that the core is magnetized and
demagnetized very rapidly, increasing the lag between
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flux density and magnetizing force. This means that
more coercive force must be used to cancel the residual
magnetism before the cuse can be magnetized in the
opposite direction. It takes lots of energy to perform
this work. This energy appears in the core as heat. The
loss of energy through heat is called hystercsis loss.
The wider the loop, the greater the loss.

A magnetic material with a wide hysteresis loop
cannot be used for a transformer or a tnotor where the
magnetic flux varies continuously. Instead, a material
having a narrow hysteresis loop is more suitable.
Silicon iron alloys are ordinarily used for low-fre-
quency transformeis. A nickel-iron alloy (permalloy)
is used for very high-frequency transformers because
the hysteresis loss is so low.

On the other hand, a magnetic material with high
residual magnetism and a high coercive force makesa
good permanent magnet. The high value of residual
magnetism is needed for the magnet to have a strong
field. The high value of coercive force is required so
that the magnet does not become easily demagnetized.
Good permanent magnets are made of alnico, a con-
bination of aluminum, nickel, cobalt, coy=er, and
iron.

Exercise (203):

1. Define “*magnetemotive force,” “reluctance.” “sat-
uration,” “residual magnetism,” and *“hysteresis
loss.”

204. State the effects of an external magnetic field
upon a conductor.

Magnetic Effects on a Conductor. We have dis-
cussed how electricity produces magnetism. Now let’s
consider how a magnetic field in motion produces
electricity. Consider a coil of wire connected to a

moving a bar magnet down into the coil causes the
meter needle to swing to the right, as in figuie 1-9,A.
When the magnet is stationary (inside the coil) the
needie returns to zero, figure 1-9,B. Quickly pulling
the magnet up out of the coil causes the meter needle to
swing to the left, figure 1-9,C. As is shown in figure 1-
9 A, and C, the magnetic lines of force cut the turns of
the coil and produce a voltage. This voltage is called an
induced EMF.

You can get the same results by moving a conductor
across a stationary magnetic field. In fact, this is the
way it is done in many AC and DC generators. With-
out discussing generators in detail, let us describe the
basic principles ofinducing a voltage into a conductor.

The permanent magnet in figure 1-10 provides the
stationary magnetic field. Only the poles are shown.
The stationary magnetic lines of force go from the
north pole to the south pole of the magnet. Moving the
conductor as in figure 1-10,A, up induces a voi ge
with the polarity indicated by the meter. Figure I-
10,C, shows that moving the conductor down induces
a voltage of opposite polarity in the conductor.

What happens when we reverse the direction of the
magnetic field? The polarity of the induced voltage
changes, just as it did in figure 1-10,C. The polarity of
the induced voltage, then, depends upon the direction
of the magnetic field. Reversing either onereverses the
polarity of the induced. EMF. If you reverse both, the
polarity does not change.

The left-hand, three-finger rule indicates the polar-
ity of the induced EMF. Place the thumb, first, and
middle fingers of the left hand all at right angles to
ench other as shown in figure 1-10,B. The thumb
points in the direction of the conductor’s motion, the
first finger indicates the direction of the flux, and the
middle finger indicates the direction of the current (in
this case, toward your body).

Increasing EMF. There are at least three methods
by which you can increase the strength of the induced
EMF. One method is to make the magnetic field
stronger. To do this, you may replace the permanent

sensitive galvanometer as shown in figure 1-9. Quickly magnet (fig. 1-11) with a stronger permanent magnet
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Figure 1-10 Changing the polarity of an induced EMF.

or an electromagnet such as shown in figure 1-11,A.
Moving the conductor through a stronger magnetic
field induces more EMF into the conductor. Using
more turns of wire and increasing the current through
them make the electzomagnet more powerful. Another
way of increasing the induced EMF is by increasing the
speed of the conductor through thie magnetic field as
shown in figure 1-11,B. Still another way of getting
more EMF is by using a longer conductor and coiling
it into two or more loops as shown in figure 1-11,C.
More conductors now cut the lines of force. The EMF
induced into the individual conductor loops combines
to produce a greater total EMF.

Exercises (204):
1. What is the effect of reversing the current through
a conductor within a magnetic field?

Q STRONGER FIELD.

CONDUCTOR
ELECTRO- MOTION FASTER
MAGNET /¢ Q
— /9 — =
78 =
it ) /o
N SF = s} N S
) =
1 fF = ‘ g
=== -
a4 - -
4! A

MORE EIAF

G MORE SPEED

MORE EMF

2. What are three methods by which aninduced EMF
can be increased?

1-2. Transformers

The transformer is one of the most important com-
ponents of a TV system. Since we have just discussed
electromagnetism, we will not discuss transformers at
length. However, there are some facts about trans-
formers you must thoroughly understand to be fully
proficient in maintaining TV systems. Unless phasing
dots (or signs)are shown, consider the primary voltage
and secondary voltage to be 180° out of phase.

205. State the principle of mutual induction.
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Mutua! Induction. Sc far, we have discused two
ways to induce an EMF. One way involves moving a
magnetic field across a stationary conductor, and the
other was just the reverse—moving a conductor across
a stationary magnetic field. Now we will discuss a third
way, called murual induction, in which magnetism in
motion induces an EMF. In this inethod, nothing
appears io move; that is, nothing physical like the
magnet or the conductor. However, there must be
some relative motion between a conductor and mag-
netic field to induce an EMF.

Let us consider, for example, two independent coils
wrapped on the same coreasshown in figure 1-12. The
coil marked PRIMARY is actually an electromagnet.
The battery provides the current to create a magnetic
field. It is called the primary because it is connecied to
the energy source. The secondary coil, on the other
hand, has no visible source of energy. Instead, it has a
zero~centered-ammeter connected across its terminals,
thus forming a closed circuit. For meter safety, assume
voltage applied to be low.

Closing the switch (fig. 1-12,A) starts the current,
causing a magnetic field to build up about the primary.
The magnetic field expands and cuts the secondary
turns. The secondary now hasaninduced EMF, which
is indicated by the needle’s swinging to the left.

After a certain amount of time, the primary current
reaches maximum, and the magnetic field becomes
stationary, thus, no longer cutting the secondary turns.
The induced EMF in the secondary, therefore, returns
to zero as shown by the meter in figure 1-12,B. This is
why a transformer does not work with only a DC
voltage on its primary.

At the instant the switch is opened, the primary
current begins to decrease from maximum to zero.
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NO INDUCED EMF

This, in turn, allows the magnetic field to collapse. The
collapsing field cuts the secondary turns and causes
and induced EMF. In this case, however, the induced
EMF has the opposite polarity from what caused by
the expanding field. That is why the ncedle swings to
the right as shown in figure 1-12,C. Figure 1-12,D,
shows that, when the magnetic ficld has collapsed to
zero, nothing is moving and the induced voltage is
zero.

In figure 1-12,A, and C. the meter shows an EMF
induced in the secondary. This induced EMF results
from a change in current in the primary coil. This
causes a magnetic field to cut the secondary coil. The
action in which a change in current in one coil induces
and EMF in another coil is murual induction. This
method is called mutual induction because the pri-
mary circuit “shares™ its magnetic energy with the
secondary. Mutual induction forms the basis for the
transformer.

Exercises (205):
1. What is meant by “mutual induction™?

2. Why will a transformer not operate with DC only
on its primary?

206. State what each of the three parts of a transformer
does.
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Transformers. Let us look at figure 1-12 again, and
make some minor changes. Replace the batte:y with
analternating-current generator. If the input voltage is
low frequency, the meter’s needle swings back and
forth at the frequency of the input voltage. If the input
frequency increases beyond the response capability of
the meter, the needle registers the average secondary
voltage, which is zero. The average value of acomplcte
cycle of a pure, sinusoidal waveform (sine wave)is also
zero (this is not true for a single alternation).

The transformer can convert (change) the voltage
and current in an alternating-current circuit to another
value, either increasing it or decreasing it to meet our
needs. The transformer can be used to transfer electric
power from one circuit to another while physically
isolating the two circuits. During this transfer, the
voltage is changed to any practical level desired with
little los¢ of power. A transformer is highly efficient
and useful in providing easy and incxpensive sources
of alternating—current power atalmostany voltage. As
shown in figure 1-13, a basic transformer contains
essentially three main parts—a primary winding, a
secondary winding, and some type of core, usually
laminated iron. The grimary and secondary windings
are wound around the core, usually with one complete
winding of insulated wire placed on top of the other
winding. The two windings are layered and separated
from each other by an insulator made of impregnated
paper or mica. The core provides maximum induction
from one winding to the other by concentrating mag-
netic lines of force which transfer the energy.

Exercise (206):
1. State the function of the three parts of a trans-
former.

207. State the difference between a step-up and a step-
down transformer and the secondary voltage-current
relaiionship in each.
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How do transformers change voltage from one value
to another value? Simply by having more turns in one
coil than in the other. The ratio of the number of turns
in the secondary coil (N2) to the number of turnsin the
primary (N,) is called the ratio of transformation and
is expressed in the equation.

N2

Ny E,

where E, represents the voltage in the secondaryand E,
represents the voltage in the primary.

To produce a secondary voltage higher than the
primary voltage, a transformer must have more turns
in its secondary winding than are i1 ‘ts primary wind-
ing. Such a transformer is a set-up transformer. If the
secondary voltage is less than the primary voltage, the
transformer is a step-down transformer.

No transformer has an efficiency of 100 percent. All
transformers have a certain amount of hystcresis and
coupling (induction) losses. However, for our discus-
sion, we will assume that the transformer has an
efficiency of 100 percent. For example, the trans-
former has 100 turns in the secondary and 10 turns in
the primary. If we apply 100 volts to the primary, what
is the output (secondary) voltage?

First, we find the windings ratio by using the ratio
formula. By substituting numerical values (number of
turns) for N; and N2, we have

N: 100
= ——= 10 volts
10

Ny

To determine the output (secondary) voltage, we use
a modification to the ratio formula

E =MNF
Ny

E.= 190 x 100
10

E, = 1,000 volts

A transformer doesnot add any power to thecircuit;
it merely transforms the existing energy from one
voltage level to another. The total energy in the circuit
remains unchanged, except for transformer losses. To
compute the output current, we must alter the output
voltage formula to

=N,
N,

By comparing these two formulas, we see that the
ratio of input-output currents is inversely propor-
tional to the ratio of input-output voltages. Thus, ifa
transformer steps up the voltage, it steps down the
current at the same ratio.

When we refer to a step-up or a step-down trans-
former, we normally are talking about its effect on
voltage. However, it is important that you understand
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how it affects current also. Why is current inversely
proportional to voltage? Power within the secondary
should equal the power in the primary.

Since the formula for power is P=E X 1, if a trans-
former stepped up borh the voltage and current simul-
taneously its efficiency would be greater than 100
percent. Such a transformer would be ideal; unfor-
tunately, it does not exist.

11

Exercises (207):
1. How many turns are in the secondary of a 10:1
transformer having 50 t:rns in the primary?

2. What is the secondary voltage and current of a 5:1
transformer whose primary source is 100 volts at !
ampere?



CHAPTER 2

Semiconductors and Semiconductor Devices

NOTE: For objectives 208-218, study objectives 001-011 in Module 10008,
Semiconductors and Semiconductor Devices, which accompanies this volume.
When vou complete Module 10008, return to the text.

Module 10008

Semiconductors and Semiconductor Devices

CDC 30455-2 Objectives Module 10008 Objectives
208 001
209 002
210 003
211 004
212 005
213 006
214 007
215 008
216 009
217 olo
218 011
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CHAPTER 3

Transistor Circuits

IN THE previous chapter, you reviewed and added
new information to your knowledge of the compo-
nents that make up electronic circuits. In this chapter
you will put them all together.

Previous electrical circuits involved in your study
revolved a.ound three basic arrangements of com-
ponents: series, parallel, and series-parallel circuits. As
in electricity, electronics deals with three basic circuit
arrangements that produce various outputs. These are
the rectifier, amplifier, and oscillator circuit config-
urations. There are other types of circuits that you
have studied in your equipment training, but these
special circuits are variations or adaptations of the
three basic electronic circuits.

Actually, there are only six commonly used parts in
electronic circuits. They are resistors, capacitors, coils
(inductors), transformers, switches, and solid-state
devices. By understanding the basic types of electronic
circuits and how the parts are mixed in these circuits,
you should be able to analyze any electronic circuit.

All television systems use miniaturized circuits and
components. Can you imagine how big a TV system
would be if each transistor were replaced with a vac-
uum tube? As a general term, we refer to transistors,
diodes, etc., as semiconductors.

Surprising as it may seem, we now have entire
amplifier circuits that are no bigger than a matchhead
yet contain hundiads of components. Such circuits
have many advantages over conventional tube cir-
cuits. They operate without filaments, require very low
voltages, and give off less heat.

In your 3-level training, you learned the theories of
atomic structure, electron-hole flow, etc. However, as
an apprentice television specialist, you need to know
more about the practical application of solid-state
devices such as a power supply.

3-1. Power Supplies

Most of the TV equipment with which you work
requires direct-current voltages as well as alternating-
current voltages. An AC power source supplies the
input power which must be rectified. In ourdiscussion
of diodes, we said that a diode passes current in only
one direction. We rely upon this quality for recti-
fication.

219. Cite operational characteristics of a half-wave,
full-wave, and bridge rectifier.

Rectifiers. We have already covered each individual
component of a power supply in our discussions of
transformers, diodes, capacitors, inductors, resistors,
and transistors. We will now tie these components
together to “build up” a complete, full-wave, regulated
power supply. Let us start with a simple circuit and
gradually work our way into the more complex power
supplies.

Half-wave rectifier. A typical half-wave rectifier
circuit (fig. 3-1) has a transformer (T;), a diode (CR;),

CR 329--157
T 1 ]
o ! >| B ¢ —— )
L L] C1
R -y
. 3 T .
DA~ W e
QUTPUT
INPUT
— )| l o

Figure 3-1. Half-wave rectifier circuit.
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Figure 3-2. Rectifying the AC voltage (half-wave).

a load resistor (R 1), and a filter capacitor(Ci). An AC
source voltage is applied to the primary winding of
transformer T;. During the positive half-cycle, point
W is positive with respect to point X (fig. 3-2,A). A
voltage of the opposite polarity is induced on the
secondary winding of transformer Ti, and point Y is
negative with respect to point Z. Therefore, a negative
potential is applied to the anode and a positive poten-
tial is applied to the cathode of diode CR . The diode is
reverse-biased and does not conduct. The peak reverse
voltage (PRYV) is the amount of reverse bias a diode
must be able to withstand. No current flows through
resistor Ry, and there is no voltage developed across it.

During the negative half-cycle, point W is negative
with respect to point X (fig. 3-2,B). A voltage of the
opposite polarity is induced by the winding of trans-
former Ti, and point Y is now positive with respect to
point Z. Diode CR; is now forward-biased. Current
flows through the circuit and develops a voltage aciuss
resistor Ru. The voltage across the resistor is a pul-
sating DC. Filter capacitor C; charges through diode
CR, tothe voltage level developed across Ry (fig. 3-3),
with polarity as shown.

While the AC voltage is positive, diode CR; is
reverse-biased (similar to the open contacts of a
switch). Filter capacitor C, discharges through load

resistor R;, maintaining a positive voltage at the
output terminal (fig. 3-3,B). When the input AC volt-
age changes to the negative half-cycle, filter capacitor
C, charges again to the voltage level across the load
resistor. Since this is a continuing action as long as the
input voliage is applied, the filter capacitor continues
to charge and discharge. For all practical purposes, the
filter network (RL and C;) changes the pulsating DC
from the diode rectifier to a fairly smooth DC voltage
output (fig. 3-4).

This output still has some ripple, because the RC
time constant (R. X Ci), compared with the input
signal period, is somewhat short. For example, if the
input frequency is 60 Hz, capacitor C charges and dis-
charges 60 times per second.

If the circuit to which this power supply provides
bias voltage is a noncritical circuit, the output ripple
can beignored. However, if we do not want any output
ripple, there are some ways we can eliminate it. We can
either increase the value of C; (this makes the rectifier
work harder) or double the frequency of the voltage to
the filter. If we double the frequency to C;, the time
constant (again Ri. X Ci) now is twice as long when
compared with the ripple voltage period. We caneasily
do this by using a full-wave rectifier.
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Figure 3-3. Filter action.
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Full-wave reciifier. A typical full-wave rectifier cir-
cuit has a center-tapped transformer (T, ), two diodes
(CR;: and CR;), a load resistor (R.), and a filter
capacitor (G) (fig. 3-5). The center-tapped transform-
er action is on the positive half-cycle of the AC input,
one diode is forward-biased and conducts. The other
diode is reverse-biased and cut off. On the negative
half-cycle of the AC input, the opposite occurs and the
diodes switch conduction/cutoff states. Thus, the out-
put ripple frequency is twice the input frequency. Here
is the way it happens (fig. 3-6,A).

An AC voltage is applied to the primary winding of
transformer T,. During the positive half-cycle, point V
is positive with respect to point W. A voltage of the
opposite polarity is induced on the secondary winding
of the transformer, thus point X is negative while point
Z is positive. Point X is more negative than point Y,
and point Y is more negative than point Z. Diode CR;
is reverse-biased and diode CR; is forward-biased.

Current through the circuit develops a voltage
across load resistor Ru. The current path is from the
center tap of transformer T; (point Y) through resistor
R., through diode CR;, and back to point Z. Filter
capacitor C, charges through diode CR: to the volt-
age level of the load resistor. During the second alterna-
tion, (fig. 3-6,B), point V is negative with respect to
point W,

A voltage of the opposite polarity is on the second-
ary winding and piont X is positive while point Z is

negative. Point X is now more positive than point Y,
and point Y is more positive than point Z. Diode CR,
is now forward-biased and diode CR: is reverse-
biased.

Current through the circuit continues to develop a
voltage across load resistor Ry. The current path this
time is from the center tap of the secorndary (point Y)
through resistor R, through diode CR back to point
X. Thus, the polarity of the voltage across R is the
same during the entire AC input cycle.

The pulsating voltage developed across Ry still
contains some ripple. However, due to the charging
and discharging of the filter capacitor C,, the valleys
between the pulses are filled (fig. 3-7). After filtering,
the DC output of a full-wave rectifier is smoother than
that of a half-wave rectifier.

Bridge rectifier. A typical solid-state bridge rectifier
circuit (fig. 3-8) has a transformer (Ti), four diodes
(CR; through CRy), a load resistor (R.), and a filter
capacitor (Ci). The bridge rectifier circuit is similar in
operation to the full-wave rectifier; however, it does
not require a center-tapped transformer secondary as
does the full-wave rectifier because the full secondary
voltage is applied to the diodes.

During the positive alternation of theinput voltagc,
point Y is negative and point Z is positive (fig. 3-9,A).
Current flows from the negative side of the secondary
(point Y), through diode CR,, through load resistor
Ry, through diode CR; back to the positive side of the

CR,
T
O # 329-161
+
0
CRy
INPUT t
RL IC + YARYZAR
1, \ Yy
- OUTPUT
-0

Figure 3-5. Full-wave rectifier circuit.
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Figure 3-6. Rectifying the AC voltage (full wave).
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Figure 3-7. The filter changes the pulsating DC to a smooth DC.
N
Y 329—164
VANA
° \j \/
PUT WV
INPU o 2 ¥ Y \l
- OUTPUT

Figure 3-8. Bridge rectifier circuit.
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secondary (point Z). It appears that the current leaving
the top of the load resistor has two paths back to the
secondary; one through diode CR;, the other tlirough
diode CRsy. Remember, the current starts from the
most negative point of the secondary and returns to
the most positive point. If the path were through
diode CR4, the current would be returning to the most
negative point of the secondary. By looking at the
voltages applied to diode CRy, you can see that diode
R, is reverse-biased (negative on its anode and posi-
tive on its cathode) and is an open circuit to the current
from the load resistor. Therefure, diode CR; is the
return path for current which develop< the voltage
across the load resistor.

A

INPUT SIGNAL GOES POSITIVE

During the negative alternation of the input, point Y
is positive with respect to point Z (tig. 3-9.B). Current
flows from the negtive side of the secondary (point
Z), through diode CR;:, through load resistor R; . and
through diode CRs back to the positive side of the
secondary (point Y). The return current path at the
junction of diodes CR; and CR, is similar to that
during the positive half<cycle, except that diode CR. is
now reverse-biased; it does not offer a return path
back to the secondary.

Again, voltage developed across the load resistor is
positive. In effect, the negative half-cycle of the input
changes to a positive half-cycle at the cutput. Filter
action is the same as in the rull-wave rectifier.

329-165

= OUTPUT

@ INPUT SIGNAL GOES NEGATIVE

Ty

+
o Y CR4
CR
P 1
+ N
T
+ & RL -
INPUT CR» . P4 \
-4 - o-4

\ _) = OUTPUT

Figure 3-9. Rectifying the AC signal (bridge rectifier).
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Exercises (219):

I. What is the most likely malfunction i the output
ripple frequency of a full-wave rectifier is the same
as its input frequency?

!\.)

Which rectifier configuration produces the highest
output for a given source voltage?

3. Which rectifier requires a center-tapped trans-
former?

4. What is the output ripple frequency of a bridge
rectifier, compared with its input?

5. What are the two prime purposes of a power supply
transformer?

220. State advantages and limitations of a voltage
doubler.

Voltage Doubler. A voltage doubler circuit pro-
duces a higher DC output voltage than a conventional
rectifier circuit. Yt is normally used when the load
current is small and voltage regulation is not critical; it
can be used as a power supply in small transistor
radios and in some transmitters as a bias supply. As
the term implies, the output voltage is approximately
twice the input voltage. Two types of voltage doublers
are used; the half-wave and the full-wave.

Half-wave voltage doubler. Inthe half-wave voltage
doubler (fig. 3-10,B), during the positive half-cycle of
the input AC voltage, point Y is negative and point Z is
positive (fig. 3-10,B). Charging current for C, flows (as
indicated by arrows) from point Y to capacitor C,,
through diode C™:, and back to point Z. Capacitor C,
charges to EC, (fig. 3-11,B), a charge almost equal the
peak value of the transformer secondary voltage. Dur-
ing the negative half of the input cycle, the polarity
across the secondary changes (fig. 3-10,C). The voltage
(EC.) across C, is now series-aiding and adds to the
peak value of the secondary voltage. Current now flows
from point Z to C,, through CR,, to C;, and back to
point Y.

During this alternation, G charges to EC, which
equals the peak value of the secondary voltage plus the
charge across C,. EG is now approximately double
the peak value of the secondary voltage. C, charges
only on alternate half-cycles of the input voltage; it
discharges through the load resistor and produces
output waveform & (fig. 3-11,C). Stacking these cir-
cuits produces a quadrupling, octupling, etc.

19

Full-wave voltage doubler. The voltage regulation
of the full-wave voltage doubler is better than that of
the half-wave voltage doubler because of the full-wave
rectification. This circuit is generally used where the
load current is small and relatively constant. In the
full-wave voltage doubler, C, and C: charge on alter-
nate alternations of the applied voltage. Their charges
add together to provide the output voltage to the load
(top part, fig. 3-12).

Assume that point Y is positive with respect to point
Z of the secondary winding of transformer T, (middle
part, fig. 3-12). Current flows from point Z to capaci-
tor C,, through diode CR,, and back to point Y. This
charges capacitor C, to approximately the peak value
of the applied AC voltage. Figure 3-13,B, shows how
capacitor C, charges.

During the next alternation, point Y is negative with
respect to point Z (bottom part, fig. 3-12). Current
now flow« ‘rom point Y, through CRy, to capacitor G,
and back to point Z. C; also charges (EG) to approx-
imately the peak value of the secondary voltage (fig.
3-13,QC).

G and G, connected in series, combine their volt-
ages across R, and R,. Therefore, the voltage across
both resistors equals the charge on both capacitors.
Since the load is connected in parallel with the capa-
citor and resistor combination, the output voltage to
the load is approximately twice the peak value of
secondary voltage (fig. 3-13,D).

Exercises (220):
1. What are the two prime disadvantages of a voltage

doubler?
INITIAL
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Figure 3-11. Half-wave volitage doubler waveforms.
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Figure 3-13. Full-wave voltage doubler waveforms.

2. Which doubler has better regulation?

221. State the advantages of various filters.

Filter Circuits. In discussing the various rectifiers,
we said that the output of a rectifier is not a smooth
DC voltage. Amplifiers and other circuits require a
smooth or constant DC; therefore, we use a filtering
circuit at the rectifier output. The filter changes the
pulsating DC output of the rectifier to the DC (ripple)
voltage needed to operate other circuits. The most
common filters are the capacitive filter, capacitive
input filter, choke input filter, and the resistance-
capacitance filter (fig. 3-14).

Capacitive filter. This filter consists of a capacitor

21

connected parallel to the load (fig. 3-15.A). A term
“load” ix the total current drawn by all the circuits
operating from a particular power supply circuit.
When CR. conducts, current flows from point Y
through the load and the diode to point X. The voltage
developed across the load resister charges the capa-
citor to the peak value (point 1, fig. 3-15.B) of the input
voltage. When the input starts falling from its maxi-
mum value toward zero, the capacitor starts to dis-
charge through the load (point 2). As the input
approaches zero, the capacitor discharges more and
morc. However, before the capacitor has time to
completely discharge, the diode conducts and charges
the capacitor to the peak value again (point 3). The
capacitor continues to discharge through the load
resistance during the rectifier’s cutoff periods and to
charge during its conduction periods.

329-170
Q CAPACITIVE FILTER
Code TO
RECTIFIER -~ LOAD
G CAPACITIVE INPUT FILTER
ot W
1 ‘
TO C TO
RECTIFIER LOAD

=T )
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m o
L >
C
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RECTIFIER

T0
ILOAD
@ RESISTANCE~CAPACITANCE FILTER

Cl I
RECTIFlER:‘r :r LOAD

Figure 3-14. Four basic types of power supply filters.

P

.

124



y 329171
QCAPACITIVE FILTER
x .
. >}
CRY
>
S %LOAD
——
Y -
eoc OUTPUT

Figure 3-15. How the capacitive filter works.

The operation of this filter depends entirely on the
capacitor’s ability to storeand release electrical energy.
That is, the capacitor stores energy while the diode
conducts and releases the stored energy when the
diode cuts off. However, the output waveform shows
that the capacitor cannot store enough energy to hold
the voltage at the peak value of each pulse during the
cutoff period. The voltage gradually decreases until the
next pulse again charges the capacitor. Although the
output is smoother than the pulsating DC from the
rectifier, it still varies considerably.

This is the most basic of all filters; it can be modi-
fied to increase its efficiency. For example, adding a
coil in series with the load changes the capacitive filter
to a capacitive input filter.

Capacitive input filter. This circuit (fig. 3-16,A) is
called a capacitive input filter because the capacitoris
the first filter component functionally connected to the
rectifier. This filter provides considerably more filter-
ing action than a single capacitor can. The coil rein-
forces the capacitor by storing energy during the
positive input alternation and releasing it when recti-
fier CR, cuts off (on the negative alternation).

The peak (maximum) voltage from this filter is the
same as that from the single-capacitor filter. Current
from the rectifier charges capacitor C to the peak value
of the input pulse. At the same time, current flows
through the load and coil L. As the input rises from

zero to maximum, coil L stores energy in the magnetic
field that builds around it. This action opposes the
rapid change in current, helping to smooth the pulse.
When the pulse reaches maximum itstarts returning to
zero. However, during the negative alternation, the
coil and capacitor release the energy stored during the
positive alternation and oppose this change by main-
taining current in the same direction. This current is
caused by the capacitor’s discharge and the collapse of
the magnetic field around the coil. Then the sequence
begins again.

Before the capacitor and coil release a large amouiit
of energy, thc next positive alternation from the recti-
fier recharges capacitor C and rebuilds the magnetic
field around the coil, starting the filter cycle again.
Since this filter has two components smoothing the
DC pulses, the output is coinparatively smooth as
shown by the waveform in figure 3-16,B. However,
this smooth output can be obtained only if the load
resistance is high.-If the load resistance is low, thereis a
greater fluctuation'in the DC output as shown by the
waveform in figure 3-16,C. The reason is that the
capacitor discharges its stored energy quicker through
a low-resistance load. The total output voltage also

329172
CAPACITIVE INPUT FILTER
L
H — Y N\
cRI J_
C
@ LOAD

DC OUTPUT WHEN LOAD
RESISTANCE IS HIGH

DC OUTPUT WHEN LOAD
RESISTANCE IS LOW

Figure 3-16. How the capacitive input filter works.



varies with the load resistance due to the opposition
offered by coil L. That is, if the load resistance is high,
a greater voltage is developed across the load and a
smaller voltage is developed across coil L. If the load
resistance is low, the total voltage divides more equally
between the load and the coil.

A more elaborate capacitive input filter is shown in
figure 3-17,A. This filter is commonly called a pi filter
because the circuit diagram resembles the Greek letter
7. The pi filter; having two capacitors, does a better
filtering job. The second capacitor works exactly like
the first to help smooth the DC pulses as shown in
figure 3-17,B. 1t charges when diode CR, conducts,
and it discharges through the load when CR, is not
conducting. Since this circuit is also a capacitive input
filter, a changing load (transistors switching from
cutoff to conduction or vice versa) causes the output
voltage to fluctuate as it does in the basic capacitive
input filter. So, you will seldom see a capacitive input
filter used to supply DC to a varying resistive load. Itis
used primarily to power small, noncritical circuits.

Choke-input filter. This circuit, shown in figure 3-
18,A, is called a choke-input filter because the first
component functionally connected to the rectifier is a
choke coil. This filter uses the same componentsas the
capacitive input filter. However, to get the same
amount of filtering action, the values of the com-
ponents must be considerably larger. Thus, more volt-
age is developed across the coilin the choke-input filter
than across the coil in the capacitive input filter.
Therefore, the choke-input filter provides a lower
output voltage than the capacitive input filter.

e Pl FILTER
L

C‘T C2 %LOAD

328-173

CR1

QDC OUTPUT

Figure 3-17. How the pi filter works.
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Figure 3-18. How the choke-input filter works.

Rectifier current charges capacitor C. Current
through the load and coil L builds up a magnetic field
around the coil. When the current reaches its peak
value, it begins to fall back to zero. As the current
decreases, the magnetic field around the coil begins
collapsing and tends to keep current flowing through
the load at a constant value. The collapsing magnetic
field cannot keep the current at a constant value
because the field weakens. When the field weakens
enough to cause the output voltage to start decreasing,
the capacitor starts to discharge through the load.
Thus, the voltage across the load remains almost
constant (fig. 3-18,B).

Resistance-capacitance (RC) filter. The RC filter,
shown in figure 3-19,A, is almost identical to the pi
filter shown in figure 3-17,A, except that the RC filter
uses a resistor instead of a coil. A resistor cannot store
electrical energy as the coil does, but it does aid
filtering action by preventing the capacitors from
discharging too ouickly. Therefore, the voltage across
the load is held nearly constant as shown by the output
waveform in B. There is more fluctuation in its output
than in that of the LC filter.

Sometimes, circuits require a smoother DC than
that from any of the four basic filters. Additional
capacitors and choke coils are used to provide this
extra filtering. For example, a choke-input filter or a
pi filter with two or more sections may be used as
shown in figure 3-20,A, and B.
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Figure 3-19. How the resistance-capacitance filter works.

Exercises (221):
1. What is the advantage of using a filter?

2. Which type of filter is the least efficient?

‘ot

What is the prime disadvantage of the capaci-
tive input filter?

4. Which filter has the most constant output?

222. Give the function of a series voltage regulator.

Regulator Circuits. We say that the filtered output
of a rectifier supplies a constant DC voltage. However,
the voltage output of a power supply may not be
constant; it can vary with fluctuations in the load on
the power supply and in line voltage. To compensate
for possible fluctuations, voltage regulator circuits
keep the power supply output at a constant level.

Generally, a voltage regulator is a variable resis-
tance, in fact and in effect. Connected in series at the
output of the rectifier-filter circuit, the regulator
(variable resistance) and the load (resistance) form a
voltage divider; the voltage across the load is held
constant by controlling the variable resistance of the

Q
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regulator to cancel the fluctuations in the rectifier/
filter output.

Basic voltage regulator. A variable resistor R and
the load resistance, figure 3-21, form a voltage divider
across the output terminals of the power supply.
Output current from the power supply passes through
both the load and the variable resistor and develops a
voltage across each. If the output voltage of the power
supply increases, the voltage across the load incrcascs
in proportion to its resistance. To counteract this
increase in voltage across the load, the resistance of R
must increase to develop more of the output voltage
across it. Thus, the voltage across the load can be held
constant by varying the resistance of R each time the
output voltage of the power supply changes. To
regulate the output of the circuit in figure 3-21, you
would have to constantly monitor voltmeter V and
manually increase (or decrease) the resistance of R
each time the output changes. This same type of action
takes place in a voltage regulator circuit, except that,
once the output voltage is set at a desired value, the
action of the regulator is automatic.

Throughout our discussions when we refer to the
“load,” we mean the amount of current drawn by the
circuit. Decreasing the load resistance actually
increases the load (amount of current).

Transistorized voliage regulator. Transistor Q, in
figure 3-22 is called a series regulator because it is
connected in series with the filtered output of the
power supply. Transistor Q, controls the amount of
current through transistor Q,. Controlling the current
through Q, controls its resistance. The more current
through Q,, the higher its resistance. The zener diode
and resistor R, provide a constant reference voltage
for the base of transistor Q,.

To see how this circuit works, assume that the out-
put voltage from the power supply increases 2 volts.

A
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Figure 3-20. Choke-input filter with two or more sections.
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Figure 3-21. Basic regulator circuit.

The 2-volt increase is applied 1o the emitter of Qs
(through increased conduction of Q,), but the zener
diode keeps base voltage ot Q, constant. The increased
positive emitter voltage of Q. decreases the current
through Q,, and its collector voltage increases in a
positive direction. The higher positive collector
voltage of Q, drives the base of Q, more positive,
decreasing the forward bias on the base of Q, and in-
creasing the internal resistance of Q, just enough to
develop an additional 2 volts across it to absorb the 2-
volt increase in the output of the power supply.

If the output voltage from the power supply
decreases 2 volts, the opposite actions take place. The
resistance of Q, decreases so that more current is
supplied to the load and keeps the load voltage
constant. In this case, the lower output voltage of the
power supply is applied to the emitter of Q,. With its
emitter voltage less positive, Q, conducts more and its
collector voltage becomes less positive. The collector
vcltage from Q, decreases the reverse bias of Q,, Q,
conducts more, and its internal resistance decreases
and allows more current through the load.

We have purposely described these circuit functions
in a sequence of actions; however, in actual operation,
they occur instantly. The load does not feel the fluc-
tuations in the power supply, and the voltage across
the load remains constant. At the same time,
variations in the load itself produce the same reactions
in the regulator as if the output of the power supply
was fluctuating. A decrease in the load resistance
causes the voltage regulator to react as if the output of
the power supply tried to increase. An increase in the

329—-178
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Q, PNP
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ZENER
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Figure 3-22. Transistor voltage regulator circuit.
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load resistance causes opposite reactions of the
regulator.

Figure 3-23 shows a slightly modified version of the
transistorized voltage regulator circuit, The differ-
ences between this circuit and the one just covered are:
a zener diode provides a constant voltage on the
emitter of transistor Q,, and part of the variation in
load voltage is used to change the bias of transistor Q,.

Assume that the voltage across load-sensing
resistors R, and R; increases due to an increase in the
power supply output. The basec of Q, immediately
becomes more negative and causes Q, to conduct
more. The collector voltage of Q, becomes less
ncgative and decreases the forward bias at the base of
Q.. Q, conducts less; its internal resistance increases,
causing an increased voltage across Q,. This increased

o1

PNP 329-179
- ‘ @ [ [ )
R4
r r2
) 4
012 <Q\
PNP d/ LOAD
R3
zaner ol0DE (|
+O -4 ©

Figure 3-23. Modified voltage regulator circuit.

voltage absorbs the increase in the power supply
output. Thus, the load voltage remains constant.

If the voltage across the load decreases, Q, conducts
less. The collector of Q, becomes more negative,
increasing the forward bias of Q,. Transistor Q,
conducts more and its internal resistance decreases.
Since less voltage is developed across Q,, the voltage
across the load remains constant.

The static bias on the base of Q, can be made adjust-
able by replacing either R, or R; with a variable
resistor. Adjusting the variable resistor changes the
conduction of both Q, and Q, which, in turn, changes
the regulated output voltages to a different value.
Once the output voltage is adjusted, the regulator
keeps it at that value.

Exercises (222):
1. What is the prime function of a regulator?

D)

4
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Figure 3-24. Basic shunt regulator,

2. What does ‘“load” mean?

3. Howis the conduction of the series element affected
by an increase in load?

223. Specify the advantages of shunt regulators, series
regulators, and constant-current regulators.

Shunt regulators. Our discussion of regulator cir-
cuits has dealt strictly with series regulators; however,
many TV systems use shunt regulators. Two basic
reasons for using a shunt regulator are its simplicity
and its inherent protection against overloading.
Essentially, a shunt voltage regulator consists of a
limiting resistor in series and a variable-resistance
component in parallel (shunt) with the load, as shown
in figure 3-24. The variable-resistance component
automatically draws more current when the load
current decreases and draws less current when the load
current increases. Consequently, the current through
the series-limiting resistor remains nearly constant,
and the voltage applied across the load remains steady
even though the load current changes. This explains
how it regulates under varying load conditions.

What happens if the input voltage from the rectifier
and filter increases or decreases? To prevent the output
voltage from changing with the input voltage, the
variable resistance increases or decreases so that the
entire change appears across the series limiting
resistor. This. of course, means that when the input
voltage increascs, the variable resistance decreases.
The increased current through the variable resistor
causes the voltage across the series-limiting resistor to
increase. If the decrease in the variable resistance is
proper, the product of its resistance and the increased
current yield the same voltage as that before the
increase.

Assuming a decrease in input voltage, the action of

RIC
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the variable resistor is just the opposite: it increases.
Less current through the series-limiting resistor causes
the voltage across it to decrease by the amount that the
input voltage decreased. Again, the voltage across the
variable resistor (which is the output voltage) remains
constant. Essentially, the shunt regulator circuit
behaves as a voltage divider that automatically adjusts
its ratio to provide the same output voltage under
varying input conditions.

An ideal shunt regulator, therefore, maintains a
steady direct-current output voltage in spite of
changes that occur in either the input or the load. Such
a circuit is shown in figure 3-25,A. This circuit is a
thermistor shunt regulator.

Thermistors are designed to have either a negative
or a positive temperature coefficient. One having a
positive temperature coefficient increases its resistance
proportional to an increase in temperature. The
opposite is true of one having a negative temperature
coefficient.

Since current through a resistance generates heat,
the resistance of a thermistor varies as a function of
current. Consequently, the voltage across a thermistor
varies as a function of current. The combination of
resistor R, and the thermistor, as shown in figure
3-25,A, is the variable resistance that parallels the
load. This circuit stabilizes the direct-current output
voltage against variations of input voltage and load
(current drain) over comparatively wide ranges.
Although simple, it is very inefficient because of the
power consumed in the regulator unit itself.
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Figure 3-25. Shunt regulators.
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The zener diode regulator circuit, shown in figure 3-
25,B, is comparable to the voltage regulator (VR) tube
circuit. Once breakdown occurs, the voltage across the
diode is virtually constant and is dependent on
current. Diode breakdown current must be limited by
a proper size series-limiting resistor, R. Zener diodes
can be connected in series to provide different
regulated voltages. Zener diodes are available in
numerous voltage and power ratings. with 5 percent.
10 percent, and 20 percent tolerances.

If the zener diode regulator is not satisfactory, an
arrangement like that shown in figure 3-26 can be
used. A PNP transistor is connected across the output
to regulate the voltage. The collector base potential is
he!d constant by a zener diode. Any change in voltage,
caused by cither the input or load, affects the base-
emitter bias.

For example, suppose the load draws more current;
the voltage on the load side decreases. Thus, base
current Is decreases and causes an amplified decrease
in l.. In effect, the decrease in I. compensates for the
increase in the load current to maintain the same
voltage across R,. Any change in output voltage is
counteracted to regulate the voltage.

Now consider what takes place if the input
increases. In increases and causes the transistor to con-
duct more, causing the current through R, to increase.
Practically all the increase in input is across R,, and
output voltage remains practically constant. For a
decrease in input, the reverse action occurs.

A drawback of any shunt-type regulator is its low
efficiency. The output power divides between the load
and the shunting circuit; at no-load, the shunting
circuit dissipates the full output power. Consequently,
proportionately large amounts of output power are
wasted, especially when the loads are small. For this
reason, the small-load efficiencies of shunt regulators
are notably low.

Constant-current regulators. In contrast with a volt-
age regulator, the current regulator stabilizes output
current, Ir, rather than output voltage. Its primary
function is to supply a constant current to the load. To
do this, the regulating device must prevent achange in
output current.

329—-182
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Figure 3-26. PNP transistor shunt regulator.
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Figure 3-27. Constant-current regulator.

Figure 3-27 shows a circuit that can be used. Instead
of sensing the voltage across the output terminals. the
transistor senses the current through R,. Any current
change through R, develops a voltage change across
R, which aliers the bias of the PNP transistor. Thus.
the transistor resists the current change. For example.
an increase in current increases the voltage across R,
and makes the emitter less positive. This decreases the
base-to-emitter forward bias of the PNP transistor
and decreases the current through it. Thus, the
transistor action opposes any change in lg.

The circuits (that we have presented) to regulate the
direct current are basic ones. Nonetheless, under-
standing their operation enables you to analyze
modified versions that may be used in the various
television systems.

Exercises (223):
1. What is the prime disadvantage of a shunt
regulator?

2. What advantages does a shunt regulator have?

3. What is the major difference between a constant-
current source and a voltage regulator?

224. State what symptoms would indicate specified
component malfunctions in a power supply.

Analyzing Power Supplies. In. maintaining
television equnpment youare requnred to troubleshoot
power-supply circuits. The circuit configurations for
solid-state power supplies are similar to electron-tube
power supplies. For this reason. the troubleshooting
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procedures are practically the same with regard to cir-
cuitry. We will discuss some common troubles and
symptoms that may be caused by defective solid-state
devices.

Svmptoms and troubles. Often the malfunction of a
power supply is the fault of the rectifying device.
Electron-tube diodes fail; so do metallic and crystal
rectifiers. Certain faults can be attributed directly to
the solid-state rectifier, and the symptoms associated
with these faults can be readily detected, since they
cause obvious and sometimes serious trouble. They
arc an open-circuited or short-circuited rectifier high
forward voltage. high leakage current, or an
overheated rectifier.

AN open-circuited rectifier causcs a lower DC out-
put or no DC output. If the rectifier unit is a full-wave
or polyphase type. the DC output is reduced when one
rectifier is open-circuited. If it is a single-phase, half-
wave rectifier, there is no DC output.

The symptoms for the shori-circuited rectifier are
somewhat different. Components overheat and AC
appears at the output. Unless short-circuit protection
is built into the power supply, other circuit
components can be permanently damaged.

Either a high forward voltage or a high leakage cur-
rent causes lowered DC output and increased heating.
A high forward voltage is caused by an increased
forward resistance; whereas, a high leakags current is
caused by a decreased reverse resistance. Whichever
fault occurs, the rectification ratio is reduced
accordingly, as is the overall efficiency of the rectifier.

An overheated rectifier may also be caused by exces-
sive loading or inadequate cooling. Regardless of the
cause, a rectifier that is heated beyond safe limits is
short-lived or completely destroyed. When the source
of the trouble is the rectifier itself, replacing it restores
the circuit to normal operation. However, when
overheating results from loading or improper heat
dissipation, the trouble persists after the rectifier is
replaced unless corrective measures are taken to insure
proper loading and cooling.

When a power supply has a regulator unit, a
defective solid-state device (thermistor, zener diode,
transistor, etc.) may be the souice of trouble. The
symptoms range from an increased or decreased DC
output (regulated or not) to no DC output. The
svmptoms and troubles vary with the complexity of
the circuitry and the type of regulator unit used. For
any particular unit, you must depend on your basic
knowledge and reasoning ability to determine whether
or not a solid-state device could be at fault. If you
think that is where the fault is, test the suspected
device.

Checking and testing. There are numerous ways to
detect a malfunction. You readily discover over-
heating that produces smoke or an odor. You can
quickly find abnormal voltages and currents by taking
voltmeter and ammeter readings. Youcanseeripple in
the output with an oscillosccpe, or perhaps even hear
it in an audio system. The frequency of the ripple may
reveal the trouble; for example, a 60-Hz ripple from a
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single-phase full-wave rectification. Most likely a
rectifier is defective.

You can detect some troubles by a visual
inspection-—broken connections and damaged
components are usually very obvious. Overheating
often causes discoloration of circuit components. A
faulty metallic rectifier may show burned spots around
its contact washer and surrounding area, as a result of
poor contact with the front clectrode. Solder-like
blotches seen beneath a rectifier stack are also caused
by excessive heating. In this case, the alloy of which the
rectifier is made has melted and run off the bottom
edge of the cells. Thus, faulty metallic rectifiers can
frequently be detected by visual means. You will
scldom sec a metallic rectifier used in any TV system;
however, we mention them here just in case you do.

Checking with an ohmmeter is an easy and practical
way to test a crystal or metallic rectifier to determine
whether it is open or shorted. A high resistance
(several thousand ohms) measured in both directions
indicates that the rectifier is open; a relatively low
resistance (a few hundred ohms) measured in both
directions indicates that it is shorted. A good rectifier
has a low forward resistance and a high reverse
resistance. Since an ohmmeter applies voltage to the
rectifier under test, it is not a reliable instrument for
testing quality. Remember that the forward resistance
of a solid-state rectifier is not linear; it varies as a
function of the applied voltage. Therefore, the rectifier
must be checked under rated conditions to obtain a
conclusive indication of its quality. To assist you in
testing under rated conditions, iwo testing circuits are
shown in figure 3-28. If the rectifier is good, the meter
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Figure 3-28. Testing circuits.

131



E

rcadings are within $10 percent of the rated current
values.

There are many test sets available for testing solid-
state devices. (Instructions are provided with each set
to enable you to test properly.) Solid-state devices are
identified by prefix letter(s) and a number of the
device. Common prefixes are as follows: IN for crystal
diodes, MR or SR for metallic rectifiers, Z (also HZ or
MZ) for zener diodes, and 2N for transistors. Once
you have identified the device, you can find its
specifications in the applicable bookiet or manual.
You can then tell from the readings of the test set
whether the device is substandard.

It is quite possible that a solid-state device may test
good and yet be the source of trouble. The only way to
find out is by substitution. Use anidentical device that
is known to operate properly in place of the
guestionable one.

Replacements. It is always best to replace any faulty
circuit component with onc exactly like it. When this is
not possible, you may have to make some circuit
modifications to protect the circuit or device itself.

Since solid-state devices in TV systems can be
instantly damaged by overheating, a casual approach
to their replacement can be costly. Thus, you should
always give particular attention to inserting limiting
resistors when it is neces< v to prevent excess current
or surges. For examp ase a larger input-filter
capacitor in place of a ..iive one, the turn-on and
surge currents may incrcase beyond rated limits.

As you may recall, stacking and paralleling solid-
state rectifiers is a common practice which makes it
possible to rectify high voltages and high currents
respectively. Rectifiers can be series-connected in all
the circuits discussed and illustrated. The rated PRV
of the stack is the sum of the rated PRVs of the
individual rectifiers. To get a desired current handling
capacity, use crystal or metallic rectifiers in parallel.
Remember, you can use a combination of series and
parallel rectifiers to replace a rectifier of almost any
rating.

Exercises (224):
1. What is the indication for an open dijode in a half-
wave rectifier?

to

What would be the ohmmeter indication for a
rectifier with high leakage current?

3. What is the most ikely cause for an alternating
current appearing i the output of a rectifier?
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4. What is the most likelv cause for an increased out-
put from a voltage regulator?

5. What is the most likely cause for a 60-Hz ripple
occurring at the output of a fuli-wave rectifier
wihose input power frequency is 60 Hz?

6. How would you obtain a higher PRV for a rectifier?

3-2. Amplifier Circuits

In our discussion of solid-state devices, we talked
about the amplifier circuits: common-base, common-
collector, and common-emitter. Now, let’s look at
some specific applications that use more than one
transistor. As always, we'll start with simple circuits
and work our way into more complex ones. We will
cover the amplifier principles that you most often
encounter in your normal maintenance tasks.

225. Define the term “amplification.”

Amplification. You have seen how a change in base-
to-emitter voltage causes a change in collector current.
This is the key to amplification * very small change in
input signal voltage causes a great change in collector
current. The change in collector current causes a
proportional change in output voltage across the
collector resistor. The output voltage change is much
greater than the input voltage change—so you have
amplification. Let us use some actual values to get a
clearer idea of what happens. Suppose we havea 0. 1-
volt input signal, as shown in figure 3-29, causing a
0.001 amp (1 mA) change in collector current. If the
load resistance is 5,000 ohms, the output signal is 5
volts according to Ohm'’s law. To determine the circuit
voltage gain, divide the 5-volt output by the 0.1-volt
input. The result is 50; this circuit provides a gain of 50.

Transistor amplification is not much different from
tube amplification. In a tube, a change in grid-to-
cathode voltage causes a change in plate current; the
result is amplification. In a transistor, a change in
base-to-emitter voltage causes a change to collector
current; the recult is amplification.

There are three basic transistor amplifier configur-
ations (fig. 3-30) that are comparable to the three
electron-tube circuit configurations. The common-
emitter configuration (fig. 3-30,A) has the emitter
common to the base input and collector output
signals. This is like the common-cathode electron-tube
circuit. The common-base configuration (fig. 3-30,B)
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Figure 3-29. Transistor amplification.

has the base common to the emitter input and collector
output signals. This is similar to the common-grid
electron-tube circuit. The common-collector con-
figuration (fig. 3-30,C) has the collector common to
the base input and emitter output signals. This is
similar to the common-plate (cathode follower)
electron-tube circuit. A simple way to spot the
common element is to look for the element to which no
signal is applied and from which no signal is taken.
That is always the common element.

The phase relationship of input and output signals is
the same for the transistor and its equivalent electron
tube circuit. The input and output signals are 180° out
of phase only in the common emitter and the common-
cathode circuits. The other circuits have the same
phase relationships (in phase) between the input and
output.

Transistor circuits and theirequivalent electron tube
circuits are shown in figure 3-31. Both sets of circuits

“»

(B4

are arranged the same. The input circuits of both sets
have a signal generator in series with the bias battery.
Also, the output circuits have a load resistor and
battery. The main differences between the circuits and
the voltages used are the bias polarities. These dif-
ferences are:

a. Transistors have no filaments; electron tubes are
filaments and require a filament voltage source.

b. Transistors operate with much smaller voltages.
You can see that the collector batteries are only 6 volts
as compared to the 200-volt plate voltages.

c. Bias voltages are only 0.1 volt for the transistors
and 3 volts for the electron tubes.

d. The basé¢ and grid-bias voltage polarities are
different. The base of «.e NPN transistor needs posi-
tive voltage to attract electrons from the emitter. The
electron-tube grid needs a negative voltage to repel the
flow of electrons.
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Figure 3-30. Basic transistor and electron-tube circuit configurations.

30

133

ERIC

Aruitoxt provided by Eic:



3v T

COMMON CATHODE,

e. The amount of current in the NPN transistor is
controlled by the base-to-emitter voltage. In electron
tubes, it is the grid-to-cathode voltage that determines
the amount of current.

Exercises (225):
1. What does transistor amplification mean?

2. How does it differ in tubes?

3. Isthe phase relationship of input and output signals
the same for the transistor and its equivalent
electron tube circuit? Explain.

226. Compare the bias regions and the efficiency of the
four amplifier classifications.

L 4

200V

COMMON GRiD

329145

3V‘ -
COMMON PLATE

Figure 3-31. Comparing transistor and electron-tube circuits.

Amplifier Classifications. All amplifier stages are
divided into one of four basic bias classifications. The
four basic classes are A, B, AB, and C (fig. 3-32). The
amount of bias determines the class. Although these
amplifiers may have any kind of an input, we will keep
our discussions simple and use sine-wave inputs.

Class A. This amplifier is biased to amplify the
entire input signal. You mey sometimes see it referred
to as a “high-fidelity” stage. This simply means that it
amplifies (and reproduces) the entire signal without
distortion.

404—-131
CLASS INPUT  OUTPUT  PERCENTAGE OF INPUT
CLASS A '[‘\’f' -‘fl- 100% (360°)
n LESS THAN 100% (360°)
CLASS AB - -1 - - | MORE THAN 50% (i80°)
CLASS B --[\]-- - —ﬂ- 50% (180°)
CLASS C "j\J" —— =] LESS THAN 50% (180°)

Figure 3-32. Classes of amplifiers.
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In addition to a fixed bias, such as amplifier ofter
uses a “degenerative feedback.” This feedback,
sometimes called cancellation feedback, is most
commonly used with the common-emitter amplifier
where the collector output signal is 180° out of phase
with the input. This means that a portion of the
amplifier’s output is fed back to the base where it
cancels part of the input signal amplitude. This
prevents the input signal from overdriving the

-amplifier—either into cutoff or saturation. Either of

these conditions would distort the output signal.

Class B. This amplifier, sometimes called a
rectifying amplifier, is biased so that it amplifies only
one polarity (alternation) of the input signal. In
conventional vacuum-tube circuits, the amplifier
operates only on the positive input alternation;
however, the type of transistor (PNP. or NPN)
determines which alternation is passed.

Class AB. The operating point of this amplifier lies
on the nonlinear portion of the characteristic curve.
This lowers the quiescent voltage ¢closer to 0 volts DC,
and a portion of the input signal is not produced in the
output. Medium efficiency is attained by this
amplifier, which is a combination of class A and
class B.

Class C. A class C amplifier is biased so that it
amplifies less than one complete alternation of the in-
put signal. This means that the input signal must have
reached some potential (more positive than zero foran
NPN and more negative than zero for a PNP) before
the amplifier conducts.

Efficiency. Efficiency is defined as the ratio of
output energy toinputenergy. In the class A amplifier,
all of the input energy affects the amplifier output;
therefore, the effective power efficiency is fairly good
(20-30 percent). The efficiency (60-70 percent) of the
class C is the greatest. Basically, there is no such thing
as a 100-percent cfficient amplifier. To be 100 percent
efficient, an amplifier would require no power (bias)
for operation.

Exercises (226): /
1. What is the static condition of the class C amplifier?

2. What does the “efficiency” of an amplifier mean?

3. Which amplifier amplifies only one alternation of
the input signal?

4. Which ampiifier is the most efficient?
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227. Given a schematic diagram of a differential ampli-
fier, trace the signal path through each stage.

Differential Amplifier. This amplifier (fig. 3-33) is
one of the most commonly used amplitiers in TV
systems. It provides a relatively high signal gain in
addition to impedance matching. Since this circuit
uses two of the common configurations (common-
collector and common-base), we can easily examine its
overall operation.

One habit you should form as you learn more about
your TV operation is to look at an amplifier circuit in
its static state (no input signal applied). This gives you
a good starting point for analyzing any amplifier
malfunction. Let’s assume that, for now, no signal is
applied. The voltage dividers (R;-R, and R4-CR))
provide a positive base drive to both bases A and B.
This means that both sections of the dual transistor are
conducting. (A dual transistorisinclosed inacommon
case to cancel temperature effects.)

Section A forms a common-collector circuit (the
signal is neither applied to nor taken from the collec-
tor). Section B forms a common-base amplifier. Since
neither section is completely cut off or saturated, both
collectors are at some positive potential (less than 12
volts but more positive than ground). The same is true
for both emitters. (They are less positive than the
collectors but still more positive than ground.) To
analyze the dynamic operation (operating with an
input signal), remember that we said earlier in this
chapter that the emitter-base bias controls a
transistor’s conduction.

As the positive alternation passes through C,, it
adds to the DC bias already on base A. This increases
the conduction of section A, increases the current
through Ry, and drives the emitter of section B more
positive. The base potential of section B is fixed by
zener diode CR,. However, increasing the positive on
the emitter has the same effect as decreasing the
positive on the base—section B decreases conduction
and its collector potential rises, producing an
amplified output signal. Since neither a common-
collector nor a common-base circuit inverts the input
signal, the amplified outputsignal is in phase with the
input.

During the negative input alternation, the condi-
tions of the two sections are reversed. Section A
conducts less, current through R, decreases, and the
emitter potential of section Bdecreases. Section B now
conducts more and its collector potential decreases,
reproducing the amplified negative alternation. The
output signal is still in phasc with the input signal.

We purposely used a fixed bias on the circuit in
figure 3-33 in order to give you a good general
explanation of how the circuit operates. This circuit is
so named because it amplifies the difference between
two inputs. We could just as easily replace the zener
diode with a resistor (R;) and apply an input signal to
both bases A and B (fig. 3-34).
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Figure 3-33. Differential amplifier, fixed reference.

In figure 3-34, neither base has a fixed bias. Also, we inputs, its effect is cancelled at the output. Thus,
have added a variable resistor (Rg). Moving the wiper only the signal on the center lead is amplified. This
arm of Ry varies the current available to both the
emitters. This adjustment permits the balancing of +12 220-188
both sections so that they are conducting equally (in a ?
static condition). Look at figure 3-34 very carefully. ] -

Now, the outputis taken between the collectors. When
Re

both sections are conducting equally, their collector
voltages are equal—and the voltmeter reads zero. R Ra Rs
When two input signals are applied as shown, both
transistors again conduct equally and the meter still
reads zero (center). However, let’s apply two input Q, .'_' l —
signals (input X is 2 volts and input Y is 4 volts). What ]
is the “difference” input voltage? Two volts—now let’s M
see what happens. X —l
Base B is now 2 volts more positive than hase A.
(Both bases are now moie positive than their static
biases.) Section B now conducts more heavily than v _,l LMA—J
section A. Both collector potentials now decrease, but "aﬁ
collector B decreases more than collector A. The meter E
needle swings to the right—indicating a positive Rz Rq :: Ry
potential difference. (The polarity symbols designate
the meter polarity.) Reversing the input signals causes
the meter needle to swing to the left—indicating a
negative.
Such an amplifier is ideal where good signal-to-noise O
ratios (SNRs) are required. For example, let’s connect —-12
a coaxial (shielded) cable at inputs X and Y. Any
’ ground-based noise on the shield is also present on
the center lead. Since this noise is applied to both Figure 3-34. Difference amplifier.
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cancellation of signals appearing at both inputs is
called common-mode rejection (CMR).

Exercises (227):
1. How is the output signal (fig. 3-33) aftected it R
opens?

2. How is the static conduction of section A (fig. 3-33)
affected if R, opens?

3 What is the sequence of events if the amplitude of
the negative input alternation increases?

4. With no inputs present, how is the meter indication
affected by moving the wiper arm of Ry (fig. 3-34)
to the left?

228. Specify the stages, phases, resistances, and feed-
backs that must exist for operational amplifiers to
function properly.

Operational Amplifier. An operational amplifier is
often defined as a high-quality amplifier assembly
designed for use with other circuits. When suck ampli-
fiers are desigrned to meet the requirements of one
specific circuit, they tend to berelatively expensive due
to low-quantity production. With integrated circuits,
the aim is to provide operational amplifiers whose
characteristics meet the requitements of many circuits.
This usually involves the use of differential amplifiers
that provide stable, direct-coupled amplification, very
high circuit gain, and external feedback. This gen-
erally results in a versatility adaptable to many ap-
plications.

The block diagram of a typical operational ampli-
fier is shown in figure 3-35. Virtually every such circuit

™

DIFFERENTIAL
INPUT STAGE

INTERMEDIATE
STAGE

(oo amp) follows this functional format. Component
values are selected for each stage to adapt the ampli-
fier to specific requirements. The properties of an “op
amp” are such that, with a DC input and infinite feed-
back impedance, it will seek its own limits—either
cutoff or saturation. The input polarity determines the
conditon the op amp seeks. Figure 3-36 is a schematic
representing the block diagram circuit shown in figure
3-3s.

The first stage of an operational amplifier is a
differential amplifier. It initially provides most of the
high circuii gain so that any imperfections in later
stages have little or no effect on the output. This first
stage usually has a constant current source to both
emitters (pin 4—through the lower transistor) that
gives » good common mode rejection (a constant DC
source that suppresses or eliminates any ripple or noise
from the power supply). Also, the collectors of the first
stage amplifier should be atcessible for outside fre-
quency compensation signals (pins 9 and 10).

The second stage does not require a constant current
source in the emitter. Coinmon node rejection and
other capabilities of the overall amplifier are primarily
determined by the first stage. With a resistor in the
second stage (from pin 3) replacing the rejection net-
work, it is easy to incorporate common mode feedback
between the two stages, if desired. Normally, the
second stage provides some additional gain. Its input
impedance should be relatively high to prevent exces-
sive loading of the first stage. Therefore, an emitter-
follower input may be used at this stage.

Since a single-end output (single transistor) is nor-
mally used for the second stage, a DC voltage is present
at its output. In a direct-coupled system, this DC level
is applied to other stages in the amplifier chain. The
amplifier output voltage thus has a DC component in
addition to the desired AC output signal. However,
some means of level translation (clamping action)
between the second and the final stage, causes the
output voltage to vary around a zero reference. This
prevents any undesired DC current in the load and
also increases the permissible output voltage swing.

In computer circuits, to save space and excessive
circuit schematic drawing, the entire circuit shown in
figure 3-36 is drawn as shown in figure 3-35. The
diamond represents the operational amplifier and the
feedback paths (7, 8 and 9, 10) may be either resistive,
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Figure 3-35. Four-stage operational amplifier
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Figure 3-37. *Op amp™ configurations.

capacitive, or a combination of both. Inductors are
seldom used.

Summing networks. Operational amplifiers are nor-
mally connected with a series input inpedance (Z;)and
a parallel feedback impedance (Z) as shown in figure
3-37. Z; and Z; are precision units of known value.
Consider the potential at point A in figure 3-37 with
respect to ground. In a typical DC amplifier, maxi-
mum recommended output voltage is plus or minus
100 volts at terminal 3. When input ¢; is zero and the
amplifier is balanced, the voltage at terminal 3 is zero.
The gain of a typical amplifier can be as high as 50,000.
For a maximum output of 100 volts, the voltage input
at point A should be .002 volts (2 mV). This means, in
this instance, that for all practical purposes point A
can be considered as being at ground potential, be-
cause the feedback cancels the signal at the junction of
Z, and Z,. Very high gain is essential for accurate
operation.

Since input impedance to the DC amplifieris almost
infinite, the current through Z; must equal the current
through Z;. The voltage across Z; must equalthe input
voltage ¢;, because point A is effectively at ground
potential. Input current (ei/Z;) should equal the cur-
rent through Z,. With point A at ground potential, the
voltage across Z; equals the output voltage e,. The
following equation shows why this is true:

Assuming Z; and Z; to be resistive values, this
formula shows that this operational amplifier serves as
a multiplier whose output equals Z;/ Z; times the input
voltage e;. As an example, to multiple by 4, the value

36

of Z; must be exactly 4 times the vaiue of Z;. Both
resistors must be high-precision, accurately calibrated
units because accuracy depends on the correct ratio of
Zi/Z,.

Figure 3-37,B, shows the usual manner of drawing
operational amplifier circuits with the ground and
bias circuits omitted. The triangle, with its apex point-
ing to the output, is the standard symbol.

Remember, the input and output voltages of this
type amplifier are 180° out of phase. As an example,
if input voltage e; is 2 volts at terminal 1 and the Z/ Z,
is 4/ 1, the output voltage is -8 volts. With terminal |
negative to terminal 2, the output becomes +8 volts.

If the output phase is not correct for a specific
purpose, another amplifier is connected in series with
the first to reverse the phase again. The usual proce-
dureis tomake its Z;/Z, a 1-to-1 ratio when only phase
reversal is needed.

Figure 3-38 shows an operational amplifier used ina
voltage addition network. If resistors R, R, R;,and
R, and R are of equal value, the output voltage, e,

R 329190
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Figure 3-38. Summation network.
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equals the sum of the four input voltages. Since the
total current in a parallel circuit equals the sum of the
branch currents, each branch current.adds to the
current through R;. If R represents the common
resistor in the current, then:

I =S 4+ €2 4 € 4 e geterteste,
R R R R R

and the voltage across ry is

er = I X Ry =(e'+—e:+.c'_+_’:“_)R1 =
R

(] +€2 +e; +€4=Co

Thus, the output voltage is the sum of the input
voltages.

The same type circuit can perform multiplication
operations. R; is given a valueso that R /R is equal to
the value of the multiple constant desired. For ex-
ample, resistors R; through R4 could each be 1 kil-
ohm, and R is made 5 kilohms. With each input
voltage at 10 volts, the output voltage would be (10 +
10 + 10 + 10)S = 200 volts.

Any single input can also be multiplied in the sum-
mation network. Ass resistances are equal except, for
example, R;. R3 is valued at one-third the value of R;.
The decreased resistance in branch 3 increases the cur-
rent flowing from that branch and establishes a ratio
between R and R; of 3to 1, and e; is therefore mul-
tiplied by 3. A voltage ratio such as this could be used
to gate a particular circuit at a specified time.

Although the circit in figure 3-38 is called a sum-
mation circuit, it can also subtract. Suppose ¢;, €3,
and e, are to be added and e, is to be subtracted from
the sum. The voltage inputs of e,, .. and e, are
positive and that of es is negative. At the output e;
subtracts from the sum of the other voltages.

Integration networks. The operational amplifier fills
a special need in the computer field. Multiplication,
division, addition, and subtraction are all simple pro-
cesses that can often be solved very easily with a pencil
or a slide rule. Complicated problems of integration
can be solved, just as easily, by a computer with a
capacitor in the amplifier feedback circuit. If they
could not perform integration, there would be little use
for our modern, general-purpose analog units and
their operational amplifiers.

Mathematically, integration is a process used in
calculus. A particular area of calculus concerns dif-
ferential equations. In some forms, these equations are
very difficult to solve by manual methods. However,
properly” programmed analog computers are very
adaptable to solving these special problems. Let’s look

Q

RIC

Aruitoxt provided by Eic:

37

at a simple example of some factors that could be
involved in integration.

Integration is summing the etfect of some action,
usually with respect to tiine. If water runs into a bucket
for 5 minutes, the amount of water in the bucket is the
integral of the rate of water flow over a2 5-minute
period. If the water flows at a steady rate of 2 pints per
minute, simple multiplication gives the answer. If the
rate of flow is uneven, it presents a more complex
problem. For example, the rate of flow, in pints, atany
moment might be equal to the square of the elapsed
time in minutes. Flow rate after 3 minutes is then 9
pints per minute, after 4 minutes, 16 pints, etc. The
total amount of water at the end of 5 minutes would be
the total of all the flow changes that accrue during the
elapsed time. Calculus, using integration, niakes it
possible to solve this problem; an analog computer can
be programmed to perform the calculations by simu-
lating the required conditions.

A simple circuit for solving the first analog (2 pints
per minute for 5 minutes) is shown in figure 3-39. First
consider the basic circuit. Connecting the capacitor,
C;, across the amplifier forms an integraticn circuit.
An input voltage, e;, causes current through R, and
Ci. The voltage across C; becomes the output voltage,
eo. Atthe firstinstant of e;, there is no chargecncrand
€o is zero. As the capacitor charges, €o rises corres-
pondingly. The charge time of C; represents the time
required to fill the bucket when the rate of flow is
constant. Figure 3-40 represents an analog circuit that
could solve the bucket filling problem if the filling rate
varies as the square of time.

Amplifiers A, and A; supply the properly varying
input voltage to Az. The constant voltage, e, of curve
1 feeds the input of A,, and an immediate voltage
begins building across C,. This linear voltage, repre-
sented by e; of curve 2, feeds A,. The outputof A, (e3)
is the integral of the input, e,. Capacitor C; is chosen
to deliver a curve representing the desired square of the
elapsed time, curve 3. This is the desired input to A3,
and curve 4 is the desired output for the problem. Note
that the voltage follows the alternate positive and
negative (180°) phase inversion of operational am-
plifiers.

Exercises (228):
1. Which one of the four stages of an operational
amplifier provides the most amplification?
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Figure 3-39. Integration circuit.

(o,
€,

1441



E

329—-192

+ +
E
! 0
pe———
TIME Ea
CURVE 1 CURVE 2

E Eo

CURVE 3 CURVE 4

Figure 3-40. Analog problem schematic.

2. What is the phase relationship after four stages of
amplification?

3. How can you correct back to the input phase?

4. What must the resistance relationships be in figure
3-39 for the circuit to produce (1) addition and (2)
multiplication?

5. For a summing network to perform integration
functions, what type of feedback is required?

6. The feedback device is related to what part of the
integration problem?

229. Define “thermal runaway” and give two ways to
prevent it.

Bias Stabilization. The values of collector voltage
and emitter current establish a transistor’s quiescent
(no signal) condition. If the transistor must operate
over a wide range of temperature variations, its bias
voltage and current must remain stable. Various exter-
nal compensating circuits help the transistor to oper-
ate efficiently under such conditions.

Reverse-bias collector current (saturation). Figure
3-41 shows that the saturation current varies from
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slightly more than zero at 10° C. to over I milliampere
(mA) at 125° C., so this current is no problem at
external temperatures below 10° C. Saturation cur-
rent in an NPN transistor is a flow of I “les from the
collector region to the base region. H.,..-value resis-
tors connected to the base cause holes (positive charges)
to accumulate in the base region. A high base resis-
tance reduces the base current, and fewer holes com-
bine with electrons at the external base circuit. This
causes an increased current from the emitter, through

¢ base, and to the collector. This increased positive
charge in the base attracts more electrons from the
emitter. Collector current then increases and raises the
temperature at the collector-base junction. This in-
creases the saturation current, and the cycle continues
until the transistor becomes inoperative or destroys
itself. Avoiding the use of high-value resistors in the
base lead minimizes this condition. The same condi-
tions exist for PNP operation, except that electrons
and holes move in the opposite direction.

Emitter-base junction resistance. If only the reverse
current causes the collector current variations with
temperature, then the collector current should be con-
stant below 10° C. However, the collector current still
varies with temperature even when the reverse current
is close to zero. This variation is caused by the decrease
in the emitter-base junction resistance when the tem-
perature increases. Junction resistance is an inverse
function of temperature; when t-mperature increases,
junction resistance decreases and vice versa. This reac-
tion to temperature changes is called a negative tem-
perature coefficient of resistance.

One way to reduce the effect of the junction’s nega-
tive temperature coefficient (thermal runaway) 1s to
use a swamping resistor (large value resistor) in the
emitter lead. The resistance of the juncton is then
many times smaller in value than the emitter resistor.
In effect, any variation of the emitter-base Junctlon
resistance is a small percentage of the total series
resistance of the emitter circuit. The name swamping
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Figure 3-41. Variation of saturation current with temperature.

resistor is used because the external resistor swamps
(overcomes) the changes in the junction resistance.

Another way to reduce this effect is to reduce the
emitter-base forward bias as the temperature in-
creases. Conversdly, if the temperature decreases, this
forward bias should be increased.

Base resistance and emitter resistance. Figure 3-42
shows the effect on the stability of the collector current
by various combinations of base and emitter resistance
values. The dashed line represents the ideal current.
The collector current is very unstable when both the
emitter and base resistances are zero (curve AA).
There is some improvement in stability when the base
resistance is approximately 40 kilohms and the emitter
resistance is zero (curve BB). The collector current is
most stable when the emitter resistance is greater than
zero (about 2 kilohms), and the base resistance is zero
(curve CC).

Exercises (229):
1. What does “thermal runaway” mean?
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2. In what two ways can we prevent thermal runaway?

230. Explain how the thermistor in a given circuit
offsets the effects of temperature.

Thermistor-stabilized bias. We have concluded that
the bias current of a transistor varies according to
temperature changes. Specifically, emitter current in-
creases as the temperature increases. Common resis-
tors help to reduce this effect; however, solid-state
devices do so much more efficiently.

Figure 3-43 shows how a thermistor is used to offset
the unwanted temperature effects. Such a thermistor
has a negative temperature coefficient. The thermistor
reacts to changes in temperature and causes the emit-
ter bias voltage to change. Throughout our discussions
we will designate a thermistor as RT.
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Figure 3-42. Collector current variations.

The circuit contains two voltage dividers (1{,-R,
and R,-RT,). Divider Ry-R, applies part of the
collector-battery voltage (VC) to the base of the tran-
sistor. R, develops the base bias voltage. This voltage
is greater than that developed by R:; therefore, Q, is
forward-biased.

Ordinarily, when the temperature increases, the
collector current tries to increase also. However, as the
temperature increases, the resistance of the themistor

decreases. RTi now drops less voltage and R drops
more. This action makes the top of R (and the emitter
of Q) more negative and decreases the forward bias of
Q.. As a resvlt, the collector current of Q; does not
increase then the temperature rises.

A decrease in external temperature has the opposite
effect, but the collector current does not decrease due
to the reverse action of the thermistor. The thermis-
tor's resistance increases and makes the top of R less
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Figure 3-43. Thermistor contro! of emitter-bias voltage. ‘
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negative. This increases the forward-bias condition of
Q1, and, again, its collector current remains constant.
Thus, the thermistor compensates for both increases
and decreases in temperature. This keeps the bias
currents constant and prevents distortion of the am-
plified signals.

Let’s briefly discuss the other components in this
circuit just .o refresh our memories of past studies. C,
blocks all DC voltage from a previous stage and passes
the input signal to the base of common-emitter ampli-
fier Q.. C; bypasses R2 without affecting the emitter
DC bias. The collector load (R3), is series with Q,
develops the output signal. C3 keeps the DC bias on
the collecter of Q, from affecting the next stage while
passing the output signal.

Figure 3-44 shows a thermistor controlling the base
bias voltage. An increase in temperature causes the
resistance of thermistor RT; to decrease. The voltage
developed across RT: decreases. This decreases the
forward bias of Q; and its collector current remains
constant. (The DC resistance of the transformer wind-
ings is almost zero.) A decrease in temperature causes
the opposite reaction in the circuit.

Exercises (230):

Use figures 3-43 and 3-44.

1. What happens in figure 3-43 as the external tem-
perature increases?

2. What effect does a decrease in external temperature
have on the voltage across R4 of figure 3-43?

3. How is the static conduction of Q, of figure 3-44
affected if RT; opens?
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4. Consider a sine wave applied to T, of figure 3-44.
How is the output signal affected if R, opens?

231. State the advantage of using a diode for bias
stabilization.

Diode bias stabilization. Figure 3-45 graphically
shows a thermistor's ability to compensate for temper-
ature variations. A comparison of the two curves
shows that a thermistor does improve stability; how-
ever, it can provide ideally stable current at only three
points. Since the thermistor is constructed of material
different from that of the transistor, it does not change
resistance at the same rate as does the transistor.
Diode- and transistor-stabilizing circuits provide a
much greater stability.

Diodes are similar to thermistors in that they have a
negative temperature coefficient. Whether reverse- or
forward-biased, the diodes retain the negative co-
efficient. They are also temperature sensitive—exter-
nal temperature changes affect both the bias current
and the resistance of the PN junction. We can use
diodes in transistor stabilizing circuits just as we use
thermistors. However, they are made of the same
material as transistors. The diode responds to temper-
ature changes exactiy as the transistor does—some-
thing a thermistor cannot do. Diodes provide better
stabilization of transistor current over a wide range of
temperature changes.

CR, in figure 3-46 is a temperature-sensitive ele-
ment. Its purpose is to compensate for changes in
emitter-base junction resistance caused by changes in
the external temperature.

R, and CR, form a voltage divider. Current through
the voltage divider develops a voltage across CR;.
This voltage forward biases the base-emitter junction.
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If the external temperature increases, the collector
current tries to increase. However, an increase in tem-
perature decreases the resistance of CR: and causes
more current through the voltage divider, increasing
the voltage across Ri. The voltage across CR;
decreases, thereby reducing the forward bias and the
collector current.

Figure 3-47, curve BB, shows the effectiveness of
this circuit in stabilizing collector current against tem-
perature changes. Compare this curve with curve AA,
in which the transistor is not stabilized, and with the
ideal current curve. Curve BB shows a marked im-

provement in the collector current stability for tem-
peratures below 50° C. This shows that the resistance
of the diode changes (tracks) to compensate for changes
in the emitter-base junction resistance as the external
temperature changes. The sharp increase in collector
current (curve BB, fig. 3-47) at temperatures above
50° C. indicates that the single diode does not com-
pensate for the increase in saturation current. Satura-
tion current (collector-base reverse-bias current) flows
from the base, through the secondary of T,, through
CR,, to the battery, and back to the collector. Since
the reverse-bias current is very small, it causes no
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Figure 3-46. Single junction diode temperature compensating (emitter-base) circuit.
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appreciable voltage across CR;. Double-diode stabili-
zation compensates for the increase in saturation
current.

Exercises (231):

l. Why is a diode more efficient than a thermistor
in temperature stabilization?

2. How does temperature affect the current through
the diode?

INPUY

232. Use drawings of double-diode stabilization and
single, reverse-bias diode stabilization to identify their
characteristics.

Double-diode stabilization. . his stabilization meth-
od uses two junction diodes as temperature-sensitive
elements (fig. 3-48). CR ; compensates for temperature
variations affecting saturation current. This circuit is
similar to that of figure 3-46, except that Ry and CR;

(reverse-biased) have been added. R, and CR,
329-200
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Figure 3-48. Double-diode temperature compensating (emitter-base) circuit.
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(forward-biased) compensate for changes in emitter-
base resistance at temperature changes below 56° C.

Reverse-biased diode CR: (fig. 3-48) is virtually an
open circuit at or below room temperaturc. Above
~oom temperature, reverse-bias current (1) flows
through CR, in the direction indicated. CR: is
sclected so that its reverse-bias current is greater than
the saturation current (I1cno) of the transistor. Reverse-
bias current (I,) through CR; consists of saturation
current plus the current through R.

As the temperature increases, saturation current,
reverse-bias current, and current I, increase. Currcnt
I, produces a voltage across R; (polarity as indicated)
and reduces the forward bias developed by CR, and
R ;. The net effect of higher-than-room temperatures
is to reduce (stabilize) the total collector current by
reducing the emitter-base forward bias. The effec.ive-
ness of this circuit in stabilizing collector current at
high and low temperatures is indicated by curve CC of
figure 3-47.

Transistor amplifiers can be stabilized by a single
reverse-biased diode. This circuit is used with resistive-
capacitive coupling from the previcus stage. In figure
3-49, reverse-biascd diode CR; is the temperature-
sensitive element. This circuit provides two separate
paths for base current. The base-emitter current flows
the base through the emitter, R, the battery, V., and
R, back to the base. Saturation current (Icso) flows
from the base through CR, battery Vg, battery V¢,
R;, the collector region, and back to the base. The
diode is selected so that its reverse-bias current equals
that of the transistor over a wide range of tempera-
tures.

As temperature increases, saturation currents of
both the transistor and the diode increase. Saturation

current of the diode opposes that of the transistor and
prevents an increase in the transistor emitter current
(1.). Thus, CRacts as a gate, opening wider to offset
the increased saturation current of the transistor.

Exercises (232):
Usc figures 3-48 and 3-49.

1. Which diode in figure 3-48 compcnsates for temn-
perature effccts (below 50° C.) on the cmitter-
base resistance?

2. When is the single, reverse-biused diode stabiliza-
tion most commonly used?

3. What determines the selection of a particulardiode
for use in reverse-bias stabilization?

4. How would the circuit of figure 3-49 be affected
should diode CR: open?

233. Given a specific temperature change, cite charac-
teristics of a two-stage stabilized amplifier.
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Figure 3-49. Reverse-biased junction diode compensating circuit.
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Transistorized stabilization. Transistors can pro-
vide an cxtremely high degree of stabilization that
cannot be achieved by thermistors or diodes. Don't let
such circuits confuse you. They are extremely simple
and operate the same as any other PNP or NPN
transistor.

a. Base-emitter stabilization. Figure 3-50 shows a
two-stage, temperature stabilizing circuit. The base
emitter junction of a transistor has a negative tempera-
ture coefficient similar to a PN junction diode. The
base-emitter resistance of one stage controls the bias of
the other stage. The base-emitter voltage of Q) biases
the base-emitter junction of Q:. Assuming no DC
resistance on the secondary of T, the emitter of Q,
connects directly to the base of Q.. Also, the emitter of
Q: ties back to the base of Q,. Battery Ve forward
biases the base-emitter junction of both transistors.

Swamping resistor R; temperature-stabilizes Q.

As the exte,rnal temperature increases, the base-
emitter resistance of Q; decreases. Since the current
through the junction remains constant, the voltage
across the junction decreases. This decreases the
forward bias of Q:, offsetting the tendency of Q:’s
collector current to increase with an increase in the
external temperature. If a curve of the Q2 collector
current-versus-temperature was plotted, it would be
similar to the double-diode stabilization curve (curve
CC, fig. 3-47).

Battery Vg also supplies collector voltage for Q; and
battery V¢ supplies the collector voltage for Q,. C,
bypasses signal variations around resistor R, and
batter Vg.

b. Emitter-collector stabilizativn. Figure 3-51
shows one method of stabilizing the emitter-collector

o
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Figure 3-51. Collector current temperature stabilizing circuit.
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Figure 3-52. Two-stage temperature stabilized direct-coupled amplifier.

current of one transistor by using the stabilized
emitter-collector current of another. Swamping resis-
tor R, stabilizes the collector current of Q,. The low
resistance of R, is such that it limits the saturation
current through the base region of Q;.

The stabilized current of Q, also flows throcugh Q:.
The current path is from the emitter of Q., through
R, V¢, Rg, collector to emitter of Q», and back tothe
collector of Q.. In effect, Q, and Q: are in series; thus
Q; stabilizes the current of Q;.

Q: is a common-collector amplifier and Q2 is a
common emitter. Q2 and R4 form the collector-load
resistance for Qi, and R is the emitter (signal-
developing) load.

¢. Collector current stabilization. Figure 3-52 shows
a two-stage, direct-coupled amplifier. An increased
collector current of Qi, caused by a temperature
increase, reduces the forward bias of Q.

Let’s assume the collector current of ; increases.
Some portion of this increased current flows through
Rs, developing the polarities as shown. Additional
current also flows through R, making the junction of
R, and R more positive. The voltages developed
across these two resistors control the bias of Q.

The emitter-base forward bias of Q: equals the sum
of the voltages across Rz, R3, and Vc. The voltage
across R, in effect, aids the forward bias of Q», while
the voltage across R, opposes it. R; and R; are
selected so that that the voltage across R is greater
than that across R3. Thus, arisein collector current of
Q. decreases the forward bias of Q,, offsetting a
tendency for increased current through Q. when its
temperature rises.

Exercises (233):
1. What effect does an increase temperature have on

the voltage across the base-emitter junction of Q,
figure 3-50?

RIC
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2. What determines the emitter-base bias of Q: in
figure 3-50?

3. How is the bias of Q, and Q, of figure 3-50 affected
if C, opens?
4. What is the sequence of events in figure 3-51 result-

ing from an increase in temperature?

234. Explain the principles of voltage stabilization and
surge protection in a transisior amplifier circuit.

Voltage stabilization. So far, our discussions have
been directed toward stabilizing the current in transis-
tor amplifiers. However, we need to briefly look at
some ways of stabilizing the voltage as well.

The zener diode (CR1) in figure 3-53 has a positive
temperature coefficient and is used for collector voli-
age stabilization. As the external temperature rises,
the resistance of the diode increases. We purposely
omitted this information in our discussion of zener
diodes until we came to this point in the course.
Current (I;) from battery Vc divides into diode cur-
rent I; and collector current Ic. When the collector
current of Q, increases due to an increase of tempera-
ture, current I; decreases by the same amount. The
resistance of CR, increases, causing current 1, to
decrease. Current (I,), therefore, remains the same and
the voltage across R remains constant. High-im-
pedance coil (L)) prevents the AC input signal from
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Figure 3-53. Zener diode collector voltage stabilization.

bypassing R by way of CR:. (CR; has a very low AC
resistance.)

Surge protection. High-gain amplifiers, especially
those using transformer coupling (fig. 3-54), are prone
to oscillate. Such a condition completely destroys the
amplifier’s usefulness. These oscillations (called ring-
ing) usually occur when the emitter-collector voltage is
high at the same time that the base-emitter junction
becomes reverse-biased. If allowed to continue, these

oscillations may destroy the transistor. A simple diode
provides good protection against such oscillations.
Figure 3-54 shows how these oscillations may occur.

If the input signal suddenly stops, or if excessive
noise drives the base-emitter junction into a reverse-
biased condition, the collector current quickly stops.
The collapsing field surrounding T: produces a high
emitter-to-collector voltage. This condition causes
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Figure 3-54. Control of base-emitter current.
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strong oscillations in the transistor. Diode CR, pre-
vents the base-emitter junction from becoming exces-
sively reverse-biased. Under normal operating con-
ditions, the voltage divider, R1-R,, forward biases the
base-emitter junction of Q. and reverse biases CR1.
Under these conditions, CR, is effectively an open
circuit.

A strong surge voltage may occur at the input
(assume polarity as indicated). If the surge voltage is
greater than that across R, CR, becomes forward-
biased and conducts. When CR; conducts, a small
voltage appears across it. This prcvents the base-
emitter junction of Q; from becoming excessively
reverse-biased. Diodes used in this fashion are often
called limiting diodes. They are also used across relay
coils to prevent contact chatter and are called damping
diodes.

Exercises (234):
1. Briefly explain how a zener diode stabilizes voitage.

2. Why must a high-impedance coil be used in series:

with the zener diode in figure 3-53?

3. What is the purpose for a damping diode?

Assuming an AC input (fig. 3-54), how is the output
signal affected if R. opens?

235. State the advantages and disadvantages of each of
the four basic signal-coupling methods.

Signal-Coupling Techniques. We have seen that any
amplifier, to operate efficiently, must have good bias
stabilization. The efficiency with which a signal is
coupled to succeeding stages is just as important as
bias stabilization. The amplifiers used throughout the
TV systems may amplify frequencies from DC to
microwave. Regardless of the input signal frequency,
if proper coupling is not used between stages, the
overall output is inferior.

Before we discuss the methods of coupling a signal
from one stage to another, let’s quickly review some
facts about amplifiers in general. The input circuit of a
transistor amplifier may draw current from either the
input device or the previous stage. In this respect, each
transistor amplifier is considered as either a current or
voltage amplifier operating at a current or a voltage
level higher than the previous stage and lower than the
following stage. Preamplifiers usually operate at power
levels measured in picowatts or microwatts. Driver
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stages usually operate at power levels measured in
milliwatts. Power stages usually operate at power
levels measured in hundreds of milliwatts or in watts.
These power levels are only approximate; the equip-
ment in which these stages are used determines the
power levels of the preamplifier, the driver, and the
power stage.

Transistor amplifiers can be operated class A, class
B, class AB, or class C. Class A amplifiers operate on
the linear portion of the collector-current character-
istic curve. This amplifier is biased so that collector
current flows continuously during the complete input
signal cycle. It also flows without an input signal
(operating point). Audio amplifiers, operated class A,
may be used in single-ended or in push-pull applica-
tions. Class B amplifiers are biased for collect or
current cutoff. Collector current cutoff means that
collector current flows only during one half-cycle of
the input signal. Class B audio amplifiers must be
operated push-pull to avoid severe signal distortion.
An amplifier operating between class A and class Bisa
class AB amplifier. Collector current flows for more
than half a cycle but less than the entire input signal
cycle. Class C amplifiers are biased so that collector
current flows for less than one half-cycle of the input
signal. Class C amplifiers are generally used as radio-
frequency amplifiers (not as audio amplifiers) due to
severe signal distortion. They are used where a large
power output is desired.

There are several ways to couple a signal from the
output of one -stage to the input of another. We will
discuss those networks shown in figure 3-55. The four
primary ways of signal coupling are: resistance-capaci-
tance (fig. 3-55,A), transformer (fig. 3-55,B), impe-
dance (fig. 3-55,C), and direct (fig. 3-55,D). Variable
resistors in the coupling networks provide a means to
vary the current and voltage gains within the stages.
These variable resistors are usually called gain con-
trols—in audio amplifiers, they are called volumic
controls.

Resistance-capacitance (RC) network. (In these
four illustrations, the transistors are not drawn in a
functional format. They are used simply as a represen-
tation.) This network generally consists of R, (col-
lector resistor for the preceding stage), DC blocking
capacitor Cj, and R (signal-developing resistor).

Due to the dissipation of DC power in the collector-
load resistor, the efficiency (ratio of AC power output
to DC power delivered to stage) of the RC-coupled
amplifier is low. The DC blocking capacitor prevents
the DC voltage of the collector of the first stage from
appearing on the input terminal of the second stage.
To prevent a large signal voltage across the DC block-
ing capacitor, the reactance of the capacitor must be
small compared to the input resistance of the follow-
ing stage with which it is in series. Since the input
resistance of the following stage is iow (usually lower
than 1,000 ohms), the capacitance value must be high.
However, since low voltages are used, the physical size
of the capacitor can be kept small.
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The resisiance of the DC return (signal-developing)
resistor is usually 7 to 15 times the input resistance of
the second stage. This ratio is selected to prevent
shunting the signal current around the input circuit of
the second stage.

Resistance-capacitance coupling is used extensively
with junction transistors. High gain, economy of cir-
cuit components, and small size can be achieved with
R C coupling. By using emitter swampingresistors and
self-bias, good temperature stability can also be
achieved. This form of coupling is used in audio
amplifiers from low-level, low-noise preamplifiers up
to high-level amplifiers for power stages.

Transformer-coupling network. Interstage coupling
by a transformer is shown in figure 3-55,B. The pri-
mary winding of T, is the collector load of the first
state. The secondary winding couples the ACsignal to
the base and serves as the base DC return path. The
low resistance in the base path aids temperature sta-
bilization of the DC operating point. With a swamping
resistor in the emitter lead, the current stability factor
is ideal.

Since there is no collector load resistor to dissipate
power, the efficiency of the transformer-coupled am-
plifier approaches the theoretical maximum of 50
percent. For this reason, it is used extensively in
portable battery-powered equipment.

The frequency response (ability to pass many differ-
ent frequencies) is not as good as that of an RC-
coupled stage. In addition to poor frequency response,

9 RC-COUPLED AMPLIFIER
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transformers are more expensive, heavier, and larger
in size compared to resistors and capacitors used for
coupling. Use of transformers is normally confined to
those applications requiring high-power efficiency and
high-output power.

Impedance-coupling network. An impedance
coupled amplifier is one in which induc.ors replace one
or both resistors of a resistance-capacitance coupled
amplifier (fig. 3-55,C). An inductor may also replace the
collector-load resistor. This provides high-power effi-
ciency (but not as high as transformer coupling). since
the DC power loss is eliminated. The frequency re-
sponse of the impedance coupled amplifier is better
than that of the transformer-coupled amplifier, but
not as good as that of the resistance-capacitance
coupled amplifier.

Direct-coupling. You use the direct-coupled ampli-
fier to amplify DC and low-frequency signals. In figure
3-55,D, an NPN transistor connects directly to a PNP
transistor. The direction of current is shown by the
arrows. If the collector current of the first stage is
greater than the base current of the second stage, then
a collector load resistor (R)) must be used. Since very
few components are required, maximum economy can
be achieved. However, there are severa! disadvantages
to this coupling method. The number of stages that
can be directly coupled is limited. Also, temperature
variation of bias current in onc stage is amplified in all
stages, causing severe temperature instability.
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Figure 3-55. Interstage coupling networks.
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Figure 3-56. Volume control used as a voltage or current divider.

Volume Control. A volume control must be ar-
ranged so that it does not introduce noise into the
circuit. To do this, we must avoid having large amounts
of current through the control. Also, the control circuit
should let us vary the signal level of the audio amplifier
from zero to maximum.

Figure 3-56 shows that the collector signal output
current (i) divides at the movable arm to supply
varying amounts of input current (i) to the base-
emitter circuit of Q.. The base-emitter junction resis-
tance is extremely small compared to the resistance of
R:. Output current (Io) equals the input current (iin)
when the variable arm is in the upper position. In this
position, the entire signal is applied to the base of Qg,
and the control permits maximum gain. When the
variable arm is in its lowest position, there is zero gain;
there is no input signal developed across R..

You operate a volume control every time you in-
crease or decrease the sound of your radio or television
set. If you want to make the sound louder, turn the
volume contrel clockwise. This moves the adjustable
arm (upward on the diagram) so that more of the
signal is across the variable resistor. If you want to
decrease the sound, turn the volume control counter-
clockwise. The adjustable arm moves down and less
(or none) of the signal voltage is across the resistor. In
the first case, there is more resistance and more signal
voltage applied to Q.. In the second case, there is less
resistance and less signal voltage applied to Q.

Exercises (235):
1. What determines the amount of capacitance needed
in an RC coupling network?

2. What are three advantages of using RC coupling?

3. What disadvantage does an RC coupled amplifier
have?
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4. Why signal coupling method network provides the
greatest efficiency?

5. Name three disadvantages of transformer coupling.

6. What effect does a small temperature instability
have on the direct-coupled amplifier?

236. State the operation and disadvantages of each of
the four primary phase-splitting circuits.

Phase Inverters and Drivers. The purpose of any
amplifying section is to amplify a weak signal until it
has enough power to perform some useful function.
Regardless of whether (he section contains few or
many stages, the function of each stage is io increase
the signal level.

The last stage of an amplifier section is called the
power stage. The driver stage supplies the “driving” or
input signal to this firal power amplifier stage. In cases
where the power amplifier is a push-pull circuit, it is
necessary to use a phase splitter or phase inverter as
the driver stage. The purpose of the phase splitter is to
supply two equal amplitude output signals, out of
phase by 180°. The power inverter produces a second
signal, which is 180° out of phase with the input
signal. These two signals (input and inverted phase)
drive the push-pull power amplifier.

Transformer phase splitter. The transformer phase
splitter (shown in fig. 3-57)shows a driver stage using a
transformer phase splitter C, couples the signal from
gain control R to the base of Q.. Voltage divider

R,-R, develops the fixed bias, while R, sets the emitter
bias. This insures that Q, operates class A.

" During the positive input alternation, Q, decreases
conduction, and current through the primary of T
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Figure 3-57. Driver stage with transformer phase splitter.

decreases. This action decreases the positive potential
at terminal 1 of T,. Through transformer action,
terminal 3 goes positive with respect to terminal 4,
while terminal 5 goes negative. This reproduces a
positive alternation at terminal 3 and a negative
alternation at termiral S.

During the negative input alternation, Q, conducts
more heavily. This increases the current through the
primary of T, and the output waveforms at terminals
3 and 5 reverse.

The output signals at terminals 3 and 5 are always
180° out of phase. These signals are used primarily to

R1

INPUT

drive a push-pull amplifier. Although this is a simple
way to develop the required output, there are more
economical ways to achieve the same results by using
smaller and lighter components.

Split-load phase inverter. A split-load phase inver-
ter is shown in figure 3-58. It supplies the two input
signals to a push-pull power amplifier circuit. The
output current of transistor Q: flows through collector-
load resistor R 3 and emittei-lead resistor R,. Rz and
R ; are equal in value. Resistor R establishes the base
bias voltage.
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Figure 3-58. Split-load phase inverter (one-stage).
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Figure 3-59. One-stage phase inverter with equalized output impedance.

When the input signal decreases the forward bias
(base becomes more positive), current through Q,
decreases. This decreased current causes the top of R 3
to become more negative with respect to ground, and
the top of R: becomes more positive with respect to
ground (less current through R»).

When the input signal increases the forward bias of
Q) (base becomes more negative), the output current
increases. The top of R 3 becomes more positive with
respect to ground. The top of R: becomes more
negative with respect to ground (more current through
R 2 increases the voltage). These actions produce two
output signals that are 180° out of phase.

There is one problem in this circuit arrangement.
Since the collector output impedance of Q; is higher
than the emitter-output impedance, the two output
signals are of different voltage amplitudes. We over-
come this by adding resistor R4 (fig. 3-59). The value
of R4 is chosen so that its value and that of R:
(emitter-output impedance) balance the collector out-
put impedance. The signal voltage loss across R4 is
compensated for by making R, higher in value than
Rs.

Emitter resistor R: i1s unbypassed to allow signal
variations to appear at the emitter. Since a large
negative feedback voltage develops across R 2, the one-
stage phase splitter requires a large input signal. This
disadvantage is overcome by using a two-stage phase
inverter circuit. In addition, a two-stage phase inverter
provides more power output. This is important if the
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driver stage feeds a large amount of power to a higher
level push-pull power output stage.

Two-stage phase inverter (common emitter). Figure
3-60 shows a two-stage phase inverter made up of two
identical common-emitter circuits. During the positive
alternation, Q. is less forward-biased and its collector
voltage swings negative. This negative alternation now
splits into two separate paths. In the first path, C4
couples this alternation to the following stage. In the
second path, C: couples the negative alternation,
through R4, to the base of Q.. Q2 conducts more
heavily and its collector voltage swings positive. Cs
couples the positive alternation, as the second inputto
the next stage. The waveforms, passed by C; and Cs,
are always 180° cut of phase. During the negative
input alternation, the actions of Q; and Q. reverse.

R, provides base bias for Q; and R; develops its
collector output. Swamping resistor R; provides tem-
perature stabriity for Q; while C, permits a higher
dynamic gain. Rs provides base bias for Qz, and Rg
develops its collector output. Ry and C; affect Q; in
exactly the same manner as R, and C; affect Qi. Since
these two common-emitter circuits are identical, their
output impedances are equal and provide a balanced
input to the next stage.

Two-stage phase inverter (common emitter and
common base). Figure 3-61 shows the function of a
phase splitter using a common emitter and a common
base. Let’s assume that the input signal swings positive.
This signal decreases the conduction of Q,. The
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collector of Q) becomes more negative, and the emitter
becomes more positive. The collector signal of Qi
passes through C; to the following stage. The positive
emitter signal from Qi increases the conduction of
common-base amplifier . (There is no phase shift
between the emitter and collector.) Therefore, Cs
couples the positive ou -ut alternation to the follow-
ing stage. Thus, the ov_ at signals from C; and C; are
always 180° out of phase.

You are probably asking why we even need Q:since
Q: produces the two out-of-phase signals. Stop and
think about it. The voltage gain from the emitter is
always less than unity. This means that, without Q,
the signal from Cs would be much smaller than that
from C.. Q: amplifies the emitter signal from Q, so
that it equals Qu’s collector signal.

During the negative input alternation, Qi conducts
more and Q: conducts less. The polarity of the signals
from C, and C; reverses, completing the second
alternation of the output signals.

Exercises (236):
1. Wha* are three disadvantages of a transformer
phase splitter?

2. What is the prime disadvantage of a split-load
phase inverter?

3. What is the prime advantage of a two-stage,
common-emitter phase splitter (inverter) over a
single-stage phase splitter?

4. How are the circuit operation and the output
signal from C; (fig. 3-61) affected if R opens?

237. State the differences between a voltage amplifier
and a power amplifier.

Power Amplifiers. Power amplifiers are not voltage
amplifiers—they are current amplifiers. These are
commonly used descriptions. However, consider that
we have a load, such as a loudspeaker or motor, that
requires a certain amount of power (watts) to operate.
Assume that we design a power source—the power
amplifier that provides enough output power to
operate* the load even without an input signal. But
simply feeding power to the load is not enough; it has
to be controlled power—-in this case controlled to vary
at an audio rate so that the loudspeaker produces
sound. )
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Don’t be misled by the name “power amplifier.” We
are not getting something for nothing; in fact, if we
supply full (100 percent) power to the power amplifier
from our source of operating power (V.), we only get
about 50 percent of useful power out of the stage. It
uses about 50 percent of the supplied power just to
keep operating. This is a measure of the efficiency of
the “poweramplifier.” The percent of efficiency varies,
depending on the kind of power amplifier we use.

We will discuss two types of power amplifiers: the
single-ended and the push-pull. Since both are power
amplifiers, they are electrically and physically larger
than voltage amplifiers and are usually mounted
differently (on the chassis or heat sink) todissipate the
generated heat. Also, since we are concerned with
power rather than voltage gain, the value of load
impedance is much lower than in other stages.

Exercises (237):

1. What are the major differences between two identi-
cal circuit configurations where one is a voltage
amplifier and the other is a power amplifier?

2. What precaution should be observed in mounting
a power amplifier?

238. State advantages of single-ended and push-pull
amplifiers.

Single-ended power amplifier. One requirement of
any amplifier is minimum distortion of the input
signal. Consequently, single-ended power amplifiers
must operate class A. Figure 3-62 shows a schematic of
a single-ended (one stage) class A, power amplifier. All
components perform basically the same as in any
amplifier, except that the output of transiitor Q
drives a loudspeaker. Of course, power amplifiers are
not just used at audio frequencies. We simply uszd the
speaker because it points up the requirement for an
efficient power amplifier.

Resistors Ri, Rz, and Rj set the bias voltages for Q.
C. places the bottom terminal of the secondary of T, at
AC ground. C; aids the dynamic gain by placing the
emitter of Q also at AC ground. This circuit is used
primarily where high power is not required. If a large
output power is required, other circuits, such as push-
pull or complementary symmetry, are used.

Class A, push-pull power amplifier. The class A,
push-pull power amplifier (fig. 3-63) has two NPN
transistors biased for class A operation. Transformer
phase splitter T; applies two 180° out-of-phase signals
to the input of the push-pull amplifier. R, limits the
base bias current and sets the operating point of
transistors Qi and Q.. One half of the primary of T2 is
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Figure 3-62. Class A single-ended power amplifier.

the collector load for Q;, and the other half is the
collector load for Qa. T2 also matches the relatively
high output impedances of Q: and Q: to the low
impedance of the speaker voice coil.

Under quiescent (static) conditions, both transistors
conduct equally. Qs current path is through the top
half of T: (from pin 1 to pin 2). Q:’s current path is
through the bottom half of T, (from pin 3 to pin 2).
Since both transistors are conducting equally, their
collectors are at the same potential. However, both
pins 1 and 3 are less positive than is pin 2.

During the positive input alternation, T, produces a
positive signal on the base of Qi—goes more positive
while the base of Q2 goes more negative. (Observe the
phasing dots on T1). Qi increases conduction and more
current flows from pin 1 to pin 2 of T,, while the
current from pin 3 to pin 2 decreases. This action
induces a neg" ‘ive alternation at pin 4 of Ta.

During the negative input alternation, the con-
ditions reverse so that Q: conducts more while Qi
conducts less. This generates the second alternation at
pin 4 of T2. The output is an amplified (undistorted)
reproduction of the input signal.

+ 329-215
\ °|[_¥ 2' ‘
; |/) NPN CURRENT — —&—
n s, FLOW
OuUTPUT
RY —
INPUT
L aAA- q
+ —
0 =V
- SPEAKER
Q2
'Y —  CURRENT

— FLOW—

Figure 3-63. Class A push-pull power amplifier.
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The output power of this amplifier is more than
twice that of the single-ended, class A amplifier. The
push-pull amplifier is ideal in stages where distortion
must be miniriized and where extremely high poweris
not required.

Class B, push-pull, zero bias power amplifier. Fig-
ure 3-64 shows a zero-biased, push-pull amplifier. The
emitter-base junctions are zero-biased; therefore, in
the static condition neither transistor is conducting.

Flgure 3-65 represents the output current waveform
for a given input signal. Assume that the two transis-
tors have identical characteristics. The characteristic
curve for one transistor is shown in Figure 3- 65,A.
Figure 3-65,B, shows the overall characteristic for the
push-pull circuit by placing the two individual curves
back to back. The zero line of each curve lines up
vertically to reflect the zero bias current point. Figure
3-65,C, shows the input signal projected on the
characteristic curve. Corresponding points are pro-
jected to form the output collector waveform.

Severe distortion occurs where the signal passes
through the zero point. This is called crossover
distortion and it becomes more severe with low input
signal currents. A small forward bias on both transis-
tors elimitates this distortion.

Class B, push-pull low bias amplifier. Figure 3-66
shows a small amount of forward bias applied to the
base-emitter junctions of Q; and Q.. Ry and Rz forma
voltage divider for the bias battery (the arrow shows
direction of current). The voltage developed across R,
provides the forward bias for both transistors.
Forward-biasing the transistors eliminates crossover
distortion.

The characteristic curve of this amplifier (fig. 3-67)
shows that crossover distortion is eliminated. Note
that this curve is linear at the zero base current region.
Points on the input base current curve are projected on
the curve. Cotresponding points are then projected to

form the output collector current waveform. The
result shows that crossover distortion does not occur
when you apply a small forward bias.

Exercises (238):
1. What type of amplifier would most likely be used
to produce a high-power, high-fidelity output?

2. What type of amplifier would most likely be used
to achieve a high-fidelity output when high-output
power is not required?

3. What is the prime advantage of a class B push-pull
amplifier over a class A?

239, State advantages and disadvantages of comple-
mentary symmetry amplifiers.

Class B, complementary symmetry. There are many
instances where the efficiency and power of a push-
pull amplifier are required, but limited space makes
their use impractical. The circuit in figure 3-68 uses
both an NPN and a PNP transistor. The direction of
current through one transistor is opposite to that
through the other. In such a circuit, the two transistors
operate as one stage. This circuit has all the advantages
of the push-pull amplifier without using a phase-
inverter driver stage or center-tapped transformers.

The positive input alternation forward biases Q2 and
further reverse biases Qi. As Q2 conducts, current
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Figure 3-68. Class B complementary symmetry.

flows from ground, through the speaker coil, through
Q2, and back to the positive terminal of Vc2. During the
negative input alternaticn Q; conducts while Q; is
reverse-biased. Current now flows from the negative
terminal of Vi, through Q, through the speaker coil,
and back to the positive terminal of V. (ground).

Current through the speaker coil reverses each
alternation, thus reproducing a sine-wave voltage
across the speaker coil. The crossover distortion is the
major disadvantage of this circuit.

Class A, complementary symmetry. Figure 3-69is a
modification of figure 3-68. C, and C; are input coupling
capacitors. R; and R establish a small forward bias on

Qo

Q: and Q.. In the static condition, both Q, and Q; are
conducting. As in figure 3-68, the positive input
alternation increases the conduction of Q, while
decreasing the conduction of Q,. Q, does not com-
pletely cut off; therefore, its current opposes the
current of Q: through the speaker coil. During the
negative input alternation, Q, conducts more and Q:
conducts less.

Although class A operation eliminates the output
crossover distortion, it decreases both the efficiency
and the gain of this circuit as compared to the higher-
gain, higher-efficiency class B complementary sym-
metry circuit.
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Exercises (239): ‘
1. What is the prime disadvantage of the class B,
complementary symmetry power amplificr.

2. What advantages are gained by using a class B,
complementary symmetry power amplifier instead
of a class A?

3. How would the output waveform of the circuit
shown in figure 3-69 be atfected should R: open?

240. Cite special characteristics as well as limitations
of wideband amplifiers.

Wideband Amplifiers. A very important factor in
certain applications of an amplifying device is its
ability to amplify nonsinusoidal, or pulse-shaped,
signals. Nonsinusoidal signals, such as sawtooth,
rectangular, and square waveforms, consist of a
fundainental frequency and a large number of har-
monics (multiples of the fundamental). To producean
exact reproduction of the input signal, the amplifier

A

must amplify all the harmonics with uniform gain.
This type of amplifier is often called a wideband
amplifier, a video amplifier, or a pulse amplifier.

The results of narrowband and wideband amplifica-
tion ofa nonsinusoidal input signalare shown in figure
3-70. The narrowband amplifier in figure 3-70,A, does
not equally amplify all of the harmonics and thus
produces a distorted output. The widebanad amplifier
in figure 3-70,B. amplifies all of the harmonic; its
output is an exact reproduction of the input wave-
form.

Resistance-capacitance coupling is the most effi-
cient method of coupling in wideband amplifiers.
Look at figure 3-71 and you'll see why. The frequency
response curve in 3-71,A, is that of a transformer-
coupled amplifier. Its response is not uniform over a
wide range of input frequencies; its voltage gain varies
as the input frequency changes. Figure 3-71,B, shows
that wh n RC coupling is used in the same amplifier,
its response curve is flatter over a much wider range of
input frequencies.

NOTE: Special winding techniques flatten the fre-
quency response curve. These specially wound trans-
formers can then be used in the input and output stages
of wideband amplifier circuits.
High-frequency compensation.
wideband amplifier, we have tc

1y RC coupled
apensate for both
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its high-frequency (HF) limitations and its effect on
low frequencies. The HF response of a wideband
amplifier is limited by the stray shunt capacitance of its
input and output impedances. In figure 3-72, the
capacitive effects are shown by the dashed lines labeled
Co for the output impedance and C, for the input
impedance. Since the reactances of Coand C, decrease
as the frequency increases, the overall gain falls ~ff at
the higher frequeiicies.

To compenctate for the shunting effect of Coand C,,
inductor L, is added in series with load resistor Ry, (fig.
3-73,A). Capacitor C can be considered a short circuit
at high frequencies. Inductor L, and capacitors Cpand
C: form a parallel resonant circuit with a very broad
HF response. This compensation is also called shunt
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peaking. The resonant peak of the parallel resonant
circuit maintains a practically uniform gain in the
high-frequency range. When the input frequency
increases, the total reactance of C; and Cp decreases.
but the reactance of I, increases. This increased
inductive reactance offsets the decreased capacitive
reactance. This keeps the gain relatively high and
constant at higher frequencies.

In the series compensation (also known as series
peaking) circuit, inductor L; is in series with capacitor
Cc (fig. 3-73,B) Cc is practically a short circuit at high
frequencies; L: and C, form a series resonant circuit.
As the input frequency increases, L»and C; approach
resonance. When the voltage across Ri begins to
decrease (due to the decrease in the capacitive re-
actance of Cy), current through C, increases. The
increase occurs because '..-Ci form a series resonant
circuit with high current at resonance.

As the input frequency increases, increased current
from the resonant circuit of L,-C, compensates for the
decreased voltage across Ri. The frequency response
curve is approximately the same as for the shunt
peaking circuit, but the gain at higher frequencies is
about 50 percent greater.

Adding L, and L, to the basic circuit provides the
combined effect of series and shunt compensation (fig.
3-73,C). This type of coupling is called combination
peaking. The frequency response is about the same as
that of either the series peaking or shunt peaking coup-
ling circuits. The gain at higher frequencies is approxi-
mately 80 percent greater than that of the series
peaking coupling circuit.

Low-frequency compensation. A wideband ampli-
fier must have good low-frequency (LF) response to
reproduce square waves of long duration, The funda-
mental and low-frequency harmonics of a square-
wave signal have the greatest amplitude. Forexample,
the third harmonic is one-third the amplitude of the
fundamental and much higher in amplitude than
higher frequency harmonics. Since the fundamental
and low-frequency harmonics have the greatest ampli-
tude, any small variation in the phase of the lower
frequencies is extremely noticeable. The effect on the
higher frequency harmonics is negligible, since their
amplitudes are progressively decreased.

On the low-frequency end of the frequency response
range, the input and output capacitance of the transis-
tor has no effect on the frequency response. The low-
frequency response is limited by the RC coupling
circuit of C. and R (fig. 3-74). The time constant of R,
and C. must be long (compared to the lowest fre-
quency to be amplified) to prevent th¢ low-frequency
response from falling off.

Adding a compensating filter (Cr and RF) in series
with R minimizes the loss of gain (roll off) at low
frequencies. At high frequencies, Cr is practically a
short circuit and the load impedance consists only of
R1. As the input frequency decreases. the reactance of
Cr increases. There is now some additional resistance
(Xcr in parallel with Ry) in series with Ry. At
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Figure 3-72. RC coupled amplifier showing capacitive effect at high frequencies.
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extremely low input frequencies, Cr is practically an
open circuit. The load impedance for Q, is now the
combined resistance of R;. and Ry. Thus, the filter
increases the load impedance at low frequencies.

Exercises (240):
1. What is meant by low-frequency “rolloff™?

2. What is the most effective coupling method for
wideband amplifiers?

3. What is the major disadvantage of using conven-
tional transformer coupling in wideband ampliiiers?

What factor primarily limits the high-frequency
response of a wideband amplifier?

5. What are the three methods of high-frequency
compensation?

6. What relationship must exist between the input
frequency and the RC coupling network to prevent
low-frequency rolloff?

7. What network is added to an amplifier to improve
its low-frequency response?
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3-3. Waveshaping Circuits

All the TV systems you work on require some
particular waveform for a specific function. These
waveforms can be almost any shape from sine waves to
square waves. Let’s look at each waveform individu-
ally and discuss some of the ways by which it is
generated. In Chapter 1, we discussed the AC sine
wave, so we will discuss this one first. We talked about
AC generators and decided that they are too bulky and
heavy for use in small TV circuits. One of the simplest
ways to generate a small sine wave, where you do not
require high power, is by using a transistor oscillator.

241. State the three basic requirements of any oscil-
lator circuit.

Oscillators. The rapid alternating motion (oscilla-
tion) of electrons in a conductor results in radiation of
electromagnetic waves. The term *oscillate” means “to
swing or move back and forth.” An oscillator is “a
device that oscillates or produces oscillations.” The
purpose of a transistor oscillator is to produce the
rapid back and forth (alternating) motions of electrons:
it produces alternating current from a direct-current
supply.

All transistor oscillator circuits have the same basic
requirements. An oscillator must use an amplifier in
which the output is greater than the input to overcome
circuit losses. There must be a frequency-controlling
device such as a tank circuit (coils and capacitors), a
crystal controlled network, or an RC feedback net-
work. Also, the circuit must be arranged so that a
portion of the output signal feeds an in-phase signal
back to the input to sustain oscillations (fig. 3-75). The
feedback is called regenerative, or positive, feedback.

There are many types of transistor oscillators. The
basic ones are blocking, Armstrong, Hartley, Colpitts,
and crystal-controlled oscillators. The oscillator can
be of the NPN or PNP type, the only difference is the
reversal of the battery potentials. You determine the
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Figure 3-75. Transistor oscillator showing application of feedback.

choice of a particular configuration (common-base,
common-emitter, or common-collector) by the oscil-
lator requirements and the advantage of one amplifier
configuration over another.

Exerclses (241):
1. Why must any oscillator contain an amplifica-
tion stage?

2. Why is a frequency controlling device required?

3. What purpose does regenerative feedback serve?

242. State the difference between a series-fed and a
shunt-fed oscillator.

Oscillator Circuits. Figure 3-76 shows different
component arrangements for basic oscillator circuits
with PNP transistors. Each circuit provides amplifi-
cation, regenerative feedback, and inductance-capaci-
tancy tuning. Bias and stabilization components are
not shown, but the DC voltage polarities for normal
operation are included. NPN transistors may be
substituted in any of these circuits, provided that the
DC polarities are reversed.

The circuits in 3-76,A, and B are similar. In both
cases, the feedback signal is coupled from the collector
to the base through a transformer. Circuit Bis ashunt-
fed version of circuit A. Shunt fed means that the DC
and AC components are separated and only AC flows
through the collector tank circuit. In a series-fed
circuit, both the DC and AC currents flow through the
tank circuit. Since the feedback path is from collector
to base, the necessary phase inversion of the feedbadk
signal is done by the transformer, which provides a

Q

RIC

Aruitoxt provided by Eic:

180° phase shift. In figure 3-76,C, the transformer in
the tuned collector-to-emitter circuit provides regener-
ative feedback (with zero phase shift). In figure 3-
76,D, the transformer shifts the phase 180°; the signal
‘n the untuned collector winding is inverted and
coupled to the tuned base winding.

The circuits in figure 3-76,E, and F use split
inductances to provide the necessary feedback. In both
circuits, the collector circuit is tuned. Each half of the
coil provides the necessary feedback of the proper
phase. In circuit E, the feedback signal is coupled from
the collector to the emitter with no phase shift. In
circuit F, the feedback signal is coupled from the
collector to the base with a 180° phase shift. Circuits G
and H of the figure are similar to those in E and F
except that split capacitance, instead of the split
inductance, provides the feedback.

Exercise (242):
1. What is the primary difference between a series-fed
and a shunt-fed oscillator?

243. Give the basic uses and design characteristics of
blocking oscillators.

Blocking Oscillators.The blocking oscillator is sepa-
rated from the ordinary oscillator study because it is a
different application of the oscillator principle. It isa
special type of wave generator used to produce a
narrow pulse, sometimes called a trigger. Blocking
oscillators have many uses, most of them concerned
with the timing of some other circuit. They can be used
as frequency dividers or counter circuits and for
switching other circuits on or off at specific times. This
lesson discusses a basic blocking-oscillator circuit and
its output waveforms.

The timing pulses of electronic circuits have strict
requirements. The times involved vary from a few
hundredths of a microsecond to several thousand
microseconds. Figure 3-77 shows two timing pulses.
The basic requirements are: fast rise time, flat top, fast
fall time, and specific and accurately controllable
frequency. The leading edge of the pulse should oe as
steep as possible; that is, the rise time should be short.
The top of the pulse (pulse width) should be as fiat as
possible, especially when the duration is long. The
trailing edge of the pulse should also be as steep as
possible; that is, the fall time should be short. The
pulse recurrence time (RT) should be stable and
accurately controllable, because it determines the
pulse recurrence frequency (PRF)

In a free-running blocking oscillator, the pulse
width (PW), PRT, and PRF are all controlled by the
size of certain resistors and capacitors and the

163



J329-162

0 SERIESFED @ SHUNT-FED COMMON-BASE COMMON-EMITTER
ARMSTRONG ARMSTRONG ARMSTRONG ARMSTRONG
' /dc
‘&C
o= 5 AND d¢ 3
)+ + ':I-' T -
04
o]
v}
COMMON-BASE COMMON-EMITTER COMMON-BASE COMMON-EMITTER
HARTLEY HARTLEY COLPITTS COLPITTS

I
N\

Figure 3-76. Basic transistor oscillator circuits.




E

Q

PER* FLAT
CENT J TOP

100 —
"0 —
80—
re —
"0 —
30—

404-16

FAST
RISE TIME

- FAST
FALL TIME

40—
30—
20—
[T Yo
L]

L1V TTTT T MICROSECONDS |

-
e
-t

!

Y

]

[}
Figure 3-77. Timing pulses.

operating characteristics of the transformer. The
transformer primarily determines the duration and
shape of the output. A basic principle of inductance is:
if the rise of current through a coil is linear; i.e. the rate
of current rise is constant with respect to time, the
induced voltage is constant. This is true in both the
primary and secondary of a transformer.
Free-running blocking oscillator. A blocking oscil-
lator is a special type of oscillator that uses inductive
regenerative feedback, with output duration and
frequency determined by the characteristics of a
transformer and its relationship to the circuit. Figure
3-78 shows a simplified schematic of a blocking
oscillator. When power is applied to the circuit, Ry
provides forward bias and transistor Q: conducts.
Current through Qi and the primary of T, induces a
voltage in L.. The phasing dots on the transformer
indicate that there is a 180° phase shift, so, as the
bottom side of L, is going negative, the bottom side of
L, is going positive. The positive voltage of L is
coupled to the base of the transistor through C,, and
Q: conducts harder. This provides more collector
current and more current through L,. This is re-
generative feedback. Very rapidly, a voltage sufficient
to saturate the base is applied to the base of the
transistor. Once the base becomes saturated, it loses
control over collector current. The circuit now can be
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Figure 3-78. Blocking oscillator.
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compared to a small resistor (Qi) in series with a
relatively large inductor (L)), or a series RL circuit.

The operation of thc circuit to this point has
generated a very steep leading edge of the output pulse.
Figure 3-79 shows the idealized collector and base
waveforms. Once the base of Qi becomes saturated,
the current rise in L; is determined by the time
constant of L; and the total series resistance. From To
to T, (fig. 3-79), the current rise is approximately
linear. The voltage across L, is a constant value as
long as the current rise through L, is linear._

At time Ti, L, saturates. At this time, ‘there is no
change in magnetic flux and, thus, no COUplmg from
L, to L,. The C,, which has charged during time T, to
T,, discharges through T (fig. 3-78). The discharge of
C, places a negative voltage on the base of Qi and cuts
Qi off. This causes collector current to stop, and the
voltage across L, returns to zero.
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Figure 3-79. ldcalized waveforms.

The length of time between To and T, is the pulse
width. It depends mainly on the characteristics of the
transformer and the point that the transformer
saturates. A transformer that saturates at about 10
percent of the total circuit current insures that the
current rise is nearly linear. The transformer controls
the pulse width because it controls the slope of
collector current rise between points To and T). Since
TC = L/R, the greater the L, the longer the TC. The
longer time constant, the slower the rate of current
rise. When the rate of current rise is slower, the voltage
across L, is constant for a longer time. This primarily
determines the pulse width.

From T, to T: (fig. 3-79), transistor Q, is held at
cutoff by C; discharging through R; (fig. 3-78). The
transistor 1s now said to be “blocked.” As C, gradually
loses its charge, the voltage on the base'of Q; gradually
returns to a forward-bias condition. A T, the voltage
on the base has become sufficiently positive to forward
bias Qi, and the cycle repeats.

The collector waveform may have an inductive
overshoot, or “parasitic oscillation,” at the end of the
pulse. When Q; cuts off, current through L, ceases and
the magnetic field collapses, inducing a positive
voltage at the collector of Q. These oscillations are
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not desirable, so some means has to be used to reduce
them. The transformer primary may have a high DC
resistance and, thus, a low Q; this will decrease the
amplitude of these oscillations. It may be necessary,
however, to have more damping than a low Q coil
alone can achieve. If so, a swamping or damping
resistor can be placed in a parallel with L, asshown in
figure 3-80.

When an external resistance is placed across a tank,
the formula for Q of the tank circuitis Q = R/ Xi. where
R is the equivalent total circuit resistance in parallel
with L. Q in figure 3-80 is directly proportional to the
damping resistance. Damping resistor Rz is used to
adjust the Q and, thus, reduces the amplitude of
overshoot. As R; is varied from infinity toward zero,
the decreasing resistance loads the transformer to the
point that pulse amplitude, pulse width, and PRF are
affected. If reduced enough, the oscillator ceases to
function. By varying Ra, different degrees of damping
can be achieved, three of which are shown in figure 3-
81. Critical damping gives the most rapid transient
response without overshoot. Figure 3-81,B, shows that
oscillations, including the overshoot, are damped out.
Underdamping gives rapid transient response with
overshoot. Figure 3-81,A, shows underdamping.
Overdamping gives a slower transient response and
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Figure 3-81. Waveform damping.
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may reduce the pulse amplitude, as shown in figure 3-
81.,C.

Synchronized blocking oscillator. The blocking
oscillator we have been discussing is a free-running
circuit. For a fixed PRF, we need some mecans of
stabilizing the frequency. One method is to apply
external synchronization triggers (refer to fig. 3-82).
Coupling capacitor C; feeds input synchronization
(sync) triggers to the base of Q.

If we make the trigger frequency slightly higher than
the free-running frequency, the blocking oscillator
“locks in” at the higher frequency. For instance,
assume that the free-running frequency of this
blocking oscillator is 2 kilohertz, with a PRT of 500
microseconds. If sync pulses with a PRT of 400
microseconds or 2.5 kHz are applied to the base, the
blocking oscillator will “lock in” and runat 2.5kHz. If
the sync PRF is too high, however, frequency division
occurs. This simply means that if the synchronization
(sync) PRT is too short; some of the triggers occur
when the base is far below cutoff. The blocking
oscillator may synchronize with every second or third
sync pulse.
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Figure 3-82. Synchronized blocking oscillator.

For example, in figure 3-82, if trigger pulses are
applied every 200 microseconds (5 kHz), the trigger
that appears at T, is not of sufficient amplitude to
overcome the cutoff bias and turn Q; on. At Ta,
capacitor C has nearly discharged and the trigger does
cause (1 U ».onduct. Note that with 200-microsecond
triggers, the output PRT is 400 microseconds. The
output frequency is thus one-half the input trigger
pulse frequency, and this blocking oscillator becomes
a frequency divider.
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Blocked oscillatror. A special application of the
synchronized input trigger is made in a blocked
oscillator circuit. The amplifier portion of the oscillator
is biased below cutoff. In order to cause conduction,
an input pulse, of sufficient amplitude to overcome the
fixed bias, must be applied to the amplifier. In such
cases, the oscillator is no longer free running and the
time constant governs only the amplitude of the
synchronized output signal.

In summary, blocking oscillators are designed to
produce narrow output pulses that have steep leading
and trailing edges and flattops. A special pulse
transformer is used which primarily determines the
shape of the pulse. The RC network controls the cutoff
time of the circuit. The Q of the transformer can be
controlled by a damping resistor and is normally
adjusted for critical damping. Input triggers can be
used to synchronize the blocking oscillator or to
increase the frequency stability.

Exercises (243):
1. Blocklng oscillators are primarily used in

circuits.

2. The PRT of a timing pulse should be
and controllable to determine the
PRF.

3. The pulse width of a free-running blocking oscilla-
tor is determined by the

4, In figure 3-8D, R; is uséd to compensate for

5. A synchronizing trigger is often used in a blocking
oscillator circuit for

6. In a blocked oscillator, the amplifier is biased

244. Use drawings of various types of oscillators to
compare their operation and their advantages.

Types of Osciliators. Let’s look at some specific
types of oscillators. Although all oscillators perform
the same basic functicn of generating an alternating
outp: t signal, their operations are quite different.
Let’s look closely at the most basic oscillator circuit,
the Armstrong, and see just why it operates as it does.

The components within the dashed lines on figure 3-
83 form the transistor amplifier circuit. Resistors Rg,
Rc, and R provide the necessary bias conditions, and
Rg is the emitter swamping resistor. The shunt-feed
arrangement of the collector prevents DC through the
tickler coil (transformer primary) L,. The feedback is
through the mutual inductance between coils L and
L..

The tank circuit (L. and C,) is the frequency
determining device of the oscillator. Variable capa-
citor C, permits tuning the tank circuit through a
range of frequencies. Capacitor Cc couples the
collector sine-wave signal to the base of the transistor.
Without capacitor Cc, the base bias condition would
be determined primarily by the low DC resistance of
coil La. Capacitor Cg bypasses the AC signal around
the emitter swamping resistor Rg and prevents
degeneration.

At the instant power is applied, the voltage divider
(R: Rs) forward biases the transistorinto conduction.

329163

C2
AY
/71

™

Co

——

f

@NPN \./\ Rc 3

N

3

-
N
_(::
&

OUTPUT

F‘E‘ lCE +

Ve =

|

1
|
I
|
I
|

L+

! T- |

]

Figure 3-83. Armstrong oscillator. tuned base.

174



E

O

Current from the emitter to the collector is induced
into the tank circuit (L2 and C,) and shocks it into
oscillation at a frequency determined by the setting of
C.. As the signal from the tank circuit swings positive,
the forward bias of the transistor increases. The signal
at the collector swings in the negative direction. There
is a 180° difference between the base and collector
signals. Feeding a portion of the collector signal, in
phase, back to the tank circuit maintains oscillations.
This is done by the transformer action between coils L;
and L. The transformer action provides another 180°
phase shift (for a total of 360°) resulting in regen-
erative feedback. If a portion of the signal were not fed
back to the tank circuit, the oscillations would stop
after a few cycles (fig. 3-84). When the tank circuit

Q INSUFFICIENT POWER FEEDBACK

POWER

TIME

9 SUFFICIENT POWER FEEDBACK

POWER

reverses its direction (change and discharge of C)), the
conduction of Q, decreases and the collector swings in
a positive direction. This positive half-cycle, in turn. is
inverted 180° by transformer action to sustain
oscillations of the tank circuit.

If the DC voltages developed across Ry and Cg
equal the base DC voltage, the oscillator operates at
cutoff (class B). If the emitter voltage is inore positive
than the base voltage, the oscillator operates below
cutoff (class C). If you ever have to replace a defective
resistor or capacitor in either the voltage divider or the
emitter circuit, always use the correc. value com-
ponent. Otherwise, the bias voltages may change the
class of operation.
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Figure 3-85. Armstrong oscillator, tuned collector.

The other type of Armstrong oscillator, the tuned-
collector oscillator, is very similar to the tuned-base
oscillator. The major difference is that the frequency
determining network is in the collector rather than the
base circuit. Figure 3-85 shows a series-fed arrange-
ment. Only minor circuit modifications are requird to
construct a shunt-fed, tuned-collector oscillator.

Resistors Rrand Rp establish the base bias. Rgis the
emitter swamping resistor. Capacitors Cg and Ceg
bypass AC variations around Rs and Re. The tank
circuit consists of the primary of transformer T) and
variable capacitor C,. Coil L, is the tickler coil and
feeds a portion of the collector signal back to the base
in the proper phase to sustain oscillations (regen-
erative feedback). The secondary of T, couples the
alternating signal output to the next stage. Varying the
capacitance of C; in the tank circuit changes the
frequency of the oscillator.

Hartley oscillator. Figure 3-86 shows a series-fed
Hartley oscillator. It is basically a modification of the
Armstrong oscillator; however, we will look closely at
it and note its advantages over the Armstrong
oscillaror. Although its frequency stability is not the
best, the Hartley oscillator can generate a wide range
of frequencies and is very easy to tune. There are two
versions: the series-fed and the shunt-fed. The main
difference between the Armstrong and Hartley oscil-
lators is the feedback or tickler coil. The Hartley
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oscillator does not use a separate coil. The coil in the
tank circuit is a split inductor and a part of it is used for
feedback.

Series-fed Hartley oscillator. The tank circuit
consists of coils Li, L, and capacitor C,. The feedback
circuit is from the tank circuit to the base of Q
through C,. Capacitor C; bypasses the sine-wave
signal around the battery. Swamping resistor Rg
prevents thermal runaway. Degeneration is prevented
by Ce in parallel with Re. The amount of bias is
determined by the values of Rg, the emitter-to-base
resistance, the small amount of DC resistance of L,
and the resistance of Re. Coupling capacitor C, is
necessary to prevent the low DC resistance o L2 from
placing a short across the emitter-base junction and
resistor RE. L

Shunt-fed Hartley oscillator. Figure 3-87 shows a
version of a shunt-fed Hartley oscillator. The parts in
this circuit perform the same basic functions as do
their counterparts in the series-fed Hartley oscillator.
The chief difference in the shunt-fed circuit is that DC
does not flow through the tank circuit (solid arrow
lines). This prevents possible injury to anyone who
may accidentally touch the tuned circuit coils while
tuning the oscillator to a desired operating frequency.
The shunt-fed circuit operation is essentially the same
as the series-fed Hartley oscillator. When voltage is
applied to the circuit, Qi starts conducting. As the
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collector current of Q; increases, Cs couples this
change to the tank circuit, shocking it into oscillation.
C: is also an isolation capacitor which keeps the DC
off the feedback coil. The oscillations (sine wave) at
the output, when coupled by C;, replenish the energy
lost in the tank circuit and sustain the circuit
oscillation,

Colpius oscillator. This oscillator is an improve-
ment over both the Armstrong and Hartley oscillator.
This is the most commonly used oscillator of the non-
crystal-controlled group. Both the Armstrong and
Hartley oscillators have a relatively poor frequency
stability. In comparison, the Colpitts oscillator has a
relatively good frequency stability; it is easily tuned
and can be tuned to a wide range of frequencies.

Figure 3-88 shows a shunt-fed Colpitts oscillator. It
is quite similar to the shunt-fed Hartley oscillator. The
major difference is that it uses two capacitors in its
tank circuit instead of the split inductor. The Hartley
oscillator taps off the oscillations between two coils,

71

while the Colpitts oscillator has its tap between two
capacitors.

Varying either the inductance or the capacitance

value in the tank circuit changes the frequency. There
is no coupling capacitor between the tank circuit and
the base of Qi. Cy and C: are in parallel with the
interelement capacitances of the transistor. This
minimizes the input and output capacitance effect on
the tank circuit and provides improved frequency
stability. Here, again, the dashed line represents the AC
signal path and the solid line represents the prime DC
path. .
Figure 3-89 shows a common-base Colpitts oscil-
lator using a PNP transistor as the amplifying device.
In this version, regenerative feed back is obtained from
the tank circuit and applied to the emitter. Base biasis
provided by resistors Re and Re. Resistor Rc is the
collector-load resistor.

Crystal-controlled oscillator. Certain crystal ma-
terials replace the coil-capacitor tank circuit of an

R
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Figure 3-87. Shunt-fed Hartley oscillator.

oscillator. Using the crystal provides a precise, stable
frequency. Quartz is the crystal substance most often
used in oscillator circuits.

When vibrated by a mechanical force, a crystal
produces an AC voltage. Conversely, when an AC
voltage is applied to it, the crystal oscillates. The
relationship between these mechanical and electrical
effects is called the piezoelectric (pressure-electric)
effect. In an oscillator circuit, the crystal mounts
between two metal plates that form a special holder.
Applying a voltage to the two plates causes the crystal
to vibrate. Once it begins vibrating, it produces a
voltage whose frequency establishes the output
frequency of the oscillator. Resistor Re develops the
input signal and also acts as the emitter swamping
resistor. The tuned circuit consists of C; and C; in
parallel with the 1-2 winding of transformer Ti. The
feedback voltage is developd across C,. Either or both
capacitors may be adjusted to control the frequency.
In the common-base configuration, there is no phase
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difference between the ~ollector signal and the emitter
signal; therefore, the phase of the feedback signal does
not have to be changed. The regenerative feedback
from the oscillator’s output sustains the oscillation of
the crystal.

Each crystal has a natural resonant frequency,
mainly determined by the thickness of the crystal.
Different size crystals vibrate (resonate) at different
frequencies. Thus, a thin crystal layer has a higher
resonant frequency than does a thick crystal layer. At
resonance (natural frequency), the crystal produces
the maximum voltage amplitude. Since a crystal has
only one natural resonant frequency, it might appear
to be somewhat limited; however, different crystals
can easily be switched into (or out of) an oscillator
circuit. Additionally, a special process called fre-
quency synthesis increases the versatility of the crystal.
Frequency synthesis is the process by which the
crystal’s resonant (base) frequency is either multiplied
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or divided, Since the base frequency is highly stable,
the quotient (or product) frequency is also stable.

Tuned circuit equivalence. Figure 3-90 shows a
quartz crystal and its equivalent circuit. Figure 3-90,B,
shows the internal equivalent made up of Cs, L, and R.
C, represents the capacitance between the crvstal’s
electrodes (mounting plates). Depending upon the
characteristics of the circuit in which it is used, the
crystal may display any one of its four operating
characteristics—capacitive, inductive, series resonant,
or parallel resonant,

At the natural resonant frequency, the equivalent
reactances of Csand L are equal. At this frequency, the
crystal displays the property of a series-resonant tank
circuit. Figure 3-91 shows that, as such, the crystal
now displays a minimum impedance. At a frequency
below its natural resonance the impedance of the crys-
tal increascs; thus the crystal functions capacitively.
Also, as the frequency increases above its natural reso-

nance, the crvstal functions inductively-- its impedance
Increascs.

Since the crystal acts inductively at frequencies
above its resonance, the crystal is now effectively an
inductor in parallel with the equivalent capacitance of
Cs. Therefore, at some frequency (above resonance)
where the equivalent inductive reactance of the crystal
equals the capacitive reactance of Cs, the crystal
functions as a parallel tank circuit. At this point, its
impedance is maximum.

Crystal-controlled Armstrong oscillator. Figure 3-
92 shows a parallel resonant tank circuit with
regenerative feedback through the crystal Y, (func-
tioning as a series resonant tank). This circuit
functions the same as the Hartley oscillator except that
the crystal vastly improves the frequency stability. A
different crystal must be used for ea~h different
frequency at which the oscillator must operate.
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Figure 3-91. The frequency response of a crystal unit.

In this circuit, variable capacitor C, permits the
retuning of the circuit to match the frequency of
different crystals. Since the output is from the
collect.r of Q,, T shifts the phase 180° to provide
regenerative feedback (through Y)) to the base of Q;,
Rr, Rs, and Rg establish the bias voltages.

When the circuit is tuned to operate at the resonant
frequency of the selected crystal, the crystal displays
the characteristics of a series-tuned tank and its
impedance is minimum. At any other frequency, the
impedance of the crystal increases. This reduces the
amount of feedback and prevents oscillations at all
frequencies except at the resonant frequency.

Crystal-controlled Pierce oscillotor. Figure 3-93
shows the Pierce oscillator, in which the crystal func-
tions as a parallel resonant tank. This oscillator is a
modified Colpitts oscillatcr in which the crystal now
replaces the parallel tank circuit of the Colpitts. The
circuit is a common-base configuration in which C,
provides the regenerative feedback. Rc, Rr and Ry set
the bias condition of Q;. Rg is the emitter swamping
resistor. C| and Ce form a voltage divider in parallel
with the output. The collector ov utsignalisin phase
with the emitter input signal. 'l he crystal, plus the
capacitance of C, and Cg, determines the output
frequency. Thus, changing the value of either C; or Cg
changes the output frequency.

Figure 3-94 shows the common-emitter configura-
tion. Rr, Rp, and Rc develop the bias for Qi, while Rg
is the swamping resistor. In this configuration, the
crystal functions as a series resonant tank—its
impedance is minimum at resonance. The signal at the
junction of Y1-Ci is 180° out of phase with tne signal
of the junction of Y,~-C: (collector output). Thus, the
signal at the junction of Y-Ci, when fed to the base of
Q., provides the regenerative feedback to sustain
circuit oscillations.

Phase-shift oscillator. This oscillator also generates
a sine-wave output; however, unlike the other

l ' 329—-122
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Figure 3-92. Crystal-control Armstrong oscillator.
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oscillators we have discussed, it uses & resistive-
capacitive network as its frequency determining
device. Besides determining the frequency, the RC
network provides the regenerative feedback to sustain
oscillation.

Figure 3-95 shows a common-emitter phase-shift
oscillator. There is a 180° phase difference between the
base and collector signals. Since the feedback must be
regenerative, the input and output signals must eftect-
ively be in phase. An RC network, consisting of three
sections, provides the proper feedback and phase
inversion for this particular circuit. Each section shifts
the feedback phase by 60°; thus, the entire phase-shift
network shifts the feedback phase a total of 180°.

Since the impedance of an RC network is capaci-
tive, current in the network leads the applied voltage
by some phase angle determined by the capacitiveand
resistive values in the RC section. Different values of
resistance and capacitance produce different phase
angles. . if the capacitance value remains constant,
changing the resistance value changes the phase angle.
Decreasing the resistance value to zero should yield a
phase angie of 90°; however, since a veltage cannot be
developed across a zero resistance (short), a phase shift
of 90° is impossible. Using a small resistance value
yields a phase shift somewhat less than 90°. Three RC
sections are used in the phase-shift oscillator. The
selected capacitance and resistance values are chosen
to provide a phase shift of 60° across each section. At
least one resistance value is variable to permit a fine
adjustment for exactly 180° of phase shift across the
entire network.

Let’s look at the figure to see the function of each
component. Re, Rr, and Rc establish the base and
collector bias of Qi. Ce bypasses AC variations around

Re. Cy, C,, C3, Ry, Rz, and Rp form the feedback and
phase-shift network. R is the fine tuning adjustment.
Any random noise, when power is applied, shocks the
circuit into oscillation. A change in base current
creates an amplified change in collector current. These
two signals are 180° out of phase. The collector
signal—after passing through a phase shift of 180°
across the RC network—is now in phase with the base
signal.

Figure 3-96 shows the phase shift occurring across
each section of the RC network. With the corvect
resistive and capacitive values in the RC network, the
correct amount of phase shift occurs at only one
frequency. At any other frequency, the capacitive
reactance changes. This changes the phase angle
between input and output. When the phase angle
changes, the feedback becomes degenerative. For this
reason, this type of oscillator is extremely stable.

A high gain transistor overcomes the inherent losses
within the three-section phase-shift network. Using
more than three sections actually reduces the loss
within the phase-shift network by reducing the
amount of phase shift that occurs in each section. For
example, a four-section phase-shift network has less
loss—and more stability—than a three-section
network. In this case, each section shifts the
phase by 45°.

W-en-bridge oscillator. This circuit also uses an RC
network to produce a sine wave. The RC network
functions as a balanced bridge; therefore, it is com-
monly called simply a bridge oscillator. The three
major advantages of this oscillator are good frequency
stability, minimum distortion, and minimum output
amplitude variation.
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Figure 3-96. Three-section phase-shift RC network.

The oscillator in figure 3-97 uses two transistor
stages in common-emitter configurations. In the
phase-shift oscillator, one transistor and the phase-
shift network produce the required 360° phase shift.
The transistor produces a 180° phase shift, and the
network produces an additional 180° phase shift for a
total of 360°. Since one amplifier produces a 180°
phase shift, two amplifiers (cascade) produce a total of
360° phase shift. The Wien-bridge oscillator is
basically two amplifier stages with proper feedback.
This oscillator uses both regenerative (to sustain oscil-
lations) and degenerative feedback (for stability).

Although figure 3-97,A, and B are essentially the
same, A is arranged so you can identify the feedback
path and B is arranged so you can see the components
of the bridge network. Both Qi and Q: use the same
type of biasing and stabilization. RB, and RF,
establish bias for the base of Qi. RBz2 and RF: estab-
lish bias for the base of Q2. Rz and RT, establish the
feedback for degeneration in Q. RT; also acts as a
swamping resistor. Rg (unbypassed) provides
degeneration and increased output waveform stability
for Q.. Capacitor Cc couples the output of Qi to the
base of Q2. C; couples the feedback signal from Q: to
the frequency selection circuit at the base of Q.
Capacitor Co couples the sine-wave output to the next

stage. The RC network, consisting of Ci, Cz, Ry, and
RB,, determines the oscillator frequency. Making any
one (or more) of these components variable provides a
way to vary the output frequency.

The initial power application shocks the circuit into
oscillation. A change in base current of Qi causes an
amplified change in collector current, phase shifted
180°. Cc couples this amplified phase-shifted signal to
the base of Qz. Q: also amplifies and phase shifts the
signal 180°. The simplified collector signal of Q is
now in phase with the base signal of Q. This in-phase
(regenerative) feedback through the bridge sustains
the circuit oscillations.

The frequency selector circuit (bridge network) in
the feedback path prevents variations in the output
frequency.

One point to remember about this circuit is that the
feedback signal is in phase with the signal at the junc-
tion of R1 and RB, at only one frequency. Any varia-
tions in the feedback signal (either an increase or a
decrease) produces an out-of-phase relationship with
the signal at the junction of R, and RB,. This lowers

the signal level to the base of Qi and stops the
oscillation.
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Let’s look at the degenerative feedback path for a
moment. The signal coupled by C, becomes degenera-
tive when it passes through tie voltage divider
(R,-RT)) to the emitter of Q.. The values of Rz and
RT, determine the amplitude of the degenerative feed-
back signal to the emitter of Q,. Making R variable
permits the adjustment of the output amplitude.

Above (or below) the resonant frequency, the signal
amplitude to the emitter of Qi (degenerative feedback)
is greater than the signal applied to the base of Qi
(regenerative feedback).

Thermistor RTi, which has a positive temperature
coefficient, functions as the swamping resistor for Q..
In some circuits, a small lamp may replace the
thermistor. In either case, the function is to stabilize
the output amplitude.

Should the output amplitude increase, an increased
feedback results. This causes an increased current
through the thermistor. The increased power dissipa-

A

[ 1

c1

OUTPUT

INPUT O—
RB1
FROM TO BASE OF Q1
COLLECTOR
OF Q2 O~ -0

CORRECT INPUT FREQUENCY
PRODUCES IN-PHABE OUTPUT.

C_

o——l J

INPUT c2

tion (heat) of the thermistor causes its resistance to
increase. Since the thermistor is, in effect, the variable
component of a voltage divider network (R; and RTh),
the voltage developed across RT: increases. This
increases the degenerative feedback to the emitter of
Q.. Reducing the conduction of Q reduces the signal
amplitude to the base of Q.. This, in turn, reduces the
output amplitude back to its normal level.

Figure 3-98 shows the three relationships that could
exist within the bridge network. Figure 3-98,A, shows
the relationship existing when the circuit operates at
reasonance. The in-phase condition occurs only at the
resonant frequency. Figure 3-98,B, shows that the
bridge output amplitude is less when the oscillator
output frequency increases above the resonant
frequency. Figure 3-98,C, shows the resultant bridge
output when the oscillator output frequency decreases
below resonance. Note that the mput/output phas.
relationship is not exactly 180°. The phase diffe: nce
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between the bridge input and output signals is
proportional to the difference between the oscillator
output frequency and the resonant frequency.

Exercises (244):
1. How would the bias of Qu, figurc 3-83, be affected
should Cc short?

2. What is the purpose for C, in figure 3-83?

3. What is the major difference between a Hartley
and an Armstrong oscillator?

4. What should be the output waveform of the oscil-
lator shown in figure 3-86 should C: open?

5. What would be the output waveform of the circuit
shown in figure 3-86 should C; open?

6. What is the main advantage of the Colpitts oscil-
lator over both the Armstrong and the Hartley?

7. What would be the output of the oscillator shown
in figure 3-89 should resistor Rr open?

8. What is the piezoelectric effect of a crystal?

9. What factor primarily determines the resonant
frequency of a crystal?

10. When does a crystal display a capacitive charac-

teristic?

11. When does a crystal display the characteristics of

a series-tuned tank circuit?

12. How does the crystal in figure 3-92 keep the cir-

cuit locked to its resonant frequency?

81

13. How would the output of the circuit shown in

figure 3-92 be affected should Rr open?

How would the output signal of the circuit shown
in figure 3-94 be affected should Cr open?

15. Why would the output from the circuit shewn in

figure 3-95 cease if R; opens?

16. What would be the collector potential of Qq, figure

3-97, should RB; open?

245. State the advantage of a Schmitt trigger circuit,
and state what would happen if a given resistor should
open.

All the oscillators we have discussed produce sine-
wave output signals. However, most logic circuits
require a relatively sharp rise- and fall-time inputs for
their operation. Since a sine wave has a gradual rise
time and fall time, we must use some method to change
the sine wave to a square wave without changing the
frequency.

Schmitt Trigger. A Schmitt trigger is another multi-
vibrator that must have a pulse applied at the input to
provide an output pulse. The Schmitt trigger differs
from the conventional bistable multivibrator in the
method of coupling between its two stages. The output
of this circuit is a square wave, no matter what the
shape of the input pulse (fig. 3-99). Thus, the Schmitt
trigger circuit converts distorted input square-wave
signals to undistorted square-wave output signals.

Circuit operation. In figure 3-99, resistors Ri, R,
and Rs form a voltage divider between ground (the
most negative point) and supply voltage V.. Current
through resistor R4 develops a positive voltage at the
base of transistor Q,. During the quiescent period, this
positive base voltage causes Qz to conduct. Resistor Rs
is a common-emitter resistor for both transistors, and
current through either transistor develops a voltage
across Rs. The volt..ge developed across Rs is greater
than the voltage applied to the emitter of Q: by Rs.
Therefore, Q; is forward-biased. Transistor Qi is re-
verse-biased by the voltage developed across Rs be-
cause the emitter Q) is positive compared to its base.
Thus, turning on the Schmitt trigger circuit drives Qi
to saturation and Q: to cutoff.

Any positive trigger signal applied to the base of Qu,
large enough to overcome the emitter bias, changes the
operation of both transistors.

18¢
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Let’s assumc that the input signal is a sine wave.
When the positive half-cycle increases enoughto over-
come its emitter bias, Qi conducts. As Q: conducts
toward saturation, its collector current increases. When
the collector current through resistor Ry increases the
voltage developed across R, also increases. R is part
of a voltage divider with resistors R3s and Ra; thus if
more voltage develops across Rj, then less voltage is
available across the other two resistors. As the voltage
across R4 decreases, the forward bias on Q: decreases
until the transistor cuts off. The circuit remains in this
condition so long as the input signal voltage on the
base of Q is greater than the bias on its emitter (fig. 3-
100). When the signal voltage on the base of Qi falls off
enough to make the base less positive thanthe emitter,
the circuit switches back to its original state.

When the signal voltage on the base of the Q, ap-
proaches the voltage of the emitter, collector current
through Q) starts to decrease. These is less current
through R; which, in turn, develops less voltage. If R,
develops less voltage, then more voltage is available
across Ry and Ras. The increased voltage across Ry
again forward biases Q: anc causes it to conduct. This
continues until Q; cuts off and Q: conducts at satura-
tion. The output waveform of the circuit resembles a
square wave.

We see, then, that the square~-wave output is of the
same frequency as the input sine-wave frequency. This
circuit, by creating a fast rise- and fall-time output,
insures that other circuits function efficiently.

Exercises (245):
1. What is the major advantage of a Schmitt trigger
circuit?

2. What would be the output level from the circuit
shown in figure 3-99 should Rs open?

246. Define “transient response,” “transition,” “rest
time,” and ‘‘time constant.”

We have noted that the oscillator circuit generates
an alternating output and that the Schmitt trigger
produces a relatively square-wave output. However,
many circuits, such as multivibrators, require a very
narrow input pulse. Before we discuss these puise-
narrowing circuits, let’s be sure we understand some of
the basic terms associated with the generation of pulse-
type waveforms.

Trigger Development. Trigger circuits control the
timing functions of all TV systems. Pulses are nonsinu-
soidal waveforms resulting from sudden changes in
either voltage or current that last for a predetermined
length of time. The rules for capacitive or inductive
reactance hold true only for inputs of sinusoidal volt-
ages and currents. For example, the rule for capacitive
reactance (Xc) does not apply for the sudden changes
that take place in an RC circuit (fed by a constant
voltage source) when a switch opens or closes to break
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or complete the circuit. The result ~f a sudden change
in the steady-state conditions of a cir..-*t is called the
transient response of the circuit.

Whe~ a voltage or current makes an abrupt change
from one amplitude maximum nega .ve 10 max.mnum
positive, the change is called a traasition. The constant
amplitude portion of a pulse is often calle:] pulse rest
time. Transients are short voltage or current {luctua-
tions resulting from abrupt changes -n amplitude lev-
els. In this section, you will be more concerned with
transient conditions than with the steady-state sine-
wave voltages and currents. The waveshapes most
commonly used are of the increasing or decreasing
exponential types. Analysis of these circuits involves
the use of time constants. When a capacitance is used
with a resistance, the time constant equals the product
of the capacitance and the resistance. When an induc-
tanceis used with aresistance, the time constant equals
the quotient of inductance divided by the resistance.
These conditions are expressed by the equations T =
RC and T =L/R. The time constant (T) is in seconds,
resistance (R) is in ohms, capacitance (C) is in farads,
and inductance (L) is in henries.

Exercises (246):
1. What term defines the sudden change in voltage
from one amplitude to another?

2. What is the formula for computing the time
constant of a capacitive-resistive circuit?

3. What term defines the period of time for which
the amplitude of a pulse remains constant?

4, What term defines the result of a sudden change in
the steady-state condition of a circuit?

247. State operating principles of an RC differentiator.

Differentiator. Both the differentiator and the inte-
grator circuits consist of a capacitor in series with a
resistor. If the square-wave input is applied to the
capacitor, the output is developed across the resistor.
In this case, the circuit functions as a differentia:orand
the output is a series of alternately negative and posi-
tive spikes.

Figure 3-101 shows a resistance-capacitance circuit
placed across the battery with the output voltage de-
veloped across resistor R. With switch S2 in the
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Figure 3-101. Output signal derived across R.

position shown, let switch S1 be closed at time t.
Capacitor C draws a very large surge current du. 1g
this instant, but there is no corresponding change in
voltage across the capacitor, since the capacitor can-
not instantaneously change its charge. The large ca-
pacitor current through resistor R at time t; develops a
voltage acioss resistor R that equals the applied bat-
tery voltage, Eww. This is shown by the general
relationship:
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Substituting the applied voltage, Eww, for ¢, and 0 for
the elapsed time, t, resolves the equation into:

Any number raised to the zero power is 1; hence:
e, = Epm

The result is that the oucput voltage, e,, abruptly
changes voltage levels from zero to the full amplitude
of the applied input voltage, e1. This sudden change in
voltage level is called a transition. As the voltage
across the capacitor increases, the voltage across the
resistor decreases (as shown during interval tit;). This
is the result of a decrease in charging current.

The capacitor is considered fully charged at the end
of 5 RC periods, and the current becomes zero. Since
the resistor develops the output voltage, and since e, =
IR, when I, drops to zero,.e, also drops to zero. You
can easily check this fact by using the previous formula
and substituting the number of RC periods. Let’s
insert the five RC periods and see what the output
potential is at this time:

_ SRC
RC
eo = Eby ¢
= Epm €
= Ew

63

Assuming that Ewn equals 50 volts:

€ =

148.4

[}

0.33 volt

= 0 volt

Now that capacitor C is fully charged, let’s move
switch S2 to the other position at instant t,. This
position reverses the battery voltage. The capacitor
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draws a very large charging current, i, through the
resistor, but there is no correspoadiiig change in
voltage across the capacitor because the capacitor can-
not instantaneously redistribute its charge. Notice that
the voltage on the capacitor is in ¢t ¢ same direction as
the battery voltage. Using the relationship for this
circuit where there is an initial voltage across the capa-
citor, and with zero elapsed time, the output voltage is:

2
RC

(—Ewnt — Ewn2) €

(=Esbt = Ew2) &°

_ =Evmi — Ewm
= b T Tbb
€

But the two battery voltages, Evs: and Ess2, are equal;
therefore:

e = —2Euw

Now let’s look at the interval betweentz and ti. Let’s
also assume that this interval is the same as that
between t; and t,.

As the capacitor builds up a voltage, its charging
current decreases. The reduced capacitor current
through the resistor produces a smaller voltage and
this output voltage, e,, rises toward 0 volt, as shown.
The output voltage at the end of t equals S RC and,
with Esbs2 equal to 50 volts, it is:

_ 5RC
RC
e, = =50 ¢
=50
&
= -0.33 volt
= 0 volt

Opening S1 ends the complete series of events result-
ing from the switching action of S2 which provided
the equivalent of a square-wave input.

Exercises (247):
1. What is the output waveshape froma differentiator
whose input signal is a square wave?
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2. How would the output signal be affected by de-
creasing the resistance value in a differentiator
circuit?

248. State operating principles of an integratior.

Integrator. The integrator circuit is just the opposite
of the differentiator in that the input is applied to the
resistor and the capacitor develops the output wave-
shape.

Figure 3-102 shows a capacitance-resistance circuit
placed across a battery, with the output developed
across the capacitor. With switch S2 in the position
shown, close S1 at time T:. The capacitordraws a very
large charging current during this instant, but there is
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Figure 3-102. Output signal derived across C.
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no corresponding change in voltage across it. (Re-
member, a capacitor acts like a short to instantaneous
voltage changes.) The output voltage €., remains at
zero voltage at instant t;. This is shown by the
relationship:

RC
e = E(1 — ¢ )

Substituting Ewwt for E and 0 for the elapsed time
shows that the output voltage is:

-0
RC
e, = E(l —¢ )
= Ewn1 — Ebmnt e°
= Ewn — —E—:&"—
= Ewmit — Ewm

0 volt

During interval tit2, the capacitor charges to the
applied voltage, Euwi, and the voltage increases along
an exponential path. The capacitor charging current
decreases accordingly. Assumingthat the time interval
equals 5 RC periods, the capacitor has adequate time
to fully charge. The output voltage, e,, across the
capacitor terminals equals the applied battery voltage,
Eubi, and the circuit current, ic, decreases to zero. This
action during interval tit2, as shown in figure 3-102,B,
is expressed mathematically as:

_ SRC
RC
Es = Ewi(l — ¢ )
= Epp1 — Ewvt €
= Ewi — Eubi

Assuming that Ewn equals 50 volts:

50

= 50 - Tisa

50 - 0.33 volts
e ™ 50 volts
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Switching S2 to the other set of contracts, at instant
t2, effectively reverses the polarity of the battery. At
this instant, there is a heavy capacitor current, but
there is no instantaneous change in capacitor voltage.
This relationship is shown in the equation:

- L
RC

€ = — Ewn + [Eont — (—Enh:)]6

= Epp2 + Epni + Ewm2

= Em

During interval t,t,, the capacitor charges in the oppo-
site direction. and the output voltage becomes more
negative. At full charge, voltage e, equals the applied
battery voltage, Eona.

In our discussion of both differentiators and inte-
grators, we used square-wave inputs. In both in-
stances, the output signal is markedly different from
the input. When either a differentiator or anintegrator
has a sine wave as its input, its output signal is still a
sin.c wave. The only difference between a differentiator
and an integrator (with a sine-wave input) is that the
output signal from the differentiator leads the input
signal by some phase angle greater than 0° but less
than 90°. Theoutputsignal from anintegrator lags the
input signal by some phase angle greater than 0° but
less than 90°.

Exercises (248):
1. At what rate does an integrating capacitor charge?

2. How would the charging rate be affected by de-
creasing the resistance value in an integrator circuit?

3. What would be the output waveshape of an inte-
grator having a sine-wave input signal?

249. Define the term “time constant” and explain how
its value can be changed.

We have talked about time constants in previous
discussions, but we purposely skipped their explana-
tion. However, you must fully understand this term
and its application, because its characteristic plays an
important role in the operation of TV systems.

Q
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Time Constant. The time constant (T) of a purely
RC circuit is the time required for the capacitor to
charge to 63 percent of the applied voltage. The
formula is:

RC

where T is the time interval in seconds, R is the
resistance in ohms, and C is the capacitance in farads.
For example, what is the time constant for a 5-
microfarad capacitor in series with a 5-kilohm resistor?

Substituting numerical values for the letters in the
formula, we see that:

(5 kilohm) (5 microfarad)

(5 X 10%) (5 X 107

25 % 10 seconds

-

.025 second (25 milliseconds)

The time constant of a circuit is a measure of how
quickly the current and voltage within the circuit can
react to an instantaneous change in theinputsignal. A
small time constant permits the circuit to react quickly
to sudden changes, while a large time constant requires
a comparatively long time to complete the reaction.
Increasing the value of R, C, or both increases the time
constant. Decreasing either of these values decreases
the time constant.

The time constant of a purely RL circuit is the time
required for the circuit current to reach 63 percent of
its maximum value. The formula is:

T=L/R

where T is the interval in seconds, L is the inductance
in henries, and R is the resistance in ohms. The time
constant changes proportionally to a change in induc-
tance value and inversely proportional to a change in
resistance value.

If you know the time constant of an RC or RL
circuit, it is possible to determine the instantaneous
value of any current or voltage in the circuit by use of
a graph called the Universal Time Constant Chart,
shown in figure 3-103. The vertical axis of the chart
shows the precentage of E or I applied to the circuit.
The horizontal axis shows the number of time con-
stants. Thus, from the chart, youcan see that at the end
of one time constant inan RCcircuit, 63 percent of the
applied voltage is across the capacitor and only 37
percent is across the resistor; also, 37 percent of the
maximum current is flowing in the circuit. In an RL
circuit, at the end of one time constant, 63 percent of
the applied voltage is across the resistor and 37 percent

191




- 329-183
E 100 =
E 90 '/{C-‘_‘ T
3 80 ~"TEc CHARGE Er CHARGE
e« \ / i i
o 70 d
w v
© 60 A
< e
F 50
—-—d
g 40 A RC
2 / \\ ER CHARGE L
-4 30 / ER DISCHARGE L
E / \ Ec DISCHARGE ER DISCHARGE
e 20 <~ EL CHARGE  —
E 10 / NC E_ DISCHARGE
g \\ 'dl
w .26 .50.75 1 2 3 4 5
TIMEINRxC ORR/L
Figure 3-103. Universal Time Constan: Chart.
across the inductor; also, 63 percent of the maximum 2. What are two methods by which the time constant
circuit current is flowing. of an RC circuit can be decreased?
You can use this chart to determine the condition
existing for any fraction or multiple of the time
constant. Depending upon the circuit conditions the
circuit values (voltage and current) are considered as
either zero or maximum after five time constant
intervals.
Exercises (249): 3. How would the reduction of the resistive value in an
1. What does the term “time constant” mean? RL circuit affect the circuit’s time constant?
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CHAPTER 4

Digital Techniques
NOTE: For objectives 250-258, study objectives 001-009 irn Module 10005,

Digital Techniques, Module 2, which accompanies this volume. When you
complete Module 2 of Module 10005, go to Module 3.

Viodule 10005
Digital Techniques

MODULE 2
Numbering Systems and Mathematical Computations
CDC 30455-2 Objectives Module 2 Objectives
250 001
251 002
252 003
253 004
254 005
255 006
256 007
257 008
258 009

NOTE: For objectives 259-262, study objectives 001-004 in Module 10005,
Digital Techniques, Module 3, which accompanies this volume. When you
complete Module 3 of Module 10005 go to Module 4.

Module 19005

Digital Techniques

MODULE 3
Logic Symbology, Functions, and Boolean Logic
CDC 30455-2 Objectives Module 3 Objectives
259 001
260 002
261 003
262 004

NOTE: For objectives 243 268. study objectives 001-006 in Module 10005,
Digital Techmques, Module 4, which accompanies this volume. When you
complete Module 4 of Module 10005 go to Module 5.
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Module 10005
Digital Techniques

MODULE 4
Logic Generators
CDC 30455-2 Objectives Module 4 Objectives
263 001
264 002
265 003
266 004
267 005
268 006

NOTE: For objectives 269-271, study objectives 001-003 in Module 10005,
Digital Techniques, Module 5, which accompanies this volume. When you
complete Module 5 of Module 10005 go to Module 6.

Module 10005

Digital Techniques

MODULE 5
Counters
CDC 30455-2 Objectives Module 5 Objectives
269 001
270 002
271 003

NOTE: For objectives 272-275, study objectives 001-004 in Module 10005,
Digital Techniques, Module 6, which accompanies this volume. When you
complete Module 4 of Module 10005 go to Module 7.

Module 10005

Digital Techniques

MODULE 6
Registers
CDC 30455-2 Objectives Module 6 Objectives
272 001
273 002
274 003
275 004

NOTE: For objectives 276-277, study objectives 001-002 in Module 10005,
Digital Techniques, Module 7, which accompanies this volume. When you
complete Module 7 of Module 10005 go to Module 8.

89

1494



Module 10005
Digitat Techniques

MODULE 7
Detectors
CDC 30455-2 Objecties Module 7 Objectives
276 001
277

002

NOTE: For objectives 278--279, study objectives 001-062 in Module 10005,
Digital Techniques, Module 8, which accompanies this volume. When you

complete Module 8 of Module 100065 go to Module 9.
Module 10005
Digital Techniques

MODULE 8
Conversion Circuits

CDC 30455-2 Obiectives

Module 8 Objectives
278 001
279 002

NOTE: For objectives 280-283, study objectives 001-004 in Module 10005,
Digital Techniques, Module 9, which accompanies this volume. When you
complete Module 9 of Module 10005, you have completed Volurme 2.

Module 10905
Digital Techniques

MODULE 9
Storage Devices

CDC 30455-2 Objecrives

Module 9 Objectives
280 001
281 002
282 003
283 004
920
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200 - 1.
200 - 1.
201 - 1.
201 - 2.
202 - 1.
203 -1
204 - 1.
204 - 2.
205 - 1.
205 - 2.
206 - 1.
207 - 1.
207 - 2.
219 - 1.
219 - 2.
219 - 3.
219 - 4,
219 - 5.
220 - 1.
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ANSWERS FOR EXERCISES

CHAPTER 1

Like poles repel and unlike poles attract.

A natural magnet naturally and inherently contains
magnetism. An electromagnet has m=gnetic properties
from current passing through a conductor.

Grasp the coil in your left hand with the fingers
pointing in the direction of current. Your thumb points to
the north pole of the magnetic field.

Increase the current, add more loops, and add a soft-iron
core.

(1) They can be made much stronger.

(2) The field strength is easily controlled.

(3) They lose practically all their magnetism immediately
after the current is turned off.

a. Magnetomotive force is that force which causes the
flux lines in a magnetic circuit.

b. Reluctance is the oppositicn to the flux lines.

¢. Saturation is the condition of a material passing all of
the flux lines it possibly can, and a further increase in
the magnetomotive force cannot cause a further
increase in the number of flux lines.

d. Residual magnetism is that magnetism which remains
in the core of an electromagnet after the current is
turned off.

e. Hysteresis loss is the loss of energy due to the lag
between flux density and magnetizing force.

The magnetic poles are reversed.

(1) Increase magnetic field strength.

(2) Increase the speed of the conductor within the field.
(3) Use a longer conductor and coil it into loops.

Mutual inductior. means the action in which a change
in current in one coil induces an EMF in another coil.
Because there is no change in current in the primary.

The primary winding (with current passing through it)
generates a magnetic field. The secondary winding (cut
by the lines of force in the magnetic field) converts
magnetic energy to electrical energy. The core material
controls the transfer of energy from the primary to the
secondary.

500.
500 volts and 200 milliamperes.

CHAPTER 3

One diode is open.

The bridge rectifier.

The conventional full-wave rectifier.
Double.

Isolation and transformation.

It can only be used where the current requirement is
small and voltage regulation is not critical.
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220-2
221 -1
221 - 2.
22} - 3.
221-4
222 -1
222-2
222-3
223 -1
223 -2
223 -3
224 - |.
224 - 2.
224 - 3.
224 - 4.
224 - 5.
224 - 6.
225 - 1.
225 - 2.
225 - 3.
226 - 1.
226 - 2.
226 - 3.
226 - 4.
227 - 1.
227 - 2.
227 - 3.
227 - 4.
228 - 1.
228 - 2.
228 - 3.
228 - 4.
228 - 5.
228 - 6.
229 - 1.

The full-wave doubler.

It changes the rectifier’s pulsating DC output to a ripple
DC voltage.

The capacitive filter.

With the same input, the output is lower than in the
capacitive filter.

The choke-input filter.

To compensate for fluctuations in line voltage and in
loading conditions.

The total amount of current drawn from. the power
supply.
It increases.

Low efficiency.

Good regulation, simplicity, and inherent protection
against overloading.

A constant-current source provides a constant current
through the load. A voltage regulator provides a constant
voltage across the load.

No output.

Low resistance reading.

A shorted diode.

A continued increase in line voltage.
Faulty rectifier.

Stack the rectifiers.

A large change in collector current (and voltage) result-
ing from a small change in base-to-emitter voltage.

In tubes, changing grid-to-cathode voltage changes
plate voltage.

Yes. (Only in the common-emitter and the common-
cathode circuits are the input and outputsignals 180° out
of phase.)

Cutoff.

The ratio of output energy to input energy.
Class B amplifier.

Class C amplifier.

There is no output.

It changes from normal conduction to saturation.
Emitter potential decreases, Q,B collector potential
decreases, and the amplitude of the negativeswing on the
output increasc

The meter indicator swings to the right.

The first stage, the differential input stage.

180° out of phase.

Add a second amplifier in series with the first one.
()R, =R,=R;=R,R6(2(R;=R;,=R;=R,) Rt
_Rr= multiplier x R,.

Capacitive reactance.

Time.

Negative temperature coefficient of resistance—as the
current increases slightly, the temperature increases
slightly, which causes a slight decrease in the resistance.
This allows a further increase in current.
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230 -1
230-2
230-3
230- 4
231 -1
231 -2
232 -1
232-2
232 -3
232 - 4.
233 - 1.
233- 2.
233 - 3.
233 - 4.
234 - 1,
234 -2,
234 - 3.
234 - 4,
235 - 1.
235 -2,
235 - 3.
235 - 4,
235 - 5.
235-6.
236 - 1.
236 - 2.
236-3
236 - 4,
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Use a swamping resistor in the emitter lead or reduce
emitter base forward bias as the temperature increases.

As the temperature increases, the collector current tries
to increase. However, the resistance of the thermistor
decreases. Therefore, it develops less voltage and R,
develops more voltage. This decrcases the forward bias
on Q, to counteract the original tendency for anincrease
in current.

No effect because R, is affected in the same manner as
R ,. If the resistance of one changes, the resistance of the
other changes proportionally. The ratio of resistance
remains ccnstant and the voltage across R, and across
R, remain coustant.

The static conduction is increased.

With R, open. the transistor is biased class B and the
output is essentially the same as that of a half-wave
rectifier (positive half-wave output).

The effect of a given temperature is the same for
transistors and diodes, but it may be different for
thermistors.

An increase in temperature causes an increase in current
through the diode.

CR,.

When RC coupling from the previous stage is used.
The diode is selected so that its reverse-bias current
equals that of the transistor over a wide range of
temperatures.

The current through the transistor would increase.

It decreases.

The current through Q,.

Bias is decreased.

An increase in temperature causes a tendency for an
increase in current. However, the swamping resistor R,
counteracts this tendency. This stabilizes the current
through Q,. The same current passes through Q.. so Q;
is also stabilized.

The zener diode has a positive temperature coefficient
and is connected parallel with a transistor (which has a
negative coefficient of resistance). The load resistor i<
connected in series with this parallel arrangement. As the
current increases in one branch, it decreases in the other
branch by the same amount. Therefore, the current
through the load resistor, and consequently the voltage,
remains constant.

It prevents the AC input signal from bypassing R , by way
of CR,.

A damping diode is connected across a relay coil to
prevent chatter.

The output signal would be almost the same as that of a
half-wave rectifier.

The frequency.

High gain. economy of circuit components, and small
size of the circuit components.

Low efficiency.

Transformer.

Poor frequency response, excessive size, and excessive
weight.

It is amplified by each of the stages and becomes a
severe instability problem.

The components are expensive, large in size, and heavy.
The twe output signals are not exactly the same
amplitude.

The two outputs are equal, so 1. provides a balanced
input for the next stage.

Q. wou.d conduct at saturation, and the output at
Q, would decrease to zero.
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237 -1
237 -2
238 -1
258-2
238 -3
239 -1
239 -2
239-3
240 - 1.
240 - 2.
240 - 3.
240 - 4.
240 - 5.
240 - 6.
240 - 7.
241 - 1.
241 - 2.
241 - 3.
242 - 1.
243 - 1.
243 - 2.
243 - 3.
243 - 4.
243 - 5.
243 - 6.
244 - 1.
244 - 2.
244 - 3.
244 - 4.
244 - 5.
244 - 6.
244 - 7.
244 - 8.
244 - 9.
244 - 10.
244 - 11,
244 - 12,
244 - 13,
244 - 14,
244 - 15,
244 - 16.
245 - 1.
245-2
246 - 1.
246 - 2.
246 - 3.
246 - 4.
247 - 1.
247 - 2.

The electrical value, the physical size, and the mounting
of the components.

It should be mounted so it can dissipatc the heat.

Class A push-pull.
Class A single-ended.
Higher efficiency.

Crossover distortion.

Higher efficiency and gain.

The amplitudes o1 the two alternations would not be
the same.

Loss of gain at low frequency:.

RC coupling.

Limited frequency range.

The capacitive reactance decreases as the frequency
increases. : R

Series, shunt, and series-shunt compensation.

The time con:tant of R; and C. must be long (compared
to the lowest frequency to be amplified).

A compensating fi'ter.

To provide some feedback to sustain oscillations.

This is one of the basic requirements. The circuit will
not oscillate without the frequency determining device.
It sustains osciliations.

In the series fed, the AC and DC both pass through the
tank and the amplifier. In the shunt fed, the AC passes

through the tank and the DC passes through the
ampilifier.

Timing.

Stable: accurately.

LR time constant.
Parasitic oscillation.
Output frequency stability.
Below cutoff.

The bias becomes essentially zero.

C, is part of the tank circuit and takes partindetermining
the frequency.

The Armstrong uses a conventional transformer for
feedback coupling. The Hartley uses an autotransformer.
A straight line.

A straight line.

Better frequency stability.

Essentially no output.

The effect of a pressure (mechanical force) on a crystal
producing an electricai output,

The thickness of the crystal.

At frequencies below resonance.

At the natural resonant frequency.

The feedback decreases as the frequency shifts off
resonance.

1t would decrease essentially to zero.

The amplitude would decreas.
The prase <hift w. S
no oscillations.

Positive.

*0¢ and there would be

The output is a good square wave, regardless of the input
waveshape.
The same as V..

Transition.

Time constant (sec) = R (ohms) x C (farads).
Pulse rest time.

Transient response.

A sharp-peaked wave.
It would sharpen the peak.
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248 - 1. An exponential rate. 249 - |.

The time required for the capacitive voliage in an RC
248 - 2. It would decrease.

circuit or the current in an RL circuit te reach 63 percent
248 - 3. A sine wave. of its maximum value.
249 - 2.  Decrease resistance or decrease capacitance.
249 - 3. Increase.
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Preface

WE EACH USE mathematics, to some extent, daily. For most people “math” means
the manipulation of the decimal numbering system. There are other numbering
systems, however, and you will need to be familiar with some of thosc most often used
if you are to work in the field of digital electronics.

In this module we will review the decimal numbering system. We will then take an *in
depth” look at the systems of binary, octzl, hexadecimal, and binary coded decimal.
These numbering systems are not difficult to learn, but, as in allmath, you will need to
learn the rules and practice their use.

It makes no difference whether you are a computer operator, programmer,
maintenance technician, or whether you arz in another field that utilizes digital
techniques, knowlcdge of these numbering systems will increase your job
understanding.

If you have questions un the accuracy or currency of the subject matter of this
module, or recommendations for its improvement, send them to 3390
TCHTG/TTGU, Keesler AFB MS 39534. Questions requiring immediate resolution
may be directed to the course author at AUTOVON 868-3057 between 0730-16C0
hours (CST) Monday tkrough Friday. NOTE: Do not use the suggestion program to
submit corrections for typographical or other errors.

If you have questions on course enrollment or administration, or on any of ECI’s
instructional aids (Your Key to Career Development, Behavioral Objective Exercises,
Volume Review Exercise, and Course Examination), consult your education off.cer,
training officer, or NCO, as appropriate. If this agent can’t answer your questicns, send
them to ECI, Gunter AFS AL 36118, preferably on ECI Form 17, Student Request for
Assistance.

This material is valued at 6 hours (2 points).

Material in this module is technically accurate, adequate, and current as of July
1978.
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CHAPTER 1

NOTE: In this module, the subject matter is developed by a series of Learning Objectives. Each of these
carries a 3-digit number anl is in boldface type. Each sets a learning goal for you. The text that follows the
objective gives you the information you need to reach that goal. The exercises following the information give
you a check on your achievement. When you complete them, see if your answers match those in the back of
this module. If your response to an exercise is incorrect, review the objective and its text.

Numbering Systems and Mathematical Computations

SINCE A DIGITAL computer deals directly with
numbers, we must study numbering systems. The
decimal system, using 10 different symbols, is the most
common system in use today.

Many different numbering systems are possible and
are available for use. The number of different symbols
or digits used in a number system is called the base, or
radix, of the system. In addition to the 10-digit decimai
system, digital techniques use the binary (with a base of
2), the octal (with a base of 8), binary coded decimal
with a modified base 10, and hexadecimal with a 16-
digit alphanumeric base. This module presents some
important facts about the most frequently used
numbering systems along with their arithmetic
operations.

Although computers can be designed to operate with
any numbering system, the octal, binary, and
hexadecimal systems are commonly used. Each system
has its own advantages, and each is used in a different
type of computer. Sometimes two or more numbering
systems are used in the same equipment. When this is
done, a facility is incorporated to coavert from one
numbering system to the other.

001. Identify place values, radix, integral portion,
fractional portion, place holder, MSD, LSD, and
powers'as they apply to the decimal numbering system.

‘Decimal Numbering System. The decimal
numbering system uses 10 different basicsymbols: 0, 1,
2,3,4,5,6,7,8,and 9. These symbols are called digits.
In order to represent a number larger than 9, PLACE
VALUE must bec used. Place, in this case, is the
position of the symbol with respect to the decimal
point. It determires the power of 10 by which the digit
in the place will be multiplied.

In figure 1-1, the 3 written ini the units column stands
for three, but the 3 written in the tens column stands for
30. Thus, in a number system, the VALUE of a digit
depends upon its PLACE in the number.

In figure 1-1, moving a digit to the left from one
column to the next has the effect of multiplying the

oo

number by 10. The digit 3 in the units column stands
for three. Moving 3 one column to the left signifies 30.
If moved one more column, it indicates 300. You can
see that in the decimal system, place represents the
power of 10 by which the digit must be multiplied.

When the system of using place value was first
developed, a space was used toindicate that no number
appeared in that position. For example, 106 was
written 1 6 and 1006 was written 1 6. It is easy to see
that this system led to confusion. Does 1 6 represent
10006 or 100006? 1t is difficult to decide with certainty.
This difficulty led to the development of a PLACE
HOLDER or the use cf the zero. .

You have learned how to write numbers as powers of
10. Recall that 10% is 10 X 10X 10 X 10. The nuraber 4
tells how many times to use 10 as a factor. In the
equality 10* = 10,000, 10 is the BASE and 4 is the

/.
Sl
> /&
LY E/S/8/5/E
W SAATETES NS
198/10/104/103/102/101/100
3] -= 3
3 = 30
3 = 300
3 = 3000
3 = 30,000
3 = 300,000
REP4-1585
Figure 1-1. Decimal place values.
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EXPONENT. The number 10° can be read as*10 to the
fourth power.” Therefore, in the decimal system, one
speaks of POWERS of 10. Powers of 10 are also
illustrated in figure 1-1. Remember always that any
number to the zero power is equal to one. Here is
another way to efpand a number to show both place
value and powers of 10.

8654
IL—4x|o"=4x1 = 4
§x100=5X10 = 50
6 X 10°=6X 100 = 600
8 X 10° = 8 X 1000 = 8000
865410y

The decimal number 305.8410) consists of seven

different parts. The following shows the name and -

relationship of each part.

Integral portion 305
Fractional portion 84
Place holder 0
Decimal point :
LSD (lease significant digit) 4
MSD (most significant digit) 3
Radix (10)

The integral portion (305} is left of the decimal point,

while the fractional portion (84) is to the right of the -

decimal point. The LSD (4) has the smallest value and
the MSD (3) has the greatest value because of their
relative positions in the number. The radix indicates
which numbering system is being used and is written as
a subscript to a number. Normally, the radix is omitted
in decimal numbers. Because binary numbers consist
of only two digits, the radix 2 is often omitted. If any
possible confusion may arise, the radix should be
included.

Exercises (001):

1. Use figure 1-2 and expand the decimal number
2532.

103] 102 | 101 | 100 |PUWER OF RADIX

1000 | 100 10 1 PLACE VALUE

NDA13-2

Figure 1-2. Expanding decimal numbers.

2. Identify the portion of the number 706.4 to which
each of the following terms are related. Write the
letter of the correct term on the lines drawn to the
number in figure 1-3.

Integral portion.

Least significant digit (LSD).
Most significant digit (MSD).
Place holder.

Decimal point.

capow

—

706.4
l/ \\

Figure 1-3. Term identification.

NDA13-3

3. Identify the portion of the number 5090, to which
each of the following terms are related. Write the
letter of the correct term on the lines drawn to the
number in figure 1-4.

Least significant digit (LSD).
Most significant digit (MSD).
Place holder.

. Radix or base.

a'o o

5, (ﬂ“ 0)

NDAI13-4

Figure 1-4. Term identification.

4. ldentify the portion of the number 12° to which each
of the following terms are related. Write the letter of
the correct term on the lines drawn to the number in
figure 1-5.

a. Exponent or powar.

b. MSD.
c. LSD.

12°

:J_l

Figure 1-5. Term identification.

NDA13-5
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25 24 - 22 21

=

32 16 8 4 2

i
1 0
1 0 0

BASE WITH
EXPONENT

= DECIMAL VALUE
OF EACH PLACE

= lao) .
= 2@10)
= 4Q@0)
= 80
= 16(10)
= 32(10)
NDA13-27

Figure 1-6. Binary place values. '

002. Convert de:im-«: iumbers te binary numbers, and

perfuim binary addiiion, subtraction, multiplication,

and division.

Binary System. Six of the seven different parts of a
number apply to any numbering system that uses the
place value co-cept. The exception is the term
“DECIMAL POINT.” Octal numbers have an
OCTAL POINT, and binary numbers have a
BINARY POINT. In the number 320.61¢s) the point(.)
is referred to as the OCTAL POINT. V/hen working
with a binary number, such as 1101.112), the point(.)is
referred to as the BINARY POINT.

Three important features of numbering systems are:

(1) Place value for the symbols positioned in the
number.

(2) A poini () which is used to separate the
fractional part of a number from the whole part.

(3) A radix, or base, of a number system.

Most present-day digital computers use the binary
numbering system. One advantage of this binary
numbering system is that it uses only two symbols.
These symbols are 0 and 1. Since only two symbols are
used, a computer using the binary system needs only
two different conditions to represent them. This
arrangement simplifies computer design and improves
its accuracy. Many electronic components can be
operated as two state (on-off) devices; for example,
each digit of a binary number can represent a logic
situation of yes or no, a ~elay energized or deenergized,
a transistor conducting or cut off, a switch open or
closed. To express numbers other than 0 and 1 in the
binary system, the symbols are arranged in sequence.
The PLACE of each symbol in the sequence has a
designated VALUE based on the powers of 2, as shown
in figure 1-6.

The binary system uses the radix two (2). It has only
two symbols—zero and one. You can write any

number using these two symbols. Zero is the PLACE
HOLDER for the system. One stands for 1, unity, ora
single unit. Use figure 1-7 to compare the decimal
system with the binary system to clarify the idea of
place values.

Note carefully the following facts.

(1) In both systems, | indicates the place has value.

(2) In both systems, O is a place holder.

(3) The number of zeros following 1 is the exponent
of the base. Thus, in the decimal system 1000 = 10", and
in the binary system 1000 = 2°.

Binary equivalents for decimal numbers from 1 to 10
are shows infigure 1-8. Compare this with figure 1-6 to
cbserve how place holders and 1’ determine the
numerical values.

Binary arithmetic is extremely siraple since we are
dealing with only O and 1. In binary addition, the most
complex problem we encounter s 1 + 1 + 1. The truth
table for all possible combirations for addition is
shown in figure 1-9.

Let us apply these rules to a binary addition
problem. Add 1110 to 1011. The proper procedure is

PLACE BINARY DECIMAL

1 20 or 1 109 or 1

10 21 or 2 10! or 10
100 22 or 4 102 or 100
1000 23 or 8 103 or 1000

10000 2% or 16 104 or 10000

NDA13-28

Figure 1-7. Comparison of decimal to binary place values.
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DECIMAIL NO. BINARY NO.

1

10
11
100
101
110
111
1000
1001
1010

ovwo~NOULBPWNKE

=

NDAl3-29

Figure 1-8. Decimal to binary equivalents.

illustrated in figure 1-10. The letters will identify the
columns.

E D C B A

1 1 1 = CARRY
1 0 1 1
1 1 1 0
1 \1 \0 \0 1 = SUM
NDA13-31

Figure 1-10. Steps for binary addition.

Steps: (Begin at the right-hand column and work to
the left.)

A. 0+ 1 =1, with no carry.

B. 1+ 1 =0, with a carry of | to the C column.
C. 1+ 0+ 1 (the carry from B) = 0, with a carry of | to D.
D. 1+ 1 4 1 (the carry from C) = 1, with a carry of 1 to E.

Bring the carry of 1 in E down and it becomes the
MSD of the final sum. Practice problems and
solutions:

10011
1010 il 0010 1011101010
0101 11 1001 1000111001
© 1111 1010 11110 1010010001 1

For an even number of 1’s(including carries) in each
column, the sum will always be 0. For an odd number
of I's (including carries) in each column, the sum will
always be 1. For every two 1’ in a column (including
carries), 1 is carried to the next column.

Example: 1111 —————_ .. ies

1111

1in

1010
10101
1111

1011101

0 + 0 = 0 & CARRY O
0 + 1 = 1 & CARRY O
1 + 0 = 1 & CARRY 0
1 + 1 = 0 & CARRY 1
NDA13-30

Figure 1-9. Truth table for binary addition.

Addition Examples:

M1 @ o@® 0@ 1 ) 1n

0 1 0 A 00

1 1 0 10 N

6) 10 (7) 1 (8 11 (9 101 (10) 111

of o1 1t o 1l

T 100 110 11 1010
an 1 a2y il
0101 111
10100 11110

Binary subtraction is just the reverse of addition. Itis
performed the same as in decimal numbers as
illustrated in the truth table in figure i-11.

Example: 1
ol

10110
—_1010

1100

Since the MSD of the minuend is worth 16, two
binary 1's must be used to represent it in the next lower
position, which is worth only 8. Thus, there is a
remainder of 1.

Perhaps the simplest way to perform binary
subtraction is to subtract as in decimal subtraction.
That is, by treating the bits as decimal digits. When a
borrow is necessary in any number system, its value is
equal to the radix of that system. The borrow is then
added decimally to the minuend bit of that particular
column and the subtrahend is subtracted decimaily.

Example: 02 borrow
10 minuend

~ 1 subtrahend
1
0 - 0 = 0 NO BORROW
0 - 1l = 1 BORROW 1
1 - 0 = 1l NO BORROW
1 - 1l = 0 NO BORROW
NDA13-32

Figure 1-11. Truth table for binary subtraction,
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0 X 0 = 0
0 X 1 = 0
1 X 0 = 0
1 X 1 = 1
NDA13-33

Figure 1-12. Truth ta%’e for binary multiplication.

Subtraction Examples:

) 1 (2) 0 (3 10 4) 11

-1 -0 -0 -1

0 0 01 10
5y 111 (6) 111 (7) 110 (8) 1110
-010 -110 011 0111
101 00! 011 ol11

Binary multiplication is the same as decimal
multiplication, but the multiplication table is
composed entirely of 0's and 1 s. This is shown in the
truth table of figure 1-12.

Multiplication Examples:

(1 1 () (UNNE) 0 4 1
b X 1 X Q X0
1 0 0 0
(5) 11 (6) 11 (N 101
X 0l x 1 x_10
11 . 11 000
111 101
10101 1010
(8) 1010 (9) 1101
X 101 X 110
1010 0000
0000 1101
1010 1101
11010 1001110

Binary division is a bit tricky because division by
zero has never been defined. We have no truth table for
this operation, but it is simply a matter of thinking in
binary terms.

Division Examples:

_10 10 10
(1) 16/100 (2) 11/110 (3) 100/ 1000
10 1 100
00 00 00
_00 _00 00
111 11
(4) 101/100011 (5) 011/001001
10t 011
111 011
101 0t
101
101

O
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Aruitoxt provided by Eic:

Exercises (002):

1 Write the hinary count next to the following

decimal ne.
] —
-
3
Y. .
Sem-
6—
y
8
9__
10—

2. Add:
a. 1110101
10110160

b. 11011
01010

c. 0100111
1011101

3. Subtract:

a. 110101
_ 1011
b. 101101
10111
c. 1110101
11111
4. Multiply:
a. 11111
11
b. 1011
101

21

uCrs.

11—
12—

13—
14—
15—
16—
17—
18—
19--
20—



c. 100010
111
5. Divide:
a. 110/101101
b. 101/101000

c. 109/110100

003. Convert binary tc decimal and decimal to binary.

Decimal-to-Binary Conversion. One of the most
important mathematical operations is the conversion
of a number from one number system to another. First,
we’ll convert from decimal to binary.

We use the multiplication-division method to
convert from a decimal number to a binary number.
" This method of conversion has two parts, treating the
integral and fractional parts of the number separately.
The integral portion uses a dividing process; the
fractional portion uses a multiplying process. We will
work with integral numbers only.

To convert the integral portion of a decimal number,
follow the rules below:

(1) Divide the integral number by 2 (the radix).

(2) Write the remainder of the first division,
whether a zero or a one, as the LSD of the binary
number.

(3) Divide the quotient of the first division by 2 and
the remainder becomes the next digit of the binary
number.

(4) Write the remainder of the final division as the
MSD.

Example: Convert 300, to a binary number. The
procedure is illustrated in figure 13.

A short method for converting small decimal
numbers to binary is to use the powers of two, as
follows:

(1) Find the largest power of two in the number

eg.,30=16+ 14,16 is 2*, so the MSD is | in the 2*
place; 1 XXXX.

(2) Use the remainder (14) and find the highest
powerof2 €.g.,14=8+6.The8is2’, soplacea linthe
2’ place, and the binary number becomes 1TXXX.

(3) Continue this procedure to complete the
conversion: 6 = 4 + 2, grvmg a 1 in the 2° and 2'
positions with 0 in the 2° position. Thus, 3040, =
11110:).

Let us work one more problem: Convert 131,0) to
binary, as shown in figure 1-14.

Binary-to-Decimal Conversion. It is cften necessary
to convert binary te decimal. To accomplish this
conversion, multiply each digit by its place value and
add the products. Figure 1-15 indicates some of the
place values for binary numbers and presents three
conversion problems. The chart may be extended as
required.

Another method to convert a number of any base to
a decimal number is to use a process of synthetic
division. Use the following rules to convert the binary
number to a decimal number.

(1) Multiply the MSD by the radix of the number
being converted (2 for binary).

Decimal
Number

Binary
* Radix

Remainder

= Quotient (ginary Dpigit)

0 = LSD

1

1

1

1 = MSD
NDA13-24

Figure 1-13. Procedure for decimal to binary conversion.
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Decimal . Binary Remainder
Number ~ Radix = Quotlent (pyiary Digit)
131 + 2 = 65 1 LSD
6s + 2 = 32 1
32 * 2 = 16 0
16 = 2 = 8 0
8 + 2 = 4 0
4 0+ 2 = 2 0
2 + 2 = 1 0
1 < 2 = 0 1 MDS
131(10) = 10000011(2)

NDA13-35

Figure 1-14. More conversion practice.

(2) Add this product to the next lower digit of the
number being converted.

(3) Multiply their sum by the radix (2).

(4) Repeat steps 2 and 3 for all digits of the number
being converted, except for the LSD. For LSD, repeat
only step 2.

(5) The final sum is the decimal number. For
example, convert 1011 to a decimal number. The
- circled number is the converted result.

1011
410

“2 5:®

[0t ||3, = ”ill’b

Exercises (003):

1. Convert 37(16) to its equivalent binary value. (Show
your work.) ’

2. Convert 4020, to its equivalent binary value. (Show
your work.)

3. Convert 130l.0) to its equivalent binary value.
(Show your work.)

4. Convert 11111 to its decimal equivalent.

5. Convert 10101, to its decimal equivale....

004. Identify the essential elements of the octal
numbering systern and perform basic addition,

_ subtraction, multiplication, and division.

Octal Numbering System. The computer uses the
binary numbering system to do its calculations. The
binary system, however, has the disadvantage of
requiring 3 to 4 times as many digits in a row to
represent a number as does the decimal system.
Chances for human error are much greater with an
increase in the number of digits.

To reduce human errors, the octal numbering
system is often used in digital computer input and
output units. The octal system requires only one-third
as many digits as the binary system. The octalsystem is
more convenient than decimal for representing binary
numbers because it is very easy to convert from binary
to octal and octal to binary.

The octal numbering system, sometimes called the
octonary system, is similar to the decimal and binary
systems. They differ in the radix; the radix of the octal
system is 8. The octal numbering system uses eight
digits: 0, 1, 2, 3, 4, 5,6, and 7.

Octal counting proceeds from 0 to 7 just as in the
decimal system. At 7 in the octal system, however,
there are no more symbols available. To progress
above 7 requires a carry operation and the use of place

ETC——| 24] 23| 22| 21| 20

= BASE WITH EXPONENT

16 |8 |4 12 |1

= DECIMAL VALUE OF EACH PLACE

REP4-2080

Figure 1-15. Binary to decimal eonversion.
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values. The following shows decimal numbers and
their actal equivalents.

Decimal Octal Decimal Octal

No. No. No. No.
Q0 0 6 6
] ] 7 7
2 2 8 10
3 3 9 i
4 4 10 12
) )

In the octal system, the place value of a digit is
determined by its position relative to the octal point.
(See fig. 1-16.)

An octal number may also be expressed according to

the “general expression™ for a number, which is its
decimal equivalent.

2100 = (2 X 87) + (1 X 8") + (0 X 8") = 13640,

Octal addition. Octal addition also uses the sum-
and-carry technique. A carry to the next higher order
column is produced each time a sum equals or exceeds
the radix.

The main point to remember is that there are only
eight octal symbols, 0-7). Thus, 7+ 1=10, 17+ 1 =20,
27 + 1 = 30, etc. Until you form a habit of thinking in
octal, the matrix in figure 1-17 will help you in adding
and subtracting octal numbers.

The matrix functions like this for addition:

(1) Locate one number on the left margin.

(2) Locate the other number on the top margin.

(3) Project a line from both numbers until the lines
intersect.

(4) The number at the intersection is the sum of the
two numbers.

0 1 2 3 4 5 6 7
1 2 3 4 5 6 7 |10
2 3 4 5 6 7 110 {11
3 4 5 6 7 |10 |11 |12
4 5 6 7 {10 (11 |12 |13
5 6 7 110 {11 |12 |13 14
6 7 110 |11 12 {13 {14 |15
7 110 j11 |12 {13 [14 115 |16
NDA13-36
Figure 1-17. Ocial addition matrix.
(6) 7654 (7) 1234567
1426 7273747
11302 10530536

Octal subtraction. Octal subtraction is performed in
much the same manner as decima! and binary
subtraction. When a borrow is necessary in any
number system, its value is equal to the radix of that
system. The borrow is then added to the minuend digit
of that particular column and the subtrahend is
subtracted. For example, subtract 45s) from 54s).

Borrow: 8 + 4ﬁ

Example: A line from 4 on the left and 5 on the top ; li minuend
intersect at 11; the sum of 4 + 5 = 11. ~4 5 subtrahend
Octal addition examples: 7
2 3 Proof: 45y,
N _Z 3] _2 (&) —2 “) __Z, (5) i + T
10 10 12 15 1 54
8> | 84 | 83| 82| 8" | 8% | - POWER OF RADIX
32768 | 4096 | 512 64 8 1 = PLACE VALUE
1 =Tao
1 0 0 = 64(] 0)
1 0 0 0| o 1| = 32769

REP4-2081

Figure I-16. Octal place values.
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Another example of octal subtraction using three
digits is shown in the following example: Subtract
565(8) from 704(3).

7
6 3 12
7 0 4
—5 6 5 (8%
11 7w

Borrow one from the 7 (MSD of 704(3). Then
borrow one from column two's minuend. Thus, the
minuend becomes; 6 7 123).

The answer 117, is now apparent.

The matrix in figure 17 is used in this manner for
subtraction:

(1) Locats subtrahend on left margin.

(2) Project a line into the matrix to the minuend.

(3) Turn 90° and come out to the top margin.

(4) The number at the exit point is the difference
between the two numbers.

Example: 14 — 5 = 7. Locate 5 on the left margin,
project in to 14, and project upward to 7 on the top
margin.

Octal subtraction examples:

(n 7 2y S 3) 10 (4) 100 (5) 5432

—4 2 -2 —26 —3254

3 3 6 02 2156
(6) 7776 (7) 76343210
~67117 -01234567
777 75306421

Octal multiplication. The octal multiplication table
is similar to decimal but it contains only 0-7. This is
illustrated in the matrix in figure 1-18. We will use this
matrix for both multiplication and division.

In multiplication, the table works like this:

(1) Locate the multiplicand on the left margin.

(2) Locate the multiplier on the top margin.

(3) Project lines into the matrix from both numbers
until the lines intersect.

(4) The number at the intersection is the product of
the two numbers.

Example: 6 X 5= 36. Locate 5on the left marginand
6 on the top margin. Lines from these points intersect
at 36. Notice also 5X 5=31(not25)and 7X7=61 (not
49).

Octal multiplication examples:

Iy 7 (2) 6 3) 7 4 61 5 52

X 5 X 6 x 2 x_1 X_4

3 44 16 527 250
6) 746 () 527
x 51 x_42
6512 1256
4576 2534
54472 26616

Octal division. This operation is the same as division

' in any number system. Just think in octal and use the

3 3 6 |11 |14 {17 |22 |25

4 4 110 |14 |20 |24 |30 |34

5 5 {12 |17 |24 |31 |35 {43

6 | 6 {14 |22 [30 |36 44 |52

7 7 |16 |25 |34 |43 |52 |61
NDA13-37

Figure 1-18. Octal multiplication matrix.
matrix in figure 1-18. In division, the matrix works like
this:
(1) Locate the divisor on left margin.
(2) Project a line into the matrix to the dividend.
(3) Make a 90° turn and come out at the top margin.
(4) The number at the exit is the quotient.

Example: 14 + 2 = 6. Locate 2 on the left margin,
projectinto the matrix to 14, make a 90° turnand come
out at the top. The number at the exit is 6.

Octal division examples:

3 7 7 6

(1) 7/25  (2) 6/52  (3) 12/106  (4) 36/264
2 52 106 264

Exercises (004):

1. ldentify the portion of the number 7035, to which
each of the following terms are related. (Write the
letter of the correct term on the lines drawn to the
number.)

a. Integral portion. —[:
b. Least significant digit. 703

¢. Most significant digit. —_—ll l

d. Place holder.

2. ldentify the portion of the number 405.1s) to which
each of the following terms are related. (Write the
letter of the correct term on the lines drawn to the
iflustration.)

a. MSD.

b. Place holder.
¢. Radix or base.
d. Octal point.

3. Add

a. 54
45

405i 1
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. 367

4553,

. 4577y

321

. Subtract
. 63

34(8)

. 523

434

. 5327

14563,

. Multiply these octal numbers.

2760

" X 453

2175

X 764

5713

X 347

. Divide these octal numbers.
. 7306

75

. 4562

15

10

c. 26330
437

005. Convert decimal numbers to octal and octal to
decimal; convert octal numbers to binary and binary to
ocial.

Decimal-to-Octal Conversion. We use the
multiplication-division method to convert from a
decimal number to an octal number. The sa.ae rules
apply as in converting decimal to binary, except you
use 8 instead of 2.

This method of conversion has two parts, treating
the integral and fractional parts of the number
separately. The integral portion uses .a dividing
process, and the fractional portion uses a multiplying
process. We will work with whole numbers only.

To convert the integral portion of the decimal
number to octal, follow these rules:

(1) Divide the integral number by 8.

(2) Write the remainder of the first division as the
LSD of the octal number.

(3) Divide the quotient of the first division by 8 and
use the remainder or zero as the next digit of the octal
number.

(4) Continue division by 8 until the quotient is zero.

(5) Write the remainder as the digits of the octal
number, and the MSD is generated last.

Problem: Convert 3844, to its octal equivalent.

Decimal . Octal  _ . Remainder
Number ) Radix Quotient + (Octal Digit)
3844 + 8 = 480 + 4 LSD

480 + 8 = 60 + 0
60 + 8 = 7 + 4
7 + 8 = 0 + 7 MSD
38440 = 7404,

Let us work one more problem: Convert 20410, to its
octal equivalent.

Decimal . Octal : Remainder
- = + i
Number Radix Quotient (Octal Digit)
204 + 8 = 25 + 4 LSD
25 + 8 = 3 + |
3 =+ 8 = 0 + 3 MSD
204(m, = 3'4()()

Octal-to-Decimal Conversion. Accomplish octal-to-
decimal conversion in the following manner. Convert
the octal number 227, to a decimal number. Use figure
16 for octal place values.

227w = (2 X 8% + (2x 8" + (7 X 8%
' = (2 X 64) + (2 X 8) + (7X1)
= 128+ 16 + 7
= |5|(m)

Another method which may be used to convert a
number of any base to a decimal number is snythetic
division. Convert the integral portion of the octal
number to a decimal using the following rules.

Rl



(1) Multiply the MSD by the radix (8 for octal).

(2) Add the product to the next lower digit of the
number being converted.

(3) Multiply the sum of the two numbers in step 2 by
the radix.

(4) Repeat steps 2 and 3 for all digits of the number
being converted except for the LSD. For the LSD,
repcat only step 2.

(3) The final sum is the converted number. For
example: Convert 234z, to decimal; the circled number
is the converted result.

MSD 2 3 4
6152

.
234n) = 1561

Octal-to-Binary Conversion. A requirement often
exists for octal-to-binary conversion. The substitution
method of conversion takes advantage of a natural
relationship between octal and binary numbers. The
base of the octal system is 8; the base of the binary
system is 2, and 2° equals 8. One octal digit may be
expressed by three binary digits (bits); for example,
count to 7 in each system.

Octal Binary Octal Binary
No. No. No. No.
0 000 4 100
] 001 5 101
2 010 6 1o
3 011 7 It

Convert an octal number to its binary equivalent by
direct substitution. Replace each octal digit by its
corresponding three binary digits. By substitution, for
example, the number 234, equals 010 Ollp. For
another example, convert 56,4735, to binary.

5 6 4

ANAAAT

101 110 100 111 011 2

In the last example the groupings are separated to
call attention to the equivalence. In actual practice,
there is no spacing between groups. To check for
equivalence, convert both the binary and octal

numbers to decimal numbers. Both equal
23,867 10).
Binary-to-Octal Conversion. Binary-to-octal

conversion also uses substitution. To make this
conversion, arrange the binary digits in groups of
three, proceeding to the left and to the right from the
binary point. Fill out the extreme left or right group
with zeros if necessary. Then directly substitute for
each binay group its octal digit equivalent. For
example, convert 11100¢2) to an octal number.

11100 = v 100
3

11100 = 34

Exercises (005):

1. Convert 38;10; to its equivalent octal value.

2. Convert ' 2, to its equivalent octal value.

3. Convert 214310 to its equivalent octal value.

4. Convert 347, to its equivalent binary and decimal!
value.

5. Convert 573, to its equivalent binary and decimal
value.

6. Convert 2135, to its equivalent binary and decimal
value.

7. Convert 1011, to its octal equivalent.

8. Convert 11( "y to its octal equivalent.

006. Perform machine arithmetic using complements
and end-around carry.

Machine Arithmetic. This is a term used to describe
arithmetic operations as performed by the computer. It
is little different from ordinary arithmetic, but a couple
of innovations have been built in to simplify the
circuitry and reduce the operating time. One of these
innovations is numbers complement.

Numbers complement: There are two types of
numbers complements—the radix complement and
the radix —I complement. The radix complement is
simply the difference between a number and the radix
of that numbering system. For example: The radix
complement of 7uo is 10 — 7 or 3. The radix
complement of 2s)is 8 — 2 or 6. The radix comlement
of 1i2pis 2 — 1 or 1. The radix — 1 is the difference
between a number and the highest symbol in that
numbering system. For example: The radix —I
complement of 7qe is 9 — 7 or 2. The radix —I
complement of 2 is 7 — 2 or 5. The radix —1
complement of 12 is 0 and of O is 1.

Numbers complement is widely used in computers,
and the value far exceeds that indicated by the
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simplicity of the operation. Inside the computer, all
numbers are binary, and it is a common practice to
store all negative numbers in complement form. More
important, the use of complements enables the
computer to add, subtract, multiply, and divide by a
process of simple addition. This results in a fantastic
-rcduction in the required computer circuitry.

Let’s try a few more examples of complements in the
decimal. octal, and binary numbering systems.

Extract radix complement and radix -1
complement of these decimal numbers: 24, 135, and
9782.

Largest symbol 99 999 9999
Subtract 24 135 9782
Radix —1 comp. 75 864 0217
Add 1 to LSD al 1 1
Radix comp. 76 865 0218

In the decimal system, the radix complement is
sometimes called the 10’s complement, and the radix
—1 complement is referred to as the 9s complement.

Extract the radix complement and the radix —1
complement of these octal numbers: 45, 143, and 7260.

Largest symbol 77 777 7777
Subtract 45 143 7260
Radix —1 comp. 32 634 0517
Add 1 to LSD A 1t 1
Radix comp. 33 635 0520
In the octal numbering system, the radix

complement is sometimes called the 8’s complement,
and the radix —1 complement is referred to as the 7’s
complement.

Extract the radix complement and the radix —1
complement of thest binary numbers: 01, 101, and
1010.

Largest symbol 11
Subtract

111 1111

ol 101 1010
Radix —1 comp. 10 010 0101
Add 1 to LSD A ! 1
Radix comp. 11 ol1 0110
In the binary numbering system, the radix

complement is commonly called the 2’s complement,
while the radix —1 complement is known as the 1’s
complement,

Subtraction by additioii: It is obvious that
multiplication can be accomplished by a series of
additions. 5X5=25,but 5+ 5+ 5+ S+ 5alsois 25.
Also, division can be performed by a series of
subtractions. 25+ 5=5but25-5-5—-5—-5—-5=0
and the number of operations is 5.

Now if we can subtract by adding, the only
arithmetic function needed in the computer for basic
arithmetic is addition. We’ll start with octal numbers.
Suppose we wish to subtract 3452 from 4761). The
normal way is:

4761
—3452
1307

Q
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To accomplish the same thing by addition, we first
complement the subtrahend. Let’s take it step by step.

Largest symbol 7777
Subtract 3452
Radix —1 comp. 4325
Add 1 to LSD 1
Radix comp. 4326
Add minuend 4761
11307 Discard the end carry = 1307

We can accomplish the same thing by adding the
radix —1 complement and using the end carry. In this
case, the end carry is brought around and added to the

"LSD of the answer. Using the same numbers, we have:

Minuend 4761 4761
Subtract —3452 +4325<+—Add radix —1 complement
1306
| +—Add end carry to LSD
1307

This is known as end-around carry.

So to subtract by adding, we:

(1) Obtain radix —1 complement of the subtrahend.
(2) Add this complement to the minuend.

(3) Add the end carry to LSD.

Most computers deal only with binary numbers
inside the machine. So let’s see how it subtracts by
adding with binary numbers. Let’s subtract 011 111
from 101 0102, Step by step, it goes like this:

111

Largest symbol 11

Subtract otr 111
Radix —1 comp 100 000
Add 1 to LSD 1
Radix comp 100 001
Add minuend 101 010

oor on
Discard end carry 1.

In some operations, the computer uses this method;
in others, it uses the radix —1 complement and end-
around carry. Using the same numbers, the end-
around carry goes like this:

Minuend 101 010 101 010 .
Subtract 0l1 111 100 000-—-Add radix —1 complement
(Doo1 010 Add end carry to LSD
\]
001 011

For quick proof, check the results in octal.

101 010,z 52
=011 111, 37
001 011,;, 13ix)

Exercise (006):

1. Performthe indicated subtractions by complements
and end-around carry. Show your work.
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a. 643y
—452

b. 756
_654(5,

C. 674lm)
‘-0777(3)

d. 110 Ol

=011 lllu)

e. 111 101
—100 000,

f. 100 000,
-011 OOOQ)

007. Convert decimal numbers to their hexadecimal
(HEX) equivalents and “HEX” numbers to their
decimal equivalents.

Hexadecimal System. We have learned much about

the conversion of numbers from various systems.

Significantly, though, in each system binary lends itself
as a valuable asset. By virtue of the powers of two,
specific correlations between binary and octal are
obtainable (2’ equals 8, and 8 is the base of the octal
system). The hexadecimal, another number system
which has this same quality, is the subject of our next
study.

The HEX (short fc : hexadecimal) number system is
a l6-character system. It uses numerics 0 through 9and
alpha characters A through F. Refer to the table below
and note the corresponding notation for decimal and
binary. Remember, to write a binary number from an
octal number, three binary bits are required for each
octal digit. To write binary from HEX, the same
procedure is used; but because the HEX system has 16
characters, four binary bits are used to write one HEX
digit.

13

DECIMAL HENADECIM AL BINARY
0 Q 0000
l 1 0001
2 2 0010
3 3 0011
4 4 0100
5 5 010!
6 6 0o
7 7 (RN
R 8 1000
9 9 1001

10 A 1010
11 B 1011
12 C 1100
13 B 1101
14 E 1110
15 F 11
16 10 0001 0000
17 3 0001 0001

Decimal-to-Hexadecimal Conversion Rule. The
appropriate method for converting from decimal to .
hexadecimal is by DIVIDING SUCCESSIVELY BY
THE BASE of the HEX number system. This
procedure has been explained before in this module.
To convert a decimal whole number into its
hexadecimal equivalent, divide successiv:ly by 16 and
record the remainder in each case. Continuc this
process until the original number is reduced to 0. The
first recorded remainder is the LSD, and the last
remainder is the MSD of the hexadecimal number
equivalent.

Example: Convert 942, to its HEX equivalent.

Step 1.

_S3

16942

80

142

128
14 = remainder = E =

Step 2.

3
16/58
48
10 = remainder =

Step 3.

e
16/3
0

3 = remainder and is the MSD of the HEX number

L.SD of answer

A = middle digit

NOTE: 3 is the quotient from step 2; 3 cannot be
divided by 16 and give a quotient that is a whole
number. Therefore, 3 is the remainder of step 3, and
becomes the MSD.

Answer: 942, is ¢qual to 3AE .

Summary of decimal-to-hexadecimal (HEX)
conversion:
(1) For decimal whole number to HEX conversion,

the procedure is to divide the decimal number by 16.

.
<!
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(2) The first recorded remainder is the LSD of the
HEX number.

(3) Continue the procedure until the original
number equals 0.

(4) The last recorded remainder is the MSD of the
HEX equivalent.

Hexadecimal-to-Decimal Conversion. Conversion
of HEX numbers to equivalent decimal numbers is
accomplished by either of the following methods:

a. Assigning weight to digit position.

b. Synthetic division.

These two methods should be very familiar because
they were used in converting binary and octal numbers
to their decimal equivalent.

In the hexadecimal numbering system, each digit to
the left of the HEX point is worth 16 times the value of
the digit to its right. Weights can be assigned to all digit
positions as follows:

16* 16° 16° 16' 16° 167! 167
65536 4096 256 16 1 1/16 1/256
Rules:

(1) Place HEX digits under the appropriate weights.

(2) If any parts of the HEX number are alpha
characters, place their decimal equivalent in
parentheses under the alpha character.

(3) Place the decimal equivalent of the HEX power
under the digit or character of the HEX number to be
converted.

(4) Multiply each positional value separately.

(5) Acd the products.

(6) The resultant sum is the decimal equivalent of
the hexadecimal number.

Example: Convert FA2 ¢ to its decimal equivalént:

Step 1. 256 16 1 List the weight of the bit positions.
Step 2. F A 2 Place the HEX number under the
weight positions.
Step 3. (15) (10) Place the decimal equivalent in
parentheses under each alpha
. character.

Step 4. 256 X 15 = 3840 Multiply the HEX digit or dec-
16 X 10 = 160 imal equivalent times the weight

11X 2= 2 position of that digit.

Decimal answer 4002 Add up the products of each

position.

Summary: Assigning weight to bit positions.

(1) Each bit to the left of the HEX point is worth 16

times the value of the bit to its right.

(2) Assign weights to all bit positions as follows:
65536, 4096, 256, 16, 1. .

(3) To convert from HEX to decimal, place the bits
under the appropriate weights.

(4) Then multiply the digit times the weight.

(5) Add the products.

(6) The resultant sum is the decimal equivalent of
the HEX number.

Synthetic Division (Double Dabble) Method. The
synthetic division method of converting hexadecimal
to decimal is the result of repeated multiplication and

14

addition and is exactly«the same as previously
discussed for binary to decimal and octal to decimal.
For whole numbers, the multiplier for hexadecimal is
16' or 16. and the addition is to add the digit in the next
lower place value to the product obtained in the
multiplication step.

Rules:
() If any parts of the HEX number are alpha
characters, place their decimal equivalent in

parentheses under the alpha character.

(2) Multiply the MSD by 16.

(3) Add the product obtained by rule 2 to the
decimal equivalent of the next lower digit.

(4) Multiply the sum obtained in step 3 by 16.

(5) Repeat the process of adding and multiplying
with all digits EXCEPT THE LSD.

(6) The final step is to add the LSD to the last
product. This results in the decimal equivalent of the
HEX number.

Example: Convert HEX 3EB to decimal using
synthetic division.

E B

3

l (14) (1) Decimal cquivalent of individual HEX
3

6

numbers

1003 = Decimal answer

Summary: Synthetic division (double dabble) of
converting HEX to decimal.

(1, If any parts of the HEX number are alpha
characters, place their decimal equivalent in
parentheses under the alpha character.

(2) Multiply the MSD by 16.

(3) Add the product to the next lower digit.

(4) Multiply again by 16.

(5) This process continues until the addition of the
LSD, at which time the decimal equivalent is obtained.

Summary: Decimal to hexadecimal.

(1) Fordecimal whole numbers to HEX conversion,
the procedure is to divide the whole number by 16.

{2) The first recorded remainder is the LSD of the
HEX number.

(3) Continue the procedure until the original
number equals 0.

(4) The last recorded remainder is the MSD of the
HEX equivalent.

Summary: Hexadecimal to decimal.

(1) In the assigned weights to bit position method,
each bit to tiie left of the HEX point is worth 16 times
the value of the bit to its right.
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(2) Assign weights to all bit positions as follows:
65536, 4096, 256, 16, 1.

(3) To convert from HEX to decimal, place their
bits under the appropriate weights. -~

(4) Then multiply the digit tirmes the weight.

(5) Add the products.

(6) The resultant sum is the decimal equivalent of
the hexadecimal number.

(7) In thesyntheticdivision (double dabble) method
of converting HEX to decimal, if any parts of the HEX
number are alpha characters, place their decimal
equivalent in parentheses under the alpha characters.

(8) Multiply the MSD by 16.

(9) Add the product to the next lower digit.

¢10) Multiply again by 16.

(11)*This process continues until the addition of the
LSD, at which time the decimal equivalent is obtained.

. Exercises (007):

Convert the decimal numbers in exercises 1 and 2 to
their HEX equivalents.

1. 934

2. 2716

Convert the HEX numbers in exercises 3 through 6 to
their decimal equvalents.

3. 7CD

4. FA2

5. FAB

6. BCE

008. Perform hexadecimal addition and subtraction.

Hexadecimal Addition. You have learned from
adding binary and octal numbers that the basic rules of
addition are the same regardless of which base you are
working with; hexadecimal is no different. Until you
can remember the decimal equivalents of the alpha
numbers in the hexadecimal system, it might be helpful
to jot them down on the scratch paper you are working
on.A=10. .. F=15.Toadd hexadecimal numbers,
use the sum-and-carry method, generating a carry
whenever the radix is exceeded in a column.

Rules:

(1) Add the LSD column as in decimal addition.

(2) Divide the column total by the radix of the
hexadecimal system (16).

(3) Enter the QUOTIENT of the division as a carry
to the next higher column.

(4) Enter the REMAINDER of the division as the
sum of the column just added.

(3) Repeatrules | through 4 for each higher column
until addition is complete.

Example: Add the following hexadecimal numbers:

8AC A =10
2BS B =11
F74 C =12
D6 E D =13
E = 14
F =15
Step 1. First column added decimallyis: 12+5+4 "
+ 14 = 35.
_2 Carry to second column
16/35
32

3 LSD of answer

Step 2. Second column added decimally is: 2 (carry
from last column) + 10+ 11 + 7 + 6 = 36.

_2 Carry to third column
16/36

32

4 Second digit to answer

Step 3. Third column added decimally: 2 (carry
from last column) +8 + 2 + 15 + 13 = 40.

2 Carry to 4th column—MSD of answer
16/40
32
8 Third digit of answer
Final sum is 2843 ¢

Hexadecimal Subtraction. You have learned three
methods of subtraction with numbering systems and
have noted that the basic rules of subtraction remain
the same regardless of which base you are working
with. The methods are:

(1) Direct method (subtract and borrow).

(2) End-around carry method.

(3) Base complement method.

Direct method. This is the subtract and borrow
routine. When a borrow is necessary, its value is equal
to the radix of base of the system, in this case, 16.

Rules:

(1) Beginning with the LSD column, subtract the
subtrahend digit from the minuend digit, if the
minuend digit is equal to or larger than the subtrahend
digit.

(2) If the minuend digit is’ smaller, torrow the
“BASE from the first higher column which contains a
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significant digit. Reduce the value of the digit you
borrowed from by one.

(3) Decimally add the radix (16) to the minuend
digit already in the column.

(4) Decimally subtract the subtrahend digit from
the adjusted minuend digit.

(3) Repeat rules | through 4 for each higher column
unti! subtraction is complete.

Example: A D 2
-9 3 E
Step 1. Subtract E from 2. This cannot be done

until the radix has been borrowed from the next higher
place value digit. Borrow | from D, leavingita C. Add
16 to the 2, making the new minuend 18. Subtract E
from 18, leaving 4.

AD 2
-9 3 E
4 Difference after first digit has been subtracted

Step 2. Decimally subtract 3 from C.
C 18

AD 2

-9 3 E

9 4 Difference after second digit has been subtracted

Step 3. Decimally subtract 9 from A.
!

o >
wgn

8
2
E

Nl

4  Final difference—hexadecimal answer.

End-around carry method. Fifteen’s complement
works for hexadecimal the same way the I’s
complement works for binary and the 7’s complement
works for octal. The subtrahend is 15’s complemented
and added to the minuend with end-around carry.

To 15’s complement a number, subtract each digit in
the number being complemented from the highest
symbol in the hexadecimal system (F).

FFFFF
~A3F62

5$CO09D

Now that the procedure for 157 complementing a
number is understood, the method of subtraction using
this will be discussed. The following rules should be
followed. {Note that they are the same rules for end-
around carry using 7’s complement and 1’
complement. Only the radix has changed.)

Ruies: ]

" (1) If the subtrahend contains fewer digits than the
minuend, fill the subtrahend columns with zeros.

(2) Obtain the 15’s complement of the subtrahend.

(3) Hexadecimally add the complemented
subtrahend to the minuend.

(4) If the end-around carry bit is a one (example 1),
perform the end-around carry and the final result has
been obtained. If the end-around carry bit is a zero
{example 2), this means the subtrahend was larger than
the minuend and step 5 must be performed.

Example:

15’s complement of A 3 F 6 2

RIC
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(5) When the end-around carry bit is a zero,
RECOMPLEMENT the number, using 15
complement. This is a NEGATIVE result and must
have a minus sign preceding it. This complemented
answer with a minus sign in front of it is the final result.

Example 1: Step 1. Original subtraction problem:

SAE9FI
- BB2EA4
Fill in the subtrahend with a zero so that it contains as
many digits as the minuend.
FFF (~' FF
08 B2E4
F74D1B

Step 2. Adding:

5
F
5

minuend

subtrahend

15% complement

minuend
subtrahend

19 [~ >

9 F I
D1 B
End-ai-vund carry bit | 70C

E
4
4
NOTE: Remember to add h

exadecimally.

Step 3. Perform an end-around carry
result in step 2

with the end-around carry bit
and add.
‘I!S 2370C
+ 1  end-around carry bit
52370 D final result in hexadecimal

The end-around carry bit was a one, so the final result
has been obtained.

Exemple 2: Step 1. Original subtraction problem:

32BO0Y9
~-CFB

Step 2. 3

D
2BO
+304 8

w3

9
2 15's complement
of subtrahend

End-around carry bit, 0 6 2.F 8 B Sum‘

When the MSD column was added, there was no
carry bit generated. This makes the end-around carry
bit a zero. The sum obtained in the addition must be
recomplemented using 15’ complement and a minus
sign placed in front of the final result to indicate that
the answer is negative.

Step 3. 6 2 F8 B suminstep?2
90 074 15 complement
-9DO074

Base complement method. Subtraction using the
16’s complement works the same way the 2’s
complement and the 8’s complement work.

Rules:

(1) Find the 16’s complement of the subtrahend.

(2) Add the minuend to the complemented
subtrahend.

(3) If the overflow bit is one, the answer is positive
(cxample 1). Eliminate the overflow bit, and the final
result has been obtained. If the overflow bit is zero
(example 2), perform rule 4. The term “overflow™ as
used here is the bit that is carried after adding the MSD
of the hexadecimal problem. In other words, it is the
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same bit we used as the end-around carry bit when we
worked with the 15's complement.

(4) If the overflow bit is a zero (no carry from the
MSD column),
a. Find the 16’s complement for the answer.
b. Place a minus sign in front of the
recomplemented answer, and the final result has been
obtained. This is a negative answer.

Example 1: Step 1. Originalsubtraction problem:

EB 8 0 A minuend
— 2 D 4 A subtrahend

Include zeros in subtrahend to size of minucend.
Step 2. Adding:
E B8 0 A minuend

+F 0 2 B 6 16 complemented subtrahend
1E8 ACE6
Overflow bit
Step 3. Since the overflow bitis 1, the

final result has been obtained

when the overflow bit is
eliminated. E8ACO0s final
result
Example 2: Step 1. Original problem:
A2 7C 1 minuend
—D E 3 9 B subtrahend
Step 2. Adding:
A 27 C 1 minuend
+2 1 C 6 5 165 complemented subtrahend
0C44 26

Overflow bit understood

Step 3. Since the overflow bit is 0,
recomplement the sum
obtained and place a minus
sign in front of it.

C44 26 sum fromstep 2
3 BB D9 15%complement
+ 1

=3 B B D A ¢final result
Exercises 008:

Perform HEX addition, as indicated, on exercises 1
and 2.

1. 1F2B
3CEF
2594

2. 2F9A
8EBC
ABCD
EADE
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Perform HEX subtraction, as indicated, on exercises 3,
4, and 5.

3. FBB
—-032

4. ACD
—ABF

5. S5AE9FI
—08 B2E4

009. Convert decimal numbers to their binary coded

decimal (BCD) equivalents, and BCD numbers to their
decimal equivalents.

" Binary Coded Decimal (BCD). It is possible to
group symbols to get a workable system such as the
binary coded decimal (8421) system. This system
derives its name from the fact that the symbols 8, 4, 2,
and 1 are the first four place values of the digits in a
four-digit binary number. Instead of a true conversion
to binary, this system codes each of the 10 Arabic
numerals into a four-digit binary code as follows:

Binary Coded

Decimal Number Decimal Binary “Jumber
0 0000 0000
1 0001 0001
2 0010 0010
3 0011 0011
4 0100 0100
5 0101 0101
6 0110 0110
7 0111 0111
8 1000 1009
9 1001 1001

10 0001 0000 1010
15 0001 0101 1111
18 0001 1000 10010

The chart shows that BCD and binary ARE NOT
THE SAME. BCD will never go above 1001, decimal
9, in a group of four binary digits. BCD cannot be
converted to binary in the same manner as binary to
octal or hexadecimal, because BCD and binaryare not
the same. That is, 00 100 101 is not equal to 0010
01C1(ncoy. However, decimal can be converted directly
to BCD and BCD directly to decimal.

Decimal-to-BCD Conversion. To convert decimal
to BCD, start at :he fractional point and work out.
Write out the 8421 for each decimal digit as an aid.

Example: Convert 970.31 decimal to BCD.

Step 1. Write down the 8421 code for each decimal
digit. Treat each decimal bit separately.

9 7 0 3 1
8421 8421 8421 8421 8421

Decimal number
BCD bit position
weights



Step 2. Treat each 8421 as the first four bits in the
assigning weights to bit position method of
decimal-to-binary conversion. Treat each
decimal bit separately and convert it to
BCD, always using 4 bits in each BCD

code.
9. 7 o - 3 1 Decimal number
8421 8421 8421 8421 8421 “BCD bit position

weights
1001 01ttt 0000 - 001t 000t BCD number

Therefore, 1001 0111 0000.0011 0001
equal to 970.31 decimal.

BCD is

BCD-to-Decimal Conversion. To convert from

BCD to decimal, remember that each BCD group can

only go from 0 through 9 decimal. BCD-to-decimal
conversion is just the reverse of the process of

converting from decimal to BCD. Each group of four :

bits is weighted the same as the first four positions in
the assigned weight to bit positions in the binary
system. One use of the BCD system is to convert from
computer language to keyboard printout. In this
system, each decimal digit is coded separately to a
binary form. It must be understood that the decimal
number is not converted to the binary form. While the
8421 code is commonly used, it is apparent that an
infinite number of special codes are possitle. In order
to interpret these special.codes, you must know the
system being used.

Example: Convert 101 01600111 - 0090 1 BCD to
decimal.

Step 1. Separate binary bits into groups of four
bits, beginning at the fractional point. Add
zeros as necessary to the fractional LSD
and whole number MSD sides to make
each group four bits.

0101 0100 0111 - 0000 1000

Step 2. Assign the weights of the binary weight
table to each group of bits. Add the position
weights for each group. The result is the
decimal equivalent of the BCD number.

8421 8421 8421 8421 8421
otor 0100 Oitl - 0000 1000

. Decimal equivalent
of BCD
number

5 4 7 : 0

Summary:

(1) The binary system has been modified in a varicty
of ways to develop the other number codes, such as the
binary coded decimal system.

(2) In converting a decimal number to BCD, a four-
digit code is used for each decimal digit and thecodeis
not the same as binary.

(3) BCD will never go above a decimal 9 in a single
four-bit code.

(4) When converting a BCD number to decimal,
you must divide the BCD number into groups of four
bits, starting at the fractional point.

(5) Each group of four bits in a BCD number is
equal to one decimal number.

Exercises 009:

Convert the decimal numbers in exercises 1 and 2 to
their BCD equivalents.

1. 1753.68

2. 1590

Convert the BCD numbers in exercises 3 and 4 to their
decimal equivalents.
3. 111

1000 0101. 0100 Ol1

4. 0111 1001 1060 0010



ANSWERS FOR EXERCISES

Reference: 3+ 2= 1 R 1
1+2= 0R 1 MSD
oor-1. 2 5 3 2 140200, = 110010010,
' o _ _ 003-3. 1301 + 2 =65 R | LSD
20T =2x1 = 2 650 + 2 = 325 R 0
IX 100 3x 10 = 30 f§§+§='gf§§§,
= 9 =
S X 10° =5 X 100 = 500 §(1)+5 ;85(1)
) 20+ 2= 0RO
2X 100 =2 X 1000 = M 10 = 2 = SRO
2532”“) 5 = 2 —_ 2 R ]
001! - 2. a 2+ 2= 1RO
!4 1 +2= 0R 1 MSD
J L 13010, = 10100010101,
003 -4, 31, *
c ’ ’ b 003 -5. 2l
d e 004 - 1. ra
001 - 3. 50910 ——d __I T
b---l I——»a CJ
c d b
004 - 2, 405. 1) — ¢
001 - 4, 12'—a a_”
b—l b d
004 -3. a. l2||n|
C b lO44|m
Cc. IOOIO(m
002-1. 1—1 H—1011 004 - 4. b (2,;:::
210 121100 c. 3651
311 ii—l10l 004 -5. a. 1567520
4—100 14—1110 b. 2142044
5—10! 15—1111 c. 2472055
6—110 16— 10000 004-6. a 76
7-—111 17—10001 b. 272
8-- 1000 18—10010 c. 50
9--1001 19—10011 '
10--1010 20—10100 005-1. 38 +8=4R 6 LSD
4 +8=0R 4 MSD
002 -2. a. 10001111 3810 = 4644
b. 100101 005-2. 122 +8=15R 2 LSD
c. 10000100 15+8= 1R 7
002 -3. a. 101010 Il ~8= O0R | MSD
b. 10110 l22|1(n = |72(x)
c. liorio 005-3. 2143 + 8 = 267 R 7 LSD
002 -4. a. 1011101 267 ~ 8 = 33 R 3
b.- 110111 33 +8= 4R |
c. 111oli1o 4 +8= 0R 4 MSD
002-5. a. I1l11.1 21430 = 41374
b. 1000 005 - 4. 347 = 2310, = 11 100 111,y
c. 1101 005 - 5. 573()(] = 379“(;) = 101 111 OI’(:)
. 005 - 6. 21354 = [1170 = 10 001 O11 101,
003 - 1. 37 =2 f 18 R 1 LSD 005 - 7. lOll(,‘; = ] )
18 2 = 9RO 005 -8. 1101, = [5w)
9+2= 4R
4+2= 2RO0 006-1. a. 6434 643
2+2= RO —452 +325
l1+2= 0R 1 MSD Ricailol B /1)
370, = 100101, !
003 -2, 402 + 2 = 201 R 0 LSD 171
201 =2 =100 R | b. 756 = 756
100 +2= 50RO —654,4, +123
50 +2= 25RO -, I_O—I
' 25+ 2= 2R 1 |
12+2= 6RO
6 -+ 2 = 3RO Ay GAFSI@2(851317)900
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c. 6741 - 6741 007-1. 3A6
o 007 - 2. A9C
0777w $7000 007 - 3. 1997
1 5741 007 - 4. 4002
1 007-5. 4011
5742 007 - 6. 3022
d. 110 001, _  t10 O11 008 - 1 ROAF
=011 11 11 -+100 000 008 - 2. 28391
1 008 - 4. 10E
510 100 008 - 5. 52370D
e 1ML 100, HIL ool 009 - 1. 10111 0101 OVIL.GLI0 1
2100 000, 4011 111 009- 2. 10101 1001 0000
bt 009 - 3. 785.46
L on 10? 009 - 4. 7982
011 101
f. 100 000, _ 100 000
=011 000, +100 111
1 000 t11
1
001 000
¢ ‘ .
20 22y

O
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Preface

NO MATTER HOW complex, if the equipment is a digital data processor, its basic
unit is the Logic Circuit. Logic Circuits are the control and decisicn-making units
which allow even the most sophisticated computer to perform its “‘magic-like” feats.

In this module we will look at logic functions and circuitry. You will need to have
some prior knowledge of numbering systems, conversion from one system to another,
and arithmetic as used with the different systems. This information can be found in
Module 2 of ECI course 30XX, Digital Techniques.

If you have questions on the accuracy or currency of the subject matter of this text,
or recommendations for its improvement, send them to 3390 TCHTG/ TTGU, Keesler
AFB MS 39534. NOTE: Do not use the suggestion program to submit corrections for
typographical or other errors.

If you have questions on course enrollment or administration, or on any of ECI’s
instructional aids (Your Key to Career Development, Behavioral Objective Exercises,
Volume Review Exercise, and Course Examination), consult your education officer,
training officer, or NCO, as appropriate. If this agent can’t answer your questions, send
them to ECI, Gunter AFS AL 36118, preferably on ECI Form 17, Student Request for
Assistance.

This module is valued at 6 hours (2 point).

Material in this modulc is technically accurate, adequate, and current as of July
1978.

iii 220



CHAPTER 1

NOTE: In this module, the subject matter is developed by a series of Learning Objectives. Each of these
carries a 3-digit number and is in boldface type. Each sets a learning goal for you. The text that follows the
objective gives you the information you need to reach that goal. The exercises following the information give
you a check on your achievement. When you complete them, see if your answers match those in the back of
this module. ¥ vour response to an exercise is incorrect, review the objective and its text.

Logic Symbology, Functions, and Boolean Logic

COMPUTERS are composed of many, many
repetitions of just a very few simple circuits. This fact
makes it both unnecessary and impractical to have
detailed schematic diagrams for every computer
circuit. Standard symbols have been designed to
represent each type of circuit. These symbols are called
logic symbols, and diagrams composed of logic
symbols are called logic diagrams. Boolean logic is a
simple system which aids in understanding the logic
functions.

A computer is no more than a combination of simple
devices which perform a few basic operations. The
complexity of a computer arises only from the large
number of these devices and the way they are
interconnected. The interaction of signals as they
process through a computer is called logic; the circuits
involved are called logic circuits.

Outputs of logic circuits have two voltage values
called logic levels. One level represents binary 1 and the
other represents binary 0. If the more positive of the
two voltage values represents 1, the circuit uses
“positive logic.” If the more negative value represents
1, the circuit uses “negative logic.” Both types of logic
are discussed in this module.

It is possible to design a computer using just two
kinds of components: (1) GATES, which transmit
signals only when input signals are present in specified
combinations; and (2) STORAGE ELEMENTS,
which store or remember a signal so that it may be used

at a later time. This module is limited to the discussion
of gates.

001. Given AND- and OR-gate logic symbols,
construct truth tables and circuitry; determine correct
inputs and outputs.

GEORGE OR PETE OR JOE = MOVIES

GEORGE
PETEED——MOVIES
JOE

REP4-2091
Figure 1-1. OK function.

Diode Logic Gates. A gate is a device having two or
more inputs and one output. The logiz for OR- and
AND-gates and truth tables are discussed in the
following paragraphs.

OR logic. One of the common logic operations is the
alternative or choice, called the OR function. This
comes into play whenever any one of two or more
alternate possibilities can bring about a specified
result.

The symbol infigure 1-1 represents the OR. function.
The symbol indicates that OR is the relationship
between its “inputs,” which are, of course, the arrival of
George, Pete, or Joe. Another way of thinking of it
(more accurate when dealing with equipment) is that
the symbol applies the OR function to its inputs. The
circuit produces an “output” only when the inputs meet
the OR requirements; in other words, when at least one
of the inputs appears. Figure 1-1 can be altered, as in
figure 1-2, to illustrate the general case—any OR
situation. Four inputs are shown: A, B, C, and D,
although any number of inputs other than one is
possible (one input offers no alternative, hence no
OR).

The OR function produces a specified result, X,
when any one of its input conditions, A or B, orCor D,
is satisfied. Notice that if any one, two, three, or even
all of the inputs appear together, the output X is still
produced. The OR in this case includes all
combinations as well as one-at-a-time inputs, so it is
called an INCLUSIVE OR. In digital computer logic
circuits, the OR function is always “inclusive” unless
otherwise specified.

Diode OR-circuit. The diode OR-circuit consists of
two or more crystal diodes connected in the manner

AORBORCORD=X

REP4=2090
Figure 1-2. 4-input OR function.
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-6V

CR1 R
AO—@ -o——» X
8O @ 3

CR3

NDAl13-7

Figure 1-3. Diode OR circuit.

shown in figure 1-3. The load resistor is connected toa
negative potential. The presence of information is
represented by a high, while the absence of information
is represented by a low.

Figure 1-4 shows waveforms of the OR-circuit. At
time TO to T1, all diodes are cut off and the output is
low (-6V). At time T1 to T2, CR1 (A in figure)
conducts and the output goes high (OV). Attime T2 to
T3, CR1 cuts off but CR2 (B in figure) conducts so the
output remains high. From T3 to T4, CR3(Cin figure)
conducts and the output is high. Allinputs must be low
to have a low output; one or more diodes conducting
make a high output.

Figure 1-5 shows a two-diode OR-circuit. With one
diode anode at 0 volts (high) and the other diode anode
at —6 volts (low), the output is high (OV).

Assume no voltage drop across conducting CR1.
The output is clamped to 0 volts. This clampingaction
causes a 0 potential tc e felt on the cathode of CR2.
Thus, the cathode of CR2 is positive with respect to its

TO T1 T2 T3 T4 TS5 T6 T7
R 1 I 0V

'Y N R S Y I B 1
T S T
BL ' 1 ! 1! gy
L L D T Y
cl UL I L ey
I N N R N B Y
xt__f Lo L e v

OR CIRCUIT WAVEFORMS
REP4-1547

Figure 1-4. OR circuit waveforms.

-V
-—
ov 0N CR1
A O- { Sl + R
h
X

OUTPUT

REP4-2098

Figure 1-5. OR circuit with one input high.

anode, causing CR2 to be reverse biased, and the diode
will not conduct. This operation occurs when one input
is high and the other is low; the output is high.

If both inputs are at 0 (high), then both diodes will
conduct and the output is high, as can be seen in figure
1-6.

Figure 1-7 is the truth table which relates all of the
important features of the OR-gate. In this truth table,
the low (L) represents —6 volts while the high (H)
represents O volts. Verify the truth table which
indicates the following:

® All inputs low give a low output.

e Any one input high gives a high output.

® All inputs high give a high output.

The important feature to remember from figure 1-7
is that any, or all, high (H) inputs will produce a high
(H) output.

AND logic. The opposite of the OR situation is
called the AND logic. It requires that all inputs be
present in order to obtain the specified output.

The symbol in figure 1-8 represents the AND
function. The symbol indicates that AND is the
relationship between its “inputs,” which are the
combination of pigment, lead, and linseed oil. Another
way of thinking of it more accurate when dealing with
equipment is that the symbol applies the AND
function to its inputs. The circuit produces an “output”
only when the inputs meet the AND requirements; in
other words, when all of the inputs appear at the same

. time.

Figure 1-8 can be altered, as in figure 1-9, to
illustrate the general case forany AND situation. Four
inputs are shown: A, B, C, and D, although any
number of inputs are possible.

-V
-
ov 1% CRI
M 14

?- - X
- OUTPUT
oV

REP4-~2099

Figure 1-6. OR circuit with two inputs high.
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REP4-2089

Figure 1-7. OR gate and truth table.

Diode AND circuitry. Circuits which perform the
AND function are called AND-gates. AND-gates
may use diodes as shown in figure 1-10. The circuit has
one output, at which a pulse appears if, and only if,
pulses are applied simultaneously to BOTH inputs. If
the inputs are not of the same time duration, the output
will appear only during the time interval that the input
pulses overlap.

When both diodes have a high input, the output is
“high.” When either diode has a low input or if both
diodes have low inputs, the output is “low.” A low
output is considered NO output and represents binary
0

Poeee—— PAINT

PIGMENT
LEAD

LINSEED
oiL

Figure 1-8. AND situation.

Time TO to T1 in figure 1-11 shows a —6 volts being
applied to both diode inputs. Both diodes are
conducting heavily and the output is —6 volts (low).
Figure 1-12 shows the equivalent circuit with the

diodes shorted.
A .
B )
¢ X
[}

A AND B ANDCAND D= X

REP4«~2092
Figure 1-9. Four input AND sijtuation.

Times T1 and T2, figure 1-11, show one input at 0
volts (high) and the other at —6 volts (low). CR2 is
forward biased and conducts heavily, clamping the
output and the anode of CR1 to —6 volts. CR1 is
reverse biased and does not conduct. Figure 13 shows
the equivalent circuit with CR2 shorted. The —6 volt
(low) output is identified as “no output.”

+V
A CR1
R
INPUTS *-— — X
B @ CR2 OQUTPUT
REP4~2093
Figure 1-.. A circuitry.

3

TO T1_T2 T3 T4 T5_T6 v
AL LT —6V
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B [ 7 L1 I v

| ] [ ' | : i

! . [ ! { ) |

! ! ) ) | ' X

e

i | 1 i | 1 AY
X! [ ] ) | -6V

f L] H 1 ]

] [} [} ] ]

AND GATE WAVEFORMS
REP4-1542
Figure 1-11. AND gate wave forms.

In the explanation of AND-circuits, the logic levels
are the numeric values of the high or low outputs. If the
outputs are OV and —6V, 0 volts represents a high and
—6 volts represents a low. The most positive value is
high and the most negative value is low. The high
represents binary 1, and low represents binary 0.

+V
—_

Ao A CRI

N R
INPUTS +—— X

6V o=\ OUTPUT

Bo=®Y (g} I ~6v

\.~ CR2

REP4-2094

Figure 1-12. AND gate with both diodes conducting.

A “truth table” shows all the possible input
conditions and the output of each case. Figure 1-14isa
truth table which relates all the important features of
AND-gates. In this truth table, the low (L) represents
—6 volts and the high (H) represents 0 volts. Compare
each line of the truth table with specific conditions as
follows: (1) In figure 1-12 when bothdiodes have a ~6V
input (L), the output is —6V (L). (2) Figure 1-13 shows

+V
A ov CR1
R
INPUTS X
OQUTPUT
Bo=2Y AR -6V
\'"J cr2
REP4<=2098

Figure 1-13. AND gate with one diode conducting.
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+V

CRI Ri
(-

CR2 X
——(®

CIRCUIT

Figure 1-14. AND gate with truth table.

either diode input —6 volts (L) with the other diode
input 0 volts (H); the output is —6 volts (L). (3) Figure
1-15 shows 0 volts (h) on both diodes; this is the AND
condition with provides an output (H).

The important feature to remember about an AND-
gate (fig. 1-14) is thatall inputs must be high (H) before
the output (X) will be high.

oV
oV sz CRI
A 31—
o= \t‘/' R
INPUTS X
- OUTPUT
o ov
NY—-“ CR2
e

REP4-~2095 A
Figure 1-15. Satistied “AND,”

Exercises (001):

Use figure 1-16 to answer questions 1, 2, and 3:

A

B |

REP4-1385
Figure 1-16. Figure for objective 001, exercises | and 2.

1. Write the correct output (X) for the gate if A is low
and B is high. X is (high) (low).

2. Write the correct output for the gate when A is
high and B is high. X is (high) (low).

3. Draw the correct diode circuitry for the logic
symbo. in figure 1-17.

C ()

B o

REP4—-1386

~ Figure 1-17. Figure for objective 001, exercises 3 and 4.

4. The AND-gate shown in figure 1-17 will have an
output at C when the inputs to A and B are as
shown (observe pulse timing). (True/false)

5. Construct the truth table for the logic symbol
shown in figure 1-18.
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Be—uH /

REP4-1387

Figure 1-18. Figure for objective 001, exercise 5.

6. Write the correct output (C) for the gate infigure
1-19 when A is low and B is high. C is (high) (low).

A
C
B

REP4-1390

Figure 1-19. Figure for objective 001, exercise 6.
7. Write the correct output (X) for the gate shown in

figure 1-20, when A is high and B is low. X is (high)
(low).

A

B

Figure 1-20. Figure for objective 001, exercise 7.

8. Write the correct output (Z) for the gate shown in
figure 1-21, when X is high and Y is high. Z is
(high) (low).

REP4~1390

Figure 1-21. Figure for objective 001, exercise 8.

9. Draw the correct diode circuitry for the logic
svmbol shown in figure 1-22.

A

C
B

REP4-1390
Figure 1-22. Figure for objective 001, exercise 9.

10. The OR-gate will have an cutput at C when the
inputs to A and B (two pulses) are shown in figure
1-23. (True/false.)

Figure 1-23. Figure for objective 001, exercise 10.

11. Construct the truth table for the logic symbol
shown in figure 1-24.

A
X
B

REP4-1597

REP4-~1391

Figure 1-24. Figure for objective 001, exercise 11.

002. State characteristics of NOT, exclusive OR, and
negative logic; determine inhibit-, NAND-, and NOR-
gate inputs/outputs; construct truth tables and circuits
for these gates.

NOT Logic. Another logic operation of importance
is the NOT function, which denotes an alternate or
converse value. It can also be called inversion. When
inverted, every high becomes a low. Similarly, an
inverted low becomes a high. A line drawn over a signal
designator indicatesa NOT function. NOT A is written
as A. If A equals 1, the A equals 0. If A equals 0, the A
equals 1. An inverting amplifier can be used to obtaina
NOT function. The logic symbols for such an amplifier
are shown infigure 1-25. The symbol for an amplifier is
the triangle; the small circle represents inversion;
without the circle, the amplifier has no inversion.

The small circle placed before or after the amplifier
symbol is the “state indicator.” The circle at the input
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Figure 1-25. Amplifier symbols.

to figure 1-25 indicates that a LOW is required at the
input to activate the amplifier and produce a HIGH
output. Without a LOW input, this function is not
activated and the output is LOW. The absence of a
circle at the input (right portion of figure) indicates

that a HIGH is required to activate the function.
Without a HIGH input, the cutput remains HIGH. A
HIGH input produces a LOW output. The polarity
signs (in addition to L and H) indicate signal
inversion occurs within the amplifier.

An amplifier can be used to obtain the inversion
necessary for a NOT function. For example, the
common emitter amplifier inverts its input signal; a
positive-going input gives a negative-going output.
Common base and common collector amplifiers
develop outputs with the same waveforms as their
inputs; they are noninverting amplifiers and cannot be
used for a NOT function.

The output of an AND, or an OR, circuit can
become a NOT function by adding an inverting
amplifier, as shown infigure 1-26. Recallthat the AND
function requires all inputs to be HIGH to geta HIGH
output. Two HIGH inputs to a two-input AND
function produce a HIGH at point X, which activates
the amplifier, and the output at point X.is LOW. Atall
other times, the output remains HIGH. In the OR
function, a HIGH at either input (or both) produces a
HIGH at point X, which activates the amplifier and
produces a LOW at point X. Unless the amplifier is
activated, the signal at X is HIGH.

Inhibit-gare. The NOT function is often used in
conjunction with the input to an OR, or an AND,
circuit. For example, someone might say, “I'll go if

A B X X
2 2 cfcle]n
A__Dibe$ LIH|L|H
B— HIL{LlH
H{H]|H]L
X x A B X X
Lticicu
Aj>|D I LIH]|H]|L
B HIL{H]L
HIH|H]L

NOT FUNCTION
REP4-1549

Figure 1-26. NOT function.

TOM goes and it does NOT rain.” Examinations show
that this involves an AND function and a NOT
function. This situation can be diagrammed as shown
in figure 1-27,A. A more common method of
diagraming is to omit the amplifier symbol and show
only the state indicator in conjunction with the AND
symbol, as in figure 1-27,B.

If rain is present (H), it prevents the AND-circuit
from producing an output. This prevention of the
AND operation is called INHIBITING. When a state
indicator is used at the input of an AND-circuit, the
function is terined an INHIBIT FUNCTION. The
circuit which provides the inhibit function is called an
INHIBITOR.

The truth table for the inhibit gate is shown in figure
1-27,C. The truth table simply means:

1. Itis raining and Tom is going but I am not going.

2. It is raining and Tom is not going so 1 am not
going.

3. It is not raining and Tom is going so 1 will go.

4. Itis not raining and Tom is not going so I am not
going.

NAND-gate. Figure 1-28 A, shows an AND symbol
with a state indicator at its output; this is called a NOT-
AND (NAND) symbol. The state indicator on the
output of the AND symbol indicates a relatively low
voltage for the activated output. Thus, with two HIGH
inputs, the output will be LOW.

Figure 28,B, shows a NOT-AND (Nand) circuit.
An AND-gate at inputs A and B controls the bias on
the base of amplifier Q1. The potentials applied at A
and B are either 0 volts, representing a high, or —6
volts, representing a low. The inputs at A and B are
never in an ~pen condition.

If a low input is applied to either diode A or B, or to
both simultaneously, & total of 12 volis is established
across voltage divider R1-R2. Ten volts will be
dropped across the 20k ohm resistor, establishing a

RAIN—Y

TOMS__
G
B. OE

RAlN—oDD_I o

TOM
GOES

TOM
RAIN GOES |
H H
H L
L H
L L

AW N

+12

+6

Figure 1-27. Inhibit-gate.
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H L
C. TRUTH TABLE
REP4-1551

Figure 1-28. NAND-gate.

negative potential (—4V) at the base of QIl. This
forward biases the transistor and it conducts. Current
flow through the transistor clamps the output to 0
volts. Note that a low input (A or B) gives a high
output. Now, consider the circuit with 0 volts applied
to both A and B at the same instant; we have 6 volts
across voltage divider R1-R2. Five volts will be
dropped across the 20kohm resistor, establishing a
base potential of +1.0V. This reverse biases the
transistor and cuts it off. No current flow through the
transistor now clamps the output at —6 volts. The
diode in the collector circuit allows current to flow
through R, holding the collector at—6V. The purpose
of this diode is to establish the low logic level. Thus, a
high input at both A and B, at the same time, gives a
low output.

Figure 28C shows the truth table for the NAND-
circuit, which you can verify. Keep in mind that the low
is —6 volts and the high is 0 volts. When Q1 conducts,
the output is high (0V); with Q1 cut off, the output is
low (—6V). An AND function output would be HIGH,
but the NAND function output is LOW.

NOR-gate. An OR symbol with a state indicator at
its output (fig. 1-29,A) is known as a NOT-OR (NOR)
symbol. Notice that the state indicators on the output
of the NOR gate show a relatively low voltage as the
activated output. Recail the normal output of an OR-
gate is HIGH with either input HiGH. This symbol
indicates the activated output will be LOW.

Compare the NOR-circuit in figure 1-29,B, to the
NAND-circuit of figure 1-28,B. Note that the input

-12v -6V

1.5K

oX
OUTPUT

Q1

iz P
I|Ir|x|r|m
rjrjr]xpx

C.
REP4-1552

Figure 1-29. NOR-gate.
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REP4-1553

Figure 1-30. Exclusive OR-logic.

diodes have been reversed and the base bias circuit has
been changed.

When both input diodes have —6 volts (low) applied
at the same time, the 2V drop across R1 forward biases
Q!. The transistor conducts and the output is 0 volts.
Therefore, inputs must be low to give a high outputina
NOR-circuit.

Applying a high (0V) input to either diode will cause
the transistor to cease conduction. The OV input at A
or B will cause the corresponding diode to conduct.
Now, the voltage drop across R1 will equal 6V, making
the base and emitter of Q1 at the same potential, which
cuts the transistor off. The cutoff condition gives a low
(—6V clamped) output. The diode at the output
establishes the low logic level. Saturation conduction
of QI establishes the high logic level.

Figure 1-29,C, shows the truth table for the NOR-
circuit, which you can verify. Notice that the two input
diodes with resistors (R1 and R2) make up the OR-gate
circuit. The common emitter amplifier provides phase
inversion. Any HIGH input (A or B or both) causes a
LOW output as represented by the NOR symbol.

Exclusive OR Logic. Another logic fuiction of
importance is the “exclusive OR.” Figure 1-30,A,
shows the symbol. An exclusive OR will develop an
output pulse when either input A or B is high, but not
when BOTH inputs are HIGH.

Figure 1-30,B, shows an example of the exclusive
OR logic diagram. Notice that the exclusive OR is a
combination of two inhibited ANDs and an OR
symbol. Figure 1-30,C, shows the truth table which
you can verify. Look back to figure 1-28, B and C, to
review the function condition for a HIGH output.
Then compare the truth tablc with the logic diagram of
figure 1-30,B.

Further details concerning application of this
function are discussed in the next objective segment.

Negative Logic. Inthe AND-and OR-gates covered,
0 volts was used to represernt high, whereas the low was
represented by a —6 volts. .

Circuits may be designed to be activated by lows
rather than highs. In this case, the AND- and OR-
circuits used in logic systems of this type are called
NEGATIVE OR- and NEGATIVE AND-gates.

A negative AND-circuit is one in which a low output
is produced only if all the inputs are low. This
condition can be met by using a circuit identical to a

standard positive OR-gate. Figure 1-31 represents a
negative AND-circuit. Use conditions —30V = binary
1, and OV = binary 0, and compare the circuit
operation of figure 1-31,A, with the truth table of
figure 1-31,B.

In figure 1-31,C, note that a state indicator is used on
the output terminal. This indicates that the output
potential of an activated function is relatively low.

A negative OR-circuit is one in which any low input
will give a low output. This condition can be met by
using a standard positive AND-gat Figure 1-32
represents a negative OR-circuit. Use the conditions
~30V = binary 1, and OV = binary 0, and compare the
circuit operation with the truth table of figure 1-32.

A B c x ¢

L L L L 1l

8 >—Pi—o
H|Lr |n |H }O
C>—.|.—-.
A L |8 |u |H O
NEG,AND = LOW QUTPUT IF
ALL INPUTS ARE H]H |H |H |O
LOw
-}
—d
— OR
—) —_—
c D
NEG AND ~30V = BINARY 1 POSOR OV = BINARY )

OV —BINARY O ~30V = BINARY O
Figure 1-31. Negative AND circuit.
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A B C x ¢ A
X
H H H H 0 B
L H H L 1
Bt REP4-1393
; H L H L 1 Figure 1-34. Figure for objective 002, exercise 4.
> L{iriunir i 5. Draw the circuit for the gate shown in figure 1-35.

A
8 —j————¢ Lin L L] X

C—lﬂ—— HlL]L]L |12 B——
_ REP4~-1393
3 = LOW OUTPUT IF
NEC OR ANY INPUTS ARE LOW L L L L 1

Figure 1-35. Figure for objective 002, exercise 5.

6. Construct the truth table for the logic symbol
shown in figure 1-36.

A A B X
—_— X
—] OR B___|

POS AND NEG OR
c D

REP4-1394

Figure 1-32. Negative OR-circuit. Figure 1-36. Figure for objective 002, exercise 6.

Exercises (002): 7. Write the correct output for the logic symbol

. . shown in figure 1-37, when A and B are high. X is
I. A NOT function denotes of a signal. (high) (low).
2. A gate circuit is said io be INHIBITED when the

state indicator is shown in the

3. Detail in figure 1-33 shows an /'\ND~gate

notted. A
X
B
— —d
Figure 1-37. Figure for objective 002, exercise 7.

-——O —_——

A,

—

B Use figure 1-38 for questions 8 through 10:
*
A -
X
B
c REP4-1392 A+B=X
* REP4-1569
Figure 1-33. Figure for objective 002, exercise 3. Figure 1-38. Figure for objective 002, exercises 8 through 10.
8. Write the correct output for the logic symbol
4. Write the correct output bit for the gate shown in shown, when A and B are low.
figure 1-34, when A is high and B is high. X is 9. Draw the correct circuit for the gate shown.
(high) (low). 10. Construct the truth table for the gate shown.
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Figure 1-39. DCTL amplifier.

11. Anexclusive OR logicdiagram is a combination of
two inhibited and an symbol.

A negative AND-circuit is one in which a
output is produced only if all inputs are low.
A negative OR-circuit is one in which any

input will give a output.

12,

13.

003. Analyze DCTL and CML diagrams for
determination of inputs/outputs, diagram logic
symbols and circuits, and construct truth tables for
,direct-coupled transistor and current mode logic
circuits or gates.

Direct-Coupled Transistor Logic. Direct-coupled
transistor logic, referred to as DCTL, indicates that the
output of one amplifier stage is coupled directly to the
input of a following stage.

A two-stage DCTL amplifier is illustrated in figure
1-39. The input is a signal that has a 0.2V swing, from

—0.1V to —0.3V. the —0.1V represents a high, and the
—0.3V represents a low.

The —0.1V applied to the base of Q1 is insufficient to -

bring Q1 into conduction. Q1 remains cut off and

collector voltage of Q1 would normally remain at V.
(—3 volts in this case). However, the collector of Ql is
directly coupled to the base 0f Q2, and the base-emitter
diode of Q2 is going to clamp the collector of QI to
—0.3V. This —0.3V is the voltage drop across the base-
emitter resistance of Q2, dropping a —0.3V and
saturating Q2. Thus, the base-emitter diode establishes
the low logic level.

When the input of QIl goes to a —0.3V, QI
saturates, and the collector of Gl drops to a —0.1V.
This —0.1V is the voltage drop from collector to
emitter and is used to cut off Q2. Thus, the voltage
drop across the saturated transistor (Q1) establishes
the high logic level. This method of obtaining the !ngic
levels simplifies the circuitry by eliminating the logic
level establishing components.

Parallel gate. A parallel gate is illustrated in figure 1-
40. This gate consists of three transistors connected in
parallel in a common emitter configuration. This gate
is capable of AND, or OR, operations.

When all three inputs A, B, and C are high (—0.1V),
the output will be low (—3 volts). However, if any one
of the three inputs is low (—0.3V), the output becomes
high (—0.1V).

From these facts, it can be concluded that if a high
(—0.1V) represents a 1 or TRUE condition, the gate is
an AND-gate with phase inversion. Also it can be
concluded thatif alow (—0.3V) representsa 1l or TRUE
condition, the gate is an OR-gate with phase inversion.
The parallel gate then can be classified as: (1) Positive
input AND-gate with phase inversion or (2) negative
input OR-gate with phase inversion.

More transistors can be placed in parallel but thereis
a limit to the number becuuse the leakage currents,

-3V

-0.1v

r— 1
-0.3v
A Ql B Q2 c Q3
-0.1v -0V -0av |
L 1

-0.3V -0.3V -0 .3V

Figure l.-—40. Parallel gate.
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ICBO, increases to a point where the output voltage
comes close to —0.1V.

The standard symbols for the circuit in figure 1-40
are illustrated in figure 1-41. Note the use of the state
indicators. Figure 142 illustrates a practical
application of state indicators. Here a positive input
gate is feeding a negative input gate. The state indicator
also has practical use when a negative input gate feeds a
positive input gate. Here we see that two highs (0.1V),
each representing a binary 1, are fed to the AND-gate.
The gate provides a low output (.03V), also
representing a binary 1, because the second gate being
fed is a negative input gate.

Series gate. A serial (or series) gate consisting of two
transistors in series is illustrated in figure 1-43. When
the inputs A and B are high (0.1V), the outputisa —3
volts. When either input is a low (—0.3V), the output is
still a —3 volts. When both inputs are low (—0.3V), the
output is high (—0.1V).

From these facts it can be concluded that a series
gate can be one of the following: (1) Positive input OR-
gaie with phase inversion or (2) negative input AND-
gate with phase inversion.

The symbols for the series gate are illustrated in
figure 1-44. Figure 1-45 shows a negative AND feeding
a positive OR and the truth table for the circuit.

Exclusive OR-gate. An .example of the exclusive
OR-gate is shown with its logical symbol in figure 1-46.
1t will have a high output when either input is high but
not when both inputs are high.

Operational analysis with both inputs high (OV) is
as follows:

a. Transistor Q1 has 0 volts applied to its base,
ground on its emitter, and —3 volts applied to its
collector frorn RC3. This causes transistor Q1 to be cut
off.

b. Transistor Q2 has O volts applied to its base,
ground on its emitter, and —3 volts applied to its
collector from RC2. This causes Q2 to be cut off.

c. Transistor Q3 has a —3 volts applied to its base
from RC3, the emitter of Q3 has —3 volts applied to it
from RC2, and the collector of Q3 has a —3 volts
applied to it from RCIl. With the base, emitter, and
collector at a —3 volts, Q3 is cut off.

d. Transistor Q4 has a —3 volts applied to its base
from RC2, the emitter of Q4 has a—3 volts applied to it
from RC3, and the collector of Q4 has a =3 volts

A—J A

x
x

B et 8
A B X
HIH]L
L{H|H
HIL|H
L{L|H

Figure 1-41. Parallel gate symbols and truth table.
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—
B ] X
c
OR INPUT
AND OR.
AND INPUT OouUT- OuT-
A B PUT C PUT
H H L L H
1 1 1 1 1
L H H L H
0 1 0 1 1
H L H L H
1 0 0 1 1
L L H H L
0 ﬂ 0 0 0
IN ouT IN ouT
H=1 L =1 L =1 Hs=1
L =20 H=0 H=0 L=0
NDA13-59

Figure 1-42. Positive “AND" feeding negative “OR".

applied to it from RC1. With the bas:, emitter, and
collector at a —3 volts, Q4 is cut off.

The output (with Q1, Q2, Q3, and Q4 cut off)1s the
collector potential of Q3 and Q4, which is a =3 volts, or
low.

Operational analysis with the injection of a low
signal (—3V) on the base of Q1 and a high signal (0V)
input on the base of Q2 is as follows:

NDA13-69




E

Q

—C
—Q
Figure 1-44. Series gate symbols.

a. With a negative input pulse applied to the base of
QI, the transistor gocs to saiuration causing it to act
like a short. This results in the ground potential of the
emitter of QI to be felt at the collector of QI. The
ground potential felt at the collector of Q! is coupled to
the emitter of Q4, causing Q4 to now have the
following voltages: ground on the emitter, —3 volts on
the base from RC2, and a —3 volts applied to the
collector from RCI1. This voltage arrangement will
cause Q4 to saturate and act like a short so that Q4’s
emitter potential (0 volts) will be felt at the collector of
Q4. The output, which is taken from the collector of
Q4, will be high (0 volts).

b. Transistor Q3 will remain cutoffdue to 0 volts on
the collector, —3 volts on the emitter, and 0 volts on the
base.

¢. With low input to Q2 and a high input to Q1, the
same operation takes place utilizing Q2 and Q3.

Operational analysis with both input signals low at
the same time is as follows:

a. In this arrangement both QI snd Q2 go to
saturation, which applies 0 volts, or ground potential,
to the bases and emitters of Q3 and Q4. This in turn
cuts off Q3 and Q4.

b. With Q3 and Q4 cutoff, the collector potential
will remain a —3 volt and the output will remain low.

A logical equation may be used to represent the
function of the exclusive OR-gate. The equation
simply means A and not Bornot A and B; one input or

c
AND INPUT OR INPUT OoR
AND OuT-
A B OUTPUT |C PUT
L L H B L
1 1 1 1 1
B L L L B
0 1 0 0 0
L H L B L
1 0 0 1 1
B B L L B
0 0 0 0 0
AND OR
IN our IN __our
kl n-l n.l L-l
—Be0  L=0 ~L=0 _ B-0

Figure 1-45. Negative “AND" feeding positive “OR",

RIC

Aruitoxt provided by Eic:

ouTPUT

INPUTY

A
SYMBOL
A
c
B
B

Figure 1-46. Exclusive OR-gate.

the other high at a time, and not both inputs high or
low at the same time. (Refer to the truth table in figure
1-47 for an analysis of the logical equation.) The most
common equation used is AB + AB = C.

The exclusive OR is also referred to as a quarter
adder as it has only two inputs with a single output.
The output is called the “sum” of the two inputs.

Current Mode Logic (CML). So far, the logic that
has been discussed belongs to the saturated class. The
transistors were operated either at saturation or were
cut off. In current mode logic, or emitter follower logic
(as it may be referred tc at times), the common
collector configuration is used because it is extremely
difficult to drive this configuration into saturation.
This type of operation does not have the inherent delay
that is encountered in bringing a transistor out of
saturation or cutoff, and, therefore, produces a high-
speed circuit.

Figure 1-48,A, shows a CML OR-gate, which uses
negative logic with the transistors biased close to the
cutoff point. In this condition with a low applied, the
output will be a slight negative voltage. A negative
square wave input at A with no input at B will cause Q1
to conduct, developing a negative-going square wave

A=H=1 B=H=1 A B C S
I L L O
A=L=0 B=L=0 T H H 1
H L H 1
C = output.= 8 = Sum " H L 0

Figure 1-47. Exclusive OR-gate analysis.
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RB1
R1
A Q
Cc2 <
RB2 %
&

R2
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QUTPUT
RL
B, —_ NDA13~-26
. Figure 1-48. Current mode logic (CML).
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across the load resistor. By putting a negative square
wave on B and no input on A, Q2 will conduct and the
output will be a negative square wave. With a negative-
going square wave on A and B, both transistors will
conduct and a negative-going signal will be developed
across RL. If you should get an input at A and B at the
same time, the larger of the two signals will determine
the amplitude of the output.

Figure 1-48,B, is a CML AND-gate which uses
positive logic and is biased at the center of the dynamic
transfer curve. In this circuit, a positive-going square
wave on A and no input at B will not change the
amount of current or voltage dropped across RL so the
output will be a negative voltage. By putting a positive

A

O

O

square wave on B and no input to A, the same results
will be obtained. In order to get a positive gate out of
this circuit, a positive-going square wave must be
applied to both inputs at the same time.

In both the OR-gate and the AND-gate, capacitors
C1 and C2 arespeedup capacitors. They reduce the rise
and fall time of the input signals and thereby help to
increase the response of the circuit.

Exercises (003):

I. Write the correct output for the logic diagram
shown in figure 1-49, when A is high and B is low.

Output:

REP4-1399

Figure 1-49. Figure for objective 003, exerciss 1.

2. Write the correct output for the logic diagram
shown in figure 1-50, when X and Y are high.

Output:

X

D :

Figure 1-50. Figure for objective 003, exercise 2.

3. An exclusive OR will develop a high output when
either input A or Bis high and the other low, but not

when BOTH inputs are the same. (True/false.)

4. Draw the logic symbol for the exclusive OR-gate.
5. Using figure 1-51, construct the truth table for the
exclusive OR-gate.

C

REP4-1400

Figure 1-51. Figure for objective 00 exercise 4.
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6. Draw the logic symbols (AND or OR) which b. Circuit shown in figure 1-53.
represent each of the following direct-coupled
transistor logic (DCTL) circuits: Vee
a. Circuit shown in figure :-52.

——
- e
—

REP4-1590

Figure 1-52. Figure for dbjective 003, exercise 6. Figure 1-53. Figure for objective 003, exercise 6.

7. Write the output for the current mode logic circuit
shown in figure 1-54 wnen A is high, and B is low.

?
F
' F F
A>—© B F
REP{4~1591

Figure 1-54. Figure for objective 003, exercise 7.

8. Construct the truth table for the current mode logic 004. State uses, rules, and characteristics of Boolean
circuit shown in exercise 7, using figure 1-55. algebra; derive Boolean equations and truth tables

from logic diagrams; construct logic diagrams from
Boolean equations.

A B F F Boolean Algebra. The use of symbols to express and

analyze logic circuits is called Boolean algebra. This
logical system has rules with simplify computer
function analysis. Boolean algebra is well suited to
electrical applications: where curreiit is or is not
flowing. In addition to the binary number system, any
system or device having two condiiions can be
REP4-1592 represented by a Boolean equation.

Boolean algebra simplifies the detailed schematics of
digital equipment so that a technician can “see the

15

' _ Figure 1-55. Figure for objective 003, exercise 8.
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INPUT A
OUTP UT X

INPUT B
REP4-2082

Figure 1-56. Two input OR-gate.

forest despite the trees.” The use of this system has
proven to be a great asset in troubleshooting.

Basic Logical Functions. All logical diagrams and
Boolean equations in the Boolean logic system consists
of three basic logical functions. These three functions
are the AND function, the OR function, and the NOT
function (which is involved in the first two functions).
We will review these briefly before we consider more
complex equations and diagrams.

OR-gate. The OR-gate performs the OR function.
The OR-gate has a high output with any input (or when
all of its inputs are high). Understand that the term
“input”in logic means a high or a low signal applied to
the input terminals. There is either a highinput or a low
input. The same is true with regard to the output; there
is either a high output or a low output. Figure 1-56
shows the logic symbol for a two input OR-gate.

The basic rules for the two input OR-gate are shown
in figure 1-57. Rule 1 states that A is low and B is low,
so output X is lew. This follows the definition of the
OR-gate given earlier, which states: “With low inputs
present, there will be a low output from the OR-gate.”
Rule 2 states X is high since A is high. Rule 3 states X is
high because B is high. Rule 4 states X is high since A or
B is high. Both inputs need not be high to produce X,
since the definition for the OR -gate states the OR-gate
will have a high output when any of its inputs are high.
Thus, the OR-gate is an “any or all” gate.

AND-Gate. The AND-gate (fig. 1-58) performs the
AND function. This gate will have an output only
when all of its inputs are high. When any of the inputs
are low, the output will be low. Thus, the AND-gate is
an “all or nothing” gate.

The basicrules for the two input AND-gate are given
in figure 1-59. The rules are all of the combinations of
inputs A and B with their corresponding outputs. In
rule 5, NOT A is high and NOT B is high, so NOT Xis
high. Rule 6 states that NOT A is high and B is high;
therefore, NOT X is high. Rule 7 indicates that A is
high and NOT B is low; therefore, NOT X is low. Rule
8 states that A and B are high; therefore, X is high.

Equations From Logical Diagrams. For the OR-
circuit of figure 1-56, the Boolean equation is written as

Ales]x
1.lofo READ AS: NOT A, NCT B = NoOT X
2.11J0] 1] READ AS: A, NOTB = X
3.J]o] 1] 1] READ AS: NOT A, B = X
sl 1] 1]} READ AS: A+ 8B =X

REP4-2083
Figure 1-57. Rules for two input OR-gate.
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INPUT A

D——OUTPUT X

REP4-2084

INPUT B

Figure 1-58. Two input AND-gate.

A + B = X. Translating verbally, this becomes: “If
inputs A or B, or both, are high, there will be a high
output X.” Further. this output will be high as long as
any of the inputs are high.

A Boolean equation for figure 1-58 is writtenas A - B
= X, or AL =X. Ifthe equation s translated verbally, it
becomes: “If, and only if, inputs A and B are high at the
same time, there will be a high output X.” Further, this
output will be high only for the duration of time that
both inputs are high.

When writing equations for logic diagrams which
have an AND-circuit feeding an OR-circuit, or vice
versa, a problem of grouping within the equation
arises. A system which will allow systematic expansion
of the functions within an expression is required.

Figure 1-60,A, is an AND-gate feeding an OR-gate.
This logic diagram is called an “OR Matrix.” Only four
primary inputs are involved; writing the equation for
this diagram, however, is more complex.

Designating the output of the AND-gate (1) in figure
1-60,A, as “X” simplifics the problem. The equation
for the OR-gate (2) is X + C+ D =E. The equation for
the AND-gate is AB = X. Therefore, the equation for
the output E is AB + C + D = E; this equation
describes the structure of the logic diagram.

Figure 1-60,B, shows an OR-gate feeding an AND-
gate. This logic diagram is called an “AND Matrix.”
Similarly, there are still only four primary inputs
involved. Again, we can simplify the problem by
designating the output of the OR-gate (1) as “X.” The
simplified equation for the AND-gate (2) becomes
XCD, = E. X taken by itself is stated as A + B = X.
Combining the equation A + B with CD, directive,
would resultin A+ BCD which gives a false impression
of the overall structure. To insure that logic diagrams
are not misunderstood, signs of groupings must be
used for theseparation of terms. Thus theterm A+ B is
placed within parentheses (A + B) to indicate that A
and B are to be combined in an OR-gate before the
complete quantity is combined in the AND-gate with
signals C and D to make up the output signal E. The
correct equation becomes (A + B)CD = E. Other signs
of grouping will be discussed as they are required.

AlB] x

5] o0 0 | READ AS: NOT A, NOT 8 = NOT X
6.] 0| 1] 0| READ AS: 'NOT A, B = NOT X

7.1 1 0 0 | READ AS: A,NOT B = NOT X
8111111 ]|READAS: AeB = X

REP4-2085,;
Figure 1-59. Rules for two input OR-gate.
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8. AND Matrix
REP4~2086

Figure 1-60. Matrices.

Figure 1-61,A, illustrates two AND-gates feedingan
OR-gate. This is an OR matrix because the final gate is
an OR-gate. Therefore, in the same manner as before,
the AND-gate outputs may be designated as X and Y
to simplify writing the equation.

The equation for the OR-gate becomes X + C+ Y=
F. Working with the AND-gates, AB=Xand DE=Y.
Substitute the quantities of X and Y in the overall
equation. Thus, AB + C + DE = F. Note that the
original structure is retained, and each AND function
is treated as a single quantity.

Figure 1-61,B, illustrates an AND matrix. A
simplified equation for the AND-gate may be written
as XCY=F,A+B=X,and D+ E =Y. At this time,
substitute the quantities for X and Y in the overall
equation. Remember, anytime an OR-gate feeds an
AND-gate, signs of grouping must be used to indicate
the OR-quantity. Thus, the final equation becomes (A
+ B)C(D + E) = F. Again, we retain the original
diagram structure.

The diagram in figure 1-62 represents an AND
matrix having three inputs. Letters X, Y, and Z are
considered to be secondary inputs. Working in the
same manner as before, the simplified equation

A =
B— X
C F
D — Y
E o
(A)
OR MATRIX

becomes ZFG = H. In a step-by-step process, the final
equation is developed as follows:

(1) ZFG = H.

(2) Y + E = Z, substitute for Z.

3) ¥ + E)FG = H. _

(4) XD = ¥, substitute for Y.

(5) (XD + E)FG = H.

(6) A + B + C = X, substitute for X.

(7 [(A+ B+ C)D + EJFG=H. This is the complete
equation for figure 1-62.

In step 5, we placed the OR function in parentheses
to retain the given quantity: (XD + E). Within this
quantity exists another quantity A + B + C,
represented by X. To maintain identity and correct
separation, the quantity of A + B + C requires
grouping signs. The algebraic rule is to inclose the
inner group in parentheses and then place the total
expression in brackets, as in step 7.

We can find the output expression for a large
diagram using the following steps:

(1) To find the output expression for a logic
diagram, begin at the left and find the output of each
logic symbol (see fig. 1-63).

(2) If a logic symbol is at the extreme left of the
diagram, its inputs are single letters (see fig. 1-63).

(3) An input signal to any symbol NOT at the
extreme left may be represented by two or more letters.
These letters should remain grouped in the output
expression (see fig. 1-64).

(4) Parentheses are used to indicate grouping,
except for an ANDed input to an OR or NOT logic
symbol (see fig. 1-65).

(5) If additional grouping signs are necessary foran
expression that already contains parentheses, use
brackets (see fig. 1-66).

(6) The vinculum is used to group the portion or
portions of the output expression that have been
inverted (see fig. 1-67).

Logical Diagrams from Equations. Simple
equations, suchas ABCD=EorA+ B+ C+D=E,
offer no particular problem in drawing the correct

A
B X
C F
D Y
E
(B)
AND MATRIX

REO1-3210

Figure 1-61. Three gate matrices.
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B
C
D /
E H
F
G AND MATRIX
REP4-1574
Figure 1-62. Building a boolean equation.
STEP 1 STEP 2 STEP 3
W |
WX
X / WX +Y
‘ (WX +Y)Z
Y J
Z J
REP4-1580
Figure 1-63. Grouping terms.
A+B A X
cD (A + BXCD)E 5 e
E Y
Figure 1-64. Using parentheses. c
° RE. 4-2087
A+B
CcD (A+B)+CD+E Figure 1-68. Overall AND matrix.
E \ logic diagram. Also, the equation (A + B) (C+D)=E
ANDED INPUT should offer no problem, because it is an overall AND

REMAINS GROUPED, EVEN
WITHOUT PARENTHESIS
REP4-1582

Figure 1-65. Parentheses not required for ANDED inputs.

(A+B)C

— \fAr+B)d D+E
D+E__ | Y,

Figure 1-66. Using brackets.

A+B
cD

(A+B)+CD

Figure 1-67. Using the vinculum.

matrix with two inputs, each of which is an OR-gate
having two inputs. Following through in the manner
previously explained, designate one OR quantity as X
and the other as Y. The diagram becomes an
AND-gate with X and Y inputs. Then expand Xand Y
to show the complete structure. The diagram is shown
in figure 1-68.

For the purpose of explanation, let’s diagram the
following equation step by step. Equation: [(A+ B +
OM+E)+F+GH+ DY =K.

(1) Identify the overall equation as a two input,
AND matrix J AND Z, where Z represents the
gquantity within the brackets.

(2) Draw a logic symbol of an AND-gate withJ and
Z inputs (fig. 1-69).

J ]
)
Z vy
REP4-2088
Figure 1-69. Example equation—step 2.
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(3) ldentify Z as a three input OR-gate:
(A+B+C)(D+E)+F+GH+D=2
(Obscrve that three quantities are connected by two

plus signs.)

(4) Draw an OR-gate with the three inputs, W, F,
and Y, where W represents(A+ B+ C)(D+E)and Y
represents G(H + I) (fig. 1-70).

F—) 2z )2
—

Y

K

Y

J e—

REP4~2089
Figure 1-70. Example equation-—step 4.

(6) Identify the two inputs to AND-gate Y as G and
V, where V represents (H + I).

(7) Develop input V by drawing 2 two inpui OR-
gate and labeling the inputs H and I (fig. 1-72).

w

LT

G

(5) Draw two AND-gates, one for W and one for Y

(fig. 1-71).
=D
D

J

A

REP4-2090.

Figure 1-71. Example equation—step 5.

| z

r—._i}“

J
REP4-2091

Figure 1-72. Example equation—step 7.

(8) Identify the two inputs to AND-gate Was Uand
T, where U represents A + B+ C and T represents D+

E. (Follow this step and the last two steps by use of fig.
1-73.)

= -
>
T

-

REP4~-2092

Figure 1-73. Example equation—step 8.

(9) Draw the OR-gate for U and label the inputs A,
B, and C.

(10) Draw the OR-gate for T and label the inputs D
and E.

The diagram is now complete as shown in figure 1-
73. Check the completed drawing for errors by writing
the Boolean equation from the diagram.

19

We can summarize how to construct a logic diagram
from an output expression by means of the following 5-
step procedure:

(1) Begin drawing at the right and work left untilall
inputs are single letters.

(2) Never separate letters WITHIN a group until
that group has been separated from the rest of the
expression, as illustrated in.figure 1-74.
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@SEPARATE ®SEPARATE @ SEPARATE
R HE‘RE HERE HERE
S R+S \ l
| (R+SIT )
T I ——/ R+ST+V
A
REP4-1575
Figure 1-74. Constructing a logic expression.
R
SEPARATE REMOVE - |

© B FROM C ®VINCULUM OisoLate BFT s Re2 R+ SR
8 B7C -Q
c A(B+ Q) REP4-~1578

Figure 1-77. Same input to more than one gate.

A [

REP4-1576

Figure 1-75. Removing vinculum.

(3) When an expression contains a vinculum, do not
remove the vinculum until you have isolated this part
of the expression from the rest of the expression, and
do not separate the letters under the vinculum until you
have removed the vinculum (see fig. 1-75).

(4) If a vinculum extends over more than one letter,
use a NOR or NAND symbol to remove it. If a single
letter is inverted, use a NOT symbol on the input as
shown in figure 1-76.

(5) If a single letter is an input to more than one
logic symbol, connect input lines with a dot as
illustrated in figure 1-77.

Exercises (004):

1. What is one of the main or practical uses of
Boolean algebra?

2. In Boolean algebra, the - (dot) sign means
and the + (plus) sign means

3. Parentheses and .brackets are used for

4. A line over a letter or group of letters is called a

5. mm indicates the or
_ function.

6. The is used in

diagramming an expression with a vinculum.

(D REMOVE VINCULUM

OVER SINGLE LETTER
) /
1K

@ REMOVE LONG
VINCULUM

REP4-~1577

Figure 1-76. Vinculum vs “NOT."

7. In diagramming an equation, the gate on the
— 13 drawn first.

8. The vinculum cannot be used as a grouping sign.
(True/false)

9. Each grouping in the expression can be
represented by a single gate. (True/false)

10. The three basic logical functions are

, - , and

11. Draw the logic diagram for each of the following

equations:
a. [A+B—+C) D]+ E=X
b.A-B+C+D-E=2

12. Write the Boolean equation for each of the
following logic diagrams:

DIAGRAM OF BOOLEAN EXPRESSION

Figure 1-78. Figure for objective 004, exercise 12a.

b.

DIAGRAM OF BOOLEAN EXPRESSION

Figure 1-79. Figure for objective 004, exercise 12b.
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13. ldentify the logic symbois nnd complete the truth
table shown in figure 1-80.

X1 X2 X3 X4 X5 X6 X7

T|EZ|C|r|>»

B
L
H
L
H

1
A Ao

a X e
B | B____|

2
A A

X

B B
3 7

A_____] A
c X " X
B____1 B
4
A
d X
B REP4-1597

Figure 1-80. Figure for objective 004, exercise I3.
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14. Draw the logic symbol and identify the circuit
shown in figure 1-81.

§-3v

A ) B %——g C

— REP4-1598

Figure 1-81. Figure for objective 004, exercise 14.
15. Identify the schematic shown in figure 1-82 and
construct its truth table.
i-—Vcc

\ F F

A B
Vee
REP4~1599

Figure 1-82. Figure for objective 004, exercise 15.

16. Draw the logic diagrams for the following Boolean
equations: :
a. AB+ C)(DE)=X
b. (AB+CD)(E+F]+G+H=X

22




ANSWERS FOR EXERCISES

CHAPTER | 001 - 6. High.

Reference: gg: :; g:g:

00! - 1. Low. 001 - 9.

001 -2. High.

001 - 3. -V

Co)
N
o SRS C)
REP4-1603
B [n\ Figure 3. Answer for objective 001, exercise 9.
U REP4-1388
Figure 1. Answer for objective 001, exercise 3.
001 - 10. True.
001 - 4. False. 001 - 11.
001 - 5.
A B X A B X
H H H H H H
H L L H L H
L H L L H H
L L L L L L
REP4-1389 REP4-1604

Figure 2. Answer for objective 001, exercise 5. Figure 4. Answer for objective 001, exercise 11.

002 - 1. Inversion.

002 - 2. Input.
002-3. C.
002 -4. X is low.
002 -5.
-12v -6V
A @ .
\J
s (e)
\/ +6V =
REP4-1395

Figure 5. Answer for objective 002, exercise 5.
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002 - 6.

A B X

H H L

H L H

L H H

L L H
REP4-1396

Figure 6. Answer for objective 002, exercise 6.

002 -7. X is iow.
002 -8 X is high.

002 -9,
+6V -12v -6V
Y
—l>
D
-6V =
REP4-1397
Figure 7. Answer for objective 002, exercise 9.
002 - 10 003 - 5.
A B X A B C
H H L H H L
H L L H L H
L H L L H H
L L H L L L
REP4-1589
REP4~1398

. . Figure 10. Answer for objective 003, exercise 5.
Figure 8. Answer for objective 002, exercise 10.

003 -6. a.
002 - 11. ANDs; OR.
002 - 12. Low.
002 - 13. Low; low. C
B
063 - 1. High. .
003 -2. Low. Figure 11. Answer for objective 003, exercise 6a.
003 - 3. True.
003 - 4. b.
A '
Cc
B
—
REP4-1588 REP4-1593
Figure 9. Answer for objective 003, exercise 4. Figure 12. Answer for objective 003, exercise 6b. .
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003 -7. Fislow; F is high.

003 -8
A B F F
H H L H
H L L H
L H . H
L L H L
REP4-1594

Figure 13. Answer for objective 003, exercise 8.

004 - 1. To simplify detailed schematics in the design, use, and
maintenance of digital computer equipment.

004 - 2. AND; OR.

004 - 3. Grouping.

004 - 4. Vinculum.

004 - 5. NOT; inverse.

004 - 6. State indicator.

004 - 7. Right.
004 - 8. False. It is used as a grouping sign.
004 -9. True.
004 - 10. AND; OR; INVERSE (OR NOT).
004 - 11. a.

E

D | X

L

Cc

B |

A

REP4~1595
Figure 14. Answer for objcctive 004, exercise 11a.
b.

A N
B _J
Cc y4

S

Figure 15. Answer for objective 004, exercise 11b.
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004-12. 2 BB+ Q1+ DE=X 004 - 14. Parallel DCTL logic circuit.
b.(A+B)C+(D+EF)=X
004 - 13. a. Two input AND-gate. A
b. Two input OR-gate. B X
¢. Twoinput AND-gate with state indicatorinthe output —
or two input NAND. C
d. Two input OR-gate with state indicator in the output
or two input NOR. REP4-1606
e. Two ir_lput AND-gate wit‘h state ind_ica}or onone input.
£ ;‘;:t;.npm OR-gate with statc indicators on both Figure 17. Answer for objective 004, exercise 14.
g. Exclusive OR-gate.
Al B X1 X2 X3 X4iX5 X6l X7 004 - 15. CML, current mode logic.
ANRmarnmnnn A B F F
LIH|LJHIH|L|HIH]H L L L H
HiL]L]H]H[LIL]|H]H L H H L
arotIEEEEn H L H L
H H H L
REP4-1600 REP4-1605
Figure 16. Answer for objective "04, exercise 13g. Figure 18. Answer for objective 004, exercis= 15.
004 - 16. a.
Ae]
B
c L
X
o—¢ N\ |
e—{ /
Figure 19. Answer for objective 004, exercise 16.
b.
Al
B____.1
c .
‘
D G X
DA H
E
F
Figure 20. Answer for objective 004, exercise 17.
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Preface

IF YOU HAVE SPENT time around “computer people,” you most likely have heard
terms such as *‘flip-flop,” “adder,” “one-slot,” and quite a few others. At the time,you
may have thought to yourself, “What in the world are those people talking about?”
Well, this is the module where you find out.

In this module we will look at the basic logic generation circuitry. This circuitry is used,
in varying degrees, to make up all of the different sections of digital computers and data
processors.

In order to understand the material contained within this module, you will need
prior knowledge of basic numbering systems, and Boolean logic, as well as logic
symbology and functions. If you have had no training in these areas, or if you just need
a “refresher,” the required information may be found in Modules 2and 3 of this Digital
Techniques course.

If you have any questions on the accuracy or currency of the subject matter of this
text, or recommendations for its improvement, send them to 3390 TCHTG/TTGU,
Keesler AFB MS 39534. Questions requiring immediate resolution may be directed to
the course author at AUTOVON 868-3057 between 0730-1600 hours Monday through
Friday. NOTE: Do not use the suggestion program to submit corrections for
typographical or other errors.

If you have any questions on course enrollment or admiinistration, or on any of ECI’s
instructional aids (Your Key to Career Development, Behavioral Objective Exercises,
Volume Review Exercise, and Course Examination), consult your education officer,
training officer, or NCO, as appropriate. If this agent can’t answer your questions, send
them to ECI, Gunter AFS AL 36118, preferably on ECI Form 17, Student Request for
Assistance.

This volume is valued at 3 hours (1 point).

Material in this volume is technically accurate, adequate, and current as of July
1978.
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CHAPTER 1

NOTE: In this module, the subject matter is developed by a series of Learning Objectives. Each of these
carries a 3-digit number and is in boldface type. Each sets a learning goal for you. The text that follows the
objective gives You the information you need to reach that goal. The exercises following the information give
you a check on your achievement. When you complete them, see if your answers match those in the back of
this module. If your response to an exercise is incorrect, review the objective and its text.

LOGIC GENERATORS

YOU HAVE ALREADY learned how to add binary
numbers using the rules of arithmetic. In this module,
you will analyze combinations of logic symbols to
determine how digital equipment acds numbers by the
use of adder circuits. We will discuss half adders, full
adders, serial adders, and parallel adders. Next, we
discuss the role of multivibrators and Schmitt triggers
in digital circuits. Included are symbols and
applications of the various devices.

001. Identify the logic of half and full adders and state
the advantages of serial and parallel adders.

Half and Full Adders. The sum of two quantities is
obtained by adding the digits in corresponding
columns. If the sum of the digits in any column equals
or exceeds the base number, a unit multiple is carried
to the next higher column, with the remainder used in
the answer for that column.

In binary addition, the sum of two zeros is 0, with no
cairy; the sum of a one and a zero is 1, with no carry;
and the sum of two ones is 0, with a 1 (multiple of the
base 2) carried to the next column. Logic circuits
known as HALF ADDERS fulfill these conditions. In
the half adder circuit of figure 1-1,a 1 applied to either
input A or input B, but not both, produces a 1 at the
sum output. A 1 applied to both inputs producesa O for
the sum and a I for the carry. Observe that the half
adder provides a sum or carry for two inputs only; it
has no provision for adding more than two digits. The
half adder is used to add the least significant digit
(LSD) column of two numbers.

For all columns except the LSD column, a binary
full adder must be used. A full adder is able to handle
three inputs—one for each of the digits being added
and one for the carry from the previous column. Use
figure 1-2 to apply the four rules for finding the sum of
three binary digits (A, B, and C):

Rule a. If all three digits are zero, the sum will be 0
with no carry.

Rule b. If any digit is one and the others are zeros,
the sum will be 1 with no carry.

Rule c¢. If two digits are ones and the other is zero,
the sum will be 0 with 1 to carry.

Rule d. If all three digits are ones, the sum will be 1
with 1 to carry.

The four rules become:

SUM = ABC + ABC + ABC + ABC

CARRY = ABC + ABC + ABC + ABC

The preceding conditions are fulfilled by a logic
circuit known as a FULL ADDER, which has three
inputs and two outputs, as shown in figure 1-3. In this
case, a | applied to one input only produces a | at the
sum output. Ones applied to any two inputs produce a
1 at the carry output. Ones applied to all three inputs
produce i’s at the sum and carry outputs. Compare
figure 1-3 with figure 1-1 to see that a fulladder consists
of two half adders (1, 2, 3, and 4, 5, 6) and an OR-
circuit (7).

Trace the A, B, and C inputs of figure 1-2 through
the diagram of figure 1-3. Your SUM and CARRY
results should be as shown in figure 1-2.

Figure 1-4 shows a bank of adders arranged in
parallel to produce the sum of two four Jigit binary
numbers. This is a parallel adder. Larger numbers can
be handled by increasing the number of adders in
parallel. Apply two four-digit binary numbers to see
how the parallel adder functions.

Assume 1011 (A inputs) is being added to 1001 (B
inputs). Inputs are in REVERSE order: the LSDs are
held by Al and B1, with the most significant digits
(MSDs) held by A4 and B 4. The result of the addition
is available at the output of D, G, P, W, and D1 v .th
the MSD at D1.

Follow the addition through, beginning at A1 and
B1, to verify the output; D is the LSD and D1 is the
MSD. Observe that all adders work simultaneously;
inputs are applied in parallel. The answer is 10100.
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A_T—}—‘D—»sw

—» CARRY

B /
REP4-1766

Figurc t-1. Half adder.

RULE —» (a) {b) (b) (b) (o) (c) () (d)

A 0 1 0 0 1 1 0 1

B 0 0 1 0 1 0 1 1

C 0 0 0 1 0 1 1 1

SUM 0 1 1 1 0 0 0 1

CARRY 0 0 0 0 1 1 1 1
REP4-1767

Figurc 1-2. Examples of rules for sum and carry.

’ ) A
B }SUM

2

SUM = ABC + ABC + ABC + ABC
CARRY = ABC + ABC + ABC + ABC

ABC + ABC

CARRY

REP4-1768
Figurc 1-3. Full adder.




LT}—
: D—»sum 0
B—I—a D1 CARRY 1

REP4-1769

Figure 1-4. Parallel 4-bit adder.
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B
3
2
& _c
C
{( DELAY)-
A 0 1 1 1 AUGEND
B0 ____0___]J1 1 ADDEND
Cd 1 1 Tl 0 ___ DELAYED CARRY BIT
w v\ »;
C 0 M N N\ 1
S 1 0 1 0
T4 T3 T2 T1

SUM = ABC +7x5cd+X§cd+ABc

CARRY = ABEd 4 AECd

+XBCd + ABC

d

d

REP4-1770

Figure 1-5. Serial adder.

It is possible to economize on equipment by
applying the digit columns serially to the inputs of a
single adder. Figure 1-5 shows an adder arranged for
serial operation. This arrangement is called a serial
adder. Compare this logic diagram with figure 1-3.
Notice that CARRY pulse C is delayed, and applied as
CD, in time coincidence with the digits of the next
higher order column. The binary inputs proceed from
right to left with the LSDs applied first. AUGEND A is
111 AND ADDEND Bis 11. At time T}, inputs at A
and B activate gates 1, 3, 4, 5, and 7, but not 6; thus, the
first sum is 0 with 1 to carry. CARRY pulse C is
delayed and applied at the CD input with inputs at A

and B at time T.. Thus, at T, three | inputs activate
gates 1, 2, 4, 6, and 7, resulting in 1 at both the SUM
and CARRY outputs. At T, the delayed CARRY bit
at CD, and the 1 at A, activate gates 1, 3,4, 5, and 7,
making a 0 SUM and a CARRY of 1. At T, the
delayed CARRY feed through 1, 3, 4, and 6 to product
a SUM of 1. Therefore, the addition produces the
SUM 1010. The pulse at T4 is the MSD.

Any portion of a digital computer can be designed
for either parallel or serial operation or a combination
of the two. Parallel operation offers the advantage of
higher processing speeds, while serial operation is
more economical in terms of hardware.
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Exercises (001): 002. Identify the general types of multivibators; use a

. . schematic dirgram to analyze the operation of the
I. The half adder is used in the monostable multivibrator, astable multivibrator, and
the Scamitt trigger.

column only.

Multivibrators. Multivibrators are used extensively
in digital circuits. There are three general types of
multivibrators: astable, monostable, and bistable.

The astable multivibrator (also called the free-
running multivibrator) produces a continuous square,
or rectangular, wave as long as power is applied to the
circuit.

The bistable multivibrator (also called the Eccles-
Jordan or flip-flop) produces half of an output cycle
for each input trigger. Two triggers are necessary to
produce a complete cycle. This multivibrator is the
basic building block for the logic generator.

The monostable multivibrator (also called the one-
shot multivibrator) is used in digital circuits for pulse
stretching, pulse shaping, gate operation, and for
providing adjustable delayed gates. This multivibrator
is capable of producing several different types of
outputs.

Logic circuits make extensive use of the three types
of multivibrators.

Schmitt Trigger Circuit. If the waveshape of a
square-wave signal degenerates to the point that it is
rounded, a Schmitt trigger circuit may be used to
restore a sharp rectangular output pulse of
approximately the same duration and phase as the
input pulse. The Schmitt trigger circuit (fig. 1-6)
restores the original pulse waveshape.

2. The half adder has
outputs.

inputs and

3. The full adder has
outputs.

inputs and

4. The serial adder consists of half adders.

5. What is the advantage and disadvantage of the
serial adder?

6. What is the advantage and disadvantage of the
parallel adder?

-12V =12V

B
OuUTPUT
R7
2409 ov | 1
OUTPUT
=12V | |
+12V | |
T0 T1
REP4-1764
' Figure 1-6. Schmitt trigger diagram.
5
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ST

I .5 uSEC i

(OR)

ST

11—

TWO OUTPUT

0
d susec L

REP4-1765

Figure 1-7. Schmitt trigger logic symbols.

In the quiescent state, the input to the Schmitt
trigger circuit, figure 1-6, is at 0 volts and Q1 is cut off.
The voltage divider composed of R3, R4, and RS
divides the source voltages of —12 volts and +12 volts
so that the base of Q2 is forward biased. Q2 will be
saturated. The current through Q2 develops a voltage
drop across R7 which reverse biases Q1 and keeps it cut
off. In this condition, the output taken from the
collector of Q2 is nearly O volts.

At time Ty, the negative signal applied at A input has
sufficieut amplitude to bias QI on, and its collector
goes toward 0 volts. This change is coupled to the base
of Q2 and causes Q2 to cut off. The decrease in current
through R7 reduces the reverse bias on Q1, causing it
to saturate. The collector voltage of Q2 is now —12
volts.

The circuit remains in this state until T;, when the
input voltage becomes less negative, decreasing to a
value that causes Q1 to start conducting less. The
collector potential of Q1 starts in the negative
direction. This change is coupled to the base of Q2 and
turns it on. The increase in current through Q2 and R7
puts a reverse bias on Q1 which cuts it off. As a result,
Q2 conducts near saturation, and the collector voltage
is near O volts.

Notice how the rounded input wave is converted to a
square-wave output between To and T;. The sharp rise
and fall at the output is due to the feedback between
Q2 and Ql. Any slight change in the conduction of Q1
is applied to the base of Q2 which, in turn, changes Q1
emitter voltage. Capacitor C1 speeds the transition
from one state to the other.

Schmitt trigger circuits find applications as squaring
circuits and as voltage level sensing circuits. Voltage
sensing circuits are useful in warning or control

SS

S [

circuitry. If the input voltage rises above or falls below
a specified level, the Schmitt circuit produces an
output which then actuates warning or correction
circuitry.

The Sch:itt trigger (ST) function symbols are
shown in figure 1-7. The ST is actuated when the input
signal crosses a certain THRESHOLD voltage.
Output signal amplitude and polarity are determined
by the circuit characteristics of the ST and not by the
input signal. Waveforms may be shown inside or
outside the symbol, indicating amplitude, polarity, and

threshold voltage. The unactuated stt »f an ST is
either zero or one. When actuated, i+ ..ages to the
opposite state and remains inthe opr  .e¢stateaslong

as the input exceeds the threshold .iue.

Monostable Multivibrator. A modified version of
the monostable multivibrator is the single shot (SS).
The symbols are shown in figure 1-8. Output signal
shape, amplitude, duration, and polarity are
determined by the circuit characteristics of the SS and
not by the input signal. Waveforms may be shown
inside or outside the symbol. The unactuated stat~ of
the SS is either zero or one. When actuated, it changes
o the opposite state and remains in the opposite state
for the duration of the pulse of 0.5 microsecond, as
shown in figure 1-8.

Now that you understand the meaning of the single-
shot multivibrator, we will discuss the actual circuit
operation of the three transistor monostable
multivibrator circuits shown in figure 1-8A.

The quiescent (stable) state of this multivibrator is
Q3 conducting and Q2 cut off. QI is a switching
transistor and conducts only wken a pulse is applied.
Prior to time Ty, the multivibrator is in the quiescent
state and the collector of Q3 is approximately —0.3V,

SS

—Jo.s p.Sl._B

REP4-1751

Figure 1-8. Single-shot logic symbols.

6

260




R1 R4
Cl
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Q! Q2
INPUT
TO T1 T2 T3
| | | |
OV —Je L
INPUT 1 j/-l —
Ve a— L 1
Vel & Ve2 L

Figure 1-8A. Single-shot diagram.
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Figure 1 8B. Astable multivibrator diagram.

which is sufficient to keep Q2 cut off. The collector of
Q2 is at a negative V.. or ~9V in this case. At Ty a
negative pulse is applied to the base of Q1: QI inverts
this signal and the positive pulse is coupled by C1 to the
base of Q3 driving Q3 to cut off. The collector of Q3
starts going negative. This negative goingsignal, V.;, is
directly coupled to the base of Q2 and Q2 starts to
conduct. Q2 will then conduct as long as Q3 remains
cut off. As Q2 conducts it collector voltage goes less
negative. When this happens, there is nothing to keep
the charge on Cl. Cl discharges from collector to
emitter of Q2, through V.., and then through R3 and
R4 to the other plate of Cl.

The voltage drop across R3 qnd R4, negative to
positive, due to Cl discharging, keeps Q3 cut off until
C1 discharges to the cut off of Q3. At this time(T;), Q3
starts to conduct because —C. is coupled through R3
qnd R4 to the base of Q3, and Q3 collector voltage
starts to go less negative.

This drives Q2 toward cut off, and C1 charges back
up by the 1B of Q3 only when the input to Q1 goes
positive. The multivibrator is now back in the
quiescent condition and ready to receive the next
trigger. The width of the output pulse is determined by
the values Q2, Cl1, R1, R3, and R4, since these values
determine the discharge time of Cl. By being able to
vary the values of R4, the output pulsewidth of the
multivibrator can be varied.

Astable (Free-Running) Multivibrator. The astable
multivibrator, as its name implies, has no stable state.
Rather, it oscillates between two states that are
semistable (quasi-stable). The circuit is often classified
as a free-running relaxation oscillator. The output
waveform is rectangular and may be symmetrical
(square) or nonsymmetrical, depending on the choice
of circuit components. This is illustrated in figure 1-8B.

RIC
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Because of its rectangular waveform, the astable
multivibrator is often used as a clock for testing digital
circuitry. The basic oscillator is aa astable
multivibrator and the output drives a bistable
multivibrator providing both a properly shaped pulse
waveform and the capacity to handle the number of
loads required. The astable multivibrator is used in
some cases as the basic timing for a computer system
and all timing in the machine is a result of the free-
running multivibrator circuit. The astable
multivibrator is essentially a two-stage RC-coupled
voltage amplifier with the output of each stage
connected to the input of the other. R1-Cl and R2-C2
are the coupling elements and also determine the
pulsewidth and the pulse repetition rate of the output
waveform. The circuit arrangement provides the
amplification and regenerative feedback required to
start and sustain oscillations.

When power is first applied, one transistor is driven
abruptly into saturation because of regenerative
feedback. The other transistor, driven by the first. is
rapidly cut off. The circuit rests in this semistable state
for a period of time determined by coupling time
constants. Thereafter, an abrupt transition to the
opposite state occurs. The circuit oscillates
continuously between these two states until power is
removed. The output waveforms clearly show the on-
off action of each transistor.

Exercises (002):

1. The threc general types of multivibrators most often
used in digital equipment are \ ,and

2. The monostable multivibrator is called a
and is often referred to as the in symbols.

3. What is the monostable multivibrator used for?

4. What arc the two purposes of the Schmitt trigger?

NOTE: Refer to figure 1-9 for questions 5 and 6.



-12v

=12V

OUTPUT

+12V

24'[% ov ! !
OUTPUT
iy
+12V | |
TO T
REP4~1764

Figure 1-9. Schmitt trigger diagram (objective 002. exercises 5 and 6).

5. A negative pulse at the input to the Schmitt trigger
will cause transistor to conduct.

6. QI

will continue to conduct as long as the

003. Identify the circuitry and function of components
and designate input and output signals of bistable
multivibrator (flip-flop).

Bistable Multivibrator. The basic bistable (Eccles-
Jordan) multivibrator is modified for use in digital
equipment. The modified version is called a flip-flop
(F/F) and is represented by the logic symbonls shown in
figure 1-10.

The F/F is a device which stores a single bit of
information. It has three possible inputs, set (S), clear
(©), and trigger (T), and two possible outputs, 1 and 0.
The S input is near the ONE output, and the C is near
the ZERO output. When not used, the trigger input, T,
may be omitted from the symbol.

The two outputs are normally of opposite
levels—one high, the other low. A ONE is stored in the
F/F when the ONE output level is high, and the ZERO
output level is low. A ZERO is stored in the F/F when
the above condition is reversed. The F/F assumes the
ONE state when a signal appears at the S input

regardless of the original state. It assumes the ZERO
state when a signal appears at the C input regardless of
the original state. It reverses its state when a signal
appears at the T input. There are several possible
variations to normal F/F operation when inputs are
applied to more than one input simultaneously.

Flip-Flop Circuits. Figure 1-11 is the schematic of a
logic flip-flop with AND-gate inputs. This flip-flop is
basically an Eccles-Jordan multivibrator with
modifications for use in logic circuits.

The following is the circuit analysis of this flip-flop:
Q1 and Q2 are emitter followers for the output. CR1,
CR2, CR3, and CR4 are clamping diodes that
maintain the logic levels at 0V and —10V. The output
from Q1 qnd Q2 may be used to ionize neon indicators
to show the state of the flip-flop by visual inspection.

Q3 and Q4 form the actual multivibrator, Q3 is the
ZERO side transistor, and Q4 is the ONE side
transistor. R1 and R2 are collector load resistors. R2,

Figure 1-10. Flip-flop logic symbols.
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-0V _30V —12v +10V 12V -30vV=10V
R1 R2
CRI1 Q1 Q2 CR3
CR2 R3 R4 CR4
—— | L =
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OUTPUT TO }—k OUTPUT TO
““1"" NEON “0'* NEON

(ONE)
REP4-1755

Figure 1-11. Flip-flop schematic.

R6, and R9 form the voltage divider network for
biasing Q3. R1, R5, and R10 form the voltage divider
network for biasing Q4. C1 and C2 couple fast changes
to increase flip-flop switching speed.

The inputs to the flip-flop consist of SET (ONE)and
CLEAR (ZERO), both of which bypass the LOGIC
INPUT AND-gates. CRS5, CR6, and R7 form the
AND-gate that feeds the ZERO side transistor and
changes the flip-flop to the ZERO state. CR8, CR9,
and R12 form the AND-gate that feeds the ONE side
transistor and changes the flip-flop to the ONE state.
C3-R13 and C5-R14 differentiate the outputs of the
AND-gates. C4-R13 and C6-R14 differentiate the
CLEAR and SET inputs. R8-R13 and R11-R 14 form
voltage divider networks that place a positive potential
on the cathodes of CR7 and CR10. This positive
potential holds CR7 and CRI10 cut off until the
negative spike of the differentiated wave is applied.
CR7 and CR10 are called CLIPPING or LIMITING
diodes.

While we trace this logic flip-flop through a cycle of
operation, refer to both figures 1-11 and 1-12.

At To, the flip-flop is in the ONE state; Q4
conducting and Q3 cut off. The ONE output is 0 volts
and the ZERO output is —10V. CR1 and CR3 are
called CLAMPING diodes; they clamp the negative
outputs at —10V.

At Ty, signals are fed to CRS, CR6, CR8, and CR9 as
shown by the waveforms of figure 1-12. The output of
AND-circuit CR5-CR6 will be high only when both

10

inputs are high. The voltage at point A is shown as
waveform A. This signal is differentiated by C3 and
R13 and appears as waveform B across R13. The
positive spike is eliminated from waveform B by
clipping diode CR7 and negative trigger (waveform C)
appears on the base of Q3. The negative trigger applied
to Q3 makes it conduct, and the collector potential of
Q3 goes to OV. This change is coupled to the base of Q4
and turns Q4 off, making the Q4 collector voltage go to
—10V. This negative-going change is coupled to the
base of Q3 and keeps it conducting. At T», therefore,
the ONE output will be at 0 volts. The flip-flop is in the
ZEROstate until a trigger is applied to Q4 at T;. From
time T2 to Tj, the inputs to CR8 and CR9 will be high
and the output of the AND-circuit will be high
(waveform A’). The output will be high only when both
inputs are high. The waveform at A’is differentiated by
CS and R14 and appears as waveform B’ across R15.
CR10 eliminates the positive spike and a negative
trigger appears at the base of Q4 (C’). At time T3, the
negative trigger will turn Q4 on and cut Q3 off, which
returns the flip-flop to the ONE state.
In summary, notice that:

(1) Q3 is the ZERO side transistor.

(2) Q4 is the ONE side transistor.

(3) In the ONE state, Q3 is cut off and Q4 is
conducting.

(4) In the ZERO state, Q3 is conducting and Q4 is
cut off.
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Figure 1-12. Flip-flop v:aveforms.

(5) If the flip-flop is in the ONE state, the negative
trigger applied to Q3 will change the flip-flop to the
ZERO state.

(6) If the flip-flop is in the ZERO state, the negative
trigger applied to Q4 will change the flip-flop to the
ONE state.

(7) The F/F changes state on the downclock
(negative-going edge) of the input signal.

The logic symbol in figure 1-13, part A, is used when
the AND-gates are part of the flip-flop. The logic
symbol in figure 1-13, part B, is used when the AND-
gates are not part of the flip-flop. The logic symbol in
figure 1-13, part C, fits the schematic of the F/F of
figure 1-11.

Exercises (003):

1. A F/F in the ZERO state will have a high at the
and a lot at the

2. The S input will cause a F/F to be in the

3. The C input will cause a F/F to be in the

4. In figure 1-11, the purposc of diodes CR1 through
CR4 is to .

5. Infigure 1-11, transistors and make up
the basic multivibrator.
6. In figure 1-11, CRS5, CR6, and CR7 serve as a(an)

7. The F/F changes .state on the
trigger pulse.

clock of the

004. Draw the logic symbol for the complementing
flip-flop, identify the circuitry, and state the function
of circuit components.

Complementing Flip-Flop. A complementing flip-
flop, shown in figure 1-14, is a bistable device which
will accept input pulses from a common source and
change from its existing state to the complement of
that state each time it is triggered. For example, if it is
in the ONE state, an INPUT trigger will switch the F/F
to the ZERO state, or vice versa.

l
\._/

c S
FF
0 1

l |

INTERNAL

ble

0 1

EXTERNAL
B.

CLEAR] SET

C S
FF
0 1

EXTERNAL WiTH SET AND
CLEAR INPUTS
C.

REP4-1757

Figure 1-13. Types of AND- - gate inputs.
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Figure I-14. Complementing flip-flop.

With the input pulses applied simultaneously to
both transistors, switching time would be delayed, a
condition which would cause the rise and fall times of
the output signal to be longer. Pulse steering diodes
CR1 and CR2, shown in figure 1-14, direct the input
pulse to the transistor that is to be triggered into
conduction. This direction prevents an increase in the
rise and fall times.

The circuit shown in figure 1-14 requires negative
input pulses. The circuit can be modified so that
positive input pulses would be required.

In figure 1-14, resistors R7 and R8 form a voltage
divider from Vy, to ground so that the cathodes of the
pulse steering diodes are slightly positive with respect
to ground. The anodes of CR1 and CR 2 are at the base
potentials of the transistors. The base of the
conducting transistor is negative, and the base of the
cut-off transistor is positive.

Let’s assume that Q! is conducting and that Q2 is cut
off. In this state, CR1 has a relatively large negative
potential on its anode; CR2 has a positive potential on
its anode. This applies forward bias to diode CR2 and
reverse bias to diode CR1. When a negative trigger is
applied through coupling capacitor C3, the reverse
bias on CR1 prevents the pulse from being applied to
the base of conducting transistor Q1. Since diode CR2
is forward biased, the negative trigger pulse feeds
through to the base of off transistor Q2, overcomes the
positive bias on the base, and turns Q2 on. When Q2
turns on, Q! turns off. The bistable multivibrator will
remain in this state until the next negative trigger pulse
is applied. This pulse will feed through CR1, apply
forward bias to Q1, and cause the flip-flop to switch its
state again. This input pulse does not couple to the base
of Q2 because of the reverse bias on CR2.

12

The logic symbol for the complementing flip-flop is
shown in figure 1-15.

A positive trigger pulse applied to the steering circuit
of figure 1-14, regardless of the state of the flip-flop, is
blocked by the diodes and cannot cause the circuit to
switch.

For positive pulse steering, the diodes must be
reversed. In this circuit, a negative potential is applied
to the voltage divider R7 and R8. A negative trigger
pulse, therefore, is applied through the forward biased
diode to the base of the off transistor, driving it to
conduct. The reverse biased diode prevents the
triggered pulse from being applied to the base of the on
transistor. Once the circuit switches state, the bias
conditions of the diodes reverse, and a second negative
trigger pulse is steered to the base of the off transistor.
A positive trigger pulse applied to this arrangement
reverse biases the diodes and, therefore, has no effect
on the circuit.

Figure 1-16 shows a complementing flip-flop circuit,
with SET and CLEAR capabilities. This flip-flop is
reduced to its simplest form. It consists of flip-flop
transistors Q6 and Q7 and two steering gates consisting
of Q1-Q2 and Q3-Q4. Input to the complementing flip-
flop is the leading edge of a negative pulse
(downclock), and the flip-flop changes state with the
downclock when all inputs are satisfied.

In the following discussion, transistors Q6 and Q7,
with their associated resistors and connections,
constitute the flip-flop. Transistors Q5 and Q8 serve as
input switches.

In figure 1-16, suppose that Q6 is off and Q7 is on.
The collector voltage of Q6 is—0.3V and, applied to the
base of Q7, keeps Q7 on. Collector voltage of Q7 is
—0.1V and keeps Q6 off. The flip-flop is in the ZERO
state. A negative pulse applied to the SET input
changes the flip-flop to the ONE state.

If a ~0.3V pulse is applied to the base of QS, Q5
conducts. The collector voltage of Q5 and Q6 becomes
—0.1 volt, which turns Q7 off. Collector voltage for Q7
then becomes —0.3 volt, which turns Q6 on. The flip-
flop is now in the ONE state. It can be reset to the
ZERO state by a —0.3V pulse applied to the CLEAR
input.

7
FF
0 1
REP4-1759

Figure 1-15. Complementing flip-flop logic symbol.
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Figure 1-16. Complementing flip-flop with SET and CLEAR
inputs.

A negative pulse applied to the SET input always
sets the flip-flop to the ONE state (unless it is in the
ONE state already). A negative pulse applied to the
CLEAR input always clears the flip-flop to the ZERO
state (unless it is in the ZERO state already).

With the flip-flop in the ONE state, the —0.1V on the
collector of Q6 holds Q2 off while the —0.3V on Q7
holds Q4 on. With no input, Ql and Q3 are off. With
Q1 and Q2 off, their collectors are at —4V. Capacitor
C1 charges to the voltage difference between the base
voltage (—0.3V) of Q6 and the collector voltage (—4V)
of Q1-Q2 or 3.7V. The base of Q7 and the collectors of
Q3-Q4 are at —0.1V, so C2 is uncharged.

A negative pulse input (—0.2V) at terminal T turns
Q1 on. This grounds the negative terminal of Cl and
impresses the capacitor voltage (3.7V) across the base-
emitter junction of Q6, turning Q6 off. When Q6 is cut
off, the flip-flop goes to the ZERO state: Cl is
discharged, Q3 and Q4 are off, and C2 is charged to
3.7V.

To summarize the operation of the flip-flop, start
with it in the ONE state. Q6 is on, Q7 is off, Q2 off, and
Q4 on. Cl is charged, and C2 isdischarged. A negative
pulse input at T changes the flip-flop to the ZERO
state. Q1 is turned on, Q6 off, Q7 on, and Q4 off. Cl is

discharged and C2 is charged. Another negative pulse
input changes the flip-flop ba-k to the ONE state.

Actually, figure 1-16 is a direct coupled transistor
logic (DCTL) circuit. DCTL circuits have two
amplifier stages connected as a bistable multivibrator.
One part conducts and the other is cut off until an input
trigger cuts off the conducting side and the cut off side
conducts. Steeriny circuitry allows the input to trigger
one side only.

The circuits of figures 1-14 and 1-16 are
complementing flip-flops because one input is required
to change the output from a 1 to a 0, and vice versa.

The symbols used to represent complemented and
complementing logic flip-flops with SET and CLEAR
provisions are shown in figure 1-17. These symbols will
be used in this text. Symbol A is an internal
complemenied flip-flop using AND-gate inputs to the
SET and CLEAR inputs. Symbol B is of the type
already discussed. Notice the complementing flip-flop
requires only one input to cause a change of state to
occur, whereas the complemented flip-flop with its
input AND-circuitry may require any number of
inputs prior to changing state.

Exercises (004):
Refer to figure 1-14 for questions ! through 3.

1. The purpose of diodes CR1 and CR2 is

2. Negative polarity triggers will cause the F/F to

3. Positive polarity triggers will have what effect on
the F/F?

Refer to figure 1-16 for questions 4 through 7.

4. The DCTL _F/F is the type.

5. Transistors
multivibrator.

and make up the basic

6. When Cl is charged, the F/F is in the
state.

B 2y
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Figure 1-17. Complemented and complementing flip-flop symbols.

7. Transistors and
the F/F is in the ONE state.

are conducting when

8. Draw the logic

symbol for the
complemented F/F.

internal

005. Draw the Iogic symbol for the J-K flip-flop and
associate outputs with specified inputs.

F-K Flip-Flop. The J-K flip-flop is a basic bistable
multivibrator with certain modifications which make it
extremely adaptable for digital circuits. It is the most
extensively used of all the flip-flops because of its
adaptability. It may be employed as®an up or down
counter, ring counter, and storage or shift register.
Figure 1-18 shows the logic symbol of the J-K flip-flop
with direct SET and CLEAR (reset) inputs.

The condition (SET or RESET) of the J-K flip-flop
is controlled by the inputs J, K, CP, S, and R. Inputs S
and R are the direct set and reset inputs respectively.
Anytime one of these input levels goes low
(downclock), the J and K inputs will be inhibited. If the
set input (S) goes low, the set side output of the flip-
flop (Q) will go high. When Q is high, Q will be low. If
the reset input (R) goes low, the reset side output (Q)
will go high. When Q is high, Q will be low. In other
words, inputs S and R make it possible to directly set or

reset the flip-flop regardless of the input levels present
at J, K, and CP.

When both direct set and reset inputs are high, the
condition of the flip-flop is determined by the gated
input levels J and K and the clock pulse (CP). Refer to
the truth table (fig. 1-19) for the four possible input
conditions at J and K.

The four possible conditions as shown in the truth
table are: .

(1) When J and K are both low and there is a
downclock at the CP input, the condition of the flip-
flop will not change. That is, if the flip-flol_:) was
previously set, it will remain set; if it was previously
reset, it will remain reset.

P
;S al

—_——dCP
K L
__jr____

REP4-1737

Figure 1-18. J-K flip-flop logic symbol.
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Figure 1-19. Truth table for J-K flip-fiop.

(2) When J is low and K is high and there is a
downclock at the CP input, the fiip-flop will reset: Q
will be low, and Q will be high.

(3) When J is high and K is low and there is a
downclock at the CP iuput, the flip-flop will set: Q will
be high, and Q will be low.

(4) When J and K are both high and there is a
downclock at the CP input, the flip-flop will
complement. That is, it will assume the state opposite
to that which it was previously.

Exercises (005):

1. WillahighatJorK change the state of the F/F with
no triggers applied?

ov

2. The complement of the RESET state of the F/F is
the _ state.

3. Draw the logic symbeol for a J-K flip-flop.

4. With input J low and input K high. when a clock
pulse is received, the flip-flop will change states on
the __ of the clock pulse.

5. With the conditions described in exercise 4, the flip-
flop will go to the stote.

006. Identify the symbols, state the function, and label

inputs and outputs of inverters, amplifiers, and delay
lines.

Inverters. Many time, ina computer, low logic levels
occur at places where high levels are required and vice
versa. The inverter is a simple circuit that is used to
reverse these logic levels. One type of inverter is a
transistor connected in a common emitter
configuration as illustrated in figure 1-20.

Assuming that the transistor is cut off when there is
no inpu.., the output will be the same as —V.. A
negative input causes conduction and the current
through RL causes the output to assume the same level
as the potential on the emitter. In this case, the signal
rises from —V toward ground. Thus, a negative-going
input produces a positive-going output.

If we change this PNP transistor to an NPN, all
voltage polarities will reverse. We then have a circuit
that inverts a positive input to a negative output.

The symbols and waveshapes for these two inverter
circuits are illustrated in figure 1-21.

RL -VCC

-vCC
NDA13-15

Figure 1-20. Inverter diagram.
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Figure 1-21. Inverter logic symbols.
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Figure 1-22. Amplifier diagram.

Amplifiers. As signals move from point to point
within a computer, the amplitude tends to decrease.
This is especially true when signals pass through cables
between cabinets. Amplifiers are the devices that are
used to restore these weakened signals to their proper
logic level.

The amplifier is known by many names determined
by the specific reason for the amplification. They may
be called DC restorers, receivers, drivers, relay pullers,
and lever changers, just to name a few. Regardless of
what they are called, the function is to increase the
amplitude of a signal without altering its shape or
polarity.

One type of amplifier is a transistor connected in a
common-base (CB) confifieration. A common-base
schematic is illustrated in figure 1-22. Study this
schematic and relate it t~ his xplanation. In this case,
we have a bias battery in the base-to-~mitter circuit.
The power battery is in the bass-ta-collector circuit.
The base is comrnon to botk the input and the output;
therefore, this circuit is given the r.ame of common
base. The input signal is applied to the emitter
terminal. The voltage wavcforms in figare 1-22
represent the waveformz: of the put and output
voltages. The resistor {R') represents the load
resistance of the circuit. The signalis coupled out of the
circuit by coupling capacitor C1.

16

Now let’s follow the signal through the circuit. As
the input voltage becomes more positive, it opposes the
bias voltages. This results in less current flow through
the transistor, If there is less current flow through the
transistor, there must be less current flow through the
load resistor. As a result, the potential at the top of R1
rises. Continuing through this analysis, you should
find that there is no phase inversion through the CB
amplifier. This particular type of amplifier is
sometimes referred to as a grounded base amplifier.
The CB amplifier has medium power gain, near unit
current gain, and a very large (500-2,000) voltage gain.

Figure 1-23 gives the MIL STD 806B symbol for an
amplifier. This symbol is used for a pulse amplifier
with no phase inversion. The output signal is similar to
and is greater than the input signal. This symbol can
represent current or voltage amplifiers.

I,

NDAl3-45

I

Figure 1-23. Amplifier logic symbol.
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Figure 1-24. Delay line diagrant.

Delay Lines. Delay lines of various descriptions are
used throughout computers as temporary storage
devices and as a means of slowing the flow of
information. The actual time required for a signal to
pass through a device is the delay time. The delay line
does not change the input signal in any manners; it just
delays it a certain number of microseconds.

The delay line shown in figure 1-24 consists of a
series of LC filter sections. A pulseapplied to the input
of the delay line charges Cl in a finite period of time.
The voltage developed across C1 causes current flow
through L1, which charges C2. This process continues
with L2 and C3, L3 and C4, and L4 and C5. Finally, C5
discharges through resistor R1 and produces a voltage
pulse. This output pulse appears a fixed time after the
pulse is applied to the input. The time difference
between the input and output pulses (the delay) is
determined by the values of L and C and the number of
LC sections. The following equation is used to
compute the amount of delay time: TD = n yLC.

In this equation, “TD” is the time delay in seconds,
“n” is the number of sections, “L” is the inductance in
henrys per section, and “C” is the capacitance per
section in farads. When a delay smaller than the total
of the line is needed, the delay line may be tapped at
one of the LC sections.

Delay lines are nonlogic circuits used to delay a
signal input for a specified pe.iod of time. Delay lines
made of inductors and capacitors (LC) are used in
~omputers to delay the signal from a few nanoseconds

17

to as many as several hundred microseconds. In many
cases, the large physical size of LC components makes
them undesirable for use in computers. In these cases,
mercury or magnetostrictive delay lines may be used.
In most cases, LC lines are used for short delays (a few
nanoseconds), and mercury or magnetrostrictive lines
are used for longer delays.

Symbols of delay lines are shown in figure 1-25. The
duration of thedelay is included either in the symbol or
in the near vicinity. If the delay device is tapped, the
delay time with respect to the input is included adjacent

—C
—C

3 uSEC )

N 3 uSEC

—

\_ 1 uSEC

NDAl3-46

Figure 1-25. Delay line logic symbols.
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to the output tap. The twin vertical lines in the symbol
indicate the input side of the device.

Exercises (006):

I. Name each of the following circuits shown on figure
1-26.

a.

(a)

- - vCC

(b)

- - vCcC

()

| B
1

Figure 1-26. Figure for objective 006. exercise 1.

2. State the function of:
a. Inverters.

b. Amplifiers.

c. Delay lines.

3. What type of delay line is used for a very short
delay?

4. What type of delay line is used for adelay of several
hundred microseconds?

5. Draw the symbols for:
a. Amplifiers.

b. Delay lines.

c. Inverters:
(1) Low to high.

(2) High to low.
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ANSWERS FOR EXERCISES

Reference:

001 -1. LSD. 1

001 - 2. Two: two.

00! - 3. Three: two.
001 - 4. Two. — J Q N
001 - 5. Advantage —cheaper hardware: disadvantage—- slower
operation.
001 - 6. Advantage—faster  operation: disadvantage -more CP
expensive hardware. —

002 - 1. Monostable: bistable: astable.
002 - 2. Single shot: SS.

002 - 3. Pulse stretching or shaping and gate delay and adjust. K Q
002 - 4. Squaring off a rounded wave and voltage level sensing,
002-5. Ql.

002 - 6. Signal exceeds the threshold voltage of Q1.

003 - 1. ZERO side: ONE side.

g

003 - 2. ONE state, REP4-1737
003 - 3. ZERO state.
003 - 4. Limit logic voltage level ehanges to 0V and —I10V. Figure 2. J-K flip-flop (answer for objective 005. exercise 3).

003 -5. Q3 Q4.
003 - 6. AND-gate for the C side input of the flip-flop.
003 - 7. Down.
005 - 4. Downclock.

004 - 1. Pulse steering. 005-5. Reset.
004 - 2. Change states.
004 - 3. None. 006 - 1. a. Amplifier.

004 - 4. Complementing. b. lD“VIC”CIf'

004 - 5. Q6: Q7. c. Declay line.

004 - 6. ONE. 006 - 2. a. Reverse the polarity of a signal.
004 - 7. Q4: Q6. = b. Increase the amplitude of a signal.
004 - 8. ¢. Declay a signal for a period of time.

006 - 3. Inductor capacitor (LC).
006 - 4. Mecreury or magnetrostrictive,
006 - 5.

SET

(a)

3 ONE-SIDE
QUTPUT

—t ot d
|

w N -
—

(b) [

ZERO-SIDE :

{03 |
OUTPUT
0-2 0
01 ¢
(c) (M
CLEAR (RESET)
A — COMPLEMENTED
FLIP-FLOP
. . - (2)
igure 1. Completed flip-flop (answer for objective 004.
exercise 8).
005 - 1. No. NDA13-12
005 -2. SET.
005 - 3.

Figure 3. Answer for objective 006. exercise 5.
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PREFACE

IN THE PERFORMANCE of its job, a data processing machine must store,
retrieve, move, and manipulate large quantities of data. These data may be acted
upon many times within the course of a relatively simple routine. In order to
perform mathematical functions, as well as keep track of what has been done and
what is still to ".e done, the data processor (or computer) needs some method of
counting.

If you are “reaily sharp,” you may have guessed that the units which do this
counting are called counters. These counters are divided into three major groups,
which are serial, parallel, and special function counters. We will look at all three
groups in this module.

In order to fully understand counters, you must have prior knowledge of logic
symbols and functions, as well as logic generators. If you need a refresher in these
areas, you can find the information in the Digital Techniques course, Module 3,
Logic Symbology, Functions, and Boolean Logic; and Module 4, Logic
Generators.

If you have questions on the accuracy or currency of the subject matter of this
text, or recommendations for its improvement, send them to 3390th
TCHTG/TTGU-B, Keesler AFB MS 39534. NOTE: Do not use the suggestion
program to submit corrections for typographical or other errors.

If you have questions on course enrollment or administration, or any of ECI's
instructional aids (Your Key to Career Development, Behavioral Objective
Exercises, Volume Review Exercise, and Course Examination), consult your
education officer, training officer, or NCO, as appropriate. If this agent can't
answer your questions, send them to ECI, Gunter AFS AL 36118, preferably on
ECI Form-' 17, Student Request for Assistance.

This volume is valued at 3 hours (I point).

Material in this volume is technically accurate, adequate, and current as of
August 1978.
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and its text.

NOTE: In this volume, the subject matter is developed by aseries of Learning Objectives. Each of these
carries a 3-digit number and is in boldface type. Each sets a learning goal for you. The text that follows
the objective gives you the information you need to reach that goal. The exercises following the
information give you a check on your achievement. When you complete them, see if your answers
match those in the back of this volume. If your response to an exercise is incorrect, review the objective

The basic circuit used in most counters is a
bistable multivibrator (flip-flop). By wiring several
flip-flops together in a certain way, we can make a
circuit which counts in binary each time it is
triggerea. Figure 1-1 shows a basic three-stage
counter.

001. Specify the operation of serial counters.

Counters are used in all computers and data
processors. Some uses of counters are to count
program steps, count time (seconds, minutes, etc.),
and provide timing f.. certain computer operations.
Each stage (flip-flop) of a counter represents a
place position in the binary system (I, 2, 4, 8, 16,
etc.).

Before you can understand a detailed discussion
of counters, you must know the meaning of these
terms:

e MAXIMUM COUNT. The maximum count
of most counters is the count at which all flip-flops
are SET. As an example, the maximum count for
the three-stage counter shown in figure 1 would be
111(2) or 7 (10). However, some modified counters

you will be studying will never reach the point at
which all flip-flops are SET at the same time. The
maximum count for these special counters will have
to be figured individually.

e CYCLE. A cycle occurs when a counter is
started at a specific count and is then stepped
through a complete sequence back to that count.

e MODULUS. The modulus of a counter is the
number of pulses required to cycle the counter. For
the normal counter, it will be one more than the
maximum count. For the modified counters, the
modulus must be figured individually.

e PRESET. Any predetermined count within
the range of the counter that will be assumed on a
given signal or command.

Serial Counters. Serial counters are the simplest
of counters. They are either up-counters or down-
counters. Each time an input trigger is applied to a
serial up-counter, the count in the counter is
increased by one. In the serial down-counter, each
input trigger will decrease the count in the counter
by one. The advantage of serial counters is that
they require less circuitry than other typrs of
counters. The disadvantage of serial counters is that
they are slower than most other types of counters.

The Gesign of the flip-flops used in the counter
will determine whether the counter is affected by
the up-clock or down-clock portion of the trigger
pulse.

Serial up-counter (using down-clocks). Figure 1-2
shows a basic four-stage serial up-counter. Most
serial up-counters have two features: (1) the clock
pulses (trigger pulses) go to only the first (LSD)

FF2
CFF

1 1
2
2
FF3
— CFF
0 0
RDA26-320

Figure 1-1. Basic three-stage counter.
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t END OF ONE CYCLE
RDA26-327

Figure 1-4. Serial down-counter.

flip-flop, and (2) the one-side output of each stage
(except the MSD) is connected to the trigger input
of the following stage. This basic four-stage counter
has 16 differcnt counts (0 - 15 decimal). With the
application of each input trigger pulse, the counter’s
contents will be increased by 1 until the maximum
count of 15 (1) is reached. When 15(10) is reached,

the next trigger pulse will return the counter to
zero, and the count will start over.

For explanation purposes, we will assume that all
flip-flops in figure 1-2 are CLEAR (zero-state). The
waveshapes shown are taken from the one-side
outputs.

When a down-clock is applied to the trigger
input of F/FA, it causes F/FA to SET. F/F B is
not affected because it has felt an up-clock from

F/FA. Since F/F A is the only one SET after the
first clock pulse, the count in the counter is now
0001. At first glance, the number appears reversed
in the counter, but notice that F/F A is the zero
power flip-flop. The first flip-flop to be triggered is
always the least significant digit (LSD).

When the second clock pulse is applied to F/F
A, F/F A will CLEAR. This applies a down-clock
to the trigger input of F/F B, causing F/F B to
SET. F/F C will not be affected because it has felt
an upclock from F/F B. The count in the counter
is now 0010. The waveshapes in figure 1-2 show
these actions. The changes which occur for each
succeeding clock pulse are also shown by the
waveshapes.
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Figure 1-3 shows the resulting of the flip-flops in 4. An up-counter could be triggered an the down-
the counter after a given number of input pulses. clock. (True/False)
Note that this counter has a maximum count of
15¢10y (all flip-flops SET) and that its modulus is
. e
When determining the output of a counter, you 5. List some uses of the up- or down-counter!
normally use the one-side. There may be times,
however, when it will be necessary to show both
outputs from the flip-flops. When both are shown,

they will be labeled either “one-side” or “zero-side.”

Serial down-counter. The serial down-counter EQUIVALENT NUMBERS IN DECIMAL
functions basically the same as a serial up-counter AND BINARY NOTATION
except that it counts down. In the serial down-
counter, the clock pulse is fed to only the LSD flip- AT THE END OF STATE OF
flop just as with the serial up-counter. In the up-
counter, the one-side output of the flip-flop was EACH CLOCK PULSE FLIP-FLOP
used to trigger the next stage; but in the down-
counter, the zero-side is normally used. b € B A

We will begin with a positive logic down-counter
using flip-flops which trigger on the down-clock. PRESET 1 1 1 1
For explanation purposes, we will start the counter
SET to all ones. Follow the circuit and waveshapes 1 1 1 1 0
in figure 1-4 during the explanation.

The down-clock of the first clock pulse will cause 2 1 1 0 1
F/F A to CLEAR. F/F B will not be affected
because of the up-clock from F/F A. The count in 3 1 1 0 0
the counter is now 1110(2) or 14(jg)

On the down-clock of the next clock pulse, F/F 4 1 0 1 1
A will SET. F/F B will CLEAR because of the
down-clock felt from the zero-side of the F/F A, 5 1 0 1 O
F/F C will not be affected because it has only felt
an up-clock from F/F B. The.count in the counter 6 1 0 0 1
after the second pulse is 1101 (2) or 13 (10).

The third clock pulse will ¢ <1se F/F A to 7 1 0 0 O
CLEAR, but none of the other flip-flops will be
affected because of the absence of a down-clock at 8 O 1 1 1
their trigger inputs. The count in the counter after
the third clock pulse is 1100 (2) or 12()0) . Follow 9 0O 1 1 0
the waveshapes in figure 4 until you work the
counter down to zero. Figure 1-5 will show you the 10 O 1 0 1
state of the flip-flops after a given number of input
pulses. 11 01 0 0
Exercises (001): 12 0O 0 1 1

1. Counters may be connected to count either

or 13 0 0 1 0
: 14 0O 0 0 1
2. When you are using an up-counter, you car [
it to all zeros or — it to 15 0O 0 0 O
any other number within range of the counter.
16 1 1 1 1
3. A counter may be designed to be triggered on RDA26-328 A

the up-clock or down-clock. (True/False)

Figure 1-5. Equivalent numbers in decimal and birary notation.
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6. In a serial up-counter, each flip-flop makes a
transition when the preceding flip-flop goes
from the state to the

. state.

INPUT A B
»—

7. Define down-clock.

CLEAE_rC 0 J__C 0

I——‘C 0 I__C 0

SERIAL UP-COUNTER (DOWN CLOCK)

Figure 1-6. Objective 001, exercises 8, 10, and 11.

8. In a basic counter such as that in figure 1-6,
each flip-flop represents a power of

9. In the serial up-counter, the input to each flip-
flop is taken from the (one) (zero) side of the
preceding stage.

10. In figure 1-6, what is the state of each flip-flop
of the counter when one clear pulse and six
trigger pulses have passed?

11. In figure 1-6, what is the state of each flip-flop
of the counter when a clear pulse and 10 trigger
pulses have passed?

12. If a four-stage up-counter is cleared and 20
trigger pulses are applied, the count will be

Refer to figure 1-3 for exercises 13 through 16.
13. A counter designed to decrease its count by one
with each pulse is called a/an

14. The output side ic used to
trigger the next flip-flop in the down-counter.

15. A four-stage down-counter is SET to the
maximum count. What takes place in the
counter when a pulse is applied?

16. The count in a serial down-counter is 10. How
many down-clocks have passed if the count
started at 157

17. In up- or down-counters, each flip-flop requires
input pulses to produce a trigger
to the next stage.

002. Specify the operation of parallel counters.

Parallel Counters. Instead of feeding the clock
pulses to only the LSD flip-flop as in serial
counters, the clock pulse can be fed to all stages of
a counter at the same time. When connected in this
manner, the circuit is called a parallel counter.
Parallel counters may count either up or down,
depending on the way the circuit is wired.

Parallel up-counter (using down-clocks). The
three-stage counter shown in figure 1-7 is a parallel
up-counter. Observe the circuit connections very
closely. Motice that the clock pulse is fed directly to
the trigger input of the first stage, is gated through
AND-gate 1 to the trigger input of the second
stage, and is gated through AND-gate 2 to the third
stage. This is the distinguishing feature of a parallel
counter—the clock pulses do the actual triggering
of each stage.
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OUTPUT 4 8 12 16

RDA26-371

Figure 1-7. Parallel up-counter.

Let’s start the explana..on with the counter at a
count of zero (all stages CLEAR). Both AND-gates
will have a binary 0 output. Since all the flip-flops
in the counter are complemented (e.g., each input
pulse changes the state), F/F A will be SET by the
down-clock of clock pulse 1 (CP1). This makes F/F
A the LSD flip-flop. Observe the waveshapes and
note that, for the duration of CPI, there is no
output pulse from AND-gate 1 because of the
binary 0 on pin 1 from the one-side of F/F A. This
will prevent CP1 from affecting F/F B. The count
in the <ounter aftt/:r CP1 is 001(2).-

4 “.

When CP2 comes in, F/F A will CLEAR.
Observe the waveshapes again. During CP2, pin 1
of AND-gate 1 is activated by the binary 1 from
F/F A. So when CP2 arrives, it will ve gated
through AND-gate 1 and SET F/F B (note the
output waveshape from gate 1). F/F C will not be

affected since the clock pulse cannot get through
AND-gate 2 because of the binary 0 on pin 1 from
F/F B. The count in the counter is now 010¢2).

Follow the waveshapes and work the counter
through CP8. Remember that F/F A is triggered
by every clock pulse, F/F B is triggered by every
second clock pulse, and F/F C is triggered by every
fourth clock pulse. This counter has a maximum
count of 7(j0) with u modulus of 8.

Parallel down-counter (using down-clocks). A
four-stage positive logic parallel down-counter is
shown in figure 1-8. The waveshapes are the same
as those for a positive logic serial down-counter.
The operation of both circuits is the same except
for the fact that, in a serial counter, each flip-flop
(except ths LSD) is triggered by the preceding flip-
flop and that, in the parallel counter, all flip-flo}.~
are triggered by the clc 'k pulses at certain intervals.
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Figure 1-8. Parallel down-counter.
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The SET puise shown in the wcveforms, although
not shown on the logic diagram, is connscted to the
SET inp.. of all flip-flops.

After the SET pulse is applied. th. counter will
contain a count of 11113y or 15¢1¢) On th= down-

clock of €P1, F/F A will CLEAR Look at the
waveshapes and note that, since the flip-flops are
triggered by a down-clock, CP1 canuot affect F/F
B because of the binary 0 applied to pin 1 of AND-
gate | for the duration of CPl. So after CP1, the
count in the counter is 1110(2) or 14(]0).

When CP2 is applied, F/F A will be SET. F/F B
will CLEAR because pin 1 of AND-gate 1 will be
activated by the binary | from the zero-side of F/F
A and pin 2 will be activated by CP2. The count in
the counter after CP2 is 1101(2) or 13(]0).

Using the logic diagram and waveshapes in figure
1-8, work the counter through one complete cycle.
This counter has a maximum count of 15()0) and a

modulus of 16.

Counter Characteristics.

NOTE: This section pertains entirely to the
counters you have studied perviously and will not
apply to the modified counters you will learn later.

Observe the waveshapes in figure 1-8. Notice that
the output pulse width (PW) of each stage becomes

longer than the one before it. As an example, it
takes two complete clock pulses to produce one
cycle output from F/F A. So we can say that the
pulse repetition time (PRT) of the output is twice
as long as the input PRT. If we assume that the
clock pulses have a PW of 1 microsecond and a
PRT of 2 microseconds, the output from F/F A
would have a PW of 2 microseconds, and a PRT of
4 microseconds. From this, we can say that the
output PW is equal to the input PRT, or that the
output PRT is twice the input PRT. Notice that
this is true for each stage of the counter.
Using the same times as in the above paragraph,

we can use the formula PRF =

1 .
PRT and determine
the frequency of both the input and output
waveshapes of F/F A. For the input clock pulses,

the frequency would be: PRF =1l =1

PRT 2 usec
= 500 kHz. For the output, the frequency would be:
PRF = ! — = 250 kHz. Thus, we can

PRT 4 usec

say that the output PRF is equal to one-half of the
input PRF. This is also true for each of the other
stages. If you continue to calculate, you will find
that the output of the last stage has a PRF of 31.25
kHz with a PRT of 32 microseconds.

BITS

3-14
A REGISTER

INPUT

B REGISTER
RDA26-181

3

-

RDA26-236A

Figure 1-9. Transit time.
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The time that it takes a flip-flop to switch from
one state to the other (CLEAR to SET or SET to
CLEAR) is called transient time. Figure 1-9 shows
the output waveshape of a flip-flop with a 0.2-
microsecond transient time.

The time between input clock pulses is the
clocking rate of the flip-flop. So the clocking rate
of the flip-flop in figure 1-9 is 100 microseconds.

If the input PRT is reduced to 50 microseconds,
the clocking rate of the flip-flop would also be 50
microseconds. If the input PRT is reduced to a
point where the clocking rate is less (in time) than
the transient time of the flip-flop, all of the input
pulses could not be counted because the flip-flop
could not change from one state to the other before
the next clock pulse arrived. This would result in
an inaccurate count. Therefore, the maximum
clocking frequency is determined by the transient
time of the flip-flops used in the counter.

In a parallel counter, the transient time used to
make clock frequency calculations must be that of
the slowest flip-flop because all flip-flops are
triggered by the same clock pulse. As an example,
if a four-stage parallel counter has three flip-flops
with transient times of 0.1 microsecond and one
flip-flop with a transient time of 0.2 microsecond,
0.2 microsecond must be used to compute the

. 1 1
aximum clock f :PRF = =
maxim . clock frequency PRT 02 psce
=5MHz,

In a serial counter, only the LSD flip-flop is
triggered by the clock pulse. All other flip-flops are
triggered by the preceding flip-flop. Therefore, the
transient times of ALL flip-flops of a serial counter
must be considered when figuring the maximum
clock frequency. If we use the same transient times
which we used in the paragraph above, the total

From the above examples, you can see thot a
parallel counter is faster than a serial counter when
the same flip-flops are used for both. Howe ser, you
will also notice from the logic diagrams that the
serial counter does not require the AND-gates that
the parallel counter does. This means less circuitry
is required for a serial counter.

Exercises (002):
1. In which counter can the clock pulse be fed to
all stages at the same time?

2. An advantage of a parallel counter over a serial
counter is that the parallel counter is

3. A parallel counter may count __________ or

, depending on how the counter is

wired.

4. A parallel counter requires more
than a seri.! counter.

5. To cause any flip-flop of a parallel up-counter

to change states, all preceding flip-flops must

transient time for a serial counter would be 0.5 be in the state.
microsecond. The maximum clock frequency would
then be: PRF =—1_ =_1__ -5 vy,
PRT 05 pusec - MHz
TP1 TP2 TP6 TP3 TP7 TP4 TP8 TPS
Y, \( Y Y Y Y \V; Y
CLK
"1"
*—
PG r &8 AND T T T o AND o
1T a 1 B 2 c 3 D
Ss 0 0 e oH o
-~ &
RDA26-243

Figure 1-10. Objective 002, exercises 6 through 9.
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Refer to figure 1-10 for exercises 6 through 9.
6. What i1s the maximum value the counter can
contain?

7. If the counter is set to a count of 12 (10), how
many pulses will it take for the counter to
reach & count of 07

8. What identifies
counter?

the counter as a parallel

9. What identifies it as a down-counter?

003. Specify the operation of special counters.

Special Counters. In the preceding pages, you
have studied serial and parallel counters. For the
remainder of this module, you will be studying
some special counters. The ones we will discuss are

the up-down, ring, modulus 3, and modulus 10
crunters.

Up-down counter. The first of the special
counters we will talk about is the up-down counter.
We will only look at the positive logic counters
because, as you know, the only difference in
negative logic and positive logic is the logic levels.

The up-down counter will, as the name implies,
count either up or down. The way it will count
depends on the state (SET or CLEAR) of the
“control” flip-flop. When the control flip-flop is
SET, the counter will count up. When the control
flip-flop is CLEAR, the counter will count down.
Figure 1-11 is the logic diagram of a serial up-down
counter. We will assume that the control flip-flop is
SET and that the counter contains a count of zero
before the application of the first clock pulse. With
the control flip-flop SET, a binary 1 is placed on
one leg of AND-gates 1 and 3, activating (or
satisfying) these legs. One leg of AND-gates 2 and 4
will be deactivated (not satisfied) by the binary 0
from the zero-side of the control flip-flop.

When the first clock pulse (CP1) is applied, F/F
A will SET. AND-gate 1 will now have a binary 1
(high output which will give a high output from
OR-gate 1). Since the flip-flops are triggered on the
down-clock, F/F B is not SET by the binary 1
from OR-gate 1. So after CPl, the count in the
counter is 001(2),

When CP2 is applied, F/F A will CLEAR. This
will produce a down-clock (transition from binary 1

t 1 s 1“—L 1 s 1 "L 3 s 1
. S
O (“ONTROLY cplT FFa T FFB T FFC
Swi
t.R 0 R 0 R o Lt R 0
2 4
1 2 3 4 5 6 7 8
ce |
CONTROL
FF
EEA 1 0 1 0 1 0 1 0
FFB 0 | 1 I 0 0 I 1 1 0
FFC 0 0 0 1 1 1 1 0

RDA26-168

Figure 1-11. Scrial up-down counter.
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Figure 1-12. Parallel up-down counter.
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Figure 1-13. Ring counter.
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to binary 0) at the output of OR-gate 1. This down-
clock will SET F/F B. At the end of CP2, the

count in the counter is 010(2),

As other clock pulses are applied, the counter
will continue to fuinictiun as a serial up-counter.
Follow the waveshapes and work the counter
through CPS8.

If the counter is to count down, the control flip-
flop must be CLEARED. The binary 1 from the
zero-side will enable one leg cf AND-gates 2 and 4,
and the binary 0 from the one-side will inhibit
AND-gates 1 and 3. The counter will now function
as a serial down-counter.

Up-down counters may also be connected for
parallel operation, as shown in figure 1-12. This
counter, like other parallel counters, is faster than
the serial counter just discussed but requires more
circuitry than the serial counter. It will function as
a parallel up-counter or parallel down-counter,
depending on the state of the contrel flip-flop.

Ring counter. The identifying feature of the ring
counter is that all stages are connected in a closed
loop (ring). Under normal conditions, only one of
the flip-flops will be SET at any one time. This
binary 1 will move from one flip-flop to the next
each time a clock pulse is applied. A positive ring
counter is shown in figure 1-13.

To initially condition the counter, a preset pulse
is applied. The preset pulse will SET F/F A and
CLEAR all others. This enables one leg of AND-
gates 2, 3, 6, and 8. When CP1 is applied, each one
of these gates will produce an output pulse. This
will CLEAR F/F A and SET F/F B. Although
AND-gates 6 and 8 produce an output pulse, F/F
C and F/F D will not be affected because they
were alrecady CLEARED (preset pulse).

After CP1, one leg of AND-gates 2, 4, 5, and 8 is
activated. So when CP2 is applied, these gates will
produce output pulses which will SET F/F C,
CLEAR F/F B, and leave F/F A and F/F D
CLEARED. On the next clock pulse (CP3), F/F D
will SET, F/F C will CLEAR, and F/F A and F/F
B will remain CLEARED. When CP4 is applied,
the flip-flops will be back to the same configuration
they were in following the preset pulse; F/F A is
SET and all others are CLEAR. This completes
one cycle of the ring counter.

The modulus of a ring counter is determined by
the number of stages in the counter. In the one just
discussed, the counter had four stages, and it took
four clock pulses to cycle the counter—the modulus
is 4.

Look again at the waveshapes in figure 13.
Notice that the pulse repetition time (PRT) and
pulse width (PW) of all the flip-flops are the
same—they just occur at different times. Also, the
output PW of any one of the flip-flops is equal to
the PRT of the clock pulses. The PRT of any one
of the flip-flops is equal to the PW of one stage
times the number of stages. In other words, if we

assumed the clock pulse PRT to be 2 microseconds,
the output PW of any flip-flop would be 2
microseconds with a PRT of 8 microseconds. The
frequency of any stage is equal to the clock
frequency divided by the number of stages in the
counter.

Modulus counters. As you know, a normal four-
stage counter will have a modulus of 16 and will
count 0-15 in the decimal system. However, there
are times during certain computer operations when
the full 16 counts are not needed or cannot be used.
When this is the case, special counters are designed
which recycle before maximum count is reached or
which skip certain counts in ovder to modify or
change the counter’s normal modulus. These
counters are called “Mod (meaning modulus)
Counters” because they have been modified to have
a certain modulus. Although counters can be
designed to count any number of pulses each cycle,
we will discuss only the Mod-3 and Moc [0
counters. Let’s first look at the Mod-3 counter.
. a. Mod-3 Counter. A Mod-3 counter is shown in
figure 1-14. It is nothing more than a modified two-
stage parallel up-counter. The waveshapes (timing
diagrarn) show that the counter makes one
complete cycle for every three input clock pulses.
Notice that this counter counts 0, 1, 3, then goes
back to 0. The “2” count is skipped to give a
modulus of 3.

Follow the waveshapes as the operation is
explained. Assume that the counter starts at a
count of zero. This will disable both AND-gates
because of the binary 0’s from the flip-flops.

CPl1 will SET F/F A but cannot affect F/F B
because AND-gate 2 is inhibited for the duration of
CPl. The counter now contains a count of 1.

When CP2 is applied, notice that F/F A cannot
be affected because AND-gate 1 is still disabled due
to the binary 0 from F/F B. However, observe that
AND-gate 2 produces an output pulse and SETs
F/F B. The counter now contains a count of 3.

With both flip-flops SET, on¢ leg of both AND-
gates is enabled. When CP3 down-clocks, F/F B is
CLEARED. This same clock pulse will also
CLEAR F/F A because it is applied tc both the
SET and CLEAR inputs at the same time, causing
it to chan_ﬂe‘ states. This completes one cycle of this
counter. e MOD-3 counter can be used where
only three counts or timing periods are required.

b. Mod-10 Counter. Another counter commonly
used in computer systems is the decade, or Mod-10.
Like the Mod-3, the Mod-10 is nothing more than
a modified parallel up-counter.

Figure 1-15 shows - ‘ion of the Mod-10
counter. From the w. .1s, we can see that the
counter functions norn._.ly through a count of 7
(F/F A, F/F B, and F/F C are SET, and F/F D is
CLEAR).
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Figure 1-14. MOD-2 counter.

When CP8 is applied, F/F A is CLEARED. F/F
B and F/F C wiil not be affected as they would be
under normal circumstances, however, because
AND-gates 2 and 4 are inhibited by the binary 0
from the OR-gate. F/F D will be SET because of
the output pulse from AND-gate 5.

So the condition of the flip-flops after CP8
is: F/F A CLEAR and all others SET. The counter

was forced to “jump” from a count of 14(jp) to a
count of 149y, (NOTE: This omitted 6 counts

from the sequence, giving a new modulus of 10.}

From here, the counter will once again function
as a normal up-counter, CP9 will SET F/F A,
giving a full count of 15(10), and CP10 will CLEAR

all flip-flops. This completes one cycle of operation.

Summary: A counter is a device which is capable
of counting the number of events which have
occurred. Counters are used in all computers and
data processors. Some of the uses of counters are
to count program steps, count time, and provide
timing for other units of the computer.

Counters are either serial or parallel in design
and function as either up-counters or down-
counters. Each stage represents a place position in
the binary numbering system.

The number of pulses it takes to cycle a counter
is the modulus of the counter. The maximum count
of all unmodified counters occurs when all stages
are SET and can be determined by subtracting 1

13

from the modulus. An up-counter normally has
outputs from the one-sides of the flip-flops
connected to the inputs of the next stage, and the
down-counter normally has outputs from the zero-
side of the flip-flops. However, this will not always
be true. Each stage in a serial counter, with
exception of the LSD, depends on the previous
stage in order to function.

Transient time is the time it takes a flip-flop to
change states—either from SET to CLEAR or
CLEAR to SET. The total transient time of a serial
counter is the sum of the transient times of all the
flip-flops in the counter. In a parallel counter, the
total transient time is equal to that of the slowest
flip-flop.

Because the input pulse is fed to all stages of a
parallel counter at the same time, the parallel
counter is faster than the serial counter. Parallel
counters, however, have more circuitry.

The identifying feature of the up-down counter is
the control flip-flop. The state of the control flip-
flop determines whether the counter will count up
or count down.

Ring counters are mostly used for timing control.
All the flip-flops in a ring counter are connected in
a closed loop. The modulus of a ring counter is
equal to the number of stages in the counter. The
PRF of any stage is equal to the input clock PRF
divided by the number of stages. The PRT of any
stage is equal to the input clock PRT multiplied by
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Figure 1-15. MOD-10 counter.

the number of stages. The PW of one stage is ¢ jual Exercises (003):
to the input clock PRT. 1. A control flip-flop is used with the
counter. Its purpose is to control the counting

of the counter.
Modulus counters are counters that have been

modified so that the normal modulus has been

changed. These counters are used for special

purposes, such as converting binary to decimal, 2. Figure 1-16 is the logic diagram for a/an
character counting, etc. .

14
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and when SWI is in the DOWN posmon the
counter will count

. Assume that the counter (fig. 1-16) is cleared
before the application of the first clock pulse
and SWI is in the SET position. When the
second clock pulse 15 appied, F,;r A is
triggered to the state.

. How can you tell that figure 1-16 illustrates a
parallel up-down counter.

. Can a ring counter be used for timing? For
storage?

. How many input pulses are required to return a
four-stage ring counter to its original state?

10.

11.

B =K
P
j s 1 | T 1
i
o) -
[a% B
swi | o | CP>e— F/FA F/F B D F/F C
¥
O—1C 0 0 0 0
DOWN _‘“"—‘T ;
K —
2 4
O— l—
—-—- NDA13-16
Figure 1-16. Objective 003, exercises 2 through 5.
. In figure 1-16, when SWI is in the SET 8. F/F A of a four-stage ring counter changes
position, the counter will count stages (every) (every other) (every third) (every

fourth) time a pulse is applied.

. To indicate a ngen count, only the hlgh output

of a specific stage is necessary in a ring counter.
(True/ False)

Write the state of each iip-flop in a four-stage
ring counter if one clear pulse and seven down-
clock pulses have been applied. (NOTE: Clear
pulse applied to SET at F/F A))

How many flip-flops in a ring counter can be in
the one sta‘c at a given time?

12. A modulus 10 counter is also known as a

counter.
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SERIAL
S 1 S 1 S 1 S T—
GER FFA —LL FFB I FFC l FFD OUTPUT
—a{T T T
PULSES T
C 0 C 0 C 0 C 0
CLEAR
REP4-1782
Figure 1-17. Objective 003, exercises 13 through 16.
Use figure 1-17 for exercises 13 through 16. 15. There are ____ possible conditions for a
13. Write one or zero for the condition of each four-stage decade counter.

flip-flop in the decade counter if a CLEAR
pulse and five trigger pulses have passed.

16. The only time the fcedback to flip-flops B and
C have any effect on operation of the circuit is
14. The decade counter will return to all zeros on the ___  pulse.
every — pulse.
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Reference:
1
001 2.
001 3.
001 4
001 5
001 6.
001 7.
00! 8.
001 9.
001 10.
001 11.
001 12.
001 13.
001 14,
001 15.
001 16.
001 17.
002 1.
002 2.
002 3.
002 4.
002 S.

ANSWERS FOR EXERCISES

Up; down.
Clear; preset.
True.

True.

To count program steps; count time, and provide
timing for certain computer operations.

One; zero.

The negative-going portion of a waveshape.
Two.

. F/IE D 0.
F/F D 1.

Down-counter.

Zero.

The count will go to 14. F/F A goes to the zero state;
all others stay in the one state.

Five.

Two.

Parallel counter.
Faster.

Up; down.
Circuitry.

One.

17

002
002
002
002

003
003
003
003
003

003
003
003
003
003
003
003
003
003
003

VRN

DB LN -

Fifteen.

Twelve.

The input pulse in fed to all flip-flops.

The output is taken from the zero side of the flip-
flops.

Up-down. Dirzction.

Parallel up-down counter.

Up; down.

Zero.

You can tell that it is parallel because of the inputs
required to each stage are the clock pulse and the
output of all previous stages. You can tell that it is
up-down because of the control F/F.

Yes. No.

Four.

Every fourth.

True.

F/F A, B, and C—zero, and F/F D one.

One.

A decade counter.

F/IFAI1,F/FBO,F/FC1, F/FDO.

Tenth.

Ten.

Eighth.
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Preface

ALL DATA PROCESSING machines use registers for storing, transferring. and
verifying information. The basic unit of any register is a bistable device.

In this module we will discuss the purpose and the operation of some of the more
commonly used types of registers. For you to understand the operation of the different
types of registers, you will need to be familiar with logic symbology, logic generators,
and counters. Should you need to “brush up™ on any or all of the subject areas
mentioned, the information can be found in the 10-Module course, Digital
Techniques.

If you have questions on the accuracy or currency of the subject matter of this text,
or recommendations for its improvement, send them to 3390th TCHTG/TTGU-B,
Keesler AFB MS 39534. NOTE: Do not use the suggestion program to submit
corrections for typographical or other errors.

If you have questions on course enrollment or administration, or any of ECI’s
instructional aids (Your Key to Care.r Development, Behavioral Objective Exercises,
Volume Review Exercise, and Course Examination), consult your education officer,
training officer, or NCO, as appropriate. If this agent cannot answer your questions,
send them to ECI, Gunter AFS, AL 36118, preferably on ECI Form 17, Student
P equest for Assistance.

This volume is valued at 3 hours (1 point).

Material in this volume is technically accurate, adequate, and current as of August
1978.
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CHAPTER 1

objective gives you the information you r
provide you with a chec? .diever,
the back of this m.

NOTE: In this module, the subject matte: is developed by a series of Learning Objectives. Each of t.
carries a 3-digit number and is in boldface tvpe. Each sets a learning goal for you. The text that follows ..
to reach ¢ goal. The exercises following the information
.. When you complete them, see if your answers match those in
.. your response to an exercise is incorrect, review the objective and its text.

Registers

DATA IS PROCESSED within a data processing
machine, in a specific sequence. Although there are
variations from machine to machine, the sequence is
basically:

a. Bring the raw data in.

b. Store it temporarily.

¢. Shift and rearrange it.

d. Perform any mathematical function.

e. Shift and rearrange it again.

f- Send the processed data out.

During this process, the data will be checked one or
more times tv make sure it has not gained or lost bits of
information. The units which do all of this storing,
shifting, and mathematics are called registers.
Registers are made up of bistable devices and range in
design from simple one-stage, serial-in, serial-out
units, to complicated multipurpose units with many
stages.

001. State the operational procedures of a storage
register.

Storage Registers. Since most .7 the v sters v

will see use flir Tone - the X0« we Hsows - A
Sip-flop v.ur Uscthe ¢ aored a1 it when power s
femo - called —'volatile” storage. This occurs

becausc. whei sower is reapplied, you have no way of
knowing which state the flip-flop will assume.
“Nonvolatile” devices, such as the magnetic core,
retain the data stored in them even though power is
removed. A storage register can be made up of any
number of flip-flops depending upon the number of
bits to be stored. Each flip-flop will store one bit at a
time—either a binary one or a binary zero.

The circuit in figure 1-1 is a par~lel storage register
connected to a serial counter. The count in the counter
is transferred to the storage register by a read-in pulse.
After the count has been stored in the register, the
counter can continue counting without affecting the
storage register. The action of the storage register in
reading in a number is very rapid and can take place
between counts in the counter.

The counter consists of flip-fiops A, B, C, and D,
while the storage register is comprised of flip-flops E,
F, G, and H. Each of the complementing flip-flops in

RIC
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the serial up-counter has its one-side output and its
zero-side output connected to the one- and zero-side
inputs of the flip-flops in the storage register. In
addition, a read-in, or transfer, pulse is applied
simultaneously to both the one-side and the zero-side
AND-gate inputs of all the flip-flops in the storage
register.

Assume all flip-flops in the storage register are in the
zero state and 1101, is in the counter at the time the
read-in pulse occurs (remember with binary numbers
that the least significant digit is on the right). Flip-flop
A is in the one state, causing a high to be felt at the one-
side AND-gate input of flip-flop E.

Flip-flop B is in the zero state, causing a high to be
felt at the zero-side AND-gate input of flip-flop F.

Flip-flop C is in the one state, cauting a high to be
felt at the one-side AND-gate input of flip-flop G.

Flip-flop D is in the one state, causing a high to be
felt at the one-side AND-gate input of fliy 1. - %

When the r.ad-in pulse uy<locks, th. -gate
apus to the one side of flip-flops E, G,andx .nd the
«ro side of flip-flop F will be * ;h. At the time the
read-in pulse down-clocks, flip- »>ps E, G, and H will
g0 to the one state simultaneous.y, and flip-flop F will

‘remain in the Zero state.

After the down-clock of the read-in pulse, the
storage register contains the binary configuration
1101(2,. Thus, the number in the counter has been
stored in the register. The count in the storage register
can remain there, even though the counter continues
counting, until a new read-in pulse occurs. It is
important to notice that nearly any type of flip-flop
circuit can be used in the construction of storage
registers. The output from _ie storage register is
sampled at the one and zero sides of each flip-flop in
the register and is used as input signals to otk -ircuits
throughout the computer.

Figure 1-2,A, illustrates the logic symbol for a four-
stage parallel register. It is necessary to indicate the
number of bits orindividual flip-flops in the register. In
some applications, individual input and output lines
are shown, as in figure 1-2,B.
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cLock [T 1 T ] T | T
PULSE | FFA FFB FFC FFD
0 O Ot— Oj
READ-IN
PULSE , T
S 1 S 1 kﬁs 1 s 1
FFE FFF FFG FFH
|———C 0-| C 0-| C 0.| —_— IC o_l
TRIGGER 10 11 12 13 14 15 16 17 18 19 20

1 2 3 4 5 6 7 8 9
puLses JLIUuyuunn
a LT LT L L L L e lel o

COUNTER B 0 0 0]y 1]0
ONE-SIDE
OUTPUT C | | 18 1 10 o0 0 ofi
WAV EFORMS
D ] 1 lo 0 0 0 0
READ-IN [ M.
PULSE I
1
STORAGE ~ E ]
REGISTER F 0 i 1
ONE-SIDE 0
OUTPUT h “
WAVEFORMS G
" [ Lo
REP4-1782A
Figure 1-1. Parallel storage register feeding a serial counter.
Exercises (001): 3. How many read-in pulses are required to transfer

. . . - - ister?
1. What determines the storage capacity of a register? dz  nto a four-stage parallel storage register?

4. Is it necessary to clear the information from the
storage register before new information is brought
in?

2. Is the data in the storage register affected while the
counter is working?
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RG(4)

RG(4  CH&

REP4-1789

Figure 1-2. Example logic symbols for parallel storage register.

Use figure 1-2 to answer exercise 5.

5. Given a count of five, what is the state of each flip-
flop (1 or 0) in the storage register after a read pulse
passes?

002. From a list of statements about the
characteristics of the different methods of register
transfer, identify the true statements and explain why
the others are not correct.

Methods of Register Transfer. In the following
paragraphs, we will discuss the methods of transferring
data and the terminology involved in this process.
First, you should know what we mean by the term
TRANSFER. It is the moving of data from one place
to another. For our purposes, we are concerned about
two basic types of transfers: single-line transfer and
double-line transfer.

A single-line transfer is a transfer network capable of
moving only the ones or zeros stored in a register.
There are two classifications of single-line transfer
networks, “one-side transfer” and “zero-side transfer.”

One-side transfer. A one-side transfer network is
shown in figure 1-3. The one-side outputs of the X

register are fed into the transfer network consisiing of
gates A, B, C, and D. To move the contents of the X
register into the Y register without altering the data, it
is necessary to first clear the Y register. With the
application of the transfer pulse, the flip-flops in the Y
register will be set if the corresponding flip-fiops in the
X register are in the one state. It is not necessary to
transfer the zeros because the receiving register is
ciearrd before the transfer; thus, the name *“oue-side
traasfer.”

In summing up, we can say:

(1) The register flip-flops
transfer. )

(2) Connections are made in the one side of the flip-
flops.

(3) When the transfer pulse occurs, a one is
transferred into the Y register if the corresponding flip-
flop in the X register is in the one state,

are cleared before

Zero-side transfer. A zero-side transfer is shown in
figure 1-4. The zero-side transfer uses the same
configuration as the one-side transfer except that the
zero-side outputs are fed into the transfer network
Note that the Y register must first be set (all ones)
before the transfer pulse is applied.

la summing up the zero-side transfer:

(1) The register flip-flops are set before transfer.

X1 x2

X3 X4

TRANSFER

[e

CLEAR

Y1 Y2

Y3 Y4

RDA26-175

Figure 1-3. One-side transfer.
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x1 X2 X3 x4
1 0 1 1 0 1 0
TRANSFER o o o
-
S R S R S R S R
Y Y2 Y3 Y4
RDA26-176

Figure 1-4, Zero-side transfer.

(2) When the transfer pulse occurs, a zero will be
transferred into the Y register if the corresponding flip-
flop in the X register is in the zero state.

(3) Connections are made to the zero side of the flip-
flops.

Double-line transfer. A transfer network capable of
moving, in one operation, both the ones and the zeros
stored in a register is called a double-line transfer.
Figure 1-5 shows a double-line transfer network.
Although this configuration uses twice as many gates
as the single-line transfer network, only one control
signal is required. Since there is both a set and reset
input applied to the receiving register, there is no
requirement for a clear or set pulse. This type of
network is often referred to as FORCE FEEDING
since data is forced into the receiving register
regardless of its previous content.

Complementary transfer. The complementary
transfer is a variation of the double-line transfer.
Figure 1-6 shows how a complementary transfer is
accomplished. After application of the transfer pulse,

the contents of the X register will be found in the one’s
complement form in the Y register.

Exercises (001):

Indicate whether the following statements are true or
false. If false, provide the correct statement.

— 1. The two types of single-linc transfer are one-
and zero-side transfers.

—— 2. A single-line transfer capable of moving only
zeros would be called a one-side transfer.

—— 3. The term “FORCE FEEDING” is often used in
reference to single-line transfer.

TRANSFER y;
<
x) X2 X3 X4
1 0 1 0 1 0 1 0
S R S R S R S R
Y1 Y2 Y3 Y4
RDA26-177

Figure 1-5. Double-line transfer,

4 3,1’)
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TRANSFER

X3

1 0

s i}

s c
Y3

RDA26-178

Figure 1-6, Complementary transfer.

—— 4. In a cne-side transfer, the transferred data will
not be altered if the Y register is cleared vefore
transfer.

—— 5. A doubie-line transfer does not require a clear
or set pulse.

003. Identify types of shift registers and state their
operational procedures.

Shift Registers. The shift register is a device capable
of receiving, rearranging, and retaining binary data
which can be used later in the computer. It can receive
data either in serial or parallel form, and data may be
taken from the shift register in serial or parallel form.
When information is taken out inserial form, it may be
shifted to the right or to the leit, depending upon the
design of the circuit. Shifting is useful in many
operations, such as scaling, multiplication, division,
comparing data bits, and sequencing a change of
events. The shift register also serves as a storage
register when it is used to store data for certain periods
of time.
Some of the types of transfers/shifts associated with
shift registers are shown in figure 1-7.
¢ A-—Serial In, Serial Out Register. One bit is
shifted in or out each time a shift pulse is applied.

¢ B—Parallel In, Serial Gut Register. All data is
transferred in at the same time, but only one bit
will be transferred out when each shift pulse
occurs.

® C—Serial In, Parallel Out Register. In this circuit,

only one bit is shifted in at a time, but when the
data is needed, all bits are transferred out at the
same time.

The location of a shift pulse at the left corner of the
symbol (fig. 1-8) indicates that the shift is from left to

right. If the shift input is located at the right corner of
the symbol, the shift is from right to left.

Shift Register Operation. The operation of shift
registers is similar to that of storage registers except
shift registers have interconnecting lines and a shift
pulse to shift data through the register.

Parallel in, serial out register. Figure 1-9 illustrates a
typical shift register with the input taken from a
storage register. The shift register hus a parallel input
and a right shift serial output.

Using the diagram of the shift register in figure 1-9,
notice that the output of each flip-flop in the shift
register is fed directly to the input of the following flip-
flop. A shift register can have many more than three
flip-flops, but the connections remain the same
throughout.

Before the read-in (transfer) pulsc is applied,
assume flip-flops A, B, and C are in the zero state and
the storage register contains a binary count of five
(101). With the above conditions existing, the transfer
is applied to AND-gates I, 2, and 3. At the time the
transfer pulse down-clocks (TO}, flip-flops A and C are
set to the one state. Flip-flop Bremains in the zero state
since AND-gate 2 does not have two high inputs. The
shift register and storage register now contain the same
binary configuration of 101 as shown by the
waveforms.

The output of flip-flop C is high and is one input to *

AND-gate 8. When the shift pulse goes highattime T1,
both inputs to AND-gate 8 are high and the output
goes high.

When the down-clock of the shift pulse at time T1,
flip-flop A changes to the zero state, flip-flop B
changes to the one state, flip-flop C changes to the zero
state, and the output goes low. Thus, one bit has been
shifted out of the register. At time T1, the one bit in
flip-flop A was transferred to flip-flop B; the zero bitin
flip-flop B was transferred to flip-flop C; and the one
bit in flip-flop C was gated out of AND-gate 8. This
leaves a bina:y configuration of 010 in the shift
register.
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& Serial In--Serial Out Register. One
bit is shifted i1 or out each time a

shift pulse is applied. This type

shift is shown in "A."

@ Parallel In--Serial Out Register. All
data is transferred in at the same time,
but only one bit will be transferred out

This con=-

when each shift pulse oc'cu'rs.
figuration is shown in "B."

® Serial In--Parallel Out Register.

this circuit, only one bit is shifted in
at a time, but when the data is needed,
all bits are transferred out at the same
This configuration is shown in

time.
"Co "

'

T

o)

v

RDA26-375

Figure 1-7. Example logic symbols for shift registers.

With 010 in the shift register, the only flip-flops that
are activated for a change of siate are flip-flops B ard
C. The output AND-gate is held closed since flip-flop
C is in the zero state. Thus, with the down-clock of the
T2 shift pulse, flip-flop A remains in the zero state, flip-

flop C changes to the one state, and no output signal is
produced.

However, the count in the shift register has moved
one more place to the right, and a zero bit has been
shifted through AND-gate 8. This leaves a binary
configuration of 001 in the shift register. Flip-flop C
and AND-gate 8 are now activated. When the shift
pulse is applied, an output from AND-gate 8 appears.

RIGHT LEFT
RiGH T PARALLEL INPUT - SHIFT
oY ||| INPUT

S S RSR
SERIAL _____] SR(6) SERIAL
INPUT OUTPUT
i i 1010
PARALLEL OUTPUT
PARALLEL INPUT
RIGHT n 2 it
SHIFT
SHIFT
SHIFT., INPUT
SERIAL 7S R SERIAL
SRINI
INPUT 0 QUTPUT
1 0
n n
PARALLEL OUTPUT REP4-1790

Figure 1-8. Register input/output designations.
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When the down-clock of T3 occurs, flip-flop A and
flip-flop B remain in the zero state, and a flip-flop C
goes to the zero state. At this time, shift out is
complete. You can see that one shift pulse is necessary
to shift out each binary bit.

Let us review the action of the shift register.

(1) The storage register had binary configuration of
101,

- (2) The shift pulse T1 produced a one bit output and
shifted the configuration to the right, with a remaining
configuration of 011.

(3) Shift pulse T2 shifted the configuration to the
right for the second time, and produced a zero bit
output with a remaining configuration of 001.

(4) Shift pulse T3 shifted the configuration to the
right for the third time, and produced a one bit output
with a remaining configuration of 000.

The shift register symbol represents a register with
provisions for displacing or shifting the contents of the
register one stage at a time to the right or left by means
of the SHIFT pulse input.

Serial in, parallel out shift register. Figure 1-10 is a
logic diagram of a serial input, parallel output shift
register and a parallel input, parallel output storage
register. The waveform chart shows the various actions
of the circuit. To explain the operation, 011z will be
shifted into the shift register then transferred to the
storage register. )

Assume that all flip-flops in the shitt register are
CLEAR and that all flip-flops in the storage register
are SET as shown by the waveforms. Clear pluse A
CLEARS the storage register (flip-flops D, E, and F).
When the input data pulse and the shift pulse are
applied at the same time, AND-gate 1 will produce an
output pulse to SET F/F A. The third leg of AND-gate
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Figure 1-9. Shift register operation.
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Figure 1-10. Secrial in. parallel out operation.

ERIC

Aruitoxt provided by Eic:



B Bl 8 ) ) 8|8 ) BB B B B{B|] 8 p— SHIFT PULSE
s 1 2 3 4 3 [ 7 8 (AR LERAEBRFEREERIERE]
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v RDA26-334
Figure | 11, Sample arithmetic shift,

1 was activated by the binary one from the zero-side of
F/F A. The shift register now contains 100;z).

When the second shift pulse is applied, another data
pulse is present at the input. However, F/F A cannot
be affected because AND-gates 1 and 2 are deactivated
for the duration of the shift puise. AND-gate 1 is
deactivated by the binary zero from the zero-side of
F/F A. AND-gate 2 is deactivated by the inverted data
pulse from the inverter. AND-gate 3 will produce an
output pulse because of the binary one from F; F A, the
binary one from F/F B, and the shift pulse. The puise
from AND-gate 3 will SET F/F B. The register now
contains 110;.

When the third shift pulse arrives, the data pulse line
contains a binary zero, so AND-gate 1 will be
deactivated. The inverter will invert the binary zero to
a binary one and activate one leg of AND-gate 2 A
second leg of AND-gate 2 will be activated by the
binary one from the one side of F/F A. So when the
shift pulse is applied, AND-gate 2 will produce an
output pulse and CLEAR F/F A. F/F B will remain
SET because AND-gates 3 and 4 remain deactivated.
However, AND-gate 5 will be activated and produce
an output pulse to SET F/F C. The register now
contains 0112.

When the read-in pulse (same as a transfer pulse)
occurs, the contents of the shift register, Qll(z,, are
transferred to the storage register. Both registers now
contain the same data. ]

Shifting Operations. Up to this point, you have only
been exposed to right shifters. However, shifts may be
done in either direction—right or left. Also, it is
possible to shift only a part of the data at any one time
depending on the design of the circuitry.

Each time a binary one is shifted toward the LSD, its
value becomes half of what it was before the shift. As
an example, if the binary number 100, is shifted right
one place, the new number is 010.2). The original value
of the number was 4, but after the shift toward the
LSD, its new value is 2, which is one-half of the original

value. Just reverse this procedure and you will see that
each time the number is shifted toward the MSD, its
value will double.

Shifts are normally one of two types—arithmetic or
logical. The number of places which data is shifted will
be controlled by a counter as you will see laicr. Let’s
first look at the arithmetic shift.

Arithmetic shift. The arithmetic shift, in most
computer systems, will shift only the magnitude of the
number without changing the sign (positive or
negative) of the number. The computer is able to tell
whether a number is positive or negative by the *sign
bit.” In most computers, the number is negative when
the sign bit is a binary one and positive when the sign
bit is a binary zero.

Look at figure 1-11. This is a sample arithmetic shift.
The arrows indicate a left shift, end off. In other words,
when the shift pulse is applied, the entire contents of
the register (B1 - B15), with exception of the sign bit,
are shifted left one place, and the data which wasin Bl
is shifted out and lost. The sign bit did not shift or
change.

Logical shift. The logical shift is normally the same
as the arithmetic shift except that the sign bit will also
be moved. Figure 1-12 shows a sample double logical
shift from one register to another. Like the arithmetic
shift, the logical shift shown here is only a sample and
may not be done like this in all machines. You must
know the operation of each machine to determine how
the shifts are made.

Shift Combinations. The examples in figure 1-13
are, again, only sample shift functions. They may not
be done the same way inall computer systems. Shifting
operations using only one register are referred to as
“single” and the operations using two registers are
called “double.”

Each of these are singie shifts, but each one may be

combined with another register for double shifting
operations.

BITS
- = 15

slVvi 2 ja—
3-14
A REGISTER

BITS
1] 2 15 fg——
314
B REGISTER
RDA26-181

Figure 1-12. Sample double logical shift.
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3. Single, left, arithmetic, end around.

BITS

2-14

RDA26-185

4. Single, right, arithmetic, end around.

BITS

L 2-14 ‘5‘—]

RDA26-186

5. Single, left, logical, end off.

RDA26-187

.6. Single, right, logical, end off.

RITS
—ais| 214 15 }—u-
RDA26-188
7. Single, left, logical, end around.
BITS
S 2~14 15 fa

RDA26-189

Figure 1-13. Example shift functions.
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Exercises (003):

Refer to figure 1-14 for exercise 1.

1. This shift register has a

output.

input and a

T— 1 1 1
cLock [T T T T
PULSE - FFA T~ FFB\Y— FFC—\r- FFD
o im 0 0
READ-IN
PULSE A T
S s 1 3 s
FFE FFF FFG FFH
c 0 C 0 cC o
c o "l ——-J-I
REP4~1736

Figure 1-14. Objective 003, exereise 1.

Refer to figure 1-15 for exercise 2.

2. How many shift pulses are required to shift out a

count of 1013, from the shift register?

S 1

CLEAR

L ]
S ]

LsD

FFE

TRANSFER

FFF

—{C 0

MSD

PULSE

SHIFT

i
[CO

FFA
C o0

)

LsD t

B

1

D

FFC
c 0

MSD

STORAGE REGISTER

SHIFT REGISTER

PULSES

-

— &

Iy

Figure 1-15. Objective 003, exercise 2.
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3. Two methods of moving data out of a shift register
are _ and

4. ldentify the type of registers found in figures 1-16
and 1-17.
a. Figure 1-i6 contains a

EL INPUT
RIGHT PnARALL L A LEFT
SHIFT
SHIFT INP
INPUT ot
SERIAL____ T S R 1 SERIAL
SR{N
INPUT 0 0 QUTPUT
1 0
n n
PARALLEL OUTPUT REP4-1790

Figure 1-16. Objective 003. exercise 4,a.

b. Figure 1-17 contains a

RG(4 c-}é

1010 1010

IRIRIAL

Figure 1-17. Objective 003, exercise 4,b.

5. In a four-stage serial in, parallel out shift register,
the data configuration is 1101. The next
TRANSFER pulse will transfer the configuration

into the storage register.

6. In most computer systems, the arithmetic shift will
change the but not the ______ of the
number contained within the shift register.

7. How does the logical shift normally differ from the
arithmetic shift?

8. Most computers utilize (four/two) types of shifts.

ERIC
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9. In a left-shift register, with the LSD on the right,_a
binary bit (doubles/halves) in value each time it is
shifted.

10. The pulse moves information into and
through a parallel output shift register. The
information is moved out of the register by the

pulse.

004. State the operation, purpose, and types of parity
circuits.

Parity means likeness. So when the word “parity” is
used in relation to computers, all it means is that the
data moved from some place, such as a memory
location, should be like it was when it was originally
put into that location. In other words, if a word
containing an odd number of binary onecs is sent to
memory, then it should still have an odd number of
binary ones when itis removed at a later time. The only
way to know whether a number has an odd or even
number of binary ones before it goes into memory is to
check it anid assign an additional binary one if needed.
Then when it is removed from memory, it is checked to
insure that either the even or odd number of binary
ones are still present. The circuit used to assign parity
(make each number either even or odd in binary ones)
is called a *“parity-generating circuit.” The circuit used
to check or verify parity is called a “parity-checking
circuit.”

Parity-Checking Circuits. Computers are capable of
several thousand operations per second and thousands
of individual components are constantly involved in
these operations. Since the data is being processed at
high speeds, it is reasonable to assume that errors may
occur in transfers of data among the computer’s units.
Information (or data) bits may be “dropped” or
“picked up” although there is no equipment failure.
Therefore, it is necessary that some means of
equipment self-checking be built into the computer.
Parity-checking circuits serve this purpose.

A system can operate on even or odd parity. If odd
parity is established when the computer is designed,
then all words going into or coming out of storage must
have an odd number of binary ones or they will be in
error. If even parity is used, the words must have an
even number of binary ones.

There are two types of parity-checking circuits:
parallel and serial. We will first look at the parallel
version.

Parallel parity-checking circuit. The purpose of a
parity-checking circuit is to determine the validity of
each computer word after it has been taken from a
storage medium or had been transmitted over
transmission lines. A parity-checking circuit must be
capable of:
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e Dectermining whether the number of binary ones
in a computer word is even or odd.

® Generating an error signal when a word with
incorrect parity is detected.

The error signal generated by the parity-checking
circuit is used to trigger an alarm so that the operator
will kncw the status of the word, or to initiate some
other action within the computer. The parity-checking
circuit is used at strategic points going into memory
and coming out of memory and to or from terminal
equipment.

A parallel parity-checking circuit is shown in figure
1-18. This circuit checks for odd parity. An alarm will
be activated when a word with an even number of
binary ones is checked. With odd parity assigned to all
words, the circuit will check for uniformity. If a word is
found to have even parity, the error may have occurred
either in storing or in transferring from one place to
another.

Let’s look at the circuit and see how it works. The
original computer word in memory is 1011. It has an
odd number (3) of binary ones indicating that parity is
correct. Assume that, in the transfer from memory, one
of the binary ones was lost (bit D). When the word is
transferred to the X register, F/F A (parity bit flip-
flop) and F/F C will SET. F/F B and F/F D remain
CLEAR. The register configuration is now 1010. The

— L — — —— ——— ——— —— — — A— —— — ————

PARITY
BIT

outputs of the X register are applied to the parity-
checking circuit which consists of logic gates and an
alarm flip-flop. With F/F A SET, a high will be felt off
its one side and applid to pin 1-2 of gate 1. F/F B is
CLEAR soalow fromits one side will be applied to pin
1-1 of gate 1. With one high and one low input,
exclusive OR-gate 1 will produce a high output to pin

- 3-2 of gate 3. With F/F C SET and F/F D CLEAR,

gate 2 will also produce a high output. The high from
gate 2 is applied to pin 3-1 of gate 3. This now makes
both inputs to gate 3 high, which will give a low output.
The low output from gate 3 is inverted (to a high) and
applied to pin 4-1 of gate 4. When the parity check
pulse is applied to pin 4-2, gate 4 will produce an
output pulse and SET the alarm flip-flop indicating
that a parity error has been detected. If a word having
correct parity had been checked, gate 4 would have
been inhibited at the time the parity check pulse was
applied so the alarm flip-flop would remain CLEAR.
As shown by the diagram, the alarm flip-flop can be
manually CLEARED (reset) to resume normal
checking operation.

Serial parity-checking circuit. A sample parity-
checking ~ircuit used to detect parity errors in a serially
transmitted word is shown in figure 1-19. From a
circuit standpoint, the serial method of checking parity
is the simplest of all. It words on the principle that if a

1

FFA

0
- T
|
|
|
|
|
|
l
|
|
|

¢ e PARITY
N ALARM
FLIP-FLOP
DQ o 5 1 |PARITY ALARM
4

_]-‘L\ PARITY CHECK PULSE 4-2 |

Gl

~__ MANUAL RESET

~ R 0 |

RDA26~199

Figure 1-18. Parallel parity-checking circuit.
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Figure 1-19. Serial parity-checking circuit.

flip-flop is initially CLEAR and is triggered an odd
number of times, it ends up SET. If it is triggered an
even number of times, it ends up CLEARED. The
circuit shown is designed to check for even parity but
may be changed to check for odd parity by simply
designing the circuit to initially SET F/F A.

The X register is a right shift, end-off, shift register.
After each check pulse (T1 through T4), a shift pulseis
applied to move the data in the shift register one place
to theright. F/F A is CLEAR because it was cleared by
the previous check operation. F/F B is manually
CLEARED to reset the alarm circuits.

If the X register contains the binary configuration
shown on the diagram, the binaryzeroin X2atT1 time
applies a low voltage to pin 1-1 of gate 1. The T1 check
pulse is applied through the OR-gate to pin 1-2 of gate
1. The output of gate I remains high because of the low

input from X2. This will not cause F/F A to change .

states.

The first shift pulse occurs and all data in the X
register is moved one positon to the right. Xp is
CLEARED and Sx, X1, and X2 are SET. The X2

ERIC
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output, which is now high, is applied to pin 1-1 of gate
1. So when T2 is applied through the OR-gate to pin 1-
2, gate 1 will produce an output pulse. The pulse from
gate 1 will SET F/F A (see waveforms) which puts a
binary one on pin 2-1 of gate 2.

The second shift pulse occurs, and all data in the X
register again moves one position to the right. Xp and
Xs are now CLEAR and X1 and X2areSET. The high
output from X2, and the T3 check pulse, will cause gate
1 to again produce an output pulse. This output pulse
from gate | will cause F/F A to CLEAR.

When the third shift pulse occurs, the data in the X
register will again be shifted one place to theright. This
CLEARSs Xp, Xs, and X1, and SETs X2. When check
pulse T4 occurs, the high from X2 and T4 will cause
gate | to produce an output pulse to SET F/F A. With
F/F A SET, a high is applied to pin 2-1 of gate 2. So
when T4 is applied to pin 2-2, gate 2 will produce an
output pulse to SET F/F B. The output from the one
side of F/F Bindicates that a parity error has occurred.
The T4 check pulse was also used, after being delayed,
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to CLEAR F/F A. F/F B must be CLEARED

~ manually.

As stated before, this circuit checks computer words
for even parity. The example word we used had an odd
number of binary ones. We were looking for an even
number, so an alarm was activated. The last half of the
waveform chart shows the action with aneven number
of binary ones in the computer word. So, if you follow
the chart, you will see that an alarm is not activated
when a word with even parity is checked.

Parity-Generating  Circuits.  Parity-generating
circuits are used in a system at points where words are
going into storage. Any given word may not have
correct partity. Therefore, correct parity must be
assigned before the new word can be stored into
memory.

Figure 1-20 shows a typical odd parity-generating
circuit. Flip-flop Xp is the parity flip-flop. This circuit
first checks the parity of the word. If the parity of the
word checked is not correct, an output pulse from
AND-gate 6 will change the state of Xp to give an odd
number of binary ones Since you already know how
an exclusive OR-gate works, the signals will not be
traced through each gate,

Assume that the word 01100 has been entered into
the X register from the arithmetic unit or an input-
output device. Since this circuit checks for odd parity,
you can see that this word now has incorrect parity.

With Xp, X2,and X3CLEARED and Xsand X1SET,
the end result will be a binary zero output from
exclusive OR-gate 4. This binary zero is inverted to a
binary one by inverter S and applied to one leg of
AND-gate 6. When the ‘“assign parity” pulse
(generated by control circuits) is applied, both legs of
AND-gate 6 will be satisfied. AND-gate 6 will now
produce an output pulse and SET the parity flip-flop
(Xp). With Xp SET, the X register now contzins 11160.
The extra binary one (Xp) was assigned to give the
word correct (odd) parity. If a word ~ontains odd
parity to start with, there will be a binary one output
from gate 4 which will be inverted to disable one leg of
AND-gate 6; theretore, Xp will not be changed.

Exercises (004):

1. Parity circuits are a means of built into
the computer.
2. Parity check circuits check the of each

computer word.

3. Parity checks are made at _
the computer.

points within

WORD FROM ARITHMETIC UNIT OR INPUT/OUTPUT DEVICE

Vo e Y Y Y / Y
PARITY
l PULSE W
}
3 T s 3 s s
X, X, X1 X2 X3
1 0 | 0 1 0 1 0 1 0

RDA26-201

Figure 1-20. Odd-parity generator.
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4. Exclusive OR-gates may be used in _____ 7. Parity-generating circuits are used, within
parity-checking circuits. computers, at points where words are

5. The simplest method of checking parity is the
method. 8. Correct parity must be assigned ______the word
is stored into memory.

6. The method of parity checking which relies upon
setting and clearing a flip-flop an even or odd
number of times is the ____ method.

16




ANSWERS FOR EXERCISES

Reference: 003 - 3. Left to rights right to left
. . . 003 - 4. a. Shift register.
001 - 1. T'he number of flip-flops in the register.

b. Storage register.
001 - 2. No. 003 -5. 1oL
001 - 3. One. 003 - 6. Magnitude: sign.
001 - 4. No. o o o 003 - 7. In the logical shift the sign bit will be moved. In the
01-s. FFELFFFOFFGLFFHO arithmetic shift, it will not.
003 - 8. Two.
002 - 1.. True. 003 - 9. Doubles.
002 - 2. False. A one-side transfer can only move ones; a zero-side 003 - 10. Shift; transfer.

transfer is the one that moves only zeros.

002 - 3. False. Double-line transfer is often referred to as FORCE 883 h ,l, ?;llr:r:“:k

FEEDING since it forces data into the recciving register 04 B S g‘l 'l "V

regardless of its previous content. 004 - 3. Strategie.
002 - 4. lTrue. 004 - 4. Pur_ullcl.
002 -5 True 004 - 5. Serial.

- ‘ 004 - 6. Serial.
003 - 1. Serial: parallel. 0C4 - 7. Going into storage.
003 - 2. Three. 004 - 8. Before.
313
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Preface

COUNT DETECTORS and comparators are a very important part of any data
processing machine. As a matter of fact, without sume type of detectors and
comparalors, data processing equipment as we know it, could not exist.

In this module we will discuss the purpose and operation of count detect and
comparison circuits and see some examples of how they may be used within data
processing equipment. If you do not have a background in digital techniques, you may
wish to study the Digital Technigues course for the necessary background before
attempting this module.

Numbers shown on the lower right side of figures are for preparing agency
information only.

If you have questions on the accuracy or currency of the subject matter of this text.
or recommendations for its improvement, send them to 3390th TCHTG/TTGU-b,
Keelser AFB MS 39534, NOTE: Do not use the suggestion program to submit
corrections for typographical or other errors.

If you have questions on course enrollment or administration, or on any of ECI’s
instructional aids (Your Key to Career Development, Behavioral Objective Exercises,
Volume Review Exercise, and Course Examination), consult your education officer,
training officer, or NCO, as appropriate. If this agent can’t answer your questions, send
them to ECI, Gunter AFS AL 36114, preferably on ECI Form 17, Studént Request for
Assistance. B

Keep this module for your own use.

Material in this module is technically accurate, adequate, and current as of August
1978.
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CHAPTER 1

NOTE: In this module, the subject matter is developed by a series of Learning Objectives. Each of these
carries a 3-digit number and is in boldface type. Each sets a learning goal for you. The text that follows the
objective gives you the information you need to reach that goal. The exercises following the information give
you a check on your achievement. When you complete them, see if your answers match those in the back of
this module. If your response to an exercise is incorrect, review the objective and its text.

Detectors

BINARY COUNTERS are capable of representing
many combinations of information. These
combinations (or counts) can be used io direct other
equipment operations. A count detect circuit is used
when it becomes necessary to determine the count ina
counter. Detection circuits are also referred to as
decoders.

001. State the purpose of detector (decoder) c.ircuits
and use logic diagrams to analyze operation of
detectors.

Count Detect Circuits. The output of count detect
circuits can be used to initiate another action or to
indicate when an operation is finished. For instance, it
we wanted to store for the first step, add for the second
step, and read out for the third step, we could detect the
step numbers and generate a control pulse to initiats:
each step. )

A count ¢~tect circuit for detecting a count of three 1s
shown in figure 1-1. Flip-flops A, B, and C make a
binary counter. Gate 1 is an AND-gate with inputs
from the ONE side of the flip-flops A and B and the

ZERO side of flip-flop C. The binary number three is
represented by 011. This means that with a count of
three in the counter, flip-flops A and B are in the one
state, and flip-flop C is in the zero state. At this time,
gate | has all of its inputs high so it will have an output.
With any other count in the counter, the gate will not
have an output. The indicator lamp (3) will be lit any

time flip-flops A and B are SET and flip-flop C is
CLEAR.

To determine the proper connections that must be
made to detect a certain number, write the desired
number in binary form. A binary one represents a one
side connection, and a binary zero represents a zero
side connection.

If we want to detect a count of five from the counter
in figure 1-2, we start by writing 5 in binary notation
(101 binary = 5). The AND-gate must have
connections to the one side of flip-flops A and Cand to
the zero side of flip-flop B. (The input flip-flop is the
LSD.)

If we wanted to generate control pulses, we could
connect the count detect circuit as in figure 1-3. We

LD HiGH HIGH _MSD
S 1 S S T}—» LOW
FFA FFB FFC
INPUT | T T
0 JHHicH
C C 0 C
CLEAR | [ [
1
3
Figure 1-1. Count 3 detcctor. REP4-1783
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LsSD

FFA

MSD
S

FFC |
T
C 0

(101 = 5)

REP4-1784

Figure 1-2. Count 5 detector.

want the equipment to add on the second count and
print out the fourth count. Weknow that 2is 010, and 4
is 100. We simply connect the AND-gates to the
counter t: detect these numbers. The output of the
gates then become the control pulses.

Next, we will look at the OR-gate detector. Figure 1-
4 shows both an AND-gate detector and an OR-gate
detector wired to a serial up-counter in order toshowa
comparison between the two detectors. From what you
have already learned, you can see that the AND-gate is
detecting a count of 130). It will only produce an

output pulse (binary one) when the counter contains a
count of 130).

Now look at the OR-gate. Where the AND-gate will
detect only one specific count, the OR-gate will detect
all counts excep! that specific one. This is true because
all legs of an AND-gate must be satisfied for a given
output, but an OR-gate will produce an output pulse
when any or all of its legs are satisfied.

Any time F/F A is CLEAR, the OR-gate will detect
the count. This means the following decimal counts
will be detected: 0, 2, 4, 6, 8, 10, 12, and 14. Since the

S ] S | S | —
FF eF FCF
NPU A
~INPUT T 7 —71
c 01— C 0 C 0
_ CLEAR r I |——
- A
3
B
6
REP4-1601]

Figure 1-3. Control generator.
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Figure 1-4. OR-gate detector.

second leg of the OR-gate is connected to the one side
of F/F B, the OR-gate will detect any count in which
F/F B is SET. So in addition to the counts already
mentioned, these decimal counts will also be detected:
3,7, 11,and 15. The zero side of F/F C is connected to
the OR-gate and will add 1 and 9 to the list of detected
counts. The count of § will also be detected because the
zero side of F/F D is connected to the OR-gate. From
this, you can see that the only count NOT detected is
1310). But instead of listing all the counts thatan OR-~
gate does detect, it is easier to show the counts detected
as a function of the count thatis nor detected. As in the
above example, it is miuch simpler to say that the count
detected by the OR-gate is “NOT 13 (13).” The 13
means the gate will detect all counts except 13.

You may be required to connect an AND-gate and
an OR-gate to detect specific counts. If you are
connecting an AND-gate to detect a count of 5, express
the number in binary form, 0101, and connect one leg
of the AND-gate to the side of each flip-flop as shown
by the binary number. For §, one leg of the AND-gate
would go tothe one side of the LSD flip-flop, one leg to
the zero side of the second stage, another legto the one
side of the third stage, and the last leg to the zero side of
the fourth stage. The AND-gate will now produce an
output pulse each time the counter reaches a count of §.

Connecting an OR-gate is much the same except you
must remember that an OR-gate will not detect just
one count, so it must be connected for the count youdo
NOT want to detect. If you are connectingan OR-gate
to detect a count of 6, you must connect it to detect all
counts except 6. The first step is to again express the
number in binary, 0110. But this is the count we do
NOT want todetect, so the OR-gate must be connected
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to the opposite side of each flip-flop. In other words,
one leg of the OR-gate is connected to the one side of
the LSD flin-flop, another leg to the zero side of the
second stage, a third leg to the zero side of the third
stage, and the fourth leg to the one side of the last stage
(MSD). The OR-gate connected in this manner will
detect all counts except 6.

AND-gate count detection circuit. A count
detection matrix is a group of detectors connected
together to detect several counts. A count detection
matrix which detects a count of 1 through 8 is shownin
figure 1-5. The binary configurations and the Boolean
expressions are also given in the diagram. _ach AND-
gate detects only one number. You are probably
wondering how to determine whether this is an AND-
gate or an OR-gate detection matrix. First, we will
assume positive logic in order to establish some rules.
On the basis of this assumption,