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MILITARY CURRYICULUM MATERTALS

The military-developed curriculum materials in this course
package were selected by the National Center for Research in
Vocational Education Military Curriculum Project for dissem—
ination to the gjix regional Curriculum Coordination Centers and
other instructional materials agencies. The purpose of
disseminating these courses was to make curriculum materials
developed by the military more accessible to vocational
educators in the civilian setting.

The course materials were aoquired, evaluated by project
staff and practitioners in the field, and prepared for
dissemination. Materials which were specific to the military
were deleted, copyrighted materials were either cmitted or appro-
val for their use was obtained. These course packages contain
curriculum resource materials which can be adapted to support
vocational instruction and curriculum development.




Military |
Curriculum Materials
Disseminationls ...
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an activity to increase the accessibility of
military-developed curriculum materials to
vocational and technical educators.

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

Access to military curriculum materials is
provided through a “Joint Memorandum of
Urderstanding’’ hetween the U.S. Office of
Education and the Department of Defense.

The acquired materials are reviewed by staff
and subject matter specialists, and courses
deemed applicable to vocational and tech-

nical ~ducation are selected for dissemination.

"Th MNational Center for Research in.
Vocational Education is the U.S, Office of ~
Education’s designated representative to
acquire the materials and conduct the project
activities.

- Project Staff:
Wesley E. Budke, Ph.D., Director
National Center Clearinghouse

Shirley A. Chase, Ph.D.
Project Director

What Materials
Are Available?
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One hundred twenty courses on microfiche
{thirteen in paper form} and descriptions of
each have been provided to the vocational
Curriculum Coordination Centers and other
instructional materials agencies for dissemi-
nation, -

Course materials include programmed
instruction, curriculurn outfines, instructor
guides, student:workbooks an? technical
manuals. -

o
The 120 courses represent the following
sixteen vocational subject areas:

Agriculture Food Service
_Aviation * ' Health
Building & Heating & Alr
- Construction Conditioning
Trades Machine Shop
Clericai Management &
Occupations Supervision
Communicatiéns  Meteorology &
Drafting Navigation
Electronics Photography
Engine Mechanics Public Service

The number of courses and the subject areas

represented will expand as additional mate- -

rials with application to vocational and

technical education are identified and selected

for dissemination.

How Can These

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

CURRICULUM COORGINATION CEMTERS

EAST CENTRAL
Rebecca §. Douglass
Director

100 North First Street
Springtield, IL, 62777
217/7820759

NORTHWEST
William Daniels
Directoar

Building 17
Airdustrial Park
Olympia, WA 98504
206/753-0879 )

MIDWEST

Fobert Patton
Director

1515 West Sixth Ave,
Stillwater, OK 74704
403/377-2000

SOUTHEAST

James F. Shill; Ph.D.

Director

Mississippi State University
Orawer DX

601/325-2510

NORTHEAST

Jaseph F. Kelly, Ph.D,
Director .
225 West State Street
Trenton, NJ 08625
609/292-6562

WESTERN

- Oirector. .
1776 University Ave.
Honolutu, HI 96822
808/948-7834

. Mississippi State. MS 39762 .

Lawrence F. H. 2ane, Ph.D.
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The National Center for Research in
Vocational Education’s mission is to increase
the ability of diverse agencies, institutions,
and organizations to solve.educational prob-
lems relating to individual career planning,
preparation, and progression. The National
Center fulfills its mission by:
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S~rvines Division
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« Generating knowledge through research

« Developing educational programs and
products

¢ Evaluating individual program needs
and outcomes

« Installing educational programs and
products

« Operating inform_aiion systems and
° services

¢ Conducting leadership development and
training programs

FOR FURTHER INFORMATION ABOUT
Military Curriculum Materials

WRITE OR CALL

Program Information Office

The National Center for Research in Vocational
Education

The Ohio State University

1960 Kenny Road, Columbus, Ohio 43210

Telephone: 614/486-3655 or Toll Free 800/
848.4815 within the continental U.S.
(except Ohio)
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FOREWQRD

This Student's Guide has been prepared to aid you in your progress through
the self-paced Basic Electricity and Electronics Course. Many of the general
instructions appiicable to learning matcrials in earlier lessons will apply
equally well in this module set. However, there have been some additions

in this series which you should know about. The most notable changes are
listed below and should be reviewed prior to beginning your study of the.
learning materials.

Paper Troubleshooting {faul* analysis).

PerfOnnance Test Jroubleshooting Procedures.
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SAFETY NOTICE

I- Introduction

In the performance of his normal duties, the technician is exPosed to many
potentialdy dangerous conditions and situvations. No training manuval or

set of rules can make working conditions completely safe. However, it is
possible for you as a technician to complete a full career without serious
accident or InJury if you are aware of the main sources of danger and if you
remain constantly alert to these dangers. You must observe the proper
precautions and practice the basic rules of safety consciousness unti? they
become second nature to you. P
All°rating manuals, contain some safety information. Of particular worth is
the Standard First Aid Training Course, NAVEDTRA 91217-H. In addition,
directives concerning safety are pub11shed by each major command on spe¢ific
hazards and procedures falling under the cognizance of that command. The
Chief of Naval Operations has issued a listing of specific precautions
compiled by the Department of the Navy. This publication cross-references
safety directives by subject matter and by the identifying designation.

Some of the major hazarde you will encounter as a technician and some of
the basic precauvtions that you must observe are listed in this section.
Although many of these hazards and precautions are general and apply to all
personnel, some of them are peculiar or especially applicable to personnel
concerned with electronic maintenance.

™
]

II- General Safety Rules

Most accidents that occur in noncombat operations can be prevented if the
full cooperation of personnel is gained and if care fs exercised to eliminate
unsafe acts and conditions. The following are some general safety rules

- that apply to personnel in all types of activities:

Report any unsafe condition or any equipment or material considered to
be unsafe.

Warn others who are believed to be endangered by known hazards or by
their failure to observe safety precautions.

Wear-available protective clothing and use equipment that has heen
approved for safe performance of work or duty.

~ Report any injury or any ev1q5nce of impaired health occurring in
the course of work or duty.,

-~

Exercise reasonable caution when any unforeseen hazard occurs.

“ .
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III-Iglectrical Safety Precautions -

Take time to be safe when working on electrical circuits and equipment,
The following precautions, when-carefully and thoughtfully observed,
make the difference between a safe sailpr and a sorry one:

1. Remember that electrical equipment frequently has more than one scurce
of power. Opening main power supply switches will not necessarily "kill"
all power to a given piece of equipment, Heaters and synchros, for example,
may receive power from a remote source with no local switch or breaker
ava11ab1e. Be certain that ALL power sources are de-energized before ser-
vicing ANY piece of equipment.

2. Remember that the 120 VAC 1ine power supply voltage is not a low,
relatively harmless voltage. It is the voltage that has caused more deaths
in the Navy than any other.

3. Do NOT work along with -high-voltage circuits, Have a person (safety
obsarver) who is qualified in administering first aid for electric shock
present at all times. The man stationed nearby should also know the location
of the circuits and switches controlling the equipment and should be ’
Prepared to secure the Power switches immediately if anything unforeseen
happens.’ ‘ :

4, Equipment containing metal parts.{brushes, brooms, and so forth} should
not be used in an area within 4 feet of any high-voltage circuits or.electrical
wiring having exposed surfaces,

5. Keep clothing, hands, and feet dry at all times. When it is necessary
to work in wet or damp locations, use a dry platform or wooden stool to
sit or stand on and place a rubber mat or other nonconduective material on
top of the wood. Use insulated tools and insulated flashlights of the
moided type when required to work on exposed parts.

6. Do not wear loose or flapping clothing. The use of thin-soled shoes
with metal plates or hobnails is also prohibited, Safety shoes with non-
conducting soles should be worn if available. Flammable articles, such
as celluloid cap visors, should not be worn.

7. Before working on an -electrical apparatus, remove all rings, wrist-
watches, bracelets, ID chains and tags, and similar metal items. Care
should be taken that the clothing does not contain exposed z1ppers, metal
buttons, or any type of metal Fastener,

8. Use one ha.d when turning ‘switches on or off.

9. Make certain that the equipment is properly grounded. Ground all
test equipment to the equipment under test.

10, When measur1ng circuits of over 30Q,volts, do not hold the test
probes.




IV~ First Aid for Electric Shock

Electric shock is a Jjarring, shaking sensation, resulting from contact with
electrical circuits or from the effects of ligh*ning. The victim usually
feels that he has received a sudden blow. If the voltage and resulting
current are sufficiently high, the victim may become unconscious. Severe
burns may appear on the skin at the piace of contact. Muscular Spasms may
occur which cause the victim to clasp the apparatus or wire. As a result,
the victim may go into shock and be unable to release his grip.

The following procedure is recommended for the rescue and care of electric
shock victims:

WARNING
DO NOT ATTEMPT TO ADMINISTER FIRST AID OR COME IN PHYSICAL CON-
TACT WITH AN ELECTRIC SHOCK VICTIM BEFORE THE POWER 1S SHUT OFF,
OR, IF THE POWER CANNOT BE SHUT OFF IMMEDIATELY, BEFORE THE VIC-
TIM HAS BEEN REMOVED FROM THE LIVE CONDUCTOR.

1. Shut off the power.

2. If power camnot be deactivitated, per Step 1, revove the victim imme-
diately, observing the following precautions:

a, Protect yourself with dry insulating material,

b, Usea dry board, belt, dry clothing or other available non-
conductive material to free the victim (by pulling, pushing,
or rolling) from the power carry1ng obJect. DO NOT TQUCH
the victim. = . -

3. Immediately after removal from the power-carrying object, determine
whether or not the victim is breathing.

4, 1If the victim is breathing, keep him 1ying down in a comfortable
position and loosen the clothing about his neck, chest, and abdomen so that
he can breathe freely. Protect him from exposure to cold, and watch him

_ carefully., If the victim is not breathing, apply artificial respiration
without delay, even though he may appear to be 1ifeless. Do not stop -
artificial respiration until medical authority pronounces the victim beyond
help. .

R

5. Keep the #1ct1m from moving about. In this cond1t1on, the heart is
very weak, and any sudden muscular effort or activity on the part of the
victim may resu]t in heart failure.

6. Do not g1ve stimulants or opiates. Send for a medical’ officer at once
and do pot”]eaye the patient until he has adequate medical care.

For complete information on administering art{ficia{ fespﬁfation and
treating burns, refer to the Standard First Aid Jraining Course,

-




HOW TO USE THE STUDENT'S GUIDE .

These guides are designgd for you to use, along with the learning
materials contained in the Study Booklets for eacih module, and
additional or enrichment materials where applicable, while you are
taking this segment of the Basic Electricity and Electronics course.
The guides are yours to keep and may be taken with you when you
complete the ‘training.

Take a minuté now to read the Foreword, the Safety Notice, and the
Orientation sections carefully before you begin to study the subject
matter,

These guides contain a summary and a progress check test for each
lesson you ¥i11 study. You may use the summary as a preview of the
lesson or, after completing study of the learning materiais, as a
review before taking the lesson test.

When you have studied the lesson and feel you understand it, and before
taking the lesson test, you should take the progress check. Although

it is a test, the progress check is not considered a part of the formal
testing program because you administer it yourself. Its purpose is to
help you determine whether or not you have mastered the lesson objectives.

For certain lessons, these gquides also contain the information and
instruction sheets you will need for the job programs and the fault
apalysis (paper troubleshooting) and actual performance troubleshooting
tests which must be completed in order to show you have mastered the
lesson terminal objectives.




V- Electrical Fires

In case of an electrical fire, the following steps should be taken:

1. De-energize the circuit.

2. Call the Station fire department if on a shore base; if aboard
ship, call the 00D.

3. Control or extinguish the fire, using the correct type of fire
ext inguisher. '

4, Make reports as required by local directives.

For combating electrical fires, use a C02 (carbon dioxide) fire extinguisher
and direct it toward the base of the flame. Carbon tetrachloride should
never be used for firefighting since it changes to phosgene (a poisonous
gas) upon contact with hot metal, and even in open ajr this gas creates a
hazardous condition. The application of water to electrical fires is
dangerous; and foam-type fire extinguishers would not be used since the

foam is electrically conductive.

In case of cable fires in which the inner layers of insulation or insulation
covered by armor are burning, the only positive method of preventing the
fire from running the length of the cable is to cut the cable and separate
the two ends.
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COURSE MISSION

The mission of this course is to train personne] who are ordered to
specified A schools to demonstrate the applied skills and knowledges
of basic electricity and electronics that have been designated by :
each of the schools to be entry-level prerequisites,

The terminal objectives for Modu]es'BU through 34 of this course are
listed below. Uniess otherwise stated, 100% accuracy is required,

When the student completes these modules, {s)he will be able to:

30.1.48 TROUBLESHOOT and IDENTIFY faulty components and/or circuit
malfunctions in solid state voltage multipliers when given
a training device, prefaulted circuit board, necessary test
equipment, schematic diagram and instructions,

30.2.49 TROUBLESHOOT and IDENTIFY faulty components and/or circuit
malfunctions in a complete requlating device when given a
training device, prefaulted circuit board, necessary test
equipment, schematic diagram and instructions.

30.3.50 IDENTIFY the schematic diagrams, component functions, and
operational principles of SCR power supply circuits, in-
cluding the relationship between ‘the conduction time of .an
SCR and the DC output voltage, by selecting statements

~from a choice of four.

30.4.51 TROUBLESHOOT and IDENTIFY faulty comporents and/or circuit
malfunctions in a regulated SCR power supply circuit when
given a training device, prefaulted circuit board, neces~
sary test equipment, schematic diagram and instructions.

IDENTIFY basic operating characteristics of RF, IF and
video amplifiers to include selecting definitions of

" terms, determining amplifier frequency response curve
values, and determining amplifier voltage and power deci-
.bel gain, by selecting statements or values from a choice
of four,

IDENTIFY the component functions and operating character-

* istics of RF ampiifier circuits, including types of input
and output transformer coupling, faCtors affecting and
affected by Q in a resonant circuit, response characteris-
tics of different classes of amplifier operation, and one
method for testing the frequency response of an amplifier,
by selecting statements from a choice of four.

17




31.3.54

TROUBLESHOOT and IDENTIFY_faquy components and/or éircuit

malfunctions in a solid state If amplifier when given a
training device, prefaulted circuit board, necessary test

" equipment, schematic diagram and instructions.

31.4.55

TROUBLESHOOT and IDENTIFY faulty components and/or circuit
malfunctions in solid state video amplifiers when given a

training device, prefaulted circuit board, necessary test

equipment, schematic diagram and instructions.




WHAT A SELF-PACED COURSE IS

If you have not been exposed to self-paced instruction, the following
information is vital to your understanding the significant differences
between conventional and self-paced instruction. For those of you who
have experienced self-paced learning, the information following will
identify how this particular self-paced course is different from others
you niay hive been exposed to in the past. As you can see by looking
around you, each of you has a private carrel rather than a desk facing
the learning center instructor. Instead of 9iving a class assignment,
the learning center instructor will give each of you a module containing
instructional materials that will instruct you in what you need to learn
and what materials are available for study. For example, in the module
you may be told that you need to know what is meant by electricity and
how an electric current runs through a solid wire. In addition, you will
be informed that this information can be found in the summary, narrative,
programmed instruction, or an audio visual presentation, At the énd of
each lesson topic there is a self-check test to help you determine when
you have mastered the relevant concepts.

Once you know what resources are available to you, the decisions. about
which ones to use will be up to you. The other students in the learning
center will not necessarily be doing the same thing at the same time.

Each of you may choose the material and the method of presenting the
material (medium) that is best suited to your particular needs or learning
style. You will also decide when to take the progress checks and the
module test. You do not have to take them when anyone else does. Once
you have successfully "passed" the module. test, vou will be directed to the
next module, At first, you may feel a little uneasy about having to make
all these decisions instead of having someone else make them for you; but
after a few days, it should become easy. The whole point of this instruc-
tional system js to allow you to become involved in the kind of decisions
that are usually made by someone else, when, in reality, you are the one
person in the best position to make .them.

Read all instructions carefully. Many unnecessary mistakes are made and
much confusion arises, when people ‘do not read instructions or when they -
read them carelessly. Don't let yourself fall into that trap.

Learn well, In a group-paced course, it is possible to "slide by" without
learning all the points in a lesson, because when the class moves on to
the next Tesson, everyone has to move. In this course, progress from one
module to the next depends on your being able to meet the objectives of
each module regardless of what anyone else is doing. Therefore, it.is to
your advantage to learn the information well before you take any test.




Use what is available. In this course, there are at least two or more
instructional media you can study. If you have studied one type of material

and you still do not understand, try studying one of the other media. Ffor
instance, if you have read the narrative and do not understand what it is

all about, try the programmed sequence or the audio visual presentations.
If you have tried 2lternative materials and still do not understand. ask
for help.

Compete against yourself. You are not competing against any other student.
It does not matter how well or how fast others achieve. Set your goals.

This course is similar to mountain ¢limbing: it is you against the mountain.
When you get to the top, you will know that you met the challenge and won.




WHAT'S AVAILABLE AND HOW TO USE IT

I- The Learning Center .

Your study area has been designed to provide as much privacy and con-
venience as possible. A1l the materials you will need are located at
or near your assigned carrel. You will be able to read and study, view
audio-visual programs, take tests, and perform job programs and per-
formance tests entirely withipn the 30 Series learning center.

II- Written Materials

The Study Booklet, one for each module, contains the three major forms
of presentation of each lesson. You should begin each lesson by reading
the Overview and List of Study Resources. Then select and use one, all,
or a -combination of the following forms in order to master the knowledge
-portion of the lesson:

1. - Summary. The summary is a condensed version of the lesson, the same
one found in the Student Guides. You can qu1ck1y read the summary to
‘get an overall picture of what the lesson is all about. If you already
have a knowledge of electronics, you may be able to go directly from

the summary to the lesson progress check.

2. Programmed Instruction {(P.I.) The P.I. presents the ]esson’in the
greatest detail., The information is broken down into small steps,
called frames. The student is required to make many .responses and
thus Tearns by doing. : . v

3., Narrative. The narrat1ve presents the lesson very much Tike text-
books you have studied in high school or college. The narrative is

more detailed than the summary. It presents the-lesson completely.

You are encouraged to try out all three of these forms of presentation
and become familiar with them. In that way you will be able to choose
the form of each lesson from which you can Tearn the material most
eff1c1ent1y

I11- Adéitional and Enrichment Materials

For most lessons, additional forms of presentation (such as sound-slide
or video tape programs) and/or other written references are available

to supplement the Study Booklet materials. A list of these can be found
on the List of Study Resources page following the Overview for each
lesson in the Study Booklet.




IV- The Progress Check

when you finish each lesson, take the lesson progress check, located
in this gquide. Check your answers against those provided. If you
miss’ & question, references are provided to help you restudy the ma-
terials. You may take the progress check at any time yOu feel you
are ready. In fact, you may. feel free to look over the progress
check even before you.begin tg study the lesson.

V- Job Programs -

Many lessons include a job program. Each job program is a laboratory
experiment related to the lesson; it is completed before taking the
lesson test. The job program reinforces the written lesson and lets
you see what you have learned in actual circuits and equipment. It
also teaches skills and testing procedures you will need for those
lessons which have an actual performance troubleshooting test.

VI- Information Sheets

Many lessons have special test equipment and/or troubleshooting associated
with them. To help you understand these areas, information sheets have .
been included in the guide which provide special instructions about this
material.




FAULT ANALYSIS
(Paper Troubleshooting)

o
Many of the lessons in the 30 series have fault analysis exercises. These
paper troubleshooting problems have been designed to help you think about
possible solutions to gjven troubleshooting symptoms. The problems in these
exercises are for actual circuits which you will be troubleshooting on the
performance test. You should study the symptoms, and-than look at the
multiple choice answers. Based on your knowledge of the circuit, which you
obtained from the Study Booklet and the job program, you should be able to
select one of the choices which will produce the given set of symptoms.




THE FORMAL TESTING PROGRAM

There are three types of formal tests for the modules.in the 30 Seriés.
These are:

(1) knowledge (lesson) tests,

(2) fau]t anaiysis {paper troub]eshboting) tests, and

(3) performance troubleshooting tests.
All tests are assigned by the computer. Knowledge and fau]t analysis
tests are computer graded., Performance tests are graded by the lab
instructor.

Assigned knowledge (lesson) and fault. analysis tests will be issued
to you by the Learning Center Instructor,, Knowledge tests measure

achievement of objectives related to material presented in the sum-
mary, narrative and P.1.. Knowledge tests should be taken only )
after mastery of the progress check and completion of the job pro-

gram, if applicable.

Fault analysis tests measure the ability to think through actual
. problems related to the circuit or equipment studied in-the Jesson.
They also provide mental practice for the performance test.

Performance tests are actual troubleshooting encounters on prefaul ted
circuit boards issued by the lab instructor. You should net attempt
a performance test until you have successfully completed both a fault
-analysis test and a practice performance test. Practice performance
tests are assigned by the computer beforc the actua) performance test
ic assigned, but they are not part of the formal testing program.
Both practice and actual performance tests are graded by the 1ab in-
structor, who feeds the results into the computer.




SUMMARY
" LESSON 1

Voltage Mu]tip]iers'
% -

' In previous lessons you learned how voltages are increased by the use of a
" transformer. You also learned that when voltages are 1ncreased there is a
correSpondIng decrease in the current output. '

&

This lesson descr1bes another method'for increasing voltages. The method is

called voltage multiplication and the circuits which accomplish the multi-

plication are called voltage multipliens.  Voltage multipliers are desig-

nated as doublers, triplers, or Gladruplers.depending on the ratio of the
output vo]tage to the input vo]tage. ’ ‘

Voltage multipliers are used to deve]op high DC voltage where there is a
Tow-current requirement. The most common use of voltage-multipliers is to
provide DC voltage for the anode of a cathode-ray tube {(CRT). mutput of
voltage multipliers range from one thousand to thlrty thousand volts. The
actual voltage depends on the equ1pment applicatlon and Slze of the

CRT. .

A]though the input for a voltage mu1t1p11er could be direct from the line,
or powér ,source, this is not usually the case for military electronic
equipment. Most military equipments use transformer inputs since the
transformer isolates- the equipment from the tine and thereby reduces the
shock hazard.

Voltage mu]tlp]lers are made up of voltage rectifiers which you are
already familiar with. The rectifiers may be either full-wave or half-
wave, depending on the circuit requirements.” You recall that full-wave
rectifiers are used when better voltage requlation is needed and that
full-wave rectification results in a reduction in the output ripple ampli-
tude and an increase in the ripple frequency.

The schematic shown in Figure 1 is that of. a half-wave vo]tage doub]er.
Close examination and study of the schematic will reveal that the doubler is
in fact made up of two half-wave voltage rectifiers. Cl1 and CR1 make up one
rectifier and €2 and CR2 the other. - :

. C CR .
! 2, o 4DC — e,
| T ‘ ov—o

—
hgure 1
HALF—NA?E VOLTAGE DOUBLER

18




Summary Thirty-1

When the top of the secondary winding of the transformer is negative,
CR1 is forward biased, allowing Cl to charge to the peak value of the
jnput voltage or 200 volts., When the top of the secondary winding of the
transformer becomes positive, CR2 is forward biased and CR1 is reverse
biased. At this time a series circuit exists consisting of C1, CrR2, C2
and the secondary of the transformer, The secondary voltage of the
transformer now series aids the voltage on Cl and results in a puisating
DC voltage of 400 volts as shown by the wave-form.

. If you do not understand how a half-wave voltage doubler works after
studying the schematic in Figure 1 and reading the explanation, you
should consider an alternate mode of instruction.. This lesson is also
covered by narrative, programmed instruction, and tape/slide.

Figure 2 shows the schematic for a half-wavé voltage tripler.

100 v ;
OVQU
100y .-

- G | 600y~~~

1
%
FCR3

.‘/

figure 2

HALF -WAVE VOLTAGE TRIPLER

The circuitry for the tripler is identical with that of the ‘doubler

except for the addition of C3, CR3, and R2. Considéred separately, these
components function as a ha]f—wave rectifier. When the top of the secondary
of the transformer is negative, CR3 is forward biased and functions as a
closed switch., This allows both,Cl and C3 to charge to a peak voltage of
200 volts. When the top of the transformer secondary is positive, C2 is
charged to. 400 volts as a result of the voltage doubling of the transformer
secondary and C1, C2 and C3 now.function as series aiding cazpacitors and
discharge with a resultant voltage of 600 volts across.the resistive load
RL. Note that the values of R1 and RZ are proportional to the voltages

of C2 and C3, or in this case, a 2 to 1 ratio. Study the schematic to

make sure ycu understand how thé voltage tripler works,

The schematic shown in‘figdre 3 is that of a fu]]éwave-voltage doubler.

>
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Tt R2
figure 3 _.*E;F?‘L 4 _i,_ <
FULL-WAVE VOLTAGE OQUBLER
'+ When you examine the schematic you see-that the circuit ‘is in fact made s

up of two half-wave rectifiers. These rectifiers function as series

aiding except in a slightly different way. During the alternation whep .
the secondary of the transformer is positive at the.top, capacitor Cl . .
charges to 200 volts through CR1. _Then, when the transformer secondary

is negative at the top, (2 charges to 200 volts through CR2. Rt and R2

.are equal value balancind pesistors which stabilize the charges of the

two capacitors. Resistive load R_ is connected across C1 &nd C2 so

that it recejves the total charge of both capacitors. The output voltage

is +400 volts when measured at the ‘top of R -or point "A" with respect

to point "B". If the output is measured at the bottom of R it is =400

V. Either way the output is twice the peak value of the AC secondary

voltage. 'ds you cén see the possibilities for. voltage multiplication are

almost limitiess. ) '

- AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU ANSWER
ALL .SELFTEST ITEMS CORRECTLY, PROCEED TO THE JOB PROGRAM. IF YOU IN- .
CORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, THE CORRECT
ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES, PARAGRAPHS,. OR
FRAMES SO THAT YOU CAN RESTUDY THE PARTS OF THIS LESSON YOU ARE HAVING
OIFFICULTY WITH. IF YOU FEEL THAT YOU HAVE FAILED TO UNDERSTANO ALL, OR
MOST,-OF THE LESSON, SELECT AND USE ANOTHER WRITTEN MEDIUM OF ENSTRUCTION,
. AUDEO/VISUAL MATERIALS (IF APPLICABLE), OR CONSULTATION WITH THE LEARNING

> CENTER INSTRUCTOR, UNTIL YOU CAN ANSWER ALL SELF-TEST ITEMS ON THE

PROGRESS CHECK CORRECTLY.

<
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PROGRESS CHECK
LESSON 1

Voltage Multipliers

iERMINAL OBJECTIVE(S):

30.1.48

When the student completes this lesson, {s)he will be able to
TROUBLESHDOT and IDENTiFY faulty components and/or circuit mal- .
functions in solid state voltage multipliers when given a training
device, prefaulted circuit board, necessary test equipment,
schemat1c diagram and 1nstruct1ons. 100% accuracy is required.

ENABL ING OBJECTIVE(S)

Mhen the student comp]etes this 1esson (s)he will be able to: «

,30.1.48.1

-

30.1.48.2

30.1.48.3

30.1.48.4

IDENTIFY the purpose of voltage multipliers, by selecting

the correct statement from a choice of four. 100% accuracy
is required. .

IDENTIFY the schematic diagrams of half and full-wave voltage
doubler and tripler circuits hy selecting the correct pame or
diagram from a choice of four. 100% accuracy is required.

IDENTIFY the functions of components and circuit operation of
half and full-wave voltage doubler and tripler circuits by

selecting the correct statement from a cho1ce of four. 100%
accuracy is required.

CALCULATE voltage values for a given voltage multiplier circuit

by selecting the correct value Yor a given output or component

—— from a rhoice of four. 100% accuracy is required.

¥
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PROGRESS CHECK
LESSON 1

Voltage Multipliers

USING THE SCHEMATIC DIAGRAM SHOWN BELOW, ANSWER OUESTIONS 1 THROUGH 7.

Output to
Metering Circuit

PC201-5 _ C15y pouf ' Ougput

/1
T1

4. CR1-5
CIRCUIT COMMON

Select the correct input voltage to the multiplier.

a. AC

b, DC .
c. Rectified AC
d. Rectified DC

When voltages are increased through the use of voltage multipliers,
current A - and power
increases, decreases, remains the same ; increases
B ) .
decreases, remains the same.

A B
increases increases
decreases remains the same
‘remains the same decreases
decreases decreases
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3. What polarity of the voltage observed at terminal 2 of Tl would cause
Cl-5 to charge?

a. Positfve
b. Negative

4, Which component charges to twice the péak value of the input voltage?

a, Cl-x
bo CZ-S
c. C3-5

5. What is the ratio of the voltage across C3.5 to the voltage across

C2-5?

a. Twice

b. One-third
¢. One=-half

d;- Three times —

6. Select the correct statement which will determine when CR3-%5 will
conduct.,

a. CR1-5 is conducting,
b. CR2-5 is conducting.
c. C2 -5is discharging.
.d, Pin 2 of T1 is positive.

7. . What_is happening in the circuit when Ci-5 is discharging. The voltage
across: *

a., C2-5 will double.

b. C€3-5 will double.

¢, The output will double,
. - . d. Ci-5 will double.

23
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REFER TO THE SCHEMATIC DIAGRAMS BELOW TO ANSWER QUESTIONS 8 AND 9.

o " iiivav_] |

b

Which schematic diagram represents a half-wave voltage doubler?

a.
b.
c.

Which diagram represents a full-wave voltage doubler?

a.
b.
c.

CHECK YOUR RESPONSES TO THIS PROGRESS CHECK WITH THE ANSWER SHEET. IF YOU
ANSWER ALL SELF-TEST ITEMS CORRECTLY ANO FEEL READY, PROCEED TO THE JoB
PROGRAM. IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRrSS CHECK
QUESTIONS, THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES,
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS OF THIS LESSON YOU
ARE HAVING DIFFICULTY WITH. IF-YOU FEEL YOU HAVE FAILED TO UNDERSTAND ALL,
DR MOST, OF THE LESSON, SELECT AND USE ANOTHER WR:ITTEN MEDIUM OF INSTRUCTION,
ADOTO/VISUAL MATERIALS (IF APPLICABLE), OR CONSULTATION WITH THE LEARNING
CENTER INSTRUCTOR UNTIL YOU CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS
CHECK CORRECTLY.




-INFORMATION SHEET
LESSON 1

Digital Multimeter

In your previous experiments, when voltage or resistance was measured, a VOM
was uysed. It is a very handy and common instrument for this purpose, but it
has some disadvantages. A VOM's indication will vary from user to user.

When taking a reading with the VOM, the angle at which you view the meter
will make a difference in the interpretation of the reading. This viewing
angle difference is called parallax error. .

Another problem affecting the accuracy of a meter is the number of units
represented by each graduation on the meter face. In some cases the dis-
tance between graduations could stand for hundreds of units of measurement.
A good example of this is the left hand portion of the resistance scale
where there is as much as 1000.:chms represented in 1/8 inch of space.

A more accurate instrument for measuring voltages, and resistances, is the
digital multimeter (DMM). It uses a digital readout that does away with
parallax error and the problem of the -number of units represented by the
graduations. . The DMM also has a high input fmpedance {approximately 10
megohms }, which minimizes loading effects caused by standard VOM's. This-
information sheet will describe the functions of the controls and give
examples of how to take voltage and resistance measurements. We will use,
in this school, the CCUH-8000A Digital Multimeter as a representative
digital multimeter.

EMERGIZING DIGITAL MULTIMETER:

Refer to Figure 1 For the locations of controls discussed in the following
paragraphs.

1. Attach the power cord to the POWER input comnector. (1)

2. Depress green POWER OK switch (2) to the "on" position and ensure that
the READ OUT (3) is lighted.

You. are now ready to use the digital multimeter for voltage and resistance -
measurements.

VOLTAGE MEASUREMENTS

i. The CCUH-8000A is capable of measuring AC and DC voltages up to 2000
volts. The CCUH-8000A can have up to 1200 VvDC or 1200 VRMS on all 5 NC

- scales and up to 1200 VRMS on the 20, 200 or 1200 V ranges and 500 VRMS on
the 200 MV and 2V ranges. These voltages are overrange voltages and can be
applied continually without damage to the unit. With the use of a special
high voltage probe, the voltage range can be extended up to 40 kilovolts.
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Figure 1
DIGITAL MULTIMETER
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I.S. ’ Thirty"l

2. To measure voltage on the CCUH-8000A, first press either the DCV {4) or
ACY (5) function switch, This places the instrument in either the DC
voltage mode or the AC voltage mode.

3. Select the full scale voltage range desired {200MV, 2, 20, 200, or 1200)
pressing the correct RANGE switch (6).

4. Connect the voltage to be measured to the INPUT terminals (7). The DC
range has an automatic POLARITY INDICATOR (8) that indicates whether the DC
voltage being measured is positive or negative. -

6. The display is a direct readout of the measured voltage with the neces-
sary polarity marks and the decimal point placed in the correct position. T

' . RESISTANCE MEASUREMENTS:

1, The CCUH-8000A will measure resistances in six full scale ranges of 200
ohms, 2K, 20K, 200K, 2000K and 20 megohms

2. Select the kilohms function switch {9) for measuring resistances hetween
0 and 2000 kilohms and use the 20 megohms switch {10) for measuring resistances
between 2 and 20 megohms.

3. In the kilohms position select the desired full scale rangg{ 200 ohms,
2K, 20K, 200K, or 2000K) by pressing corresponding RANGE switch (6}). In the
20 megohms position, the range is fixed and is independent of the range -
switches,

4, Connect the resistance to be measured to the INPUT TERMINALS (7).

5. The display presented is a direct readout of the resistance value with
the decimal point in the correct position.

\ .
With both the voltage and reS1stance functions, tHere is an g;p4ﬁgege
- . ! indication. The display williblink. and indicate a full scale/reading when
. _ - the measurement being taken is-beyond the capabilities of the range being
- .used. To rectify the overrange condition simply shift to the next higher
" range until the indicator goes out.

The CCUH-8000A Digital Multimeter has many applications. For explanations
concerning transistor testing and current applications, as well as other
applications, refer to the Technical Manual for the CCUH-8000A Digital
Multimeter.




JOB PROGRAM
i ’ . FOR .
LESSON I

Voltage Multipliers

.00 NOT ATTEMPT THIS JOB PROGRAM UNTIL
YOU COMPLETE THE INSTRUCTIONAL PROGRAM FOR LESSON I

INTROOUCTION:

This job program is designed to provide you with "hands on" experience

measuring voltages in voltage multiplier circuits. The program will also

give you experierice using the digital multimeter. Completion of the job .
program will give you a better understanding of voltage multipliers and |

help prepare you for the lesson test. '

TERMINAL OBJECTIVE(S):

30.1.48 When the student completes this lesson, {s)he will be able to
TROUBLESHOOT and IOENTIFY faulty components and/or circuit mal-
fungtions-in s0lid state voltage multipliers when given a training
dev1ce,_prefau1ted circuit b -ard, necessary test equipment,
schematic diagram and instructions. 100% accuracy is required.

ENABLING OBJECTIVE (S):

30.1.48.5 MEASURE and COMPARE output voltages, waveforms and resistance -
in voltage multiplier circuits given a training device, circuit
boards, test equipment and proper tools, schematic diagrams,
and a job program containing references for comparison. Recorded -
data must be within timits stated in the job program. ® .

SAFETY PRECAUTIONS

Observe all standard-safety precautions. Beware gf all exposed connections,
an energized circuit may have dangerous voltages in it.

EQUIPMENT ANO MATERIALS | | .

I. NIOA 201 Power Supply

2. PCz01-5 Printed Circuit Card

3. O0Oscilloscope

4. Digital Multimeter

5. 10X Probe (I)

6. NIOA 201 Power Supply Instruction Manual
7. Information Sheet Thirty-I

8. Schematic diagram PC201I-5, Voltage Tripler

" PROCEDURE

1. Energize and set the oscilloscope for single trace operation with an S
INTERNAL TRIGGER input. ' : .

28
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b

2. Connect the 10X probe to CHANNEL “A" of the osgilloscope.

3. Tnergize and set the digital multimeter to read "DCV" on the "“200" volt
: range. _

4. Remove the top cover Teom The NIDA 200 Pawer Supply.
5. Install the PC201-5 card in the NIDA 201 Power Supply.
' 6. Plug in and energize the NIDA 201.

7. Push the DC/AC switch on the oscilloscope to "DC". Position the
trace on the center line as a reference for measuring DC level. R

8. Reger to schematic diagram fold out at the end of this Job program {pg.
- 65).

9. A1l measurements will be made with reference to circuit common.

10. Connect the 10X pEobe.to pin 2 of PC201-5. Ubéerve and record in
Figure 1 the waveform observed. .

a. The peak voltage of this waveform is Vok.

b. The RMS value of this waveform is VAC.

ANl ENNE]
-

1Lt I EEEN] [WANEEE TEANEINUNEANENEES
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Figure 1

(AR TIR TN FEE]
T LANEE AR

11. Using the oscilloscope in the "DC" position, observe and record in
Figure 2 the voltage between the top of R1-5 and circuit common.

a. What is the ripple frequency of the output voltage?

b. Is the multiplier a half-wave or a full-wave multiplier?

MHi
LLES LI

C
Llbi H_'_F:r}*H Hf }

LiLL L
LLLLARBNAEAI

Figure 2
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Thirty-1

. Usiag the digital multimeter measure and record the voltage between the
top of R1-5 and circuit common.

A

This voltage is voC.
This voltage is‘approximately the peak input voltage.

one~third
twice

three times
the same as

1

%;igg the digital multimeter measure and record the voltage across

This voltage is vDC.

This voltage is approximately the output voltage measured
in step 12. '

—

_ 2
one-third
twice
two~thirds

the same as

Using the digital multimeter measure and record the voltage across
C3-5.

This voltage is vDC.

This voltage is approximately ‘ the output volfage
measured in step 12,

two-thirds

three times
. the same as
. . one-thiird

Using the color code, compare the resistance value of R1-5 to R2-5.
a. What is the ratio of R1-5 to R2-5?

List the components in the schematic diagram of PC8 201-5 that operate
as a voltage doubler

-

List the components in the schematic diagram of PCB 201-5 that operate
as a half-wave rectifier

What is the purpose of R1-5 and R2-57 _

30
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Observe the front panel voltmeter of the PC201 power supb]y.

a. What is the maximum range of the voltmeter?
b. What value of voltage is being measured by the meter?

c. What would happen to the meter movement if the full tripler multi-
Plier voltage were appiied to the meter?

From the above it should be noted that the meter is measuring only one
third of the tripler output.

Using the digital multimeter, measure the voltage at pin 7 to common
and pin 18 to common of PC201-5 to verify your observations made in
steps 22 and 23. This voltage is vDC.

The discharge time of €2-5 and C3-5 is about 22 seconds which means
that the printed circuit card PC201-5 should not be removed from the
power supply until the power has been turred off for at least 30
seconds after you have completed this job program.

CHECK YOUR RESPONSES TO THIS JOB PROGRAM WITH THE ANSWER SHEET. IF YOUR -
'RESPONSES AGREE WITH THE ANSWER SHEET, YOU MAY TAKE THE LESSON PROGRESS
TEST. 1IF YOUR RESPONSES DO NOT AGREE "OR 1F YOU FEEL YOU HAVE FAILED TO:
UNOERSTAND ALL, OR MOST OF THIS JOB PROGRAM, REVIEW THE PROCEDURES OF
THIS J0B PROGRAM ANOTHER WRITTEN MEDIUM OF INSTRUCTION AUNT0/VISUAL

MATERIALS OR CONSULTATION WITH THE LEARNING CENTER INSTRUCTOR UNTIL YOUR-
RESPONSES DO AGREE. .




INFORMATION SHEET
- LESSON 1

Troubleshooting Power Supplies

Troubleshooting electronic circuits requires the application of skills and
knowledges in a manner that is similar to solving a mystery novel, or “who
done it" story. You must gather evidence and "clues™ by physical methods.
In electronics, this evidence gathering . accomplished by using your test
equipment such as the oscilloscope and/or volt-ohm-milli ammeter. When you
have sufficient evidence, you use it in a logical, deductive manner to
proceed from the known to the unknown. In a mystery, you determine the
villain; in electronics you find the faulty component.

The following information is what you might call "hints for troubleshooting".
These tidbits of information will aid you in analyzing thé evidence you have
at your disposal. They will help to remind you of significant retationships
about certain facts. These proven aids will help to quide you to a logical
conclusion, :

What to look for: -

1. When identical voltages are measured to common at two points in a
circuit, the points are probably shorted together, or connected by a
stra1ght wire. See Figure 1.

Ll

g B SYMPTOM

CRng// N N Voltage - "A" to ground equals
J_ ‘T' oC -Voltage - "B* to ground
” C2 Output Ry e

Figure 1

Conclusion: CR2 shorted -
Confirm: Take rESlStanCP measurement across CR2 (be sure you remove power first)

32 .39
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2. The resistance of a connecting wire or foil on a printed circuit board is
“Zero" ohms. See Figure 2.

SYMPTOM

The resistance between points
"A" and "B" is high.

Conclusion: The printed circuit board foil is open between points “A" and "B".

.3. There are zero volts dropped across a component that does not have
current through it. See Figure 3.

. 1 CRa_ SYMPTOM
Lo ; —_—
_[ : The voltage at point “"A"
‘ - ¥CRy T is a high OC value. -

Figure 3

Conclusion: R has no current through it. Open foil between points
"A" and "B". '
Confi rm: Take resistance measurement between points "A" and "R".




FAULT .ANALYSIS
{PAPER TROUBLESHOOTING)
FOR

MODULE 30, LESSON 1

TN )
NOW TH#%,¥OB~HA“E COMPLETED THE KNOWLEOGE SECTION OF THIS LESSON, YOU ARE
.READY FOR PAPER TROUBLESHOOTING.

THE -COMPUTER WILL ASSIGN YDU A SET OF PAPER TROUBLESHOOTING PROBLEMS ON
.THE .VOLTAGE TRIPLER CIRCUIT. THESE PROBLEMS WILL HELP YOU DEVELOP THE
MENTAL SKILLS REQUIREO.IN ACTUAL TROUBLESHOOTING. YOU WILL BE GIVEN
SYMPTOMS OF A FAILURE AND CIRCUIT MEASUREMENTS THAT WILL ALLUW YOU TO
IDENTIFY THE PROBLEM.

AFTER YOU COMPLETE THE PAPER TROUBLESHOOTING SECTION, THE COMPUTER WILL
ASSIGN YOU A PRACTICE TROUBLESHOOTING PROBLEM ON A FAULTY PRINTED CIRCUIT
BOARD.

REMEMBER" THAT REFERENCE VOLTAGES, WAVEFORMS, AND A SCHEMATIC ARE CONTAINEO

IN THIS STUOENT GUIDE FOR YOUR USE IN BOTH PAPER AND ACTUAL TROUBLESHOOTING
PROBLEMS. -

TERMINAL OBJECTIVE:

When the student completes these modules, {s)he will be able to:

30.1.48 TROUBLESHOOT and IDENTIFY  faulty components and/or circuit
malfunctions in solid state voltage multipliers when given
a training device, prefaulted circuit board, necessary test
ecuipment, schematic diagram-and instructions.

ENABLING OBJECTIVE:

30.1. 48;6 TDENTIFY the faulty component or circuit malfunction in a given o
. ‘voltage multiplier circuit, given a schematic diagram and faflure °

rggtoms by selecting the correct fault from a choice of four,
accuracy is required.

{* This obJective 1s considered met upon successful completion
of the terminal objective.)
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OVERALL PERFORMANCE TEST INSTRUCTIONS
FOR

TROUBLESHOOTING PERFORMANCE TEST

INTRODUCTION: ‘ :

Using the following six step troubleshooting procedure will aid you in
determining which component is faulty. Depending upon the type of equipment °
you are troubleshooting some of the six steps may not be necessary and you
should write "NA" in the blank if you think that this is the case. In the
PC201-5 voltage multiplier, you will recall from the Job Program an output
~ was taken from the top of R2-5 in order to protect the metering circuit. The
actual qutpuj. in practical voltage multipliers is taken across the two
resistors” so¢ it is possible to indicate a proper voltage output on the front
panel voltmeter in this case and still not have a proper output from the
circuit. When measuring across a component in an energized circuit always
connect the common lead first then use one hand to measure the voltage with
the other probe. o

EQUIPMENT:

NIDA 201 Power Supply
NIDA 201-5 Prefaulted Circuit Board
NIDA 207 0scilloscope
10:1 0scilloscope Probe
Digital Multimeter
Simpson 260 Multimeter
7. 1 Pair of Multimeter Test Leads

INSTRUCTIONS : -

1. Each student is required to determine the defective component in a
prefaulted voltage multiplier. You will be allowed 45 minutes of trouble-
shooting time on the equipment.

Standard test equipment will be available to you in the form of an
oscilloscope, a digital multimeter and a Simpson 260 multimeter. You
will be expected to observe all safety precautions throughout the test.
Improper use of test equipment in a safety violation will result in an
automatic failure of the performance test. In that event, you will be
counseled and given remedial training. R

3. You will take a numbered position in the test room. After briefing by
the-Learning Center Instructor you will fill out the heading of the
troubleshooting form. On a signal from the Learning Center Instructor
you will then start the test. If at any time during the test you should
require assistance, raise your hand. DO NOT LEAVE YOUR POSITION.




4.

e

Thirty-1

A Learning Center Instructor will assist you in your trouble. If the
trouble fs due to no fault of your own, you will not be penalized and
a time .extension will be given if necessary.

———

You must identify the faulty component or fault to pass this performance
test.

I
If you do not understand these instructions, raise your hand and ask-
your Tearning center instructor. If you do understand these instructions,
upon a signal from your learning center instructor you may now begin the -
performance test.

36
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SIX-STEP TROUBLESHOOTING PROCEDURES |
FOR

TROUBLESHOOT ING PERFORMANCE TEST

STEP ONE -~ SYMPTON RECOGNITION

1. The voltage mu]tipTier is being used to supply a high voltage to a
Cathode Ray Tube circuit. The Cathode Ray Tube is dark. Proceed to
step two. ' '

. STEP TWO - SYMPTOM ELABORATION

" 1. Does the equipment energize?
a. Front panel meters
b. Power on light
c. Neon light
(1)  Normal
(2) Dim -
(3) - Unlighted
What do the meters indicate?
a, Normal
b. High
c. Low
d. Zero
Are the front panel controls properly adjusted?
Is the equipment plugged into an outlet?

STEP THREE - LIST THE PROBABLE FAULTY FUNCTION(S)

1. There are three functions in a voltage tripler. Check the faulty
functions.

a. Primary circuit
b. Half-wave rectifier.
¢. Voltage doubler.
2. In some cases all three functions will be listed and in other cases
only one is required. :

STEP FOUR - LOCALIZE THE FAULTY FUNCTION

i. Verify the probable faulty function by using your test equipment.

2. List the test points where voltages/waveforms were obtained.

3. Reference voltages and waveforms are listed in voltage/waveform charts.
4, Which function listed in step three above is the faulty function?

37
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TROUBLESHOOTING PERFORMANCE TEST

| STEP FIVE ~ LOCALIZE THE FAULTY CIRCUIT/COMPONENT

1. List the test points where actual voltéoes/aneforms were taken.

2. What circuit/component in the faulty function listed in step four is
faulty?

3. If you have determined the faulty circuit but pot the. faulty component
proceed to step six.

STEP SIX - FAILURE ANALYSIS

1. Secure the power and using the Simpson 260 take resistance checks.
a. Check front to back ratios on diodes.
b, Take continuity checks on printed circuit board foil.
c¢. Capacitors can be shorted or open.
d. Resisiors can be open.
Explain in your. own words why the component listed jp steps five or
six above would cause the symptoms listed in steps one and two of
the six step troubleshooting procedure? Write your answer in the
space provided below.
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TROUBLESHOOT ING WAVEFORM/VOLTAGE CHART
FOR :
| VOLTAGE TRIPLER PCB 201-5 _
THESE WAVEFORMS /VOLTAGES WERE MEASURED IN A PROPERLY OPERATING VOLTAGE TRIPLER.
ALL MEASUREMENTS WERE TAKEN FROM THE INDICATED POINT TO COMMON. TOLERANCE IS
+/- 5% WHEN TAKEN WITH A DVM AND +/- 20% WHEN USING A VOM (SIMPSON 260)

0SCILLOSCOPE WAVEFORMS DVM VOLTAGES

43-voc A Nt S S ] _ 44.5 VDC
: -y

T 90 v p/P
.
. —y

: 90 v p/P
Jooh

k 90 v p/P
_ .

43 V0C [T T

130 ¥0C /e

130 VDC

7 43 vbC

11 43-vDC

PIN 18 43 VOC




SCHEMATIC DIAGRAM

VOLTAGE MULTIPLIER
(TRIPLER)

PC 201-5

P.P. 40, 41




Summary ' _ Thirty-2

SUMMARY
LISSON TW0)

Transistor, Voltage and Current Regulators

This Tesson covers circuits which are designed to requlate and maintain a
constant voitage and current output and are called either voltage or current
requlators depending on their purpose. Many are designed to maintain
voltage or current output$ within plus or minus (¥} 0.1 percent.

The two types of basic voltage requlators are series and shunt. The-EHassi-

 fication of the regulator depends on how it is connected in the total

circuit. Series requlators are connected in series while the shunt type
requlator is connected in parallel with the output load resistance. This is
a basic concept that you should keep in mind as you complete this lesson.

A simple series type voltage regulator schematic is shown in Figure 1.
Voltages are shown to help explain how the regulator works and enable you to
understand the regulator's operation more readily.

— \

VN |
F Q ﬁ T?—

. R Q) ‘
UNREGULATED ' 9.4V _
DC VOLTAGE | 1l REEGULATED §RL
INPUT =I5V . out

A cr, oV -
_ - 1
Figure 1

SERIES TYPE VOLTAGE REGULATOR

Ql is. used to regulate the voltage and functions in much the same way as a.
yariable resistor would function., The main advantage of using the transistor
is that it responds almost instantaneously to changes in input voltage or
Toad current. The Zener diode CR1 blocks current flow until the applied--—
voltage reaches or exceeds the Zener or break down voltage and provides ;
reference voitage for the base of Q1. Since.Ql is a series dropping -device
q]l current from the power supply flows through it. Q1 compensates for
increases and decreases in input voltage and load current by ¢hanging its
forward bias and resistance. With a 15 volt input voltage and a 10 volt
Zener voltage, the requlated OC output is 9.4 volts. This results in a 0.6

”volt voltage drop between the base and emitter ‘of Ql.

42
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Momentary increases or decreases in input voltage result in momentary
changes in output voltage. Q1 compensates by increasing or decreasing its
resistance, snd the voltage drop changes in accordance with the amount of
the tran51stors forward bias. In this way the transistor maintains a
constant output voltage.

Again refer to the schemati¢c. When the lToad current changes there is a
change in voltage drop across RL. This results in a change in the voltage
drop across Q1 :and- the transistor compensates for changes in load current in
much the same way that it compensates for changes in input voltage. Before
proceeding further make sure You understand .,how the circuit shown compensates
for increases and decreases in input voltage and load current,

The schematic for a shunt type voltage regqulator is shown in Figure 2.
Except for the addition of resistor Rs the components of this circuit are
identical with those of the series regulator. The other difference is the
requlating device is connected in parallel with the load resistance. Note
that the series dropping resistor Rs is connected in series with the load
resistance and that CR1 and limiting resistor Rl function as a voltage
divider to provide a constant DC potential to the base-collector of Ql.

™
. Y

T+
UNREGULATED o 10V

DC VOLTAGE REGULATED
INPUT = 15V : Eout

Figure 2
SHUNT TYPE VOLTAGE REGULATOR
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With a 10 volt output voltage and Zener voltage of 9.3 volts the voltage
drop across Rl is 5.7 volts as long as the circuit is providing a 15 volt
input. Rs is the key component of this circuit because CR1 and R1 are
connected in parallel with the load and any change in voltage is also
reflected across Rl. Any change in voltage drop across Rl results in a
change in the forward bias of Q1 and therefore a change-in the amount of
current that is allowed to flow through the transistor.. A good technique to
h91p you understand and remember how the regulator compensates for changes
in voltage is to substitute values that are different from those shown on
the schemat1c and make the necescary mathematic computations.

.
Changes in load current are compensated for by Rs and Q1. For example, an
increased Toad current results in an increased voltage drop across the
series dropping resistor Rs. This action reduces the forward bias for
Qi. Qi compensates by increasing its resistance thereby reducing the amount
of current that flows through it. Since less current flows through the
transistor more current is allowed to flow through the load resistance.
This returns the voltage drop across Rs to its former state. The components
operate in the opposite way when the load current decreases, '

AR's

Figure 2
SHUNT:TYPE VOLTAGE REGULATOR
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A vq]tage comparator provides more precise regulation. The schematic for a
typical comparator is shown in Figure 3,

-ﬁ;&‘VCC

ERROR
SIGNAL =0V

—L_ REFERENCE
© T VOLTAGE

I- 10 VOLTS

Figure 3

VOLTAGE COMPARATOR

.

The voltage comparator is sometimes called a.differential amplifier because

it amplifies the difference between the inputs to Q1 and Q2. These transistors
are identical and load resistors Rl and R2 are also identical. So long as

the voltage applied to the base of both transistors is equal the circuit
remains balanced and has no output. The comparator functions because the’
collector voltages of the transistors are 180° out of phase with each

other, * In other words when the collector voltage of Q2 is more positive,

the callector voltage of Q1 is less positive.




Figure 4 is the schematié of a circuit which you will encounter quite
frequently and is called a Darlington type amplifier.

Vee

4

A 400ma.
A ima.

' ' Raglnlrna Total Current Gain =
INPUT o '

= Alma. ' . < = 400

Figure 4
DARLINGTON AMPLIFIER

The advantage of the Darlington amplifiér is high input impedance and high
gain. The Greek letter Delta, which is represented by an equilateral tri-
angle, is used to designate “a change of." Notice that the emitter output
current of one:transistor is the base current for the other transistor.
.This type of circuitry results in a current gain which is the product of the
current gains in the individual transistors. 1In the example shown

both' transistors have a gain of 20. Therefore a 1 milliampere change

at the base of Q1 will result in a total current output of -400 milliamperes.
The .possible combinations, of course, are endless.
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The schematic shown in Figure 5 combines a voltage comparatOr and Darl1ngton
type amplifirr, - \

1
L.

+ * — i
, § .

UNREGULATED ' T REGULATED
DC INPUT DC OUTPUT

Q
HBI

— REFERENCE

‘! “T' VOLTAGE

Figure 5 — -

DARLINGTON AMPLIFTER + VOLTAGE COMPARATOR

{ -

Study the schematic to make sure yOou understand how the two circuits work
together to maintain a requlated DC output, If you have difficulty under- .
standing how these two circuits work together, you may wish to view the tape °
slide presentation for this lesson or study the programmed 1nstruct10n or
narrative form of this lesson.

Sometimes it is necessary to regulate current output. Circuits which are
used to regulate current output are called current regulators. The schematic
for a s1mp1e current requlator is shown 5n Figure 6. Ip many respects this
circuit is identical with that of a series voltage regulator. The main
differeace is that an additional component has been added. This compcrent,
Rl, is connected in series with the diode and senses current changes.




Thirty-2

12 VOLTS
DC INPUT

- Figure 6

CURRENT REGULATOR

Voltages are shown on the schematic to help you understand wow the current .
regulator operates. Study the schematic and note that the bias of Q1 is the
difference between the voltages across Zener diode CR1 and Rl. Since these
components have opposite polarities the bias’ of the transistor is the
difference between the two voltages.

Changes in the circuit load resistance causes a corresponding increase or
decrease in current flow. through the regulating device. ,Changes in load
resistance are offset by corresponding changes in the trandistor resistance.
For example, a 5 ohm increase in the transistor resistance is the result of
a 5 ohm decrease in the load resistance. Becau:.  the circuit is a current
requlator the current remains constant. However, requlating the current in
this way results in changes in the output voltage. o
The schematic shown in Figure 7 is a current limiter. “This type of circuit
. is used-to prevent dfmage to delicate circuits which use semiconductor devices:_
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+ o—

: T VOLTAGE 3V )
DC INPUT

VOLTAGE , — DC OUTPUT

Ry

Figure 7
CURRENT LIMITER

Since the current limiter has a short response time it protects critical
circuits against current overload. WNotice that the schematic is identical
wWwith the schematic for the current regulator. The only difference between

a current -regulator and current limiter is the size, or value, of the series
dropping resistor. The resistor which is used in the current Timiter is
smaller than the resistor which is used in the regulator. In order for the
limiter to operate a reference voltage must be provided. This is shown in
the schematic as a box. If you are unable to recall how circuits provide
reference voltages refer to other parts of this lesson, the narrative, pro-
grammed instruction, or audio visual materials. S

Qhangeé in the transistor's bias and resistance compensate for changes
in Toad current. Make sure you understand the basic operation of the
limiter before proceeding further.

You should now be familiar with circuits which are used to regulate and
control voltage and current outputs. As you complete the job program for
this Tesson you.work with the NIDA model 201 power supply trainer.. The
circuits which are used in this trainer combine all! the regulation circuits
you fave studied. When you become familiar with the NIOA equipment you will
better understand how regulator devices operate together to accomplish -
complete, regulation.

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU ANSWER ALL
SELF-TEST ITEMS CORRECTLY, PROCEED TO THE JOB PROGRAM. 1IF YOU INCORRECTLY
ANSWER ONLY A FEW OF THE PROGRESS CRECK QUESTIONS, THE CORRECT ANSWER PACE
WILL REFER YOU TO THE APPROPRIATE PAGES, PARACRAPHS, OR FRAMES SO THAT

YOU CAN RESTUDY THE PARTS OF THIS LESSON YOL ARE KAVIMG DIFFICULTY WITH. IF
YOU FEEL THAT YOU HAVE FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON,
SELECT AND USE ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS
(IF APPICABLE}, OR CONSULTATION WITH LEARNING CENTER INSTRUCTOR, UNTIL YoU
CAN ANSWER ALL SELF-TEST .TEMS ON THE PROGRESS CHECK CORRECTLY.

49




Progress Check . | Thirty:z

PROGRESS, CHECK .
LESSON 2 :

Transistor, Voltage and Current Requlators

TE&MINAL OBJECTIVE(S):

30.2.49 when the student completes this lesson, (s)he will be able to
TROUBLESHOOT and IDENTIFY faulty components andfor circuit
malfunctions of a complete regulating device when given a
prefaulted circuit board, schematic diagram, necessary test
equipment, and instructions. 100% -accuracy is required.

~ ENABLING O0BJECTIVES:
When the student completes this lesson, {s)he will be able to:
30.2.49.1 [IDENTIFY the purpose of voltage and current requlators hy

selecting the correct statemeént from a choice of four. 100%
accuracy is required. '

30.2.49,2 IDENTIFY the schematic diagrams and operating characteristics of

simplified basic series and shunt voltage regulator circuits by
selecting the correct name or statement from a group of four,
100% accuracy is required. _

' 30.2.49.3 IDENTIFY the schematic diagrams of practical series, shunt, and
variable shunt voltage regulator circuits by selecting the
correct name or diagram from a choice of four. 100% accturacy is
required. N

30.2.49.4 IDENTIFY the function of components and circuit operation of
practical series, shunt, and variable shunt voltage regulator
circuits by selecting the correct statement fram a chgice of
four. 100% accuracy is required.

30.2.49.5 IDENTIFY the function of voltage comparator and Darlington
anplifiers within voltage regulator circuits by selecting the
correct Statement from a choice of four. 100% acCuracy is
required. '

30.2.49.6 IDENTIFY the schematic diagrams of voltade comparator and Darlington
amplifier circuits by selecting the correct name. oe~diagram from
a2 choice of four. 100% accuracy iasrequired.

~30.2,49.7 IDENTIFY the function of components and circuit operation of

- voltage comparator and Darlington amplifier circuits by selecting
the correct statement from a choice of four. 100% accuracy is
required. -
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) 30.2,49.,8 CALCULATE the current gain for a giver Darlington amplifier

circuit by selecting the correct value from a choice of four.
100% accuracy is required.

30.2.49.9 IDENTIFY the schematic diagram'of practical current regulator
and current limiter circuits by selecting the correct name of
diagram from a choice of four. 100% accuracy is required. .

30.2.49,10 IDENTIFY the purpose of current‘regulators and current ‘Timiters

by selecting the correct statement from a choice of four. 100%
accuracy s required.

30.2.49.11 IDENTIFY the function of compdnEnts which make up tﬁe individual
. circuits within a complete transistor type voltage regulating
device given a schematic diagram of the device.
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PROGRESS CHECK .
LESSON 2

Transistor, Voltace and Current Requlators

1. Circuits which maintain a constant voltage or current are called

a. requlators

b. wmultipliers -
c. filters

d. controllers

. REFER TO FIGURE 1 BELOW WHEN ANSWERING QUESTIONS 2 AND 3.

!

UNREGULATED REGULATED
DC INPUT DC OUTPUT

R

e o

Figure 1
SERIES REGULATOR

If the input vo]tage decreases what must be done to the value of Rv 1n
in order to bring the output vo]tage back to normal?

a. Increase

b. Decrease

¢. Remain the same

1f the load current decreases, the reason for th1s decreased load current
is afan , -

a. increased input voltage
b. decreased Ry
c. increased RL
d. decreased RL
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4. Decreasing the rcsistance of Rv will compensate for a/an

AN' _. P o T
RS ’
. ,:““:E é
UNREGULATED } 2’ 1 REGULATED ¢ Ry
DC INPUT . :Rv ! DC OUTPUT
3 }
Figure 2 ’

SHUNT VOLTAGE REGULATOR

a. increased input voltage or an increase in load current,
b. increased input voltage or a decrease in load current.
¢, decreased input voltage or an increase in load current,
d. decreased input voltage or a decrease in load current.

REFER TO FIGUREI3'NHEN ANSWERING QUESTIONS 5 AND 6.

7N\ - )
: Ry Q) ,
UNREGULATED _
~ DC VOLTAGE - REGULATED - §RL‘
. INPUT /l{ o out :
_ o |
T T Figur-ﬂe“‘.;._—_;‘-

. SERIES TRANSISTOR VOLTAGE REGULATOR -

5. If the load current decreases, the:§a1ue of the emitter voltage before
regulation will

a., increase.
b. decrease.
¢, remain the same,

6. If the input voltage increases, the

a. voltage across CR1 will decrease.

b. impedance of Q1 increases.

c. output impedance of RL will increase.

d. voltage across the base-collector junction decreases.
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REfER TO FIGURE 4 BELOW WHEN ANSWERING. QUESTIONS 7 AND 8,

UNREGULATED T

DC VOLTAGE REGULATED §
INPUT - B E out

‘Figure 4
' SHUNT TRANSISTOR VOLTAGE REGULATOR

-

The purpose of Zener diade CRI is to maintain a constant

.2, collecétor-base voltage.
b. regulated output voltage.
c. emitter-base voltage.

d. voltage across RI.

If the current f owing through RL increases,

a. the voltage across Rs will decrease.
b. transistor current will decrease.

- €, base-emitter voltage will increase.
d. the voltage across CRI will decrease.

electronic circuit which makes bétter voltage regulation possible
is called a

a. series regulator,
b. voltage doubler,
c. shunt regulator,

- d. voltage comparator.
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REFER TO FIGURE 5 BELOW WHEN ANSWERING QUESTIONS 10 AND 11.

'I-PCL—

UNREGULATED
DC INPUT

y §

REGULATED

REFERENCE | - ' ~ Eout

VOLTAGE

|cew

12 R)7
cwW FINE cwW
‘ Qg VOLTAGE

VOLTAGE
COMPARATOR

Figure 5 ‘
SHUNT DETECTED SERIES VOLTAGE REGULATOR

10. Any change in Qb]tage from thé collector of Q9 applied to the base of

o«

de
bo
C.
do

If

a.
b.
c.
d.

1S known as the signal,

reference
error
applied
correction

the fine voltade control R17 is turned in a CCW direction, the
base voltage of Q4 will incCrease.
base-emitter voltace of Q9 will increase.

requlated output voltage will increase.
requlation ability of Q3 and 04 will he exceeded.
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I12. A differential amp11f1er produces signals that are

(equal/unequal) in amplitude and _ (in phase/out of
phase) with each other.

a. equal, in phase

b. unequal, in phase

¢. equal, out-of-phase
d. unequal, out-of-phase

REFER TQ FIGURE 6 BELOW WHEN ANSWERING QUESTIONS 13 ANG 14

Vee

Figure 6

The schematic shown is a

a. voltage comparator.

b. shunt type series regulator.
c. voltage doubler.

d. Darlington amplifier.

If transistors QI and Q2 have gains of 20 and 30 respectively, what is
the change in emitter current of Q2 assuming of a 2 milliampere input change
~at the base of Q17 :
I
d. 50 mA.
b. 100 on
c. 600 mA.
d. 1200 mA.

The output gain of a Darlington type amplifier is the
of the gain of the transistors which make up the amplifier.

a. ratio

b. sum

c. difference
d. product

Darlington amplifier circuit configuration requires that the
of one transistor must be connected to the
the other transistor.

base, collector
collector, emitter
emitter, base
base, base
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REFER TO FIGURE 7 WHEN ANSWERING QUESTIONS 17 AND 18.

ﬁ£90| j?

R2

REFERENCE
VOLTAGE

DC INPUT
VOLTAGE

1

Figure 7
CURRENT LIMITER

The purpose of this circuit is to protect the equipment from

a. shorted components. -

b. open circuited components.
C. excessive current.

d. excessive load impedances.

- —— P e m— e m——m e

If the load current decreases, the voltage across R2 will

d. increase.
b. decrease.
C. _remain the same.

Refer to the schematic diagram of the 201 e »
load impedance for Q9 is POWeT supply. The collector

4, Q6 and its aSsociated Circuitry.

b. @4 of the series voltage regulator,
C. the differential amplifier Q8 and Q9.
d. series voltage regulator Q7 and CRS.
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Refer to the schematic diagram of the 201 power supply. If the current
"through Q9 increases, the resultant current through Q6 will

a. increase.
b. decrease.
¢c. Tremain the same.

CHECK YOUR RESPONSES TO THIS PROGRESS CHECK WITH THE ANSWER SHEET. 1IF YOU
ANSWER ALL SELF~TEST ITEMS CORRECTLY PROCEED TO0 THE JOB PROGRAM. 1IF YOU
INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, THE CORRECT
ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES, PARAGRAPHS, OR FRAMES
SO THAT YOU CAN RESTUDY THE PARTS OF THIS LESSON YQU ARE HAVING DIFFICULTY
WITH. IF YOU FEEL YOU HAVE FAILED TO UNDERSTAND ALL, OR MOST, OF THE
LESSON, SELECT AND USE ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL
MATERIALS (1F APPLICABLE), OR CONSULT WITH THE LEARNING CENTER INSTRUCTOR,
UNTIL YOU CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY.




JOB PROGRAM
FOR
LESSON 2

Transistor Voltage And Current Regulators

INTRODYUCTION:

This Job Program will demonstrate the various transistor voltage regula- =~ ~
tors and their operation. It is designed to permit you to prove to

yourself the principles you studied on voltage requlators. Since the

input voltage cannot be varied because this voltage is applied to the
‘equipment from a receptacle, the Job Program will be oriented toward

changes in load.

TERMINAL OBJECTIVE(S):

30.2.49 When the student completes this lesson, {s}he will be able to
" TROUBLESHOOT and IDEWTIFY faulty components and/or circuit mal-
functions of a complete reguiation device when given a prefaulted
circuit board, schematic diagram, necessary test equipment, and
instructions. 100% accuracy is required.

'ENABLING OBJECTIVE(S):

When the student completes this lesson, (s)he will be able to:

30.2.49.12 MEASURE and COMPARE current and voltage outputs in voltage and
current regulator circuits given a training device, circuit
boards, test equipment and proper tools, schematic diacrams and
a8 job program containing references for comparison. fecorded
data must be within limits stated in the job program. '

—— e f—

SAFETY PRECAUTIONS:

Observe all standard safety precautions, Beware of ali.open and bare

connections; an energiZed circuit may have dangerous voltages present,
When connecting the digital muitimeter to components, take care not to
short probes to bare connections on the printed circuit board. BRe EX-
TREMELY CAREFUL when measuring voltages on the emitter, base and col-

lector of transistors; it is very easy to short these elements to the.
case of transistors which may very easily damage these transistors.

EQUIPMENT AND MATERIALS

. NIDA 201 Power Supply
PC 201 Printed Circuit -Board
NiDA 20IL Load Box
Dual Banana Plug Cable
Digital Multimeter and Test Leids
NiDA 201 Power Supply Instruction Manual
NIDA 201 Schematic Diagram (Fold Out)
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PROCEDURES

NOTE: STEPS i THROUGH 7 WILL’SET.UP THE NIDA 201 POWER SUFPLY FOR NORMAL
OPERATION INTO A DUMMY LOAD. REFER TO THE SCHEMATIC DIAGRAM OF THE
NIDA 201 POWER SUPPLY (FOLDOUT PG. 187).

Turn all front panel controls CCK.
Remove the top cover from NIPa 201 Power Supply.
Install the NIDA 201 printed circuit hoard in the Puwe:~ Supe. y.

Connect one end of the dual banana plug cable to tne WIDA 201 Power
Supply output jacks, observing the proper polarity (the tab on the
side of the plug to the ground conneCLIOn) Connect the othar end of
the plug to the NIDA 201L Toad box again observ1ng the proper polar-
ity.

Set the load selector switch on the NIDA 201L load box to variable
with the variable Toad set to "minimum Toad" and place the toggle
switches for load 1 and 2 and lvad 3 to the up position with the
series-parallel switch in the parallel position.

‘6. Plug in and energize the NIDA 201 Powsr Supply.

7. Rotate the coarse voltage control R13, fine voltage control R17 and
current control R5 fully Cu.

NOTE: STEPS 8 THROUGH 11 WILL SET THE CURRENT LIMITING VALUE FOR THE NIDA
201 POWER SUPPLY IN THIS JOB PROGRAM.

8. Turn variab]e load control on the NIDA 20lL load box to maximum.

9. Push limit switch in and set current control .R5 on the front panel to
1.5 A, .

10. Release the current limit switch. You have now established the
maximum amount of current that can flow in the circuit. DO NOT
adjust this control anymore during this part of the Job Program.

Observe and record the front panel current and voltage from the front
panel meters. Amps B vDC

STEPS 12 THROUGH 14 WILL ESTABLISH THE REGULATED VOLTAGE RANGE FOR
THE NIDA 201 POWER SUPPLY,

Very slowly rotate the variabTe load control on the 201L Ioad box
- CCH.

a. Is the voltmeter indication increasing/decreasing/or remaining
the same? -

b. Is the voltage requlated or unrequlated at this time?

60
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Continue rotating the variable load control on the 201L load box CCW

unt11 the voltmete» indicates a steady voltage. Observe and record
this vo]tage and current.

vDC., . . . Amps.

Rotate *he variable Toad control on the 201L load box to minimum.

¢, What has happened to the voltmeter indication?

(1) increased
(2) decreased
(3) reryined the same “

b. WKhat has haprened to tho ammeter indication?
(1) increased: )

(2) decreased

(3) remained the same

‘What is the indication on the ammeter? o A,

Is the voltage being regu]atediat this time? Yes/No

What is the current range over which voltage regu]at1on is taking
place?

A.

Set the variable Toad control on the 201L load box to mid-range. Set
the coarse voltage control R13 to 15 VDC output on the front panel
voltmeter.

Rotate the variable load control on the 201L load hox for an indica-
“tion of 0.6 A on the front panel ammeter, DO NOT touch the controls
on the power supply for the remainder of this part of the Job Program.

You will now ana]yze the operation of the series Voltage regulator
consisting of Q7, CR5, R13 and the associated circuitry. You will
notice that when you decrease the load less current is required
from the power supply and that when you increase the Toad more
current is required from the power supply. You will prove that
within 1imits the series voltage requlator will maintain the
voltage across R13 and the outut voltage from the power supply
constant over a wide variation in load.

Plug in and energize the digital multimeter. Connect the common
probe to pin #1 of printed circuit hoard 201 using an alligator
clip.

Measure and record the voltages present on the designated
elements of Q7. .

vDC
vDC
LU




Thirty-2

Using the measurements you obtained in step 18, calculate the base-emit-
ter voltage of Q7 vDC.

Incceese the vartable Toad control an the 201L Toad box untiI the
front pan-1 ammeter indicates 1 ampere.

Measur: and record the voltages present on the designated elements of
vDC
"VOC
VDC

Using the measurements you obtained in steps 21, calculate the
base-emitter voltage of Q7 - vDC.

Decrease the variable load control on the 201L load box uyntil the
fr0nt panel ammeter indicates 0.2 amperes.

Measure and record the voltages present on the designated elements of
vDC
VDC
vDC

Using the measurements you obtained in step 24, calculate the base-
emitter voltage of Q7 vDC.

a. wWhat is the difference in the base-emitter voltages measured in
steps 19, 22 and 257 vDC.

Nhat happened to the output voltage on the-front panel voltmeter?
(1ncreased/decreased/remalned the same).

You have now completed the evaluation of a series voltage regulator
by increasing and decreasingzthe load. 1If, ‘at this time, ybu do
not understand what ou have doneé, go back over this Job Program of

the series voltage regu]ator unt11 you thoroughly understand

it.
~™

W

" The next ¢ircuit you will analyze is the differential amplifier.
Since the tnputs and outputs of this amplifier are not equal it is
not a true differential amplifier but a modified version. Looking
at the schematic you will notice that coarse voltage control R13
varizss the base voltage of Q8. Notice that fine voltage control
R17 varies the base voltage of Q9, whose output is applied to the
baseuof Q4 and the collector of Q6.

The front panel fine voltage control R17 and the coarse voltage

control R13 on the front panel are not external controls in actual

equipment. You will be required in the equipments phase and in the
. fleet to measure and adjust these voltages for proper regulated

indications. If not adjusted properly they cause problems in

both radar and communications systems.
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Set the front panel controls the same as you did in steps 7 through
10 of this Job Program.

Set the variable load control on the 201L load hox to 0.6 amperes on
the front panel anunter.

Set the coarse voltage control R13 to indicate 15 VDC on the front
panel voltmeter.

A
Reset the variable load control on the 201. load box to indicate 0.6
amperes on the front panel ammeter.

If the load increases, the impedance of Q3 and Q4 should decrease and
the .voltage across this impedance should decrease. Using the digital
multimeter what is the present indication at pin #157 vDC.
What is the indication on the front panel ammeter? A. What
is the indication on the front panel voltmeter? vDC.

Insert the probe of the digital multimeter into pin £15 and inCrease
the load to 1.3 A.

a. What is the digital multimeter indication?
ViC.

b. What is the front panel voltmeter indication?

c. What is the difference between step 31a and 31h?
(This voltage is Vgg for Q3)

d. What happened to the impedance in step 3la and 31ib?
(increased/decreased/remained the same).

e. Does this prove the statement in step 307 {Yes/No).
Leave the probe in pin #15 and decrease the load to 0.2 A.
What is the digital multimeter indication? vDC.

‘What is the front panel voltmeter indication? VDC.

What is the difference between step 32a and 32b? . vDC.

From the information obtained above, is the series VO]tage
requlator operating properly? (Yes/No).

You have completed your analysis of the modified differential

. amplifier and series voltage regulator Q3 and Q4 and determined
that the circuits are operating properly. You did not see a
difference in the output voltage on “he front panel voltmeter.
because the error signal applied to <he base of 09 and the correc-
tion signal applied to the base of Q4 happen so fast that a voltme-
ter cannot detect the change. [f you do not understand what you
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have done, go back over this ‘part of the Job Program until you
understand it.

The next circuit you will analyze is the current regulator Q6. You
will prove that the current through Q6 wili remain constant from
minimum Toad to 1.3 amperes because the base-emitter voltage remained
constant. Reviewing back to transistor theory you may remember that
the base-emitter voltage controls the amount of current flow through
a transistor and if this voltage remains constant then the current
will be constant. THIS WILL BE YOUR PROOF.

Set variable load control on the 20IL load box to minimum. Measure
and record the voltages present on the designated elements of Q6.

vDC.
vDC.
vDC.

Set variable load control on the 20IL load box to 1.3 amperes.
Measure and record the voltages present on the designated elements of

vDC.
vDC.
vDC.

What is the base-emitter voltage in step 33? - ¥YDC.,

What is the base-emitter voltage in step 34? vDC.

What does the information in steps 35 and 36 tell you about the
current through Q6 as the load was increased from minimum to 1.3
amperes? ' .

so far, all the principles of voltage and current regulation you
studied in the narrative, programmed instruction, summary, or
tape/slide have been proven by you in this Job Program.

You will now analyze the operation of the current limiter consist-
ing of Qi, Q2, R2, and R3. The purpose of this limiter is to
~protect the power supply from excessive Currents.

Set the variable load control on the 201L load box to minirum.

Set all controls on the front panel of the power supply fully CW.

Set the variable load control on the 20IL load box to maximum.
Measure and record the voltages present at the indicated points in
the circuit and calculate the voltage between the emitter of Q1 and
the base of Q2. '
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- R5 Set to ER2 Pin #7 to Q2 base  VBE Q1 and Q2

CCW.. we - vDC Ve
0.3 A . Ve VDC ¢
0.6 A —vne - vDC " wne

Is Timiting action taking olace at each of the abhove settings?
(Yes/No}.

Are the transistors conducting with RS fully Ccw?  (Yes/No).

Explain your answer to step 40b above.

Return front panel current control RS to its fully CCW position.

Very slowly rotate the front panel current control R5 CW until the
ammeter just starts to indicate.

Measure and record the voltage between pin #12 and the base of Q2.
VDG .

Is the currert limiter operating properly at this time?____ (Yes/No).

You have completed your analysis of the current limiter. If you do
not understand what you have done, go hack over this part of the
Job Program until you do understand it,

The last circuit you will analyze in this Job Program is the
variable shunt voltage regulator. It is designed to be variable so
that the voltage on the current limiter would vary as you changed
the front panel current control R5 or as vou changed the load, The
important point to check here is that the output of the regulator
will be held to within 2 4 volt range depending upon the sett ng of
R5.

Set the variable load control on the 201L load box to maximum, the
front panel fine voltage control R17 and coarse voltage control R13
fully CW.

Set front panel current control RS fully CCW.

Measure and record the voltage from pin #7 to the left side of R7
which is the emitter of Q5 vDC.

Set front panel current control R5 fully CW.

Measure and record the voltage from pin #7 to the left side of R7
which is the emitter of Q5 vDC.

2, What is the maximum voltage across Q5? vDC.
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‘b, At what setting of R5 was the current through Q5 maximum?
{CW/CCW).

- c. At what setting of R5 was the current through Q5 minimum?
{CH/CCW).

CHECK YOUR RESPONSES TO THIS JOB PROGRAM WITH THE ANSWER S...£T. IF YOUR
RESPONSES AGREE WITH THE ANSWER SHEET, YOU MAY TAKE THE LESSON TEST. IF

YOUR RESPONSES DO NOT AGREE OR IF YOU FEEL YOU HAVE FAILED TO UNDERSTAND

ALL, OR MOST DF THIS JOB PROGRAM, REVIEW THE PROCEDURES OF THIS JOB PROGRAM,
ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS OR CONSULTATION
WITH LEARING CENTER INSTRUCTOR UNTIL YOUR RESPONSES DO AGREE.
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INFORMATION SHEET
~ LESSON 2

Transistor Troubleshooting

This information sheet is another in the series, and will help you to
analyze data about a troubleshooting problem. This sheet is designed to
remind you about siynificant relationships concerning transistors. These
proven 4ids will aid you in arriving at a logical conclusion.

I'

The voltages measured on individual elements of a transistor when a
trouble occurs will primarily depend upon (I). The type of transistor
(PNP or NPN) and {2). To what element the source voltage is applied,
{emitter or collector).

Transistors may develop open or shorted junctions. It is quite difficult

" to open a transistor junction although in some cases, this will happen.

High power transistors rarely become leaky. In most cases they completely
short, emitter to collector.

Low power transistors rarely completely short. They become leaky.
Distortion occurs in the cutput.

If a coupling transformer, coil or tank capacitor should become detuned,
for any reason, the output will be reduced and all DC voltages will be
normal.

If a bypass capacitor should open, all DC voltages will be normal. The
output may or may not be reduce in amplitude,

Open coupling capacitors will cause the output signal to be zero. Al
DC voltages will be normal.

An open emitter or cathode bypass capacitor will cause the output signal
to decrease in amplitude (degeneration). A1l DC voltages will be normal.

THE ABOVE STATEMENTS ARE GENERAL STATEMENTS AND APPLY TO ALL ELECTRONIC
CIRCUITS. STATEMENTS #5, #6, #7 AND #8 ALSO APPLY TO VACUUM TUSE
CIRCUITS.,

When . measuring voltages in a PNP transistor circuit with Ve applied

to the emitter, if Vg=Vp and is approximately equal to the source
voltaye, look for an open in the collector circuit. In an NPN transistor
with the source voltage applied to the collector. If Vg=Veo=VE

and‘ is very low, look for an open in the collector circuit. See attached
schematic diagram.

If Vee=0V, look for an open in the power supply or battery circuit.
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There are two conditions which would cause Vg to equal OV, assuming
that the emitter is not normally grounded by circuit design. An open
B-t junction or an open base current limiting resistor. A shorted bias
stabilizing resistor will also cause the above Sywptoms but this is
very raroe.

PNP-source applied to the emitter circuit., Vg is approximately equal
to Vg and Vg is higher than normal with Y¥¢ equal to OV, look for

an vpen ewitter resistor. If the B-E junction were shorted V¢ would
not equal zero. NPN-source applied to the collector circuit. . Vg is
approximately equal to Vg and V¢=Vgg with Vg higher than normal

look for an open in the emitter circuit. See attached schematic
diagram.

A leaky transistor will cause ﬁg to be higher than normal but V¢
will not equal Vcc nor will Vc=0V as in statement 12.

A zero voltage reading on the base indicates trouble in the base
circuit reyardless of the voltages measured on the emitter or on the
col lector,
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Symptom Vo = OV , Symptom Ve = VEp = Vco

§RB

7

Suspect: An open ih the collector circuit or a shorted Ql, collector to
emitter.

Confirm: Check Ql and the collector circuit with an ohmeter.

Example #2

Symptom Vo = Ve - Symptom V¢ = OV
{, 1 ‘ _
+

+
vCC

Suspect: An open transistor,;(collec;or to emitter) or an open in the emitter
: circuit. '

Confirm: Check QI and the emitter circuit with an ohmmeter.
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FAULT ANALYSIS

(PAPER TROUBLESHOOTING)

FOR
MODULE 30, LESSON 2

NOW THAT YOU HAVE COMPLETED THE KNOWLEDGE SECTION OF THIS LESSON, YOU ARE
READY FOR PAPER TROUBLESHOOTING.,

THE COMPUTER WILL ASSIGN YOU A SET OF PAPER TROUBLESHDOTING PROBLEMS ON
THE TRANSISTOR REGULATOR. THESE PROBLEMS WILL HELP YOU DEVELOP THE
MENTAL SKILLS REQUIRED IN ACTUAL TROUBLESHOOTING. YOU WILL BE GIVEN
SYMPTOMS OF A FAILURE AND CIRCUIT MEASUREMENTS THAT WILL ALLOW YOU TO
IDENTIFY THE PROBLEM. ‘

AFTER YOU COMPLETE THE PAPER TROUBLESHOOTING SECTION, THE COMPUTER WILL

ASSIGN YOU A PRACTICE TROUBLESHOOTING PROBLEM ON A FAULTY PRINTED CIRCUIT
BOARD.

REMEMBER THAT REFERENCE VOLTAGES, WAVEFORMS, AND A SCHEMATIC ARE CONTAINED

IN THIS STUDENT GUIDE FOR YOUR USE IN BOTH PAPER AND ACTUAL TROUBLESHOOTING
PROBLEMS,

TERMINAL OBJECTIVE:

£

30.2.49 TROUBLESHOOT and IDENTIFY faulty components and/or circuit
malfunctions in a complete regulating device when given a
training device, prefaulted circuit board, necessary test
equipment, schematic diagram and instructions.

ENABLING OBJECTIVE:

30.2.49,13 IDENTIFY the faulty component, or the circuit malfunction, in a
given voitage and current reSulator, given a schematic diagram
and failure symptoms, by selecting the c0rrgct fault from a
choice of four. 1[00% accuracy is required. :

Footnote: " These objectives are considered met upon successful completion
of the terminal objective.
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FOR
TROUBLESHOOTING PERFORMANCE TEST

INTRODUCTION:

Using the following six step troubleshooting procedure will aid you
in determining which component is faulty. ?n the split method of
troubleshooting, Pin #15 has been selected as the starting point for
dividing the circuit in half., If the voltage at Pin #15 is higher
than normal or nearly normal chances are your problem is in one of
the stages following Pin #15, If the voltage at Pin #15 is lower
than normal, this tells you that a circuit prior to Pin #15 is
dropping all the voltage. Since you are not permitted to unsolder
components in order to make resistance measurements, it may be
necessary, in some cases to remove the PCB from the power supply in
order to remove parallel paths.

EQUIPMENT:

1. NIDA 201 Power Supply

2. NIDA 201 Pre-faulted Circuit Board
3. Digital Multimeter

4, Simpson 260 Multimeter

5. 1 Pair of Multimeter Test Leads

INSTRUCTIONS: )
&

1. Each student is required to determine the defective component in
a prefaulted power supply PCB. You will be allowed 45 minutes of
troubleshooting time on the equipment. Five additional minutes
will be allowed (if required) to complete the failure analysis in
step #06 at a penalty of S points. )

.- Standard test equipment will be available to you in the form of a
digital muTtimeter and a Simpson 260 multimeter. You will be
‘expected to observe all safety precautions throughout the test.
Improper use of test equipment will result in a 5 point penalty
for each occurence. A safety violation will result in an automatic

. failure of the performance test. In that event you will be
counselled and given remedial training.

L)
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3. You will take a numbered position in the test room. After briefing
by the Learning Center Instructor you will fill out the heading of
the troubleshooting form. On a sidnal from the Learnina Center
Instructor you will start the test. If at any time during the test
you should require assistance, raise Your hand. DO NOT LEAVE YOUPR

POSITION. A Learning Center Instructor will assist you with Your
trouble.

If you do not understand these instructions, raise your hand and
ask your Learning Center Instructor. If you do understand these

instructions and upon a sianal from vour Learning Center Instructor
you may now begin the Performance Test on the next page.




SIX~STEP TROUBLESHOOTING PROCEBURES

FOR
. TROUBLESHOOTING PERFORMANCE TEST

DIRECTIONS: DO NOT WRITE IN THE PERFDRMANCE TEST BOOKLET. MAKE ALL
YOUR RESPONSES ON THE 6 STEP TROUBLESHOOTING SHEET SUPPLIED WITH THIS
TEST PACKET. THIS PERFORMANCE TEST BOOKLCT IS DESIGNED TO AID YOU IN
COMPLETING THE STANDARD 6 STEP TROUBLESHOOTING FORM. COMPLETE THE
STEPS USING YOUR XNOWLEDGE AND SKILL OF THE CIRCUITS SHOWN. CONTACT
YOUR LEARNING CENTER INSTRUCTOR IF YOU HAVE AMY QUESTIONS.

SET THE LOAD SELECTOR SWITCH ON THFE NIDA 20iL LOAD BOX
TO FIXED LOAD., .SET THE COARSE AND FINE VOLTAGE CONTROLS ON THE FRONT
PANEL OF THE NIDA 201 POWER SUPPLY FULLY CW. SET THE CURRENT CONTROL
ON THE NIDA 201 POWER SUPPLY TO MID~RANGE. IF THE POWER SUPPLY.- IS
OPERATING PROPERLY AND THE NIDA 201 PRINTED CIRCUIT ROARD IS INSTALLED
THE METERS SHOULD INDICATE 13 vDC, 0.9\ APPROXIMATELY. ALL VOLTAGE
AND RESISTANCE MEASUREMENTS WILL 8E MADE WITH REFERENCE TO GROUND
UNLESS THE PRINTED CIRCUIT BOARD IS REMOVED TO MEASURE FRONT TO BACK
RESISTANCE RATIOS OR TO MEASURE THE RESISTANCE OF A SPECIFIC RESIST(R.

STEP ONE - SYMPTON RECOGNITION

1. Does the equipment energize? Yes/No

STEP TWO - SYMPTOM ELABORATION
1. What do the meters indicate

2. Normal
b. High
c. Low

d. Zero

STE? -THREE - LIST THE PROBABLE FAULTY FUNCTION(S)
1. There are seven functions in this power supply

a. Shunt voltage regulator

b. Current limiter

c. Primary voltage regulator

d. Reference series voltage regultator
e. Voltage comparator

f. Current regulator

g. Output monitoring circuit
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TROUBLESHOOTING PERFORMANCE TEST

E

STEP FGUR ~ LOCALIZE THE FAWETY -FUNCTION

Verify the probable fau]ty function by use of test
equipment,

List the test points where vo]tages were obta1ned.
Reference voFtages are listed in the voltage chart.
Which function listed in step three above is the faulty
function?

- LOCALIZE THE FAULTY CIRCUIT/COMPONENT

List the test points where actual voltages were taken.
What circuit/component in the faulty function listed in .
step four is faulty?

If you have de.ermined. the faulty circuit but not the
faulty component proceed to step six.

STEP SIX - FAILURE ANALYSIS

" 1. Secure the power and using the Simpson 260 take resistance
checks.

a. Check front to back ratios on diodes.

b, Take continuity checks on printed circuit board foil.
¢. Capacitors can be shorted or open.

d. Resistors can be open.

Explain in your own words why the component listed in
steps five or six above would cause the symptoms 1isted
in steps one and two of the six step troubleshooting
procedure? erte your answer in the space provmded
below.

TAKE YOUR 6 STEP TROUBLESHOOTING SHEET TO YOUR LEARNING CENTER INSTRUCTOR
FOR VERFICATION AND EVALUATION,
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VOLTAGE/RESISTANCE CHART

The following Voltages amd Resistances were taken with the Toad
selector switch on the NIDA 20IL Toad box set to fixed load. The fine and
coarse voltage controls on the NIDA 201 power supply fully CW and the
current control set to mid-range. A1l Voltage and Resistance measurements
were made with reference to ground with the PC201 PC8 installed in the
NIDA 201 power supply.

81

POINT OF CHECK VOLTAGE - " RESISTANCE

Pin #7 40.2 VC 1500 Ohms

Pin #9 36.1 VOC 2200 Ohms

Pin 410 37.9 VDC 1950 Ohms

Pin #12 38.5 v 1500 Qhms

Pin #14 37.7 vDC 2200 Ohms

Pin #15 16.3 VDC 3200 Ohms

Pin #16 16.3 VDC 550 Ohms

Pin #18 15.6 ¥0C 17.5 Ohms |
Pin #19 8.3 VDC 2250 Ohms

Pin #20 7.5 VDC 1100 Okms

Pin #21 12.46 VDC 775 Ohms

Pin #22 7.49 VDC 1100 Ohms
"pin £23 12.48 VDC 800 Ofms in
Ve Q5 37.1 VOC 5575 Ohms

Vg Q4 - 17.1 voC 2000 Ohms

Vg Q7 13.2 vDC 2000 Ohms e

v Q?i 12.5 VDC 2100 Ohms

VE Q8 and Vg Q9 11.64 VDC 200 Ohms

Vc Q8 11.68 VDC 200 Ohms

Vg Q6 " 34,6 VDC 4500 Ohms ..
VEQE & 35.1 vOC 2200 Ohms

75




SCHEMATIC DIAGRAM

#IDA MODEL 201

POWER SUPPLY TRAINER

PC 201

P.P, 76-77
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SUMMARY .
LESSON 3

SCR Power Supply Circuits

A power supply which provides a maximum amount of power output is required
for some transmitters, receivers, computers, radar systems and other
electronic equipments. The power supply which provides this high currert
output with a minimum internal power loss is the silcon controlled rectifier
(SCR) type power siipply.

The symbols for a regular diode and an SCR are shown in Fiqure 1.

These symbols are provided to help you understand the difference between
the two components.

CURRENT FLOW CURRENT FLOW
— 44—

- 4+ ANQDE @CATHODE - + ANODE H CATHODE -

GATE +

'SCR . DIODE

.Figure 1
SCHEMATIC . SYMBOLS

Both the diode.and SCR have a zathode and an anode. However, the SCR has
an additional element which is called the gate. The gate provides the
triggering or turn-on capability for the SCR.

You aIread§ know that neither the diode nor the SCR conduct when they are
reversed biased, and therefore block current flow through other components
. which are connected in series with them,
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The difference between the diode and the SCR is that even when the SCR

is forward biased, it will not conduct until an adequate positive voltage
is applied to its gate. Of course once conducting, it behaves 1ike a
diode and continues to conduct until the forward bias is removed or a re-
versSe bias is applied. This gate voltage may be momentary, since

a continuous gate voltage is not required to assure continued current
flow. If you have difliculty understanding the concept of SCR gating
please refer back 10 Module 25 or study an alternate form of this lesson.

Since the gate has turn-on capability only when the SCR is forward

biased, once the SCR is conducting the gate ro longer has control over the
SCR regardiess of the gate potential. The SCR is turned off only when it
it- is reverse biased or the forward bias has been removed.

The schematics shown in Figure 2 are for a half-wave diode power sﬁpply
and a half-wave SCR power supply.

Figure 2

HALF-WAVE SCR HALF-WAVE DIODE
POWER SUPPLY : POWER SUPPLY

(UNFILTERED) (UNFILTERED)

The SCR power supply is similar to the ordinary diode power supply

which you have studied previousiy. The nnly difference is that SCRs are
used instead of diodes and the SCRs have the capability of controlling the
conduction time and the amount of current which ultimately reaches the
filter and load. Study the schem:ztics and notice that even though they
are essentially identical, several additional components have been added
to the SCR power supply. These components, consisting of Rl, R2, and

CR1, are used to trigger or tuin on the SCRs.
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The waveforms shown in Figure 3 show piétoria]ly how the SCR operates
with an AC input,

INPUT SIGNAL OV

TRIGGER
ON THE GATE

ouTPUT

Figure 3
SCR TIMING WAVEFORMS

Notice that as long as the input signal is negative, current cannot

flow and consequently there is no output. Even when the input signal
becomes’ positive and the SCR is forward biased, the SCR will not conduct
until & positive trigger voltage is applied to the SCR gat=. This
voltage must equal or exceed the gate or .rigger voltage rating of the
SCR. SCRs with different trigger voltage ratings are available. Make
sure you understand the waveforms shown and the time the SCR conducts and
when it stops conducting, before proceeding further with this lessen. -

Although half-wave SCR power suppiies are seldom used, an understinding
of their operation will help you understand how the full-wave SCR power
supply operates.
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Fiéure 4 shows the schematic for a half-wave SCR power supply.

OQUTPUT
INPUT :

Figure 4 ‘
UNFILTERED SCR HALF-WAVE POWER SUPPLY

R1, R2 aﬁd CR1 make up a half-wave gatinyg network for the SCR power
supply.’ SCR1 and RL are the half-wave SCR components.

Recall that an SCR will not conduct unless it is forward biased and a
positive potential is applied to its gate. Therefore current flows through
R1 and R2 only when terminal A of Tl is positive. At this time CRl is
forward biased. When terminal ‘A becomes negative CR1 is reverse biased and
current dees not flow. Voltage is developed across R2 only during the
positive half cycle and the gate triggers the SCR at this time. This means
that SCR.current can only flow during the positive cycle. '

The waveforms shown fmmediately to the right of the schematic indicate
the output of the power supply during positive alternations. Trace the
current flow and make sure you understand how this half-wave SCR supply .
rectifier operates before proceeding further.

Since the gate voitage -is dependent on tie voitage divider, the firing
time of the SCR may be changed by changing the value of the voltage
divider resistors. For example, if the resistance of R2 is increased,

the gate vcltage trigger level on the, SCR will be reached sooner,
resulting ingan earlier SCR turn on. This causes the SCR to conduct for a
longer period of time before the positive alternation-ends and the SCR
again becomes reverse biased. Thus, the output voltage is variable

by making R2 a variable resistor.

81
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Waveforms shown in Figure 5 illustrate the effect of different resistance .

values of R2 and the corresponding output of the SCR. Note particulary that

a large value of R2 results in an earlier firing time and that the gate

potential and the output is only present during the positive input cycle.

This is shown by the two waveforms immediately below the input waveforn.

Study the other waveforms to make sure you understand what happens when R2 - +
has a small value, and a filter is added to the output.

MPUT

(Tt SECONDARY)
Oy

SCA FIRING LEVEL
GATE 4
(LARGE VALVE OF R2}

QuTPUT
(LARGE R2)

= 1]

OUTPUT wiTh FILTER -
_ CHRACWAT ADDED Qv

(LARGE R2)

GATE | .
(SuaLL vALUE OF AZ) g,

2uTPUT
aLL B3 Oy

0 QU _ -
QUTPUT WITH FILTER Oy -
CILCWT aDDED
Figure 5

HALF-WAVE SCR WAVEFORMS

82 87
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Thus far the explanation has been concerned with one-half of a full-wave
SCR rectifier. The schematic shown in Figure 6 represents a full-wave
SCR rectifier. Recall that the advantage of full-wave rectification is
an output which has twice as many pulses and is therefore easier to
filter. The gating networks for the SCRs are shown ipn shaded blocks.

GATE
NETWORK

Figure 6
FULL-WAVE SCR POWER SUPPLY

Waveforms shown in Figure 7 ilfustrate the output of the full-wave SCR
rectifier during two complete input cycles. Study the waveforms and
schematic shown in Figures 6 and 7 in order to make sure that you understand
how the full-wave SCR power supply operates.

CURRENT PULSE , (-\
SCA1 ov |

{vOLTAGE ACROSS RL)

CURRENT PULSE (\
SCR2 ov

{vOLTAGE ACROSS AL}

INPUT

CURRENT PULSES

BOTH SCR's 9V
(TOTAL VOLTAGE ACROSS AL)

‘Figure 7

" FULL-WAVE SCR RECTIFIER WAVEFORMS
83
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Full-wave SCR power supplies, 1ike full-wave diode power supplies, require a
center tapped transformer secondary, and therefore, only half of the
transformers secondary potential is utilized at any given time. In order

go make full use of the secondary voltage an SCR bridge power supply may

e used.

In many respects the SCR bridge power supply is identical to a regular
bridge diode power supply. The schematics shown in Figure 8 should
acquaint you with the similarities of the two types of power supplies.

s FOT:

) Figure 8
STANDARD DIODE BRIDGE : SCR BPIDGE POWER SUPPLY

. Notice particularly that the only difference between the two schematics
is that the SCR bridge power supply uses two SCRs and gating or triggering
networks. Also notice that the SCRs are connected so that one of the SCRs
~is.always in series with load. Stated in simpler terms, one of the SCRs
always controls the load current. It may be advantageous if you trace
around the circuit and familiarize yourself with the concept that SCR1 is
in series with CR4 and SCR2 is in series with CR3.

When terminal A of T! is positive, CR1, CR3 and SCR2 are forward hiased.
This also causes current to flow from terminal B of T1, through R2, CRl, Rl
and back to terminal A, No additional current flows at this time due to the
fact that SCR2 has not been gated or triggered. When the voltage drop
across R2 reaches the firing potential for SCR2, the SCR conducts and
current flows from terminal B through SCR2 to ground. The current path to
terminal A is thereby completed from ground on the bottom of RL through CR3.
This current path exists until the polarity of the voltage across the
secondary reverses. When terminal A is negative with respect to terminal B,
the action is similar. This secondary vcoltage polarity will forward bias
SCR1, CR4 and CR2. Trace the current paths for this alternation to be sure
you understand the SCR bridge power supply.
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The addition of filter components to any of the SCR power supply circuits
will provide a smooth. DC. output voltage, instead of the pulsating voltage
shown on many of the output waveforms. Circuit operation remains the
same.

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU ANSWER ALL
SELF-TEST ITEMS CORRECTLY, YOU MAY TAKE THE LESSON TEST. IF YOU INCORRECTLY
ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, THE CORRECT ANSWER PAGE
WILL REFER YOU TO THE APPROPRIATE PAGES, PARAGRAPHS, OR FRAME SO THAT YOU
CAN RESTUDY THE PARTS OF THIS LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU
FEEL THAT YOU RAVE FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT
AND USE ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF
APPLICABLE}, OR CONSULTATION WITH LEARNING CENTER INSTRUCTOR, UNTIL YOU CAN
ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY.
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PROGRESS CHECK
LESSON 3

SCR Power Supplies

TERMINAL OBJECTIVE(S):

30.3.50 When the student completes this lesson (s)he will be able to
: IDENTIFY the schematic diagrams, component functions, and operational
principles of SCR power supply circuits, including the relationship
between the conduction time of an SCR and the DC output voltage.
100N%. accuracy is required.

ENABL ING OBJECTIVES
_Whe - the student completes this Tesson, (s)he will be able to:

30.3.50.1 IDENTIFY the operating characterist1cs of a silicon controlled
rectifier {SCR), including the conditiors controlling the start,
duration , and stop time of SCR conduction, by selecting the
correct statement from a choice of four. 100% accuracy is
required.

30.3.50.2 IDENTIFY the advantages of SCR power supplies by selecting the
correct set of their characteristics from a choice of four. 100%
accuracy is required.

- 30.3.50.3 IDENTIFY the schematic diagrams of full-wave, half-wave and
bridge type SCR.power supplies by selecting the correct name or
diagram from a choice of four. 100% accuracy is required.

30.3.50.4 IDENTIFY the function of components and circuit operation {including
i their control of SCR conduction time) in full-wave, half-wave,
. . and bridge-typc SCR power supplies by selecting the correct
< statement from a choice of four. 100% accuracy is required. e

30.3.50.5 "IDENTIFY the relationship between SCR conduction time and the
amount of DC outjut voltage in full-wave, half-wave and bridge
type SCR power supplies by selecting the correct explanation from
. a Choice of four. 100% accuracy is required.

97 s
86
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PROGRESS CHECK
LESSOr 3

SCR Power Supplies

1. A primary advantage of the SCR bridge power supply is &t“

d. Uses a center tapped transformer
. b. "has low internal power losses
c. uses a large Toad resistor
d. may be connected to produce either a positive or negative output

STUDY THE WAVEFORM SHOWN BELOW IN ORDER TO ANSWER QUESTION 2

Assume the SCR is conducting. At what point {ﬁ the input signal waveform
does the SCR turn off? -

A forward biased SCR will conduct whenever an adequate

a, negative voltage is applied to the gate
b. negative voltage is applied to the cathode
c. positive voltage is applied to the gate
d. positive voltage is applied to the cathode
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4. A forward biased SCR continues to conduct ufitil

a. the gate signal is removed

b. a négative voItage is applied to the gate

C. the forward bias is removed or a reverse bias is applied
d. the gate voltage exceeds the SCRs forward bias

The gate of a silicon controlled rectifier has control only when the SCR is

a. reversed biased -and the gate voltage is positive.

b, forward biased and the gate voltage is negative.

€. reverse biagsed and the gate voltage is both pegative and greater than
the bias of the SCR.

d. forward biased and the gate volitage is positive.

STUDY THE WAVEFORMS SHOWN BELOW LN ORDER T ANSWER QUESTIONS 6 AND 7

INPUT SIGNAL ©V

TRIGGER .
ON THE GATE

The SCR conducts at time(s)

a. Tl.

b, T4 and 77
c. Té

d. T2 and T3

Once the SCR has been triggered it continues to conduct until time frame

a. T3

b, T4

c. ~T5

d . T6 w-. 9 “f
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REFER TO THE FIGURE SHOWN BELOW IN ORDER TO ANSWER QUESTIONS B\ﬁNn 9

—-—

ONF(\\ {\\

OUTPUT
INPUT

8. When the value of R2 is increased, the SCR will trigger

a, later ; N
b. sooner . : ”
v ¢ when reversed b1ased

a. can't tell based on information given

9, When the re51s,ance of R2 is decreased the average output of this
half-wave power supp1y

a, increases . | . \\\'

b. decreases
C.~ remains the same g
d.  cannot be determined based on the information given




Progress Check ‘ Thirty-3 -
REFER TO THE SCHEMATIC BELOW WHEN ANSWERING QUESTIONS 10 ANO 11

ouTP

4

,
¢

L=

A

Oecreasing the value of R2 and R3 results in in the average OC
voltage acroSs RL.

« @ decreaSe

. an increase

. no change

. none of the above

a
b
c
d

The amount of output vé]tage is determined hy

d. the conduction time of the SCP™
b. the input voltage
c. the different values of R2 and R3
d. ali of the above .
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REFER TO THE SCHEMAT;C SHOWN IN THE FIGURE BELON IN ORDER TO ANSWER QUESTION
12 -

INPUT i

12, In the SCR bridge power supply shown,the SCR(s) that will be "gated on"
with the polar1t1es shown is/are:

a. SCR1

b, SCR 2

c. botn SCR 1 and 2 .
d. none of the above

CHECK YOUR PESPONSES TO THIS PRNGRESS CHECK WITH THE ANSWER SHEET. 1IF you
ANSWER ALL SELF-TEST ITEMS CORRECTLY AND FEEL REAMY PROCEED TO THE LESSOM
TEST. 1IF YOU INCORRECTLY ANSWER ONLY A FEW OF T+ ROGRESS C1ECK QUESTIONS,
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPRUPRIAE PAGES, PARAGRAPHS,
OR FRAMES SO THAT YOU CAN RESTUDY THF. PARTS OF THIS. LESSON YOU QRE HAVING
DIFFICULTY WITH. TF YQU FEEL YOU HAVE FAILED TO UNDERSTAND ALL; 7R MOST,

> _ OF THE LESSOM, SELECT AND USE ANOTHER WRITTEM MEDIUM OF INSTRUCTIP‘ ' ..
AUDIO/YISUAL MATERIALS (IF APPLICABLE), OP CONSULTATION WITH LEﬁRNIhu '
CENTER INSTRUCTOR UNTIL YOU CAN ANSWER ALL SELF-TEST ITurS ON THE PROGRESS
CHECK CORRECTLY

e
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SUMMARY
LESSON 4

SCR Regulated Power Supplies

In lesson three of this module you learned about SCR Power Supply Circuits and
the advantages which these circuits provide over conventional diode power

supplies. This lesson covers circuits which have been designed to control the
output of SCR Power Supplies.

By using control circuitry, the amount of time the power supply SCRs

conduct can be regulated. Recall that the conduction time of the SCR '

determines the output v~Tltage of the power supply. The control circuit also

compensates for varial ons in input voltage and circuit load. The diagram

shown in Figure 1 indicates pictorially how the conduction time of the SCR
~is controlled and shows the effect of varying SCR trigger times.

N ‘= NORMAL

+

N
EARIY 8,
=1 !\
oV 1N

TRIGGER TIME —»
——p TO SCR GATES

B e e
MORE /LESS {+) ' GENERATOR

\ \

LESS R , LATER TRIGGER

Figure 1
v CONTROL CIRCUITS

Two stages are required in ordef to control conduction time. Stage 1 is
referred to as the control amplifier and stage 2 may be referred to as the

pulse generator. The output from the pulse generator .is supplied to the SCR
gates and determines when the SCR's will trigger or fire.
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The waveforms shown in the upper right hand corner of the figure il1lustrate
different turn-on times for the SCRs. The waveform at the extreme left (+)
indicates an early turn-on time, whereas the waveform on the right (+) shows
a delayed turn-on, or gating. The waveform designated with the "N" illus-
trates the usual, or "normai"” turn on time. The H9 and (+)} signs denote
the error voltage level that produces the particular early or late trigger.
A less positive error voltage is denoted by (+), while a more positive error
voltage is denoted as ).

The pulse generator triggers, or gates, the SCRs on early, whenever there is
an increase in load current or decrease in input voltage. It triggers the
SCRs later to compensate for a decrease in load current or increase in input
voltage. Make sure you understand this concept before proceeding further
with this lesson. The schematic in Figure 2 shows the control circuit
required for a typical SCR regulated power supply.

+VcCc

GATE
TRIGGER

Figure 2

CONTROL CIRCUIT

‘The control amplifier is made up of Ql, current limiting resistor Rl, and
collector load resistor R2. The pulse generator trigger frequency is
determined by the charging time of Cl. R2 and the variablc resistance of
Ql, together with L1 determine C1's charging time. ’ '

The size of the error voltage determines the forward bias of Q1 and this
results’ in either an increase Or decrease in the transistor's internal
resistance. ~ This change in Ql's resistance influences the time ‘it takes
€1 to charge. This is 'a basic concept essential to understanding the
operation of the control circuit.

Again refer t0 the schematic shown in Figure 2 and the components which make .
up the pulse generator circuit. This circuit is made up of unijunction
transistor Q2, Cl1, R2, R3, and R4, If you do not recall how WT's oscillate
to produce trigger output pulses, refer to Lesson 2 of Module 25. 4
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The schematic shown in Figure 3 is for the pulse generator circuit. .
Before the UJT can trigger or fire the SCR, the UJT's emitter-base 1 forward\
bias must be adequate to trigger or fire the UJT. The UWT emitter-base 1
forward bias is dependent on the charging time of C1. When the capacitor
charges quicker, the UJT fires sooner and the conduction time of the SCRs
increase, thus increasing the output vol*age. Delayed charging of Cl causes

the UJT to fire later with a corresponding decrease in conduction time and
output voltage.

f

Ec

uJT
TRIGGER
LEVEL

-
AAA

- -

pl N

OUTPUT

N

4
=
wt
o
1 04
-t
I
o

A

'd

?

COMMON

_ Figure 3
PULSE GENERATOR CIRCUIT

In addition to the basic circuit, Ci's charging action is shown in the upper
left hand corner of the figure.

During time cycle TO through T1, Cl1 char¢es toward the UJT trigger level
potential through R2, Because the UJT hi: not yet triggered the SCR, there
is no output at this time. . When the voltage across Cl reaches the trigger
Tevel of the UJT, the UJT fires. 1In other words,. when the emitter-base 1
junction of the UJT becomes forward biased, the UJT conducts. This alTows

Cl to discharge rapidly through R4, The discharge current through R4
produces the output pulse. .

" 95
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e

After the capacitor discharges the emitter-base 1 junction of the UJT again
becomes reverse biased and current no longer flows. Cl now charges again

~and the cycle repeats. You should now understand the effect of charqtng and
discharging Cl on the pulse generator circuit.

Q1 is the variable component which influences the charging rate of Cl. It
operates somewhat like a variable resistor to modify Cl's charging times.

The schematic shown in Figure 4 depicts the transistor as a variable
resistor RQl. Recall that the resistance of a transistor changes depending
on its base-emitter forward bias. If you are unable to recall this relation-
ship refer to Lesson 2 of this module or Module 21.

(AW
ECI\ “0%“%0\\
o e

UIT —>
TRIGGER
LEVEL gy

\

/

time

—

{

-~ gmaP»r - — 7

“
I
N
0
R
M
A
L

o
L=

rrpIo0Z-ro>

COMMON
Figure 4
PULSE GENERATOR CIRCUIT

The waveforms shown on the right side of the figure indicate the pu]selor
trigger time of the WIT for normal operation and trigger time when the input
voltage of the power supply is increased.. The waveforms on the laft side

of the schematic indicate when C1 forward biases Q2 and causes the W7 tn
trigger or pulse the SCR.

.Any increase in the input voltage increases the forward bias of Q1, thereby

decreasing its resistance. This causes Cl to reach maximum charge Tater and
causes the UJT to trigger the SCRs later. Study the schematic and waveforms
and make sure you understand how changes in circuit load current effect the
triggering or firirg time of the WT.

96
141
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Up to this point the explanation has concentrated on the contrcl and trigger-
ing circuits of the regulating device. A schematic for a typical SCR power
supply together with control circuitry is shown on the foldout appendad to
the end of this lesson. This diagram is the schematic for the NIDA SCR
requlated power supply whick you will use as part of the job program for
this lesson. Refer to this schematic for the remainder of the lesson.
Notice that the rectifier and filter circuit is designated with heavy lines
and the control circuitry is shown with 1ight lines. Notice that two bridge
rectifiers are shown. The main bridge rectifier consists of SCRs Q3 and Q4
and diodes CR5 and CR6. The other bridge circuit is made up of CR3, CR4,
CR5 and CR6. This voltage is regulated by the Zener diode CR1l and Rl. The
output of this bridge circuit is used to provide a positive regulated

voltage to Q1 and Q2 in the control circuit, and thus improve the total
circuit reguiating action.

As you study the schematic rotice that CR5 and CR6 are ysed in both of the

bridge circuits. Since these diodes are used in both circuits they conduct
more current than CR3 and CR4,
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The waveforms shown in figure 5 are included to help you understand the
“"operation of the power supply.

+

CweuT oy A= —

(TERMINAL 4 WITH RESPECT
T0 TERNINAL 3)
- |

|

|

. ]
TRIGGER PULSES OV —:-—|\
(BASE 1 OF 02) |

-

L
..-.
.
o
e
....

Q4 CURRENT 0A

X
]
03 CURRENT oA i
|
I
I
1
|
!

.
[
CURRENT TO FAILTER 0A =

Figure 5.
NORMAL OPERATING WAVEFORMS
The solid waveforms show a normal input and ‘output for the power supply.

The broken 1ines illustrate how the triggering time and output change when
the Toad current is increased or the input voltace decreases.




Suinmary Thirty-4

The waveforms shown in Figure 6 show what happens when the fnput vo]tage
increases or the load current decreases.

-

INPUT OV —

( TERMINAL 4 WITH RESPECT
T0 TERMINAL 3)

TRIGGER PULSES OV
(BASE 1 OF Q2)

Q3 CURRENT 04

CURRENT TO FILTER 0A )
| Figure 6

Q4 CURRENT 04

WAVEFORMS FOR INCREASED VOLTAGE -OR REEUCED LOAD

Study these waveforms ard those shown in Figure 5 in conjunction with the
NIDA SCR schematic and try to visualize how the various components compensate

. for changés in load and/or input. This should give you a good understanding
of how SCR requlated power sunplies operate.

If you have difficulty understanding the material in this summary read and
study either the narrative or programmed instructionsfor this Tesson. This
- summary only covers the major concepts of circuit operation. :

AT TEIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU ANSWER ALL
SELF-TEST ITEMS CORRECTLY, PROCEED TO THE JOB PROGRAM. IF YOU INCHRRECTLY
ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, THE CORRECT. ANSWER PAGE
WILL PEFER YOU TO THE APPROPRIATE PAGES, PARAGRAPHS OR FRAMES SO THAT YOU
CAN RESTUDY THE PARTS OF THIS LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU
FEEL THAT YOU ‘HAVE FAILED TO UNDERSTAND ALL, CR MOST, OF THE LESSON, SELECT
AND USE ANOTHER WRITTEN MEDIUM OF INSTRUCTION AUDIU/VISUAL MATERIALS (IF

. APPLICABLE), OR CONSULTATION wiTH LEARNING CENTER INSTRUCTOR, UNTIL YOU CAN
ANSKER ALL SELF- TEST ITEMS ON THE PROGRESS CRECK CORRECTLY.

L
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FROGRESS CHECK
LESSON 4

SCR Redqulated Power Sviplies

The learning objectives of this lesson are:

TERMI NAL OBJEgTIVE(S):

30.4.51

When the student complete this Yesson (s)he will be able to
TROUBLESHOOT and IDENTIFY faulty components and/or circuit
malfunctions .in a regulated SCR power supply circuit when given
a prefaulted circuit board, schematic diagram, instructions and
necessary test equipment. 100% accuracy is required.

L. #
ENABLING OBJECTIVES:

Hheq

30.6.51.1
30.4.51.2
30.4.51.3
30.4.51.4

- 30.4.51.5

‘ .'

the student completes this Yesson, (;)he will be able to:

IDENTIFY the function -and basic principles of operation of the
control circuit- in an SCR requlated power supply, by selecting
the correct statement frem a choice of four. 100% accuracy is
required.

IDENTIFY the function and operating characteristics of the
control amplifier and pulse generator stages of an SCR regulated
power supply control circuit by selecting the correct statement
-from a choice of four. ~100% "accuracy is required.

IDENTIFY the components that make up each of the two stages of .

an SCR regulated ‘power supply control circuit, given a schematic
diagram of the circuit, by selecting the correct list of components
from a choice of four. 1002 accuracy is required.

IDENTIFY the function of components and circuit operation of a
two~-stage SCR regulated power supply control circuit by selecting
the correct statement from a choice of four. 1C0% accuracy is -
required.

IDENTIFY the components which make up the individual circuits
within a complete SCR regulated power supply, 9iven a schematic
diagram, by selecting the correct list of components from a
choice of four - 100% accuracy is required.
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PROGRESS CHECK
LESSON 4

SCR Regulated Power Supplies
e

e

The output voltage of an SCR regulated power supply may be
increased by

applying a negative voltage to the SCR gates
increasing the load current

increasing the conduction time of the SCRs'
delaying the pulse time of the UJT

REFER TO THE SCHEMATIC BELOW WHEN ANSWERING QUESTIONS 2, 3 and a.

GATE
© TRIGGER

COMMON

™3

The varfable component which effects the time it takes
capacitor Cl to charge is

a.
b.

LT3

Co
d.
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3. A more positive error voltage causes capacitor Cl to charge
faster/slower and the WT to fire the SCRs
sooner/later . =

a. faster, sooner
b. slower, later
c. faster, later
d. slower, sooner

After Cl1 discharges, the emitteé-base 1 junction of_fhe UaT
becomes forward/reverse oiased and begins/stops
: conducting. . ;

a. reverse, beqgins
b. forward, beqins
c. reverse, stops
d. forward, stops

REFER TO THE FDLDOUT SCHEMATIC FOR THE NIDA SCR POWER SUPPLY NHEN
ANSWERING QUESTIONS 5 THROUGH 10.

5. Moving the w1per arm of R17 in a CCW directicn

a. increases the power 5upp1y output
b. decreases the power supply output
c. increases the voltage across RO
d. decreases the forward bias of QI ‘
-8
The conduction time of Q3 and Q4 depends on the time of the
pulse, .or triggering, action of.

a. Q1
b, Q2
c. CR1
d. CR2

An increase in the voltage drop across PS5
has no effect on the charging time of Cl
increases C1's charging. time

decreases C1's charging time
causes the UJT to fire quicker

&
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- 8. 63 is used to

a. fiiter out RF from the power supply
b, provide a constant load resistance for the power supply
c. filter the power supply output
d. none of the above

v

A momentary decrease in the voltage at TP3 ,will

have no effect on the UJT triggering time
cause the UWT to trigger later
cause the UJT to trigger sooner
cause an overload in the control circuit

10.. The UWT triggers SCRs Q3 and Q4 Tater to compensate for a/an

a. increase in load current and an increase in input voltage
b. decrease in load current and a decrease in input voltage
t. increase in load current and a decrease in input voltage
d. decrease in 10ad current and an increase in input voltage

CHE CK YOURIRESPONSES TO THIS PROGRESS CHECK WITH THE ANSWER SHEET. '
IF YOU ANSWERED ALL SELF-TEST ITEMS CORRECTLY, PROCEED TO ThE JOB PROGRAM.

~ IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, THE

"~ CORRECT ANSWER PAGE WILL REFER-YOU TO THE APPROPRIATE PAGES, PARAGRAPHS, OR
FRAMES SO THAT YOU CAN RESTUDY THE PARTS OF THIS LESSON YOU ARE HAVING
DIFFICULTY WITH. IF YOU FEEL YOU HAVE FAILED .TO UNDERSTAND ALL, OR MOST, OF
THE LESSON, SELECT AND USE ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL
MATERIALS (IF APPLICABLE), OR CONSULATION WITH LEARNING CENTER INSTRUCTOR,
UNTIL YOU CAN A, SWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY.
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JOB PROGRAM
FOR
LESSON 4

SCR Requlated Power Supplies

INTRODUCTION

This Job Program will demonstrate SCR Regulated Power Supplies and their
operation. 1t is designed to permft you to prove to yourself the principles
- you studied on SCR Regulated Power Supplies. Since the input voltage cannot .
be varied because this voltage is applied to the equipment from a receptacle,
the Job Program will be oriented toward changes in Toad and output voltage.

TERMNAL OBJECTIVE(S):

30.4.51 . When the student completes this Tesson (s)he will be able to
' 'TROUBLESHOOT and IDENTIFY faulty components and/or circuit
mal functions in a regulated SCR power supply circuit when given
a prefaulted circuit board, schematic diagram, instructions,
and necessary test equipment. 100% accuracy is required,

ENABLING OBJECTIVE(S):

When the student completes this lesson, "(s)he will be able to

30.4, 51.7 MEASURE, CALCULATE and COMPARE output voltages, waveforms, and
SCR conduction times in an SCR regulated power supply given a
training device, circuit boards, test equipment, and proper
tools, schematic diagram, and a job program containing references
for comparison. Recorded data must be within 1imits stated on
the job program, '

SAFETY. PRECAUTIONS -

Observe all standard safety precautions. Beware of all open and bare connec-
tions; an energized circuit may have dangerous voltages present. When using
_the oscilloscope probes to view and measure waveforms, take care not to0 short
the tip of the probes to other connections. Do not permit the front panel
ammeter to exceed 1 ampere since the protective fuse is rated at 1 ampere.

EQUIPMENT AND MATERIALS Note:Refer to NIDA 201-6 Schematic Diagram
. (Foldout) Pg. 321 .

. NIDA 201 Power Supply _
NIDA 2016 Printed Circuit Board -
NIDA 201L Load Box
Oscilloscope
10X Probes {2)

Double Banana Plug Cable
NIDA 201-6 Schematic Diagram
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PROCEDURES ' K

1. Energize and set up the oscilloscope for dual trace operation. (Allow
sufficient time for the osc11loscope to warm up).

2. Connect the 10X probes to the two vert1ca] channels on the oscilloscope.
Select the "1ine" position of the trigger source switch.

Connect the NIDA '201L load box to the power supply using the double

banana plug cable. Be sure to observe proper polarity when connecting
the Toad box to the power supply.

Remove the top cover from the NIDA 201 power supply and insert PCB
201~6 SCR Regulator,

Rotate the variable load control on the NIDA 201 load box to "min",
Set the load selector switch to “var load”.

Turn all controls on the front panel of the NIDA 201 power supply
fully CCH,

NOTE: The coarse voltage control and the current control on the NIDA 201
power supply are pot used in this Job Program.

7. Plug in and energize-the NIDA 271 power supply. -

8. Using the fine voltage control! and the front panel voltmeter, determine
the minimum and maximum voltages available from this power supply.

vDC (min) _ vDC {max)

Rotate the fine ﬁo]tage control CCW until 15 VDC is indicated on the
front panel voltmeter.

Rotate the variable load control on the NIDA 201L load box for an
indication of 0.6A on the front panel ammeter. This will be the
refe-ence voltage and current for the remainder of this Job Program.

Connect a 10X probe to the junction of R2 and RQE;

a. What is the purpose of this waveform?

Y
b. Calculate the amplitude of this waveform. » yolts,

Connect the remaining 10X probe to Pin #4 of the PCB which corresponds
to the anode of Q3. Observe and draw both waveforms on the graticule
in F1gure 1. The step at the trailing edge is the firing point of the
SCR's.

1in
105 J
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13. The portion of the waveform following the firing point 1s the conduction
time of the SCR in relation to the input waveform.
a. What is the peak amplitude of the voltage at pin #47 volts.,

b. What is the peak amplitude of the voltage at pin #4 after the SCR
conducts? volts

¢. Calculate the time that the SCR conducts.

Set the 1oad control on the NiDA 201L- 1oad box for an indication of
0.9A on the front panel ammeter,

a. What has happened to the voltmeter indication?
increased/decreased/remained the same

b, Is the output voltage being regulated as the load is varied?

C, Ca]culaté the time that the SCR conducts. .

Set the load control on the NIDA 201L load box for an indication of
0.3A on the front panel ammeter.

a. What has happened to the voltmeter indication?
increased/decreased/remained the same

b. 1Is the output voltage still being regulated as the load is varied?

c. Calculate the time that the SCR conducts. .

16. Set the 1pad control on the NIDA 20iL for an indication of 0.9A on the
front panel ammeter,

[

17. Slowly rotate the load control CCW while observlng the waveform on the
-0scilloscope.

a. What is happening to the conduction time of the SCR?

b. What is happening to the amplitude of the waveform?

c., Is tﬁe SCR firing earlier or later in the waveform?

: This should be sufficient for you to see that the greater the load
current the longer the SCR will conduct. Since the output voltage
was held constant and the current changed, then the power out will
change. =t x I,
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The reason that the DC (direct coupled) amplifier Q1 and the UJT

were not covered previously in the Job Program was because the momentary
change in output voltage due to Toad changes cannot be detected with

the test equipment. The following procedure will manually change the
output regulated voltage to allow observation of the DC amplifier and
WT circuit operation.

Set the fine voltage control to indicate 15 VDC. Set the load control
on the NIDA 201L load box to indicate 0.6A on the front panel ammeter.

Measure and ca]culate the DC voltage on the collector of control amplifier
Q1 and the time duration of the conduction of Q3.

VyDC.
Set the fine voltage control on the front panel fully CCW.

Measure and calculate the BC voltage on the collector of control amplifier
Q1 and the time duration of the conduction of Q2.

VDC.
Set the fine voltage control on the front panel fully CW.

Measure and calculate the DC voltage on the collecfor of control amplifier
Q1 and the time duration of the conduction of Q3.

vDC.

Connect the oscilloscope probe of channel #1 to the junction of R2 and R3
and the oscilloscope probe of channel #2 to pin #4 of the PCB,

Slowly rotate the fine voltage control on the front panel CCW, while
observing the waveforms on the oscilloscope.

a. What is happening to the conduction time of Q37

b. Is Q3 conducting earlier or later on th€ input waveform?

c. What is happening to the power out?

d. What is happening to the amplitude of the gating pulse?

26, Set.the 10ad selector switch on the NIDA 201L load box to lamps. Set
all three toggle switches to the up position. ‘

27. Slowly‘rotate the fine voltage control on the front panel of the power
supply CW while observing the lamps.  You can see that the SCR's are
acting like a light dimmer switch installed in many homes.

a. What is happening to the conduction time of the SCR's?
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-

b. Are the SCR's conducting earlier or later on the input waveform?
28, Set the fine voltage control on the NIDA Power Supply to mid-range.
29, Set the loud box selector switch to "var. Ioaq“

30. Set the Toud control on the NIDA 201L Loud Box to mid—rangé

o -

31. Measure the DC voltages at the following test points and compare your
- results with references on pg. 315. Explain any differences.

Anode Q3
TP 1

L4 Qi
TP 2

~

TP 3
TP 4

Pin 22

RN

Pin 20
Pin 1

You hgve now completed the Job Program for SCR Regulated Power Supplies.

You should have noticed that by changing the load or changing the output
voltige you can change the conduction time of the SCR's thereby changing the
powef out. SCR Q4 operates exactly the same as SCR Q3 which is why it was not
discussed in the Job Program. -

CHECK YOUR RESPONSES  TO THIS JOB PROGRAM WITH THE ANSWER SHEET. IF YQUR
RESPONSES AGREE WITH THE ANSWER SHEET, YOU MAY TAKE THE LESSON TEST.. IF

YOUR RESPONSES DO NOT AGREE OR IF YOU FEEL YOU HAVE FAILED TO UNDERSTAND

ALL, OR MOST OF THIS JOB PROGRAM, REVIEW THE PROCEDURES OF THIS JOB PROGRAM,
ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS OR CONSULTATION
WITH LEARNING CENTER INSTRUCTOR UNTIL YOUR RESPONSES DO AGREE.

L1
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FAULT ANALYSIS

( PAPER_TROUBLESHOOTING)

FOR
" MODULE 30, LESSON &

NOW THAT YOU HAVE COMPLETED THE KNOWLEDGE SECTION OF THIS LESSON, YOU ARE
READY FOR PAPER TROUBLESHOOTING,

THE COMPUTER WILL ASSIGN YOU ASET OF PAPER TROUBLESHOOTING PROBLEMS ON
THE SCR REGULATOR. THESE PROBLEMS WILL HELP YOU DEVELOP THE MENTAL SKILLS
REQUIRED IN ACTUAL TROUBLESHOOTING. YOU WILL BE GIVEN SYMPTOMS OF A
FAILURE AND CIRCUIT MEASUREMENTS THAT WILL ALLOW YOU TO IDENTIFY THE

AFTER YOU COMPLETE THE PAPER TROUBLESHOOTING SECTION, THE COMPUTER WILL
ASSIGN YOU A PRACTICE TROUBLESHOOTING PROBLEM ON A FAULTY PRINTED CIRCUIT
BOARD. :

REMEMBER THAT REFERENCE vOLTAGES. NAVEFORMB, AND A SCH%MATIC ARE CONTAINED

IN THIS STUDENT GUIDE FOR YOUR USE IN BOTH PAPER AND ACTUAL TROUBLESHOOTING
PROBLEMS, - -

TERMINAL OBJECTIVE:

30.4,51 TROUBLESHOOT and IDENTIFY faulty components and/or circuit
, malfunctions in a regulated SCR power supply circuit when
given a training device, prefaultgd circuit board, neces-
sary test equipment, schematic dfagram and instructions.

'ENABLING OBJECTIVE:

30.3.50 IDENTIFY the schematic -dfagrams, component functions, and
- operational principles of SCR power supply circuits, in-
cluding the relationship between the conduction time of an
SCR and the DC output voltage, by selecting statements
from a choice of four,

11,—5 s




OVERALL PERFORMAﬂCE TEST INSTRUCTIONS Thirty-4

FOR
TROUBLESHOOTING PERFORMANCE TEST

INTRODUCT1ON:

Using the following six step troubleshooting procedure will aid you in -
determining which component is faulty. In the split method of troubleshooting,
the top of R7 which corresponds to base 1 of the UJT, has been selected as

.. the starting point for dividing the circuit in half. Based on your interpret-
ation of the scope presentation at this point, you can determine which
direction you should go.

'EQUIPMENT:

1. N1DA 201 Power Supply
. NIDA 201L Load Box
. NIDA 201-6 Printed Circuit Board
. Oscilloscope
. 10 X 1 Oscilloscope Probes {2)
« Simpson 260 Mult imeter
1 Pair of Multimeter Test Leads

INSTRUCTIONS ¢

1, Each student is required to determine the defective component in a
prefaulted SCR Regulatecd Power Supply. You will be allowed 45 minutes
of troubleshooting time on the equipment. -

Standard test equipment will be available to you in the form of an
oscilloscope, and a Simpson 260 multimeter. You will be expected to
observe all safety precautions throughout the test, A safety violation
will result in an automatic failure of the performance test. In that
event you will be counselled and given remedial training. ¢

You will take a numbered position in the test room. After a briefing by ..
the Learning Center Instructor you will fill out the heading of the
troubleshooting form. On a’'signal from the Learning Center Instrtuctor

you will then start the test, If at any time during the test you should
require assistance raise your hand. DO NOT LEAVE YOUR POSITION. A
Learning Center Instructor will assist you with your trouble. .

You must identify the faulty component to pass this test.
if you do not understand these instructions raise your hand and ask your
Learning Center Instructor, If you do understand these instructions and

upon a signal from your Learning Center Instructor you may now beg1r the
performance test on the next page.
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SIX STEP TROUBLESHOOTING PROCEDURES Thirty-4
FOR

TROUBLESHOOTING PERFORMANCE TEST

DIRECTIONS: DO NOT WRITE IN THE PERFORMANCE TEST BOOKLET. MAKE ALL YOUR -
RESPONSES ON THE SIX STEP TROUBLESHOOTING SHEET SUPPLIED WITH THIS TEST
PACKET. THIS PERFORMANCE TEST BOOKLET IS OESIGNED TO AID YOU IN COMPLETING
THE STANDARD SIX STEP TROUBLESHOOTING FORM. COMPLETE THE STEPS USING YOUR
"KNOWLEDGE AND SKILL OF THIS CIRCUIT. SUGGESTIONS FOR COMPLETING THE STTPS

ARE PROVIDED IN THIS BOUKLET. CONTACT YOUR LEARNING CENTER INSTRUCTOR If
YOU HAVE ANY QUESTIONS.

SET THE FINE VOLTAGE CONTROL ON THE NIDA 201 POWER SUPPLY TO MIDRANGE. SET
THE LOAD CONTROL ON THE NIDA 20iL LOAD ROX TO MIDRANGE. INSERT THE PREFAULTED
PRINTED CIRCUIT BOARD OF THE SCR REGULATED POWER SUPPLY PCB201-6 AND ENERG!ZE

THZ EQUIPMENT. THE NORMAL READING ON THE FRONT PANEL METERS FOR THE ABOVE
SETTINGS IS 9.2 WDC, 0.2A APPROXIMATELY.

STEP ONE ~ SYMPTOM RECOGNITION

1. Does the equipment energize?

STEP TWO - SYMPTOM ELABORATION -
1. What do the front panel meters indicate?

2. Normal
b. High
c. Low
d Zero

+ )

STEP THBEE -~ LIST THE PROBABLE FAULTY FUNCTION(S)
1. There are four functions to this circuit.

a. SCR Power Supply

b. Control Amplifier Q1
¢. Pulse Generator Q2

d Voltage Reguiator CR1

 STEP FOUR - LOCALIZE THE FAULTY FUNCTION

1. Verify the probable faulty function by using your test equipment.
2. List the test points where voltages/waveforms were obtained, '

3. Reference voltages and waveforms are listed in voltage/waveform
charts,

4, Which function listed in step three above is the faulty function?
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Thirty-4

4

TROUBLESHOOTING PERFORMANCE TEST

STEP FIVE - LOCALIZE THE FAULTY CIRCUIT/COMPONENT . =

I. List the test points where actual voltages/waveforms were taken.
2. What circuit/component in the faulty function 1isted in step four
is faulty?

3. IFf you have determined the fau]ty circuit but not the faulty component
"proceed to step Six.

STEP SIX - FAILURE ANALYSIS

I. Secure the power and using the Simpson 260 take resistance checks.

.Check front to back ratfos in transistors and diodes.
Take continuity checks on printed circuit board foil.
LCapacitors can be shorted or open.

Resistors can be open.

Explain in your own words why the-component listed in steps
five or six above would cause the symptoms listed in steps one
and two of the six step troubleshooting procedures? Write
your answer in the space provided below.

NOTE: 1IN STEPS 4,5, AND 6, LIST THE REFERENCE (WAVEFORM, VOLTAGE, RESTSTANCE)
FOR EACH MEASUREMENT ON THE SIX STEP TROUBLESHOOTING SHEET.

TAKE YOUR SIX STEP TROUBLESHOOTING SHEET TO YOUR LEARNING CENTER INSTRUCTOR
FOR VERIFICATION AND EVALUATION.




: ) - Thirty-4
TROUBLESHOOTING VOLTAGE/WAVEFORM CHART 1
FOR
SCR REGULATED POWER SUPPLY

These voltages/waveforms were measured in a prgperly operating SCR
Regulated Power Supply. The voltages on the waveforms were
calculated from an oscilloscope display. The DC voltages on the
voltage chart were taken with a Simpson 260 multimeter. The front
panel settings were load_control -at midrange and the fine voltage
control at midrange.

L

EST POINT WAVEFORMS 0C_VOLTAGE

| i

Anode Q3 27.3 VOC

10.6 yDC

9.2 VOC

. 15.3 VDC

10,2 VvDC

Pin#22

Pin #20 (_g___________:____:ﬂ.g\l 76VDC

Pin'#lg | - f"::-'::ozﬁv T6VDC

L]




- SCHEMATIC DIAGRAM

SCR REGULATED PONER SUPPLY

PC 201-6

P.P. 115, 116




Thirty One-1

SUMMARY
LESSON 1

RF, IF,'and Video Ampiifier Characteristics

RF, IF, and video amplifiers are important in communication and radar electronic
equipment. Two major categories of information in a basic transmit-receive
system are audio signals (20 Hz to 20,000 Hz) and video signals (0 Hz to 6

MHz). Amplifiers you have studied were in the audio frequency response range
and were ‘designed to amplify about equally well any signal within that range.

This Tesson describes some 1mportant operating characteristics of amplifiers.
Recall that frequency response is expressed as two numbers, the upper Fco
_(cut-of f frequency) and Tower Fco, while bandwidth is expresced as the differ-
ence between them., The amplitude of an output signal has "its maximum (100%)
ain at the center, or résonant frequency (Fo). The upper and Tower Fcos, or
alf-power points, define the two frequenc1es at which the output vo]tage
amp11tudes are reduced to 70.7% of the maximum gain.

These amp11f1er characteristics can be presented in a freqQuency reSponse curve
.as shown. in Figure 1. -

Feo LOWER

v

]

1

- ]
T0.7v

OUTPUT

¥ OLTAGE AMEBLIFIER QUTPWT

2 V-

v

oV

Fo ) iy )
OMHE TMHE 2ZMHE 3MHT  aMAz GMHI OMHT  TMMI

.fT“*“f

. -_.2_

FREQUENCY w——ie-

Figure 1
FREQUENCY RESPONSE CURVE
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Summary'. . ‘ . ' , Thifty One-~1

In this example, the voltage output at Fo equals .1 volt input X gain of 10,
or 1 volt. Therefore voltage output at the half-power points equals .707
volts., The frequency response is 3 Miz to 4 MHz and the bandwidth 1 MHz,
Stygnal amplification outside of the froquency response is nomally concidered
as an unusable ocutput.

RF amplifiers have about any frequency response characteristic and bandwidth
within the frequency range 30 kHz to 300 GHz {G is giga and means 10°}. They
are either untuned producing a broad bandwidth, or variably tuned producing a
narrow bandwidth over chosen center frequencies. The amplifier’s selectivity
separates and amplifies a chosen signal and excludes most others.

If amplifiers are basically fixed-tuned RF amplifiers with a relatively narrow
bandwidth. The frequency range is similar to RF amplifiers. Video amplifiers
are untuned with a frequency response from about O Hz to near 6 MHz and are
useful in amplifying square or sawtooth waves. '

In electronics, a measurement unit called the decibel (dB) is used to simplify
solving such problems as combining amplifier gains (i.e., the ratio of output
over input}. Voltage and power gains can be converted to equivalent decibel
values by the use of charts and/or graphs as shown in Figure 2.

¥ L

.‘>

1.000.000

Vol A KRN N
HA Lo [ AT EL wa

o 100,000},
112 o
1 2
I T
19
25
o
4 4
:, ny
IR
T

* |
10,000

1

2163
100

31622
e
19, 1100
[TNT
I DAn_ 9N
$2 000 oy
184D ri
e 00Dy
1) 906, 000

ECIPELS

Figure 2
DECIBEL CHART/GRAPH

Inspection of Figure égshows that voltage and power ratios convert to different
decibel vatues. ’ .
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A typical problem which involves comblnlhg decibels is- to find the total
circuit voitage gain of several amplifiers connected in serles, or “cascade",
as shown in Figure 3,

’ :k VOLTAGE ' TOTAL OUZP:JT
'NPUT> ™ Gamn =10 GAIN= 2 ) Yf'é";;‘GE AN
' TOTAL dB GAIN
' =26 dB

10 {(VOLTAGE GAIN} X 2 (VOLTAGE GAIN) = 20 (VOLTAGE GAIN)
20 d8 (VOLTAGE GAIN) + 6 d& (VOLTAGE GAIN) = 26 dB (VOLTAGE GAIN)

Figure 3
CASCADED VOLTAGE AMPLIF‘IERS--VOLTAGE AND RECIREL GAIN

In the. examp]e the total circuit voltage galn equals the product of the
individual amplifier voltage #ains or 20 as shown. If the individual amplifiecr
voltage gains are first converted to their decibel values, the total circuit
voltage gain equals the sum of the individual amplifier dR gains. The
jdentical procedure of converting gains to decibels and summing decibels can

be used to find total circuit output power gain.

Another common decibel application is to find an amphﬁer voltage or power
output s1gna'l given the input s1gna'l and decibel gain. A diagram of a simple
problem is shown in Flgure 4, :

INPUT >——+-“;d'a - QUTPUT =7 VOLTS
1 MILLIVOLT ’ g

a1

"Figure 4 —

NOLTAGE OQUTPUT VS INPUT USING DECIBLES
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LS
L

In this example, the dB gain is converted back to a voltage Gain of 100. The
product of 100 X 1. millivolt input equals the output, or 100 millivolts. The
same procedure is followed to find an amplifier output signal, given the input
signal and decibel power gain.

AT THIS POINT~¥OU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU ANSWER ALL
SELF-TEST ITEMS CORRECTLY, THEM YOU MAY TAKE JHE LESSON TEST. IF YOU INCORRECTLY .
ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, THE CORRECT ANSWER PAGE |
WILL REFER YOU TO THE APPROPRIATE PAGES, PARAGRAPHS, OR FRAMES SO THAT YOU
CAN RESTUDY THE PARTS OF THIS LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU
FEEL THAT YOU HAVE FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT
AND USE ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF
APPLICABLE), OR CONSULTATION WITH LEARNING CENTER INSTRUCTOR UNTIL YOU CAN
ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY.
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PROGRESS CHECK
LESSON 1

*RF, IF and Video Amplifier Characteristics

TERMINAL OBJECTIVE(S):

31.1.52

When the student completes this lesson, (s)he will be able to:

_IDENTIFY basic operating characteristics of RF, IF, and video

amplifiers to include selecting definitions of terms, determining
amplifier frequency response curve values, and determining
amplifier voltage and power decibel. 0ain, by selecting valyes or
statements from a choice of four. 100% accuracy. is required.

ENABLING OBJOECTIVE(S):

when the student completes this lesson (s)he will be able to:

31.1.52.1

t

31.1.52.2

31.1.52.3.

31.1.52.4
31.1.52.5

31.1.52.6

DEFINE the general characteristics of an amplifier, to include
center frequency (fo), cutoff frequency (fco), frequency response,
and bandwidth, which are shown in a frequency response curve, by
selecting. the correct deflnltlon from a choice of four. 100%
accuracy is requ1red.

DETERMINE_the frequency response characteristics of an amplifier,
given its frequency response curve, by selecting the correct
statement from a choice of four. 100% accuracy is required.

DEFINE the term “selectivity" as it applies to RF, IF, and video

anplifiers by selecting the correct definition from a choice of
four. 100% accuracy is required.

IDENTIFY the general operating characteristics of RF, IF, and
video ampliflers, including frequency range, selectivity, and
tuning, by selecting the correct statement from a choice of
four. 100% accuracy is required.

CONVERT given amplifier voltage and power gain ratios to dec[ibe'ls
(dB), and vice versa, given a decibel conversion chartf/graph, by
selecting the correct value(s) from a set of four choices. 100% -
accuracy is required.

DETERMINE total gain and output levels (in terms of voltage,
power, or decibels) for a given single or cascaded amplifier
circuit when provided a decibel conversion chart/graph and input
data, by selecting the correct value(s) from a set of four
choices. 100% accuracy is required.
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PROGRESS CHECK
LESSON 1

RF, IF and Video Amptifier Characteristics

1. Video siynals are associated with information and audio signals
with information.

a. sound, picture

b, visual, sound

c. amplifier, bandwidth
d. traininy, fixed

2. The difference between the upper and lower Fco's in an amplifier is called
the :

a. frequency response
b, half-power point
c. bandwidth

d. aunplitude

A 3. The gain of an auplifier's output signal is maximum at the
a. upper Fco
b. lower Fco
c. Fo
d. bandwidth

4, An awplifier has a waximum output of 3 volts for a given input éigna].
what is the output at the half-power points?

a. Il.b volts

b. 2.1 volts .

c. 3.0 volts ' -
d. 4.2 volts

5. Which type of amplifier.is tuned to a specific fixed frequency?

3. IF
b. RF
c. Video
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Proyress Check ’ " . Thirty One-1
STUDY THE FREQUENCY RESPONSE CURVE BELOW AND ANSWER QUESTIONS 6 THRU 8.

2.0V =
1.8V=
1.6V
1.4V
1.2V
1.0v4

BV—
BV=

4V

.2V

S Gy R A N W S

i W Sk eSS NS P Y

ov — r — ' +

OMHZ 1.1MHz 1.2MHz 1.3MHZ 1.4MHz 1.5MHZz 1.6MHz 1.7MHZz

What is the bandwidth?

a. 1.4 MHz
b. -1.35 MHz
c. 1 MHz

d. .l MHz

What is the approximate outpui voltage at the upper Fco?

a. 2.0 volts

b. 1.4 volts
(N v 1-0 volt
" d. .6 volt

A 2.0 volt output is obtained at the

a. center frequency
b. upper Fco :
c. lower Fco

d. half~power points
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QUESTIUNS 9 THRUUGH 12 MAY REQUIRE YOU TO USE THE dB CHART ‘OR .dB GRAPH BELOW.

1,000,000

YOLIAGE FuwER
DECHELY RATIO

00,000

888-‘43§-‘-’.‘—f$3};;e, wrweevid-ce
N Lo

10, 000, 000. 000

0 “
DECIBELS

An asplifier with.a voltage gain of 100 converts to a gain of
dB. : -

a. IU
b, 20
c. 30
d. 40

Tiree amplifiers are connected in series, They have voltage gains of

100, 10, and 2 respectively. What is the total circuit voltage gain in
decivels?

a. 33 a8
b, b©b dB
c. 112 dB
d. o©00 dB
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Progfess Check

O

11. Two amplifiers are connected in series. They have power gains of 10 dB
and 5 dB, respectively. What is the total circuit power gain in decibeis?

a. .5°dB
b. 2 dB
c. 15 d8B
d. 50 dB

An amplifier has an input of 1 volt and 2 voltage gain of 6 decibels.
What is_the output voltage?

a. 2 volts

b. 4 volts

c. approximately 8 volts
.d. approximately 16 volts

CHECK YOUR RESPONSES TO TH1S PROGRESS CHECK WITH THE ANSWER SHEET. NIF YOU
ANSWER "ALL SELF-TEST 1TEMS CORRECTLY AND FEEL READY, PROCEED TO THE LESSON
TEST.  1F YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHEER“QuégTIONS,
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES, PARAGRAPHs, -
OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS OF THIS LESSON YOU ARE HAVING
DIFFICULTY WITH. 1F YOU FEEL YOU HAVE FAILED TO UNDERSTAND ALL OR MOST OF THE
LESSON, SELECT AND USE ANOTHER WRI1TTEN MED1UM OF INSTRUCTION, AUDIO/VISUAL
MATER1ALS (1F APPLI1CABLE), OR CONSULTATION W1TH LEARNING CENTER INSTRUCTOR
UNTIL YOU CAN ANSWER ALL SELF-TEST 1TEMS ON THE PROGRESS CHECK CORRECTLY:.
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SUMMARY
LESSON 2

RF Amplifiers

Amplifiers are called RF amplifiers only because they have untuned or
tuned input and output coupling with a frequency response in the
RF range. Tuned coupling is more common because we are usually interest-

ed in the RF amplifier's selectivity when we tune to a specific station
on a radio receiver,. '

Transformers can be made into tuhed parallel resonant coupling circuits
by placing a capacitor across either or both windings. An example
using tuned coupling transformers in a basic amplifier circuit is shown
in Figure ],

TUNING

+VBB Figure 1
TUNED RF AMPLIFIER

If all the resonant circuits are tuned to the same frequency, the

signal input to Q1 and signal output from T2 will be maximum at that
Fo.
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Amp]ifief selectivity is directly related to the number of circuits tuned to
the same frequency in the amplifier's signal path. This relationship is
shown in Figure 2,

RESONANT , FREQUENGY -

ONE TUNED CIRCUIT

TWO TUNED CIRCUITS
THREE TUNED CIRGUITS

OUTPUT —»

3

FREQUENCY —»

Figure 2
RF AMPLIFIER FREQUENCY RESPONSE CURVES-
The input and output coupling tanks can be variable tuned at the same time

if the capacitors or inductors are connected together, or "ganged". ™ Figure
3 shows a circuit with ganged variable capacitors.

TUNING

:,f
/t L3 LS

%"2 § ¢ EOUTPUT-
T2

Y

Figure 3
GANGED CAPACITIVE TUNING
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Capacitors may be ganged by gears, pulleys, and most often by a common
shaft. '

Figure 4 shows schematics and a pictorial view of an individual induc-
. - tive tuned RF transformer.

c I l POWDERED IRON - ALUMINIUM
| TUNING CORES ™ , - SCREENING
\ CaAN
. | PRIMARY .
COIL —
. BAKELITE
S,
' CAN - ANO BA
- — OR N .

r e e b
SECONDARY
- corn ———1 . SILVEREO-
| KICA TUNING
| | CONDENSER
[ —
CONNECTING
SRAMECING —— :
b e e — i
Fiqure 4

INDUCTIVE TUNED RF TRANSFORMER

The primary and secondary windings can be independently tuned. The
entire unit is completely enclosed within a metallic shield. This
device s very common in radio receivers and transmitters.

Transformer coupling is inefficient for higher RF signals. To get
around- this problem, the modified coupling circuit in Figure 5 retains
the selectivity advantages of the parallel resonant circuit. (3
provides additional coupling between L1 and L2.

Figue 5
CAPACITIVE COUPLED TUNED TANKS
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.

The Q of an inductor, tank, or loaded circuit expresses the relat1onsh1ps
between inductive reactance (XL), capacitive reactance (XC), and

resistance (R). The Value Q, or quality, represents the ratio of

“energy stored/energy used”. Figure 6 shows the 1nductor equivalent
for XL and Rc¢ {coil resistance).

XL= 500 .1 3
Rg=20n

Figure 6
INDUCTOR EQUIVALENT

The formula for Q of a coil is Qcoil = XL divided by Rc, or 25 in the example.
Figure 7 shows a simple LC tank c¢ircuit.

XL=500n L

20 nSRc

Figure 7

TANK CIRCUIT\\

In the tank, both XL and XC are equtva]ent eXpress10ns for energy
stored, Therefore the formula for Q of the tank is Qtank = XL (or XC)
divided by Rc, or 25 in the example. '
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Bandwidth can be determined by the formula BW = Fo divided by Q tank.
The relationship between the Q of a tank and bandwidth can be seen in
the tank circuit diagram and tank frequency response curve in Figure 8.

1000 kM2
UPPER Fco =

LOWER Feco =

FREQUENCY

Figure 8 »

TANK Q vs BANDWIDTH

The figure shows a 40 kHz bandwidth. You can calculate th2 bandwidth

by plugging the circuit diagram values into the formula for Q and
bandwidth. In the example, Q equals 25, and bandwidth equals 1000 kHz
divided by Q, or 40 kHz. The steep sides, or skirts, on the frequency
response curve indicate that the Q of the tank produces high selectivity.
If the coil resistance in the tank increases while XL, XC, and Fo

remain constant, the Q would lTower and the bandwidth would widen. Coil
resistance can be increased by winding coils of the same XL with

smaller diameter wire.

Figure 9 shows a loaded circuit which includes a tank, sﬁitch, and
parallel load (Rp). .

SWITCH
o—"0

XL
5000

Xe_L gnp- 5K 0
5000 ]

Rec
50

|

Figure 9

" LOADEO CIRCUT
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!

Hheq the switch is, opem, the Q of the unloaded tank is expressed by the
familiar ratio XL (or XC) divided by Rc, or 100 in the example. When
the switch is closed, the Q of the loaded tank circuit is Q ckt = Rp
divided by XL {or XC}, or 10 in the example. The Q of the circuit will
be lower when a load is placed on a tank than the Q of the tank without
a load. Ir wideband RF amplifiers, "swamping" resistors sometimes are
placed across tank circuits to purposely Tower the Q of the circuit and
widen the bandwidth. . '

Figure 10 shows a typical RF amplifier input stage -in a broadcést band
radio receiver.

L3 L4

¢ OUTPUT
T |

T

Figure 10
. TYPICAL TUNED RF AMPLIFIER

R2 and R3 form a voltage divider to provide forward hias for Q1. (3
-places the bottom of L2 at RF ground potential and ensures all signal
development is across L2, Tl jis a step-down transformer with the Tow
impedance winding L2 connected to the base of Q1. This impedance match
provides for maximum energy transfer between the antenna and base of
@1, and also preserves the Q of the L1-Cl tank.

. Both the-Q and selectivity of tank L3-C2 are preserved in a similar manner.
The technique of tapping L3 provides a good impedance match between the
collector of Q1 and tank L3-C2, Therefore maximum energy transfer occurs
between the output of Q1 and the input to the following stage. Note that
Vgg and Vg¢ are often one and the Same Source. '

In Figure 10, tank L1-C1 selects one of thne many 'frequencies received by

the antenna.” The signal then is coupled to L2, fed into the base of Ql,-
amplified, and coupled by T2 to the next §tage.

. 1 -
: 3 ‘ 35




Summary Thirty One-2

£

4

Figure 11 shows one of the many different ways the amplifier circuit
in Figure 10 can be drawns —vce

it

7-—CHASSIS GROUND

TUNING
Figure 11
TUNED RF AMPLIFIER
One minor d1fferencé is that the tank L3-C2 in Figure 11 is grounded on
0ne sidé allowing easy attachment of the capacitor frame to the chassis.
Tran51stors in tuned RF amplifiers have an internal regenerative .
feedback circuit which may cause oscillation at the higher frequencies,

This internal regenerative feedback path is shown in the shaded area
of Figure 12,

Figure 12

TRANSISTOR IMTERNAL FEEDBACK
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. £ II-‘ \\

We can neutralize this internal feedback, and prevent oscillation, by connec-

tino an external feedback circuit which broduces a voltaoe equal in amplitude

and opposite in polarity: to the internal feedback voltace. Fiqure 13 shows
two types of amplifier neutralization circuits, each labeled Cn.

Zen N

S

Defs.

-FVBB«——am~——¥Ei
.|.

Figure 13

TYPICAL NEUTRALIZING CIRGUITS
RF amplifiers are designed to take into consideration any "stray
reactances" at high frequencies cau'sed by the position of wires and

components in relation to the chassis. The capacitances Co and Cin in
Figure 14 are examples of stray reactances. '

+ves

Re
OUTPUT

STRAY REACTANCES IN RF AMPLIFIER CIRCUIT
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You must be neat and cautious when you repair a circuit so that replaced
components will be positioned as they were before repair. Otherwise
you may cause a frequency change or oscillation in the amplifier.

Amplifiers can be biased to operate either Class A, B, AB, or C,
Figure 15 shows the signal input, transistor conduction waveform and
time, and signal output for one cycle in Class A and Clags B amplifiers
(CE} with resistive loads. :

Ic

0

Figure 15
CLASS A OPERATION

IC
0

CONDUCTION
TIME -—

1
[~ 360° ——
COLLECTOR
CURRENT

Figure 15
CLASS B OPERATION

In Class A amplifiers, the forward bias is set high enough so that the
transistor conducts over the entire input cycle. In Class B amplifiers,
the bias is set near zero which causes the transistor to conduct for
about half the input cycle. This produces a clipped, or distorted,
output signal. The reduced conduction time makes Class B amplifiers
more efficient than Class A amplifiers.

134
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_Figure 16 shows the operation for Class AB and Class C amplifiers with
resistive loads. . '

In Class AB amplifiers, the bia%)is set to cause the transistor to
conduct for between 180° and 360 of the input cycle.Class AB amplifiers
have less output distortion, but lower efficiency, than Class B amplifiers.

! Ic

CONDUCTION 73

COLLECTOR
CURRENT

Figure 16
CLASS AB OPERATION

CONDUCTION

|
I
—
COLLECTOR
CURRENT

Figure 16
.CLASS C OPERATIONS

In Class C amplifiers, the reverse bias causes the transistor to conduct
for about 120° of the input cycle.

13y
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-

Class C amplifiers have the greatest output signal distortion, but the
greatest efficiency of the four operating classes. Figure 17 shows an
application of a Class C amplifier circuit.

_o
_ E out
-1 + c2 ‘
1 —0

vce

Figure 17

CLASS C RF AMPLIFIER
The actual output wave in Figure 17 is not the expected clipped wave
which is characteristic of Class C RF amplifier circuits. The flywheel
effect of the tank produces a damped sine wave output signal for each current

pulse from the transistor. In Class C RF amplifier circuits, the tank
receives the current pulse as shown in Figure 18,

E N 1o AMPUIFIER /\ : /\ /\
\VARVIRVY
I puLse To Tank /\ /\ . /\

E OUT FROM TANK \//\\/

Figure 18 -

TANK OUTPUT FRPM CLASS C AMPLIFIER OPERATION
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The repeated current pulses change the damped output wave (shown by the
dotted line) to resemble the reasonably good sine-wave (shown by the
solid 1ine). The flywheel effect is often used in Class AB, B, and C
RF/IF amplifiers to provide a non-distorted sine wave output.

Amplifier efficiency is inversely related to the amount of operating
power, and therefore, the amount of operating current. Class C ampli-
fiers are the most efficient, and are used in applications which

require large amounts of output power such as the final output amplifie~
of a ratio transmitter, '

One method to test an amplifier's frequency response is to inject each
frequency value from a standard signal generator into an amplifier, and

‘theq graph each output signal as displayed on an oscilloscope. A more
efficient and accurate test method is to use a sweep frequency generator
as input to the amplifier, and then directly observe the frequency
response curve output on the oscilloscope. The sweep frequency genera-
tor produces a variable FM signal that sweeps back and forth over a
section of the frequency spectrum.

Figure 19 shows a typical sweep frequency generator/oscilloscope
set-up. :

VARIABLE RF ittt 0'SCOPE

0

|

P EGUENCY ;"O'*'*\

GENERATOR

A A
AV
SWEEF VOLTAGE
Figure 19

FREQUENCY SWEEP

The variable frequency signals from the generator are fed to the
vertical input (Y) terminal of the oscilloscope. The CRT produces a
rectangular display which is a combination of the sine waves from the
input frequencies, and is often called a "frequency sweep". The
generator also produces a horizontal sweep sawtooth wave output that
is synchronized with the variable frequency output signal, The
horizontal sweep output is connected to the X terminal of the oscillo-
. scope. Since the oscilloscope inputs are synchronized, the CRT display
is based on frequency and not on time.
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A t&pical CRT display is shown in Fiﬁure 20.

b 1 MHz

/ MARKER PIPS

Figure 20
FREQUENCY SWEEP WITH MARKERS

In the figure, the frequency marker pips show a sweep of 5 MHz on
either side of an Fo of 5 MHz.

Figure 21 shows a typical sweep frequency generator test set-up.

SWEEP | , |
FREQUENCY _ OSCOPE_ A
GENERATOR

{3255;3 ::;iETLE ~ | (:::::)
f T N

SWEEP
VOLTAGE
— " A

7

Figure 21
SWEEP FREQUENCY GENERATOR METHOD
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In switch position #1, the CRT displays insert A. In switch position
#2, the rectifier-filter demodulator converts the CRT display to the
frequency response curve in insert B,

You will have the opportunity to use the sweep frequency generator in
the job program for this Tesson. With this device, you will measure
the frequency response of an RF amplifier in the NIDA trainer.

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU ANSWER AlL
SELF-TEST ITEMS CORRECTLY, YOU MAY TAKE THE JOB PROGRAM. IF YOU INCORRECTLY
ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, THE CORRECT ANSWER PAGE

WILL REFER YOU TO THE APPROPRIATE PAGES, PARAGRAPHS, OR FRAMES SO THAT YOU

CAN RESTUOY THE PARTS OF THIS LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU
FEEL THAT YOU HAVE FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT
AND USE ANOTHER WRITTEN MEOIUM OF INSTRUCTIONM, AUDIO/VISUAL MATERIALS (IF
APPLICABLE), OR CONSULTATION WITH THE LEARNING CENTER INSTRUCTOR, UNTIL YNU CAN
ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY.
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PROGRESS CHECK
LESSON 2

RF Amplifiers

TLRMINAL UBJLCTIVE(S):

31.2.53 When the student completes this lesson {s)he will be able to -
IDENTIFY the component functions and operating characteristics of
RF amplifier circuits, including types of input and output.
transformer coupling, factors affecting and affected by Q in
resonant circuits, response characteristics of different classes
of amplifier operatlon and one method for testing the frequency
response of an amp]ifier, by selecting statements from a choice
of four. 100% accuracy is required.

ENABL ING GBJECTIVE(S):
when the student completes this lesson, (s)he will be able to:

31.2.53.1 IDENTIEY the couipunents which acconplish tuning in a tuned,
transformer-coupled RF amplifier circuit, given a schematic
diagraw, by selecting the correct component(s) from a set of four
choices. 100% accuracy is required. -

TUERTIFY the type of tuning (single, ganged, capacitive, inductive)
used in a tuned, transformer-couplied RF amplifier circuit, given

a schematic diagran, by se]ecting to correct type from a ch01ce

of four. 100% accuracy is required.

31.2.53.3 IDENTIFY or CALCULATE the effect of changes in inductive reactance,
capacitive reactance, or resistdnce on the Q of a coil or tank
circuit, by selecting the correct statement or value from a
choice of four. 100% accuracy is required.

31.2.53.4 IDERTIFY or CALCULATE the effect of changes in Q on the bandwidth
. of a tank circuit, by selecting the correct statement or value
from a chqicg of four. 100% accuracy is required.

31.2.53.5 IDERTIFY the effect %f loading on the Q of a tank circuit by
. selecting the correct statement from a choice of four. 100%
accuracy s required.

_IVENTIFY the function of components and circuit operation (including
neutralization of oscillation} in & tuned RF amplifier circuit by
selecting the correct statenmnt from a choice of four. 100%
accuracy is requ1red.

31.2.53.7 ‘IOENTIFY the conduction time, operation, output waveforms, and
- relative efficiency of class A, B, AB, and C amplifiers by selecting
the correct auplifier class, waveform, or statement from a choice
of four.  100% accuracy is required.

144 1
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31.2.93.8

31.2.93.9

IDENTIFY the effect of adding tuned tanks to transistor outputs
(flywheel effect) on class AB, B, and C RF amplifier circuits by
selecting the correct statement form a choice of four., 100%
accuracy i$ required.

IDENTIFY the sweep frequency generator method of testing the
frequency response of an amplifier.by selecting the correct
statement from a choice of four., 100% accuracy is required.




Proyress Check . _ Thirty One-2

PROGRESS CHECK .
LESSON 2

RF Amplifiers

i. From the diayrams below, select the two parallel resonant coupling
circuits. ‘
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USE THE DIAGRAM BELOW TO ANSWER QUESTIONS 2 AND 3.

" TUNING
INPUT
(o TS T T e 7
’ 7
/LY L2 ot ¢ L3 LS ]
C1 c2 E QUTPRUT
M |c3 R1 _1C4 T
) Re +V
| R3 ce
N\ -
\ =  +VeB
.\\\\ -
2.\\{n this amplifier, tuning is done in
1., the input section only
2. the output section only
3. the conversion section only
4, both input and output settions
3. This amplifier has tuning. 3

1. single inductive
2. single capacitive
3. ganged finductive
- 4. ganged capacitive

4, The Q of tank A is 10, and the Q of tank B is 20.- Both tanks have
the same Fo, Tank A has a bandwidth and
selectivity than tank B. )

1. narrower, less

2. narrower, greater
3. wider, less

4, wider, greater
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5. Botﬁ coil A and coil B have the same XL. Coil A is wound with
smaller diameter wire than coil B. The Q of coil A is

1, higher than the Q of coil B-
2. lower than the Q of coil B
3. the same as the Q of coil B

Swamping resistors are placed across tank circuits in order to

. increase the selectivity of the ampiifier
. increase the Q of the tank

. fincrease the gain of the amplifier

. widen the bandwidth of the tank

0SE THE DIAGRAM BELOW TO ANSWER QUESTION 7.

7. Tne Q of the resonant circuit with the switch closed has a value of
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USE THE,DIAGRAM BELOW OF AN RF AMPLIFIER CIRCUIT TO ANSWER QUESTION 8.

L]

-Vce
| Jes
R2 R
. > )
¢ L1
> ¥ Q! L3
INPUT =y % L4
OUTPUT
T
/ R3 j-ﬂ::s c2 .
/ — /,‘ T2
L e e e - — /7 74—CHASSIS GROUND
TUNING : ‘

8.' An impedance match between Q1 and the output coupling network is
performed by which -component?
1. €2
2. L3
3. L4 .
4. Vec :

9, The purpose of neutralization components in RF amplifiers is to
prevent

1. stray reactances
2. oscillation

3. internal feedback
4, external feedback

-10. The transistor conducts for half the signal input cycle in Class
amplifiers, . . ,

145 :
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‘Usk THE UIAGRAM BELOW TO ANSWER QUESTION 1i.
. o
|

i
I
|
I

| ‘ - :
Ty INPUT CONDUCTION fesmesmoe | OUTPUT
| 805

Fe— 360° — o - 3500 -

11, Tne diagram shows the output signal waveform for Class
anplifiers,

1z, The Jeast efficient anplifier class of operation is Class

r

13. Aon-distorted sine wave outputs in Class AB, B, and C amplifiérs
are provided by _ . .

. increasing the pulse rate through the transistors

2. wmatching impedance between transistor inputs and outputs
. addiny RC conmponents to transistor outputs
. using tuned tanks in transistor amplfiérs -

The oscilloscope CRT display from a sweep frequenq} generatOr is
oased on

el
1. a single freguency
Z, wvariable aumplitudes
3. variable frequencies
4, variable tine

-
In order to directly observe the frequency respor-2 curve for a
test .amplifier, the amplifier,input comes from a
sweep frequency generator

standard RF siynal yenerator -
standard osc1ﬂlosc0pe
vom ' :

CHECK YOUR RESPONSY'S “TU THIS PRUGRESS CHECK WITH THE ANSWER SHEET. [F YOU

. ANSWeR ALL SELF-TEST ITEMS CORRECTLY, PROCEED TO THE LESSON TEST. IF YOU
INCURRECTLY ANSNLR OKLY A FEW OF THE PROGRESS CHECK QUESTIONS, THE CORRECT
ANSWLR PAGE WILL REFER YOU TO THE APPROPRIATE PAGES, PARAGRAPHS OR FRAMES
SU THAT YOU“CAH RLSTUDY THE PARTS OF THIS LESSON YOU ARE HAVING DIFFICULTY
wWITH, IF YOU FEEL YOU HAVE FAILED TO UNDERSTAND ALL, OR MOST, OF THE
LESSUN, SELECT ARD USE ANUTHER WRITTEN-MEDIUM @F INSTRUCTION AUDIO/VISUAL
mATERIALS (IF" APPLICABLE), OR CONSULTATION WITH THE LEARNING CENTER INSTRUCTOR,
UTIL YOU CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY.

4
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. INFORMATION SHEET o o
' LESSON 2 :
Telonic,1232A Sweep Generator
Tne sweep generafor is a versatile piece of test equipment that can be used to
aliyn receivers or Lo check bandwidth and frequency response of electronic ‘
circuits,
Tne sweep generator is a type of signal generator. When the signal generators .

you used previously were set to a frequency, they produced only that frequency.
A sweep generator produces a signal that varies (sweeps) from a frequency
below the center frequency to a frequency above the center frequency. This is
usually stated as the center frequency plus or minus some number of Hertz; for
example, 10.7 MHz + 75 kHz. This means that the sweep frequency generator is
capable of producing an output signal from 75 kHz below 10.7 MHz (10.625 MHz)
to 75 kHz above 10.7 MHz (10.775 MHz). These frequencies therefore could be
used for alignment of IF amplifiers in commercial FM receivers. ’
The sweep generator produces an output which has a flat response curve across

a very broad band of frequencies. That is, the signal amplitude stays the
same throughout its sweep range. )

Wnen used with an oscilloscope, the output of the sweep generator is visually R
displ ayed for alignment or bandwidth and frequency response measurement of the
device under test. ’

Markers are added to the display to aid in determining center frequency,
bandwidth, and frequency response.

markers are signals injected by the sweep generator to provide a reference
for signal location.

The sweep generator produces a horizontal reference voltage which when applied
to the horizontal input of the oscilloscope, is equal to the amount of variation
above and below the center frequency.

The sivnal as applied to the vertical input will give an indication as to the
gain.of the unit under test with reference markers superimposed.

)
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MARKERS /g
O
O
O
@]
O

O .
123}/SWEEP OMARKER WIDTH OSWEEP MODE
WIDTH*SIZE . 'VERN/M“

NARRD W

| (\1 @\
ORL0 é‘{"ki’) ()

\
0

,Figure 1 _
MODEL 1232A FRONT PANEL CONTROLS AND CONNECTORS.

FUNCTION OF CONTROLS, SWITCHES AND CONNECTORS

Refer to Figure 1 for the below listed controls and connectors.
POWER SWITCH (1) provides on/off control of AC power.

SWEEP WIDTH (2) provides continuous variation in-sweep width from 100 kHz
to 120 MHz., The variation is above and below the center frequency.

CENTER FREQUENCY DIAL (3) determines the center frequency of the swept RF
output,

.~ POWER INDICATOR AND OIAL POINTER (4) illuminates when instrument is turned
on.
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MARKERS ON/OFF (5) provides on/off control of individual markers.
ATTENUATORS (6} provides coarse and fihe attenuation of tﬁe RF output.

RF LEVEL {7) provides 3 dB of RF output level variation. This will give
you the 70.7% of the output Signal to determine the half-power points.

RF OUT (8) fype BNC connector provides swept RF output.
SWEEP MODE (9) selects various sweep rates and modes.
VERN/MAN (10) varies the sweep rate of the output signal.

EXT INPUT (11) type BNC connector provides an input for external control
of sweep. ) :

HORIZ OUTPUT (12) type BNC connector provides a sweep voltage (horizontal
reference voltage) to the horizontal input of an oscilloscope.

MARKER WIDTH (13) selects between two marker widths
MARKER SI1ZE (14) varies the amplitudé of the markers.

MARKEﬁ ADDER OUT .(15) type BNC connector provideé detected response with
markers superimposed to vertical input of an oscilloscope.

MARKER ADDER IN (16) type BNC connector. Provides an input for the
detected response for superimposing the markers ' : :

—=

@—/@ o ER

&1 Err (11}
MARRLAS AM _Ii ALC

e 0 [
©

®

Figure 2-
MODEL 1232A REAR PANEL CONTROLS AND CONNECTORS
B %
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Refer. to Figure 2 for the below Tisted controls and connectors.

1. Fuseholder {A) contains power line fuse (1 amp).

2. BLANKING ON/OFF {B) switch retrace blanking "on" or "off." tpennits
showing or eliminating sweep returning to start of trace).

3. ALC INT/EXT (Ci Selects between the internal monitor or an external
monitor. (ALC or automatic Tevel control, keeps the RF output at a
constant level)

EXT ALC INPUT (D) type BNC connector provides input for an external
monitor. The monitor is an RF detector used to sample the output.

AM INPUT (E) type BNC connector provides input for AM modulation of the RF
output. (will not be used at this time)

EXT MARKER INPUT (F) type BNC connector. Provides an input at 50.1%
{ohms) from an external source which is used to generate & marker at the
source frequency.
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JOB PROGRAM
: FOR
LESSON 2

Sweep Generators and RF Amplifiers

INTRODUCTION

This Jjob program is designed to familiarize you with the operation of the
Telonic Model 1232A Sweep Generator and the uses to which it can be applied
in the aliynment of receivers and in checking bandwidth and frequency
response in electronic circuits. All voltages and resistances measured

should be within +/- 20% tolerance with those given on the answer sheet to
the Jjob progran.

TERMINAL OBJECTIVE(S):

31.2.53  When the student completes this lesson (s)he will be able to
IDENTIFY the component functions and operationg characteristics of
RF amplifier circuits, including types of input and output trans-
foriner coupling, factors affecting and affected by Q in resonant
circuits, response characteristics of different classes of amplifier
operation, and one wethod for testing the frequency response of an

amp11fier, by selecting statements from a choice of four 100%
accuracy is required.

ENABLING OBJECTIVES:

When the student completes this lesson (s)he will be able to:

31.2.53.10 MEASURE and COMPARE frequency response curve characteristics of
~an RF amplifier, given a training device, circuit boards, test
equipment and proper tools, schematic diagrams, and a job program
containing references for comparison. Recorded data must be -
within limits stated in the j.b program.

SAFETY PRECAUTIONS

Observe all standard safety precautions. Bewdre of all exnosed connections.
An energized circuit may have dangerous voltages present.

EQUIPMENT REQUIRED:

. Telonic 1232A Sweep Generator
2. bual Trace Uscilloscope.
RF Uetector Model 8571
NIUA 205 Transceiver Trainer.
BNC-BWC cables (2 long).
BRC-BNC cable (2 short).
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SWEEP GENERATOR : IOSCILLOSOOPE
O OWQ on
OC0YOY 1o

Figure 1
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PROCEDURLS:
1. Connect the Sweep Generator as shown in Figure 1.
2, Set the controls on the Sweep Generator as fo]]gws:
Sweeplwidth control fully CCW.
Sweep mode .control to "EXT/CW".
VERN/MAN control to mid-range.
RF level control to mid-range;
Attenuation controls to "0,
“Center frequency dial to "0".
Blanking on/off to "off" (Back of Sweep Generator).
Turn all marker switches to "off" position.
the osciiloscope to the X-Y mode (all‘disp1ay mode switches out).
Set the channel 1-Volts/Div control to "2".

Set the channel’ 2 Volts/Div control to "2".

Set the channel 1 and channel 2 mode switches to the "out" position.

Set triggerihg source switch to "EXT".

Turn on the sweep generator and the oscilloscope. Allow sufficient time
for the equipment to warm up. H

You. should see a vertical line on the oscilloscope. Using the chan 2
horizontal position control, center the line on the scope. Manipulate

the following controls on the oscilloscope 5o you can see that they have
no effect on the presentation.

a. Time/Div controls. _ //;,/’

b. ~Triggering controls.

c. Horizontal position control.
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oW you can see that the sweep generator controls the presentation on
the scope. There is an RF output from the sweep generator, but no
horizontal output at this time, indicating there is no sweep voltage
being applied® to the horizontal deflection plates of the oscilloscope,

To prove that there is a frequency from the sweep generator, remove the
BNC connecior from the channel 1 input to the scope.

~a. What happened to the vertical line? ' .

be Reconnect the BNC connector to channel 1 of the scope.

set the sweep mode switch on the sweep generator to “he ".01-1" position.
Hotice that the trace on the scope starts to sweep from a frequency
oelow to a freguency above the frequency observed in step 5, indicating

that there is a sweep voltage from the sweep generator horizontal
output jack.

To prove this, remove the BNC connector from the channel 2 input to the
oscilloscope.

a. 'Nhat happened to the sweep voltage? .

U, Reconnect tne BNC connector to channel 2 of the scope.

Set the sweep mode control %o the “1-50" position. Notice that the
sweep speed increased.

Turn the sweep width control to mid-range. You should notice an
increase in dnlitude over a small range of the presentation.

Turn the center freyuency dial until the center of this change in
amplitude is exactly in the center of the scope.

Turn the sweep width control until the left and right side of the
display darops to zero. .

“d.  what happened to the awount of frequencies belng swept by the sweep

yenerator? - .

Set the sweep mode control to the ".01-1" position. Notice that the
waveforu, 1f plotted, is exactly the same as the waveform in step 12,

Set the VERN/FAN control fully CCH.

Turn the VERN/MAN control slightly CW. Notice that the center frequency

starts to sweep.
Turn the VERW/MAN control to mid-range.

2. What hdppened to the rate (speed) at which the frequenc1es are
beiny swept?

154,
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r

NOTE: You should have noticed in the.foregoing part of the job program that
the frequency dial was set at zero(0) and that moving the sweep width
control caused the frequency to change to the right and to the left 0
by a certain amount of frequencies. Increasing the sweep width
control in a CW direction further, caused the amount of frequencies
on either side of zero(0) to increase. Rotating the VERN/MAN control
1ncr§ased the rate (speed) at which the frequencies were being
swept. , -

SWEEP GENERATOR 0SCILLOSCOPE

() 0O

O O O O

H‘RlK“ER ‘al'..lglﬁm'z RF VERT HORIZ

OO QO | Q

Figure 2

! " 17. Connect the equipment as shown ithigure 2.
18. SEt the controls on the sweep generator as follows:
4. Turn the seven markers switches to thg'"off" position.
b. Set phg’sweep width control to mid-range. —
c. Set the marker width control to "wide"
d. Set sweep mode control to "1-50",
e. Set VERN/MAN control to mid~range.

f. Set the center frequency dial to "0".

g. Set the marker size to mid-range. During the job program you may o
manipulate this control to your own individual eye comfort and to
insure accuracy. °
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There should be a marker in the center of the scope. If the marker is
not exactly centered on the scope and your sweep is centered, adjust
your center frequency dial until the marker is centered on the scope.
This is the zero (U) Hz marker. This will be used as a reference to
lovate the frequency that you want as the center frequency.

Set the center frequency dial to “S". The zero Hz marker should move
to the left s’de of the scope. " ) ’

Un the sweep denerator turn the third warkers switch from the top to
“on", This is the 10 MHz markers switch. * The first 10 MHz marker
should appear on the rlght side-of the scope but not at the end of the

 sweep. The RF output is being swept from O HZ to 10 MHZ.

Adjust the center frequency dial until the 10 MHZ marker appears 2 cm
to the right of the vertical center line. '

Turn “off" the 10 MHz markers switch: Turn "on" the second marker
switch from the top on the sweep generator. These are.the 1 MHz

markers. Count them. There should be 9 markers between 0 Hz and the
1V MHz point. -

From U Hz ‘count the number of markers to the cente- of the scope.

a, How uany markers are there? P

Frow the point that you established as 10 MHz, count the markers to the .
center of the scope. :

© a. How wany markers are there?

0. wWhat is the center frequency? - .

C. MWhat is tne center frequency dial on the sweep generator set
to? . :

d. Do b and ¢ above correspond? yes/no.
e. Should they correspond? ‘ yes/no,

Set the center frequency dial to "0,

Kotate the sweep width control on the sweep generator CCW until the "0
Hz marker is on the left side of the scope and the center of the first
1 riHzZ warker appears on the right. Sweep length is now 1 MHz. The
output is now being swept from 0 Hz to 1 MHz. Much can be determined
from this. THIRK. '

2. What is the center frequency?

b. Wnat is the frequency response?

s
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Cc. What is the bandwidth?

d. Turﬁ off the 1 MHz markers.

Now let us go through the steps necessary to set the sweep generator to
a specific center or resonant frequency. For this example let us
choose 97.6 MHz.

Set the sweep width control to mid-range.
Set the center frequency dial to "0".

Position the 0 Hz marker at the center of the scope using the tenter
frequency dial. '

Turn on the 10 MHz marker switch. A 10 MHz marker should appear
to the right and to the left of your center frequency 0 Hz marker.

1f it does not, turn the sweep

. Turn the center frequencty dial
should appear at the center of

Turn the center frequency dial
should appear at the center of

Turn the center frequency dial
should appear at the center of

The frequency dial may be slight
scope. Do not worry about it.
is your true indication.

Turn the center frequency dial

should appear at the center of

MHz from the sweep generator.
. observe the 90 MHz marker at t

Turn off the 10 MHz markers an
-center marker is still 90 MHz.

width control CW until it does.

to 10. The first 10 MHz marker
the scope.

to 20. The second 10 MHz marker
the scope.

to 30. The third 10 MHz marker
the scope.,

ly off from the actual display on the
The presentation on the oscilloscope

to 40. - The fourth 10 MHz marker
the scope. . You are now receiving 40
YUse the above procedure until you

he center of the-scope.

d turn on the 1 MHZz markers. The

Turn the center frequency dial and count 91, 92, 93, 94, 95, 96, 97.
You now have 97 MHz ¢entered on the oscilloscope which you are
’ receiving from the sweep generator.

Turn off the 1 MHz markers. The top markers switch produces .1 Miz
(100 kHz) markers. Turn it on.
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Turn the sweep width control CCW until a signal appears Iook1ng
Tike this. Center the display on the scope 'sing the cente-
frequency dial. :

The very center of this waveform is 97 MHz,

Yery gently turn the center frequency dial while counting 97.1.
97.2,797.3, 97.4, 97.5, 97.6. If you do not do this gently you
will have to go through the entire procedure again. The sweep
generator is now producing 97.6 MHz.

Turn the sweep width control to mid-range,

Although the frequency dial may be off, and it often is, even in test
equipment in the field, the sweep generator is produc1ng the correct
frequency and the marker pips on the oscilloscope is your proof that
it is.

If you do not understand the above, select your own frequencies in
the MHz range and practice setting up the sweep generator to increase
your proficiency before proceeding further in this job program. The
following part of the job program requires the addition of an RF
detector Mode] 8571 and the NIDA 205 Transce1ver Trainer.

SCOPE

SWEEP
GENERATOR

UNIT
UNDER

© © © ' TEST

MARKER AGOER 2 ceg iKPUT  OUTAUT




29.

30.
31,

32.

33,

34.

35.
36.

37.
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Cunnect tie equipment as shown in Figure 3. ’
Set the chanrel 1 Volts/Div control on the oscilloscope to 1.

Make the following adjustments on the NIDA 205 Transceiver.

{(Refer to schematic - end of this lesson)
a. Remove the bottom cover

b. Plug in ant coergize the KIDA 205 Transceiver

c. Using the Tine frequency coatrol, set up the NIDA 205 Tramsceiver
to 97.6 MHz approximately.

Observing the NIDA 205 Transceiver you w111 notice the 3 tuning capacitors
and the trimmer capacitors with 5 alignment screws with eyelets attached to
each trimmer capacitor. You are going to use the eyelet closest to the
front of the Transceiver for your observations. This is the input tank

to the RF amplifier. Insert the RF detector probe into this eyelet.

Turn the fine frequency control on the NIDA 205 Transceiver until a
frequency response curve appears on the scope. Center this response
curve on the scope.

CAUTION:

DO NOT leave your hands anywhere near the RF detector probe as hand
capacitance will affect your reading. Run the connecting cables
behind the Transceiver.

Prove this to yourself by holding the probe first with one hand then
with two hands while noticing the changes in amplitude and frequency on
the oscilloscope.

[

Turn all marker switches to the of f position.

Calculate the peak amplitude of the scope waveform ] .
Calculate what the amplitude should be at the .707 power points .

Turn the RF level control fully CCW. This is exactly 3dB down from
peak or the half power points. Calculate the amplitude of the waveform
on the oscilloscope .

a. Does the amplitude in step 37 correspond to the amplitude in the
second part of step 367 yes/no.

b. Should they correspond? yes/no.
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You have ubt atnnd sorie very fmportant .information. You found the
resonant frueacy of the input tank and the amplitude of this
frequency at its Fo and also at the half power points. Now you are
ready for vindwidth and frequency response measurements.

Usiiy the vertical Dositibn contru} on the oscilloscope, set the beak
auplitude of the waveform exactly on the center horizontal reference
line. This will be your reference point for the following measurements.

Turn the RF level contrul fully CW.
Turn on the 1 miz markers.
Usiny the'sweep'frequengy dial, center the display on the scope.

Turn the sweep width control to show five 1 MHz markers. Using the
sweep frequency dial, again center the display on the scope, if necessary.

Turn off the 1 MHz markers.

Turq'on the .1 MHz markers.

Turn the sweep width control until a .1 MHz marker corresponds with the
reference Tevel, :

Frow the center of the oscilloscope, count the number of .1 Miz markers
to the reference level. :

da. How wany markers are there? ' C.

b. What is the frequency.response of the 1nput tonk of the RF
amplifier?

Cs  What is the bandwidth?;_ i .

CHECK YUUR RESPINSES TO THIS JOB PROGRAM WITH THE ANSWER SHEET.IF YOUR
RESPONSES AGREE WITH THE ANSWER SHEET, YOU MAY TAKE THE LESSON TEST. IF

YOUR RESPONSES DU WOT AGREE OR IF YOU FEEL YOU HAVE FAILED TO UNDERSTAND

ALL, ur MUST OF THIS JOB PROGRAM, REVIEW THE PROCEDURES OF THIS JOB PROGRAM,

. ANUTHER” WRITTEN MEDIUM OF INSTRUCTION AUDIO/VISUAL MATERIALS OR CONSULTATIOH
WITH LEARNING CENTER INSTRUCTUR UNTIL YOUR RESPONSES DO AGREE.
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SUMMARY
_LESSON 3

IF Amplifiers

-

IF amplifiers are commonly found in both receivers and transmitters. IF
auplifiers .provide the required signal gain and selectivity in Superhetero-
dyne receivers sucn as radio, television, and radar.

an IF amplifier is basically a tuned, high gain, fixed frequency RF ampli-
fier with transformer coupling. Ideally, the IF amplifier will select and
anplify with constant gain only the desired signal containing all the
information needed for good signal reproduction. Therefore, the ideal IF

~auwplifier should have the rectangular frequency response curve shown in
Fiyure 1. .

»| 8ANWIDTH

FREQUENCY ———m

Figure 1
IVEAL IF RESPONSE CURVE




Summary Thirty One-3

An actual IF amplifier with tuned-primary transformer coupling has a
frequency response curve which more closely resembles Figure 2.

BANDWIDTH
TUNED
FREQUENCY

Figure 2
SINGLE TUNED TRANSFORMER COUPLING

There are ways to make the frequency response curve of an IF amplifier
resemble the ideal curve and thus improve amplifier operation. One method
is to tune all circuits in the signal path to the same frequency, or
synchronous tune. A tuned circuit may be added to the Secondary of the
transformer coupling in Figure 2. If the two tuned tanks are synchronous

tuned to the IF center frequency, the resulting frequency response curve
is shown in Figure 3. .

T
ot 3t T o

Figure 3

0
U
T
P
U
T
t

FREQUENCY—»

SYNCHRONOUS DOUBLE-TUNED TRANSFORMER COUPLING

In the figure, the bandwidth has become narrower and selectivity has
increased.

Synchronous tuning may cause the bandwidth to become too narrow to properly
amplify all of the desired signal. For example, television and radar
signals require relatively broad bandwidth amplification.
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Une method to increase the bandwidth of an IF amplifier is to tune each
tuned coupling circuit to a slightly different frequency, or stagger tune.
The resulting frequency response curve for an auplifier with three stagger-
tuned circuits is shown in Figure 4,

}t-———— DT' ————*4
BANT:I H OVERALL RESPONSE

FREQUENCY —»
Figure 4

STAGGER-TUNED RESPONSE CURVE

You can see that stagger tuning resonant coupling circuits widens
auplifier bandwidth.

Synchronous and stayger tuning can be applied to the operation of a
typical comson-emitter IF amplifier stage shown in Figure 5.

t E OUTPUT
T2

-I- _\AA’_—__:I:__OVtcCP:l_

= Figure 5
TYPICAL COMMON-EMITTER IF STAGE

This circuit contains two single-tuned interstage coupling transformers.
Tl and TZ can pe synchronous slug-tuned to provide a narrow bandwidth
dnpl1f1er Wwith good selectivity. Ti and T2 can also be stagger tuned to
increase auplifier bandwidth. Proper tuning in a string of IF amplifiers
will produce )Just about any gain and selectivity required in the receiver.
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The NIDA trainer IF amplifier stage is shown in Figure 6,

= Figure 6

NIDA IF AMPLIFIER

The input signal is applied to coupling transformer T1, The tap on T1
provides an impedance match with the collector circuit in the previous
stage. This type of transformer is often enclosed in an aluminum
shield to prevent unwanted coupling to nearby wires and transformers.
Inductive tuning is done by a tuning slug. The step-down secondary on
Tl provides a low impedance match to the Q1 base circuit. Rl and R2
provide forward bias to Ql.

Decoupling capacitor C5 ensures all signal voltage is developed across the
secondary of T1, and does not enter the power supply.

In the Q1 collector circuit, the output tank in coupling transformer T2 is
tuned to the operating center freguency of 10.7 MHz. C4 and R4 are decou-
pling components which act to ensure that all signal voltage is developed
across the tank, and does not enter the power source. RS reduces the
tendency for strong signals to forward bias the collector=-base junction of
Q1 wnich might cause osciilation.

IF amplifiers are usually cascaded to perform their function in a receiver

or transmitter. As the number of cascaded ampiifiers increases, the gain

may become high enough to cause one or more amplifier stages to be overdriven.
Severe sigynal distortion would result as the design capabilities of the cir-
cuit and power supply would be exceeded. Therefore, some type of gain control
i5 needed.

-

16y .
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ine amount of forward bias on the transistor's base-emitter junction (Vpg)
affects the static operating level of the transistor which, in turn,
affects the amount of gain. The transistor produces a reasonably constant
yain within a certain bias range called the linear operating region for the
transistor. When the forward bias is s1gn1f1cant1y above or below the
Tinear reyion, the transistor is operating in the non-1inear operating
regions. In these regions, the transistor produces lower gain .and, with
Targe siynals, possible distortlon.

The relationship between bias, conduction, and gain are found in the
transistor characteristic curve in Figure 7,

NON-UINEAR|LINEAR| HON-LINEAR
REGION

OUTPUTS

FORWARD
BIAS

Figure 7
TRANSISTOR CHARACTERISTIC CURVE

- Tie curve is used to determine the amount of gain related to bias and
cuonduction levels fur @ given input signal. Figure 7 shows examples of
three identical input signals applied to a transistor at bias Tevels within
each of the reyions. The ampiitudes of the input signals are shown above
the reygion labels. The difference in the resulting output amp]ltudes
denionstrates that gain is reduced by applying forward bias -eitiier in the
"K" reygion (reverse bias gain control) or in the "F" region (forward bias
gain control). You should note that distortion in the pon~linear regions
is minimized with small signal.levels.
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A manual method of controlling transistor gain can be shown for the NIOA
trainer IF amplifier stage in Figure 8,

Figure 8
MANUAL IF GAIN CONTROL

In the figure, forward bias is provided by R1, R2, and R6. As the arm of
R6 is moved upward, a more positive voltage is placed on the base of Ql
which reduces the forward bias on Ql. If the arm of R6 is moved upward
high enough, reverse bias gain control will result.

-
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~n automatic gain control (AGL) circuit provides a more constant output
froi the audio or video equipment in which it is used. Figure 9 shows the
acdition of an AGC circuit to the IF amplifier stage in Figure 8,

L1, |

!
)
E : OuTPUT ‘W

REVErse RSB
AGC BUS

-

Figure 9
AUTUMATIC GAIN CONTROL (AGC)

The aGC coumponents provide an automatic reverse bias gain control over
previous RF and [F amplifier stages. The AGC voltage in a receiver is
usually tied to an AGC "bus" which provides feeuback to previous stages on
the sane Lus. -

In tne figure, C7 couples a part of the IF output signal to CR1. This
Teaves a rectified small-positive average DC voltage at the junction of

~LR1l, C7, and R7. This swall positive voltage decreases toward zero as the
diplitude of the IF signal increases enough in strength. R6 and R7 form a
voltage divider between + Vgcand the AGC output voltage. As the positive
voltaye at the CR1, C7, and R7 junction decreases (but never becomes
neyative), the AGC output voltage becomes less positive. This lowers the
AuC bias voltage on the bus and reduces the gain of previous stages. RS
and €6 filter the AGC voltage to produce a smooth DC level,

You will be using the "S" meter in the NIDA trainer as part of the Job

Progran for this lesson. The meter is often used in superheterodyne receivers.
to indicate the strength of received signals, and to help center-tune the
receiver., Calibration for "S" meters can be in "S" units, decibels, or

sole other numerical scale units. In the NIDA trainer, calibration is on a
scale from U to 10, The "S" meter on the NIDA trainer is found in the

second IF amplifier stage.

169
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Figure 10 shows the "S" meter circuit components in the NIDA trainer.

= Figure 10

IF AMPLIF1ER STAGE WITH "S" METER

For the meter circuit to operate, part of the 1F signal is tapped off the
4l collector circuit. The pulsating +DC voltage across the half-wave
rectifier CR1 is applied to dropping resistor R6, and meter Ml. The meter
pointer iidicates the average DC voltage level across CR1.

Technicians often use the "S$" meter as a p1ece of built-in test equipment
(BI1TE) to aid in troubleshooting. When a signal is tuned in, an '"S" meter
deflection indicates that receiver circuit problems are 11ke1y to be
located in stages following the meter.  1f no deflection occurs, receiver
probless are 1ikely to be located 1n stages somewhere leading up to and
includiny the meter circuit,

AT TH1S PUINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU ANSWER ALL
SELF~TEST 1TEMS CORRECTLY, PROCEED TO THE JOB PROGRAM. IF YOU INCORRECTLY
ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, THE CORRECT ANSWER PAGE
wilLL REFER YOU TO THE APPROPRIATE PAGES, PARAGRAPHS, OR FRAMES SO THAT YOU
Calt RESTUDY THE PARTS OF TH1S LESSON YOU ARE HAVING DIFFICULTY WITH. IF

. _YUU FEEL THAT YOU HAVE FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON,
SELECT AND USE ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUOIO/VISUAL MATERIALS
(1F APPLICABLE), OR CONSULATION WITH THE LEARNING CEFTER INSTRUCTOR, UNTIL- YUU_
CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECIC CORRECTLY.
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PROGRESS CHECK
LESSON 3

{F Amplifiers

IF amplifiers are used in receivers to establish high
provide the desired .

i. selectivity, demodulation
2. sensitivity, neutralization
3. gain, bandwidth

4, bias, feedback

an IF amplifier tuning widens the bandwidth,

stagger
gangad
variable
synchronous

Which diagram best illustrates the frequency response curve for an IF
amplifier using synchronous tuning?
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USE THE IF AMPLIFIER STAGE DIAGRAMIBELON TO ANSWER QUESTIONS 4 AND 5. \
' +vee
| A

T-. and T2 are ' transformer coudlinds

1. untuned broadband -
2. tuned inductive

3. tuned capacitor

4, untuned narrowband

Which components decouple the signal from the power supply?

1. R3.and €3
2. R4 and C4
3. R2 and C5
4, RS and C2

An IF amplifier is when the gain causes clipping of the
output signal.

1. neutralized
2. biased

3. rectified
4. overdriven

An IF amplifier produces relatively small gain within a operat-
ing region. ;

1. constant
2. normal

3. non-linear
4. linear
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ULE THE DIAGRAM OF AR IF AMPLIFIER STAGE BELOW TO ANSWER QUESTIONS & AND
9.

IT21|
[

Lo |

; -
|
+Vee

e
REVERSE L

- AGC Bus

If the amplitude of the IF output signal increases high enough, the
voltage at the junction of (R, C7 and R7

. remains constant

. decreases toward zero

. increases toward zero s
. increases from zero to more positive

The AGC circuit in the diagram provides bias gain
sontrol. :

constant
normal
forvard
reverse




USE THE BLOCK DIAGRAM OF A RADID RECEIVER BELOW TO ANSWER QUESTION 10.

—{]

Y
S METER

Fmmm————"

10. As you tune in a station on Your radio receiver, the "S” meter shows
no deflection. There is nomal audio output. You suspect a problem
in the : :

. 2nd IF amplifier
« S" meter circuit
+ detector

« 1st IF amplifier o
CHECK. YOUR RESPONSES TO THIS PROGRESS CHECK WITH THE ANSWER SHEET. 1IF YOU
ANSWER ALL SELF-TEST ITEMS CORRECTLY AND FEEL READY, PROCEED TO THE JOB
PROGRAM. IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK
QUESTIONS, THE CORRECT AMSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES,
PARAGRAPHS, DR FRAMES SO THAT YOU CAN RESTUDY THE PARTS OF THIS LESSON YOU
ARE HAVING DIFFICULTY WITH. IF YOU FEEL YOU HAVE FAILED TO UNDERSTAND ALL,
OR MOST, OF THE LESSON, SELECT AND USE ANOTHER WRITTEN MEDIUM OF INSTRUCTION,
AUDIO/VISUAL MATERIALS {IF APPLICABLE), OR CONSULT WITH THE LEARNIKG-CENTER
INSTRUCTOR, UNTIL YOU CAN ANSHER ALL SELF—TEST ITEMS ON THE PROGRESS CHECK
CORRECTLY._
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A

FAULT ANALYSIS
( PAPER_TROUBLESHOOTING)

FOR
MODULE 31, LESSON 3

: NOW THAT YOU HAVE COMPLETED THE KNOWLEDGE SECTION OF THIS LESSON, YOU ARE
READY FOR PAPER TROUBLESHOOTING.

_ THE COMPUTER WILL ASSIGN YOU A SET OF PAPER TROUBLESHOOTING PROBLEMS ON
THE IF AMPLIFIER CIRCUIT. THESE PROBLEMS WILL HELP YOU DEVELOP. THE
MENTAL %KILLS REQUIRED IN ACTUAL TROUBLESHOOTING. 'YOU WILL-BE GIVEN
SYMPTOMS OF A FAILURE AND CIRCUIT MEASUREMENTS THAT WILL ALLOW YOU TO
IDENTIFY THE PROBLEM.

AFTER YOU COMPLETE THE PAPER TROUBLESHOOTING SECTION, THE COMPUTER WILL
ASSIGN YOU A PRACTICE TROUBLESHOOTING PROBLEM ON A FAULTY PRINTED CIRCUIT
BOARD.

s " REMEMBER THAT REFERENCE VOLTAGES, WAVEFORMS, AND A SCHEMATIC ARE CONTAINED
. IN THIS STUDENT, GUIDE FOR YOUR USE IN BOTH PAPER AND ACFUAL TROUBLESHOOTING
PROBLEMS.

TERMINAL OBJECTIVE:

31.3.54 TROUBLESHOOT and IDENTIFY faulty components and/or circuit
malfunctions in a solid state IF amplifier when given a
training device, prefaulted circuit board, necessary test
equipment, schematic diagram and instructions.

ENABLING OBJECTIVE:

" 31.3.54.10 IVENTIFY the faulty e¢omponent cr circuit malfunction in a given
IF amplifigr circuit, yiven a schematic diagram and failure

sywptons, By se]ect1ng the correct fault from a cho’ce of four,
* 100% accuracy is required.

Footnote *This objective is considered met u

2 R pon successful completion of ) ‘
the termir:? cbjective. ” P

A

%5
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TROUBLESHOOTING PERFORMANCE TEST

UVIRECTIONS: DO NOT WRITE IN THE PERFORMANCE TEST BOOKLET. MAKE ALL
YUUR RESPONSES ON THE SIX STEP TROUBLESHOOTING SHEET SUPPLIED WITH THIS
TLST PACKET. THIS PERFORMANCE TEST BOOKLET IS GESIGNATED TO AID YOU IN
CUMPLETING THE STANDARD SIX STEP TROUBLESHOOTING FORM. COMPLETE THE
STEPS USING YOUR KNOWLEDGE AND SKILL OF THE CIRCUITS SHOWN. CONTACT
YOUK LEARNING CENTER INSTRUCTOR IF YOU HAVE ANY QUESTIONS.

——

SCOPE
SWEEP
GENERATOR
UNIT
UNDER
Q0 =
Ve | [ o wmo e
RF
DETECTOR

Figure 1

SET UP THE EQUIPMENT AS SHOWN IN FIGURE 1. SET THE SWEEP GENERATOR FOR
A FREQUENCY OF 10.7 MHz. CONNECT THE BNC~ALLIGATOR CABLE TO PIN #3 OF
THE 1st IF AMPLIFIER. ALL VOLTAGE AND RESISTANCE MEASUREMENTS WILL BE
MADE WITH REFEREWCE TO GROUND UNLESS THE PCB IS REMOVED TO MEASURE
FRONT TO BACK RESISTANCE RAT10S OR TO MEASURE THE RESISTANCE OF A
SPECIFIC RESISTUR.

176
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* . TROUBLESHOOT ING PERFORMANCE TEST
. . STEP ONE ~ SYMPTOM RECOGNITION
1. Does the eqQuipment energized? - yes/no

"STEP TWU - SYMPTOM ELABURATION

1. Indication on the Signal Strength meter yes/no

STEP THREE - LIST THE PROBABLE FAULTY FUNCTION(S)

1. First and second IF amplifiers

S ' STEP FOUR - LOCALIZE THE FAULTY FUNCTION
1. Verify the probable faulty function by use of test equipment.
2. List the test points where voltades were obtained.
3. Reference voltages and resistances are listed in the voltage/resist-
ance chart. '
4. Be sure you list the reference voltage/resistance on the trouble-
shooting sheet for each measurement you make.

STEP FIVE - LOCALIZE THE FAULTY¥ CIRCUfT/CUMPONENT

1. List the test points where actual voltages were taken.

2. What circuit/component in the faulty function listed in step four
is faulty?

3. If you have determined the faulty circuit but not the faulty
cowmponent proceed to step six.

STEP SIX - FAILURE ANALYSIS

1. Secure the power and using the Simpson 260 take resistance -
checks. '

Check front to back ratios on diodes.

Continuity checks on printed circuit board foil. o
Capacitors can be shorted or open.

Resistors can be open.

a N o
= % u u

177
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TROUBLESHOOTING PERFORMANCE TEST

Exp]ain in your own words why the component 1{sted in steps five or
sixX above would cause the symptoms listed in steps one and two of
the six step troubleshooting procedure? Write your answer in the

space provided or the troubleshooting form.
|

TAKE YOUR SIX® STEP TRUUBLESHOUTING SHEET TO YOUR LEARKING CENTER INSTRUCTOR
FUR VERIFICATION AND EVALUATIOR.

157
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VOLTAGE/RESISTANCE CHART

The following Voltages and ResistanCes were taken with a Simpson 260
multimeter, with the sweep Jenerator set at 10.7 MHZ and connected to
-~ Pin #3 of the 1st IF amplifier printed Circuit board and the output
taken from Pin #ID of the 2nd IF amplifier printed Circuit board. All

the Voitage and Resistance measurements were made with respect to
ground or circuit common.

PUINT of CHECK VOLTAGE - RESISTANCE

Pin #6 Vcc 10.7 vDC 2.1 K ohms
Vg Q1 1st IF 8.2 VDC 3.3 K ohms
V, Q1 ‘1st IF ‘ 7.2 VDC 8.5 K ohms

Ve Q1 1st IF o L9 _ 730 ohms

Vi Q2 1st IF 8.5 vDC T * 3.4 K ohms
V; 92 1Ist IF 7.5 voC ~ 8.5 K ohms
Ve Q2 ist IF | 1.4 VDC 600 ohms
Vi 01 IF 8.7 vDC 3.4 K ohms
vy Q1 IF 7.9 vDC - : 6.0 K ohms
Ve (1 IF 1.7 v0C 800 ohms
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JOB PROGRAM
FOR
LESSON 3

IF Amplifiers

INTRODUCTION

This job program is designed to further your understanding of IF amplifiers,
regarding bandwidth, frequency response, and qairn. It should strengthen the

important points you studied in the narrative, programmed instruction, and
summary.

TERMINAL OBJECTIVE(S):

31.3.54 When the student completes this lesson (s)he will be able to
TROUBLESHOOT and IDENTIFY faulty components and/or circuit
malfunctions in soiid state IF amplifiers when gfven a training
device, prefaulted circuit board, necessary test equipment,
schematic diagram and instructions. 100% accuracy is required.

ENABLING OBJECTIVE(S):

31.3.54.9 - MEASURE and COMPARE frequency response and gain characteristics
of IF amplifier circuits given a training device, circuit boards,
test equipment and proper tools, schematic diagrams, and a job
program containing reference data for compa~ison. Recorded data
nust be within 1imits stated in the job program. '

SAFETY PRECAUTIONS

Observe all standard safety precautions. Beware of all exposed connections.,
An energized circuit may have dangerous voltages in it.

EQUIPMENT AND MATERIALS

Telonic 1232A Sweep Generator.

Dual Trace Oscilloscope.

RF Detector Model 8571,

NIDA 205 Transceiver Trainer.

1 X Probes Tektronics P6028.
BNC~BNC Cables (2 long).

BNC-BNC Cable (2 short).
BNC~A1ligatnr Clip Cable (2 short).
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PRUCEDORES
L. Set up the sweep generator as follows:
de Sweep frequéncy dial to "0".
b, Sweep width control to aid-range.
c. Marker width to “wide". Marker size to mid-range. .
d. Sweep mode tu "1-50". VERN/MAN control to mid-range.
e, R# Tevel control fully CW,
f. Attenuation comtrols to the "0" position.
g. A1l markers switches to the "off" position.
up ‘the oscilloscope as follows:
a. Al display mode switches out (X-Y mode).
b. Channel 1 Volts/Div control to 1,
c. Chanuel 2 Volts/Div control to 2. .

Turn the NIDA 205 transceiver over and remove the bottom cover. Leave
the bottom cover off for the remainder of this job program.

Usiny extreme care remove the socket J-1 from its cor ctor on the RF
anplifier PCB. This prevents any interference from the 1ocal oscillator
affecting your measurements in the IF amplifier.




Thirty One-3

SWEEP
+ GENERATOR

WAAKER AOOER

8880

RF :
DFTECTOR

Figure 1

Connect the equipment as shown in Figure 1, Connect the RF output from
the sweep generator between Pin #3 and circuit common of the 1st IF
amp11f1er pcB.

Set up the sweep generator for a frequency of 10.7 MHz as viewe. on the |
oscilloscope.

NOTE: The procedure for this was covered in the job program of lesson Thirty
One-2 and since practice was required on your part, step 6 should not
be difficult for you. _

Place the RF detector probe on Pin #11, the output of the 1st IF amplifier
assemply.

Turn the "0-70" dB attenuator switch op the sweep generator for a 40 de
attenuation of the signal on the scope.

Turn the sweep frequency d1a1 until you have centered the signal on the
scdpe. '

a. Calculate the amplitude of the signal on the scope .

b. Using the formula, calculate the amplitude of the signal at the 70, 7%
power points .
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Turn the RF level‘on the sweep generator fully chf

‘Using the vertical position control on the scope, place the top of the
wavefora exactly on the center horizontal line. .

a, Using the oscilloscope, calculate the amplitude of the signal at the
70.7% power points . « Remember that the full range of the RF
"level control is 3 d8. ' .

b. 0o steps 9b above and 1la correspond? yes/no.

¢, Should they correspond? ves/no

Turn the KF level control fully CW. Using the sweep width control,
expand the sweep. Turn on the .1 MHz (100 kHz) markers. Count the
number of markers from the right of the vertical center line to the
horizontal center line.

a. What is the bandwidth?

b. What is the frequency response?

h Turn off the .1 MHz (IOU k-Hz) markers.

Set the "0-70" dB attenuator switch to 20.

Set the channel 1 Volts/Div control to .05. Calculate the amplitude of
the signal at Pin #3 of the Ist If amplifier as viewed at the vertical
center ling of the scope .

Set the cnhannel 1 Volts/Div control to 2, Calculate the amplitude of the
signal at Pin #11 of the Ist IF amplifier .

a. Calculate the gain of the st IF amplifier PCB .
Certain facts should be obvious to you by this time in the.job program.

1. The transformers are both step-down transformers.

2. 6.2 V.is too great an amplitude signal to apply o Ql in the 2nd IF
anplifier without destroying Ql.

3. Due to the fact that the 2nd IF amplifier has only one amplifier .
-~ stage, its 4ain will be less than the gain of the 1st IF amplifier
whicn has two anplifier stages.

4, The signal at Pin #2 of the 2nd If amplifier will be the same, in al}
respects, with the signal at Pin #11 of the ls- IF amplifier.

Set the "U-70" dB attenuator switch to 60. Set the channel 1 Volts/Div
control on the scope to .2, ‘ _

183
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~ ./

17. Set the "0-70" dB attenuator switch to 60. Set the channel 1 Volts/Div
control on the scope to .2.

18. Calculate the amplitude of the signal at Pin #2 of the 2nd IF amplifier

19, Calculate the amplitude of the signal at Pin #10 of the 2nd If amplifier

u§ing]the channel 1 Volts/Div control to decrease the amplitude of the
siyna .

a. What is the gain of the 2nd I? amplifier? .

b. Using methods previously given in this job program, and counting the _
markers to the left of the vertical center line determine the bandwidth

¢. What is the frequency response? .

d. 1Is the bandwidth narrower than the BW in step 127 yes/no.

NUTE; The remainder of this job program will be concerned with AGC (automatic
gain control). On the 1st If amplifier, notice CR1 &nd C10; CR1 is the
AuC diode and C10 §s the AGC capacitor. The AGC voltage is coupled
pack to the RF amplifier through Pin #2 of the 1st IF amplifier PCB.

. 2u. Connect the equipuent as follows:
' a8. Sweep generator frequency to 10.7 MHz.

'b. Connect the BiiC~alligator clip cable from the RF output jack to Pin
#3 of the 1st IF amplifier.

¢. Connect the second BNC-alligator clip cable from the markers in jack
to the top of C10.

d. Set the “"0-70" attenuator switch to 70 dB and the "0-10" attenuator
switch to “0".

21. Set the controls on the oscilloscope as follows:
a. Channel 1 Volts/Div control to .2.

b. Channel 1 vertical position control until a sweep appears at the
center of the scope.

22. Change the “0-70" dB attenuator swltch in steps of 10 dB unt11 you see’
the DC Tevel on th2 scope go in 2 Tess positive direction.

NOTE: Notice that from 75 dB to 30 dB the signal was so weak that no AGC
voltage was developed since there was ng change in the sweep voltage.
Notice also that as you changed from 30 to 20 dB the DC level decreased
in a less positive direction lndlcatlng that AGC voltage is being
developed across C10.
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23. .Turn the attenuator switch to 10 dB. Notice that the DC voltage increased
further in a neyative direction,

Z4. study the overall schematic diagram at the back of this module.

. a. What is happening to the bias on Q1 of the RF amplifier as the signal
strength increases? - .

b. Does the signal strenyth meter confirm your observations in step 24a?
yes/no.

¢. Does the RF amplifier use forward or reverse AGC? yes/no.

25, Disconmmect all cables from the NIDA 205 Transceiver Trainer.
26 Turn off the power to the Transceiver Trainer.

27. Turn the Transceiver up-side-down. Vefy carefully connect the connector
to the RF amplifier.

CHECK YOUR RESPONSES TO THIS JUB PROGRAM WITH THE ANSWER SHEET. IF YOUR
KRESPONSES AUREE WITH THE ANSWER SHEET, YOU MAY TAKE THE LESSON TEST. IF

YOUK KESPUNSES 00 NOT AGREE OR IF YOU FEEL YOU HAVE FAILED TO UNDERSTAND

ALL, OR ™MUST OF THIS JOB PROGRAM, REVIEW THE PROCEDURES OF THIS JOB PROGRAM,
ANUTHER WRITTEN MEDIUM UF INSTRUCTIUN, AUDIO/vISHAL MATERIALS OR CONSULTATION
WiTH LEARNIHG CENTER INSTRUCTOR UNTIL YOUR RESPONSE> DO AGREE.

-
<
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INFORMATION SHEETS
FOR
TROUBLESHOOTING PERFORMANCE TEST

INTRODUCTION:

Using the following six step troubleshooting procedure will aid you in
determining which component is faulty. In the split method of trouble-
shooting, Pin #11, the output of the ist IF amplifier assembly, has
been selected as the starting point for this performance test. Based
on your interpretation of the scope presentation at this point, you can
determine which direction you should go.

EQUIPMENT: .

NIDA 205 Transceiver Trainer

Telonic 1232A Sweep Generator

NIDA 207 Usc1lloscope

NIDA PCB's 205-4FM and 205-5Fi .
Simpson 260 Multimeter and Test Lc is
RF Detector Probe

BNC-BNC cables (2 long)

BNC-BNC cables (2 short)
.BHC-Alligator Clip cable (1 short)

" INSTRUCTIONS:

Each student is required to determine the defective component in a
prefaulted IF amplifier assembly. You will be allowed 45 minutes
of “troubleshooting time on the equipment.

Standard test equipment will be availabie to you in the form of an
oscilloscope, a sweep generator, and a Simpson 260 multimeter. You
will be expected to observe all safety precautions throughout the
test. A safety violation will result in an automatic failure of the
performance test. - - t event you will be counselled and given
remedial training.

You will take a numbered positiorn .n the test room, After briefing
by the Learning Center Instructor you will fill out the heading of
the trouoleshooting form. On a signal from the Learning Center
Instructor, you will start the test., If at any time during the test
you should require assistance, raise your hand. DO NOT LEAVE YOUR
POSITION. ‘A Learning Center Instructor will assist you with your
trouble. You will set up the equipment according to the specifica-
tions given in the troubleshooting performance test procedures in
this booklet. A1l voltages and resistances measured will be within
+/~ 20% tolerance .With those given in the voltage/resistance chart at
the end of this perfonnance test.

186
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TROUBLESHOOTING PERFORMANCE TEST

4, You must jdentify the faulty component to pass this performance teb%.
- - i(',ﬁ_. -

5. If you do not understand these instructions, raise your hand and ask

" your Learning Center Instructor. If you do understand these instructions
and upon a signal from your Learning Center Imstructor, you may now

begin the Performance Test on the next page.
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SUMMARY
) 5 Lesson 4

Video Amplifiers -

. Many types:-of electronic equipment which produce a visual display requice
video amplifiers. The ideal video amplifier’ shou]d have a frequency
response curve resembling Figure 1.
t N |
a == ———== HALF-POWER LEVEL .
E’ ag——— BANDWIDTH T
l.i! ———— L
Oz = FREQUENCY —®=  GMiz B -
L ~
FIGURE 1.

IDEAL VIDEO AMPLIFIER RESPONSE CUﬁVE

Figure 2 shows the typical response curves for actual transformer-coupled and
: resistance-capacitive (RC) coupled amplifiers.

‘ 3 TRANSFORMER COUPLING (f) * RC COUPLING
U v
; ;
i U /
T 4 1 [ [ [ T _! ’ 1 \
0, 100 K 1K 100K 103 oK 00K
Frequency — Frequency —
{0) G (b}
" ¢ FIGURE 2

AMPLIFIER RESPONSE CURVES

Although RC coupled amplifiers provide the wider bandwidth, they fall

‘ . _ : short of -
the wide bandwidth requirements of video amplifiers., :
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Figure 3 can be referenced to show what limits video amplifier low frequency
response.

Q0

OUTPUT

Q

FIGURE 3
AC EQUIVALENT-RC COUPLED AMPLIFIER

At low frequencies, the capacitive reactance {Xc} of Cc is relatively high
causing soire signal voitage to drop across Cc instead of across Rl. Thus,

less voltage is felt across Rl which reduces overall amplifier gain at low
frequencies.

One method to partia)ly compensate for low frequency response loss is to use a

larger value coupling capacitor. Another type of method is to add the RC
network shown in Figure 4. §

¢

OUTPUT

e

_o

FIGURE 4
AC EQUIVALENT - LOW FREQUENCY COMPENSATION CIRCUIT

~
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At low frequencies, the Xc of CI is large enough so that CI acts as an open.
Therefore, the RC network has an impedance equal to RI. This makes the total
load impedance for (1 equal to RL + RI, which increases amplifier gain by
compensating for the Cc voltage drop. At high frequencies, Cl acts to short
the RC network, which returns the gain from QI to that produced by RL alone.
Another method for amplifying low fregquencies uses OC (direct coupling)
between stages. This method will be 'Seen in Module 34.

Figure 5 shows what 1imits video amplifier high frequency response.

[ =]

OUTPUT

)

-0

FIGURE S
AC EQUIVALENT - STRAY CAPACITANCE

The input and output Stray capacitances Co and Ci have low reactances at high
frequencies, and shunt the signal to ground.. These sStray capacitances result

from the close spacing between wires, foils, components, and the input/output
capacity of active devices.
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Une wnethod to compensate for high frequency signal loss is to place an inductor
in parallel with Co and Ci as shown in Figure 6.

w

1Y)
OUTPUT

FIGURE 6
“SHUNT" HIGH FREQUENCY COMPENSATION (AC EQUIVALENT)

At high frequencies, Co, Ci and L1 form a parallel resonant circuit which, at

resonance, develops an increased output impedance from Ql. This type of high
frequency compensation is called shunt compensation, or shunt peaking. The

shunt compensation circuit has a wide bandwidth, and an Fo above the frequency
response of the uncompensated amplifier circuit.
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Snunt type compensation may not improve the high frequency response nf video
awplifiers enouyh for some applications. The circuit can be further improved
by adding an inductor in series with the signal path and Ci as shown in Figure
?.

0
OUTPUT

FIGURE 7

"SERIES" WIGH FREQUENCY COMPENSATION (AC EQUIVALENT)

At high frequencies, the combination L2 ~ Ci forms a series resonant circuit
to the signal path. At resonance, the impedance in this LC circuit is at a
minimum and the voltage across the reactive components are at a maximum.
Therefore, the voltage developed by Ci is maximum at Fo and will be felt
across RI and fed to the base of Q2. This method of increasing amplifier gain
is called series coawpensation, or series peaking.” If the value of L2 is
chousen properly, the Fo of the series compensation circuit will occur above
the frequency responsa of the shunt compensation circuit. This will further
increase the amplifier's frequency response. ’
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Fiyure 8 shows the frequency response curve for a v%ﬂeo amplifier with combined
low and high frequency compensation added.

fo SHlllHT fo SERIES

4 ORIGINAL

0 FREQUENCY —— >

FIGURE 8
COMPENSATED VIDEO AMPLIFIER RESPONSE

This fully compensated RC coupled video amplifier has a frequency response
from about 30 Hz to & MHz.

Figure 9 shows the’ schematic diagram of a two-stage video amplifier as found
in tne NIDA trainer. A description of component functions follows.

FIGURE 9
2-STAGE VIDEO AMPLIFIER-ACTUAL CIRCUIT

1- 9 ; ;
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Class A forward bias is pr0v1ded for Q1 by Rl and R2, and for Q2 by R8 and R9.
k7 conpletes the.voltage divider from Vcc with these networks, Emitter
stavilization is provided by R6 and RI3. R13 is bypassed by C3 to prevent
deyeneration and loss of gain. R6 is not bypassed to improve low and high -
frequency response a* the cost of some gain. .

The interstage video signal coupling Cl, CZ, and C4 have large values to
iuprove low frequency response. The R4-C5 and R11-C6 decoupling components
separate the signal path from the DC power supply, and prevent the amplifier
frow becowing an oscillator. The shurt high frequency peaking coils L1 and L3
are connected to tne normal collector load resistors RO and R12. The series
high frequency peaking coils are L2 and L4,

RIV acts to reduce the Q, and broaden the bandwidth, of the L2-C2 series

compensation network. R3 acts to perform a similar function in a previous ‘
amplifier stage.

LY .
The frequency response for a video amplifier can be measured using a sweep
frequency generator as shown in the test set-up in Figure 10,

-

SWEEP GENERATOR DEMOD 0°SCOPE

O

Q O

FIGURE 10
VIDEQ AMPLIFIER FREQUENCY RESPONSE TEST

, If the generator is set to sweep from O Hz to 10 MHz, the outpiit signal from a
.« test amplifier would resemble the display on the ¢scilloscope shown in the

figyure. A technician can troubleshoot the yideo amplifier by comparing the

actual frequency response curve with the expected noramal frequency response

curve. Ueficiencies in either high or low frequency responses indicate whlch
" components may be faulty. ,
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-

The frequency reéponse for a video-amplifier also can be measured using a
square wave generator as shown in the test set-up in Figure 11.

0'SCOPE

| /E

SQUARE WAVE GERERATCR -

FIGURE 11
. SQUARE WAVE-AMPLIFIER TEST

Accurate reproduction of the square wave indicates good frequency response in
a vigeo amplifier. Any distortion of the square wave indicates a problem in
frequency response.

In theory, & square wave is the result of combining a fundamental sine wavet
frequency with an infinite number of odd-numbered harmonic frequencies. In
practice, a video amplifier which accurately reproduces a square wave is
capable of amplifying.a fundamental frequency and at least the first 10
odd-numbered harmonics. The display produced by a video amplifier with good
and poor frequency res -onses are shown in r1gure 12.

l+

GOOD ' : :
FREQUENCY RESPONSE POOR HIGH FREQUENCY ~ POOR LOW FREQUENCY

FIGURE: 12
SQUARE WAVE DISPLAYS AKD FREQUENCY RESPONSE
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You will have the opportunity to operate and troubleshoot a video amplifier in
the Job Program for this lesson.

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU ANSWER ALL
SELF-TEST ITEMS CORRECTLY, PROCEED TO THE JOB PROGRAM. IF YOU INCORRECTLY
ANSWER ONLY A FEW OF JHE PROGRESS CHECK QUESTIONS, THE CORRECT ANSWER PAGE
WILL REFER YOU TO THE APPROPRIATE PAGES, PARAGRAPHS, OR FRAMES SO THAT YOU
CAN RESTUDY THE PARTS OF THIS LESSON YOU ARE HAVING DIFFICULTY WITH. IF

YOU FEEL THAT YOU HAVE FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON,
SELECT AND USE ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS
(IF APPLICABLE), OR-CONSULATION WITH LEARNING CENTER INSTRUCTOR, UNTIL YOU
CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY.
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PROGRESS CHECK
LESSON 4

Video Amplifiers

TERMINAL OBJECTIVE(S):-

31.4.55

" When the student completes this lesson, (s)he will be abie to

TROUBLESHOOT and IDEMTIFY faulty components and/or gircuit
malfunctions in solid state video amplifiers when given a
training device, prefaulted circuit hoard, necessary test
eyuipment, scheinatic diagram and instructions. 100% accuracy is
required,

ENABLING UBJECTIVE(S):

when the student cdmp]etes this lessons {s)he will be able to:

31.4.55.1

31.4.55.2

31.4.55.3

31.4.55.4

~

. 31.4.55.%

31.4.55.6

-

IDENTIFY the causes of low frequency response losses in a basic

RF coupled amplifier circuit by selecting the correct statement
from a choice of four. 100% accuracy is required.

IDENTIFY the corponents which accomplish low frequency compensation
in an AC equivalent video amplifier circuit, given a schematic
diagram, by selecting the correct list of components from a
choice of four. 100% accuracy is required.

IDENTIFY the causes of high frequency response losses in a basic
RC coupled amplifier circuit by selecting the correct statement
from a choice of four. 100% accuracy is required.

IDENTIFY the components which accomplish high frequency compen-
sation in an AC equivalent video amplifier circuit, given a
schematjc d1agram, by- selecting the correct list of components
from a “choice of four. 17N% accuracy is required. N -

IDEKTIFY the function of comporents that imprcve frequency -
response in a video amplifier cirucit, given a schematic diagram,
by selectinyg the correct statement from a choice of four. 100%
accuracy 1s required.

IDENTIFY the frequency response deficiency‘(h1gh or low) indicated

Dy output waveforws from a video amplifier, given illustration

ot output waveforus, by selecting the correct indicetion. from a
choice of four. 100» accuracy is requ1red,

N

. ;?t?f
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PROGRESS CHECK
LESSON 4 -

. Video Amplifiers
' qfﬁ

1. 1n an RC coupled amplifier, low frequency losses are caused by the (increased/
decreased) voitage drop across the interstage .

- 1n an RC coupled amp11f1er the spac1ng between wires and components at high
*frequencies causes

d’.
b.
c.
d.

51gna1 instability in the coupling capacitor

an increase 1n amplifier frequency response

the Toss of high frequency amplification

an increase in the center frequency of the amplifier

-USE THE D1AGRAM BELOW OF AN AC EQUIVALENT, TWO-STAGE VIDEO AMPLIFIER CIRCU1T
TU ANSWER QUESTIONS 3 THROUGH 6.

3. Low frequency compensation is provided by components

4, High frequency‘compensation is provided by components

%

i
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At low frequencies, the Ioad impedance of Ql is increased by the additional
resistance of

a. KL
b. &l
c. Re

d. R3 .
R
b. Series peaking is provided by component . -

USE THE DIAGRAM BELOW OF A TWO- STAGE VIDEO AMPLIFIER CIRCUIT TO ANSWER QUESTIONS

7 THROUGH 9.
+ ﬂ\n
b

R7

61-.
3900 ot ]

QUTPUT

ol Bl 5o g 39pH
Y | o

Shunt peaking is provided by components and .

Class A forward bias:is provided to the second stage by components

a. R7, R8, and RO
b. RI11,-R12, and R13
c. "R9 and RIO ™

d. R10 and R13

~ i
Amplifier oscillation in the §jrst stage is prevented by components
and . . .
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Ust THE FIGURE BELUW TO ANSWER QUESTION 10,

'
L

The figure shows the output signal from a video amplifier with a square
wave inmput. The output signal indicates that the frequency response
is . at low frequencies and at high frequencies.

a. yood, good
b. good, puor
c. poor, yood
d. poor, poor

CHECK YOUR RESPUNSES TU THIS PROGRESS CHECK W1TH THE ANSWER SHEET. IF YOU

PRUGIKAM, IF YOU INCUERRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS,
THE CURRECT ANSWER PAGE WILL REFER YOU TGO THE APPROPRIATE PAGES, PARAGRAPHS,

UR FRAMES SO THAT YOU CAR RESTUDY THE PARTS OF THIS LESSON YOU ARE HAVING
UIFFICULTY WITH, 'IF YOU FEEL YOU HAVE FAILED TO UNDERSTAND ALL, OR MOST, OF .
THE LESSON, SELFCT AND USE ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL
MATERIALS (IF ArPLICABLE), OR CONSULATION WITH LEARNING CENTER INSTRUCTOR

UNTIL YOU CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY,

ANSWER ALL SELF-TESgpé;EMS CORRECTLY AND FEEL READY, PROCEED TO THE JOB
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INFORMATION SHEET
LESSON 4

Exact Model 124 Multigenerator

The Lxzact Model 124 pMultigenerator is a combination SINE, SQUARE, TRIANGLE,
SWLLE, TONLBUKST, and PULSE GENWERATOR in one compact and versatile package.
It is a siynal generator used to troubleshoot and align RF, IF, Video and
Audio circuits. You can see the importance of this if you are troubleshoot-
iny ¢ radar set.” You would need an RF signal generator, a square wave '
generator for your video circuits, an audio oscillator for your master
timer, etc. All these generators are given 'to you in one compact package;

DDEI. 124 MN.TIGEI'ER&?OR

evtzs o ot orrsn

» SorEm BT a0 Y me( wr
ATTENUATOR
T See Ut ot M §0w TR 4 OU‘I'Pu'r 2

5]8 © f%j.-'-r

FIGURE 1
FRONT PANEL MODEL 124 -

FUNCTIUR OF CONTROLS, SWITCHES AND CONNECTORS

Refer to Figure 1°for the below listed controls and connectors.

1. Power Switch - Turns instrument On and Off.

_2. Power Indicator Lamp - Visual indication when power is On.

-
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Range Switch - Selects desired frequency range.

Start Level -~ Varies the lockout leve! or phase of the triangle and
sine waveforms with respect to the square wave.

'Multiplier Dial -~ Provides calibrated fixed steps between range
settings. Each step equals 10% of range. The "S" position
places the generator in the Search mode. ' -

fultiplier Vernier - Allows variable adjustment of frequency between
fixed steps of -the yultiplier dial.

Mode Switch - Selects main generator modes of operation.

Sheep/Burst Width - COntrols sweep wldth when in sweep mode and bur§t
width in burst mode.”

Function Switch, Amp 1 and Amp 2 - Selects the desired function.

Amplitude, Amp 1 and Amp 2 - PrDVldeS 20 dB variable attenuation of
the output- amplitude.

D.C. Offset Switch - The Off positidn disables the offset potentiometer.

The of fset potentiometer manually adjusts the D.C. reference of
the output waveform selected by the Function switch.

Pulse/Burst/Sweep letch - Selects desired frequency of Pulse/Burst/
Sweep Generator.

100:1 VAR - Provides 100:1 variable frequency to cover all frequencies
between 1 MHz and 1 Hz.

Attenuator, Amp 1 and Amp 2 - Seleéts desired amount of attenuation
at Anp 1 or Amp 2 outputs. Pushbutton attenuators provide 10 dB
steps (adding) to 60 d8.

Output Jack Amp 1 and Amp 2 - 50N output Jack for all wavefonns
selected by the Function swltch.

Sync Qut - Provides Sync pulse for external equipment. Sync pulse.is
coincident with 1nterna1 square wave.

- Trig In - Provides input for external gating and triggering sfgnals
for the main generator.

Manual Pushbutton - Provides manual Gating and triggering signat.

VCF Input - Provides external input for voltage control of frequency
or sweeping.

2084
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JOB PROGRAM
FOR
LESSON 4

Video Amplifiers

-

INTRODUCTION:

This Joo Program is designed to permit you to analyze the operation of video
amplifiers and to see the results of high frequency compensating networks.
It will reinforce your knowledge of the video amplifiers you studied in the
narrative, programmed instruction or summary. Al71 voltages and resistances

measured should be within +/- 20% tolerance with those given in the answer
sheet to the job program. .

TERMINAL UBJECTIVE(S):

31.4.55 when the student completes this lesson, (s)he will be able to
TROUBLESHOOT and IDENTIFY components and/or circuit malfunctions
in solid state video amplifiers when given a training 'device,
prefaulted circuit board, necessary test equipment, schematic
diagram and instructions. 100% accuracy is required.

ENABLING OBJECTIVE(S):

~

When the student completes this lesson, (s)he will be able to:

31.4.55.7 MEASURE AND COMPARE frequency response and gain characteristics
of video amplifier circuits given a training device, circuit
boards, test equipment and proper tools, schematic diagrams, and
a job program containing references for comparison. Recorded
data must be within limits stated in the job program.

SAFETY PRECAUTIONS

Ubserve all standard safety precautioﬁs. Beware of all open and exposed
connections; an energized circuit may have dangerous voltages present.

EQUIPMENT AND MATERIALS

1, Oscilloscope

2. Exact 124 Multigenerator

3. NIDA 205 Transceiver Trainer

4. Video amplifier PC 205-5V

5. 1X Probe TEKTRONIX P6028 (2)

6. BHKC-BNC connector cable (1 long)

7. Shorting wire with two alligator clips
8. Schematic diagram of the PC 205-5V
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PRUCEDURES

Remove the top cover from the KIDA 205 Transceiver Trainer. Remove all
printed circuit boards from the chassis.

Insert the PC205-5Y printed circuit board in the PC 205-5 position.
Refer to the schematic diagram of the PC 205-5V (fold out page).
Set up the multigenerator as follows:

a. Set the Range-Hz switch to 10 kHz. Set the start level control to
mid-range.

Set the multiplier switch to position 4. Set the vernier control in
the center of the Multiplier switch to position 4. Use this control
in conjunction with the oscilioscope stability control to stabilize
the sweep.

Set the Mode switch to the "SWEEP" position. Set the Sweep/Burst/
Width control fully CCW.

Set the "AMP 1" switch to the third position from fully CCW. Set
the Amplitude control fully CCW.

Set both DC offset controls to mid-range. =
Set the Attenuator switches for an attenuation of the signal by 20

d8. This will prevent overdriving the input amplifier stage of the
video amplifiers.

Set the PULSE/BURST/SWEEP switch to 1 MHz. Set the 100:1 variable
control to the "cal" position.

Connect a 1X probe tb the "Output 1" jack.

up the oscilloscope as follows:

Set the Display Mode switches for channel #1 opeiation.

Set the Voits/Div control for channel #1 to the .2 position.
Set the Tine/Div control to 50 usec.

Set the Triggering level and stability controls to mid-range.
Set the Trigyer source switch to "INT."

Set all other switches to the "AC" position.

Connect a_lX probe to the channel #1 input of the oscilloscope.

206
208
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Connect the two 1X probes together and turn on the oscilloscope and the
multiyenerator.

Refer to step #3b above. Manipulate the vernier control on the multi-
generaior and the stability control on the oscilloscope until you
vbtain a stable presentation. .

Usiny the oscillescope, calculate the amplitude of the waveform shown
. This signal will be used as the input to the 2 stage video

awTlifier circuit board.

WUTe: In all cases involving the yse of various types of SIgnaT generators
it s very lmporfant that the signal being supplied by the generator
never be permitted to exceed the bias on the transistor or severe
distortion and inaccurate presentations will result,

Connect the 1X probe from the mu]tigeneratdr to the top of C1 in the
video amplifier and the 1X probe from the oscilloscope to the bottom of
1.1,  This is.the collector of Ql. Energize the NIDA 205 Transceiver
Trainer. '

a, Calculate the amplitude of the signal on the scope .

b, Calculate the gain of the amplifier using the jnformation ebtained
in step #8 and step #Ya .

€. Study the schematic diagram and try to figure out why the gain of
the circuit is so low .

Turn the channel #1 Volts/Div control on the scope to the .5 position.
Ueenergizé the KIDA 205 Transceiver Trainer.

Notice the 10uf capacitor with one end soldered to the bottom of R6.
Connect the shorting wire with the two alligator clips between the uncon-
nected end of this capacitor and the top of R6. You have now provided an
emitter bypass capacitor for the first video amplifier stage.

Energize the NIDA 20% Transceiver Trainer.

a.  wWhat happened to the gain?

b. What happened to the low frequency response?

WNow You can see that an emitter bypass capacitor will increase the

yain of an amplifier stage and if the emitter bypass capacitor should
open the anplifier gain will be very low. REMEMBER THIS. It . very
portant in troubleshooting.

Ueenergize the WIDA 205 Transceiver Trainer.

Remove the shorting wire from the capacitor.
. i _

. 207

209




'Jopo

1o,

17.

NOTE:

18.

19.
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Energize the NIDA 205 Transcei#er Trainer.

‘Connect the oscilloscope probe to the top of the cutput capacitor at pin

§7.
There is a 1000 pf capacitor at the lower right hand corner of the
PCB connected to pin #12. The purpose of this capacitor, which is
NOT a part of the circuit is to show you what happens to your high
frequency response when the peaking coils are bypassed to ground.

Change the controls on the multigenerator as follows:

a. Set the Range-Hz control to 100 K.

b. Set the multiplier controi to position 3,

c. Remove all signal attenuation by setting all attenuator switches to the
“out" position. '

d. You riay vary the vernier control in the center of the multiplier for a
-stable presentation after setting up the oscilloscope.

Change the settings on the oscilloscope as follows:

a. Change the channel #1 Volts/Div control to 5.

U,

21,
L2,
Z3.

NUTE:

24,

25,

b. Chanyge the Time/Div control to 10 usec.
Deeneryize the NIDA 205 Transceiver Trainer,

Using the shorting wire with the two alligator clips, connect 1 clip to
the I000 pf capacitor lead and the other clip to the bottom of L3,

Eneryize the NIDA 205 Transceiver Trainer and notice the effect on the
waveform on the scope..

a. What happened to the hjéh frequency response? e

Go through theﬁp?ocedures listed in steps #20, #21 and #22 except
connect the capacitor to the bottom of L4 and view the waveform on the
scope., ‘ '

" In most cases using transistorized circuitry, it is impossible for
technician to measure voltages directly on the emitter, base or
collector of a transistor; therefore you must place your meter lead
on the end of the component which is connected to these elements.

Using the inforimation given in the above note, measure the DC ‘voltages
on the' emitter, base and collector of Q1 and Q2, and check these
voltages with voltage/waveform chart at the end of this lesson.

Attenuate the signal from the multigenerator by a factor of 20 dB,

208
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2o, Connect a BNC-BNC ,cable from the “sync out” jack on the multigenerator
to the trigger source jack on the oscilloscope. Tie purpose for this
is so you can see the phase reversal of the amplifiers.

Thirty Dne-4

Set tne trigyer source switch on the oscilloscope to "EXT." -

Using the iX probe from the oscilloscope trace the signal through each
transistor. WNotice the phase shift hetween input and output. Compare

your waveforus with the waveforms in the voltage/waveform chart at the
end of this lesson.

a. Calculate the gain of (2

b. Calculate the total gain of the video amplifiers

KOTE: You have now completed the Job Program for video amplifiers. You
have seen how shunt and series high frequency compensating coils
(peakiny coils) effect the operation of a video amplifier and how an
enitter bypass capacitor effects the operation of a circuit.

CHECK YOUR RESPONSES TO THIS JOB PROGRAM WITH THE ANSWER SHEET. IF YOUR.
RESPUNSES AGREE WITH THE ANSWER SHEET, YOU MAY TAKE THE LESSON TEST. IF YOUR
RESPUNSES 10 WHOT AGREE OR IF YOU FEEL YOU HAVE FAILED TO UNDERSTAND ALL, OR
WUST OF THIS JOB PROGRAM, REVIEW THE PROCEDURES DF THIS JOB PROGRAM, ANOTHER
WK1TTEN MEDIUNM UF INbTRUCTIUh AUDIO/VISUAL MATERIALS OR CONSULATIDN WITH THE
LEARNING CENTER INSTRUCTOR UNMTIL YOUR RESPONSES DO AGREE.
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FAULT_ANALYSTS

(PAPER TROUBLESHOOTING)
FOR
MODULE 31, LESSON 4

NOW THAT YOU HAVE COMPLETED THE KNOWLEDGE SECTION OF THIS LESSON, YOU ARE
READY FOR PAPER TROUBLESHOOTING.

THE COMPUTER WILL ASSIGN YOU A SET OF PAPER TROUSLESHOOTING PROBLEMS ON THE
VIDZO AMPLIFIER CIRCUIT. THESE PROBLEMS WILL HELP YOU DEVELOP THE MENTAL
SKILLS REQUIRED IN ACTUAL TROUBLESHOOTING. YOU WILL BE GIVEN SYMPTOMS

OF A FAILURE AND CIRCUIT MEASUREMENTS THAT WILL ALLOW YOU TO IDENTIFY THE
PROBLEM,

AFTER YOU COMPLETE THE PAPER TROUBLESHOOTING SECTION, THE COMPUTER WILL
ASSIGN YOU A PRACTICE TROUBLESHOOTING PROBLEM ON A FAULTY PRINTED CIRCUIT
BOARD.

REMEMBER THAT REFERENCE VOLTAGES, WAVEFORMS, AND A SCHEMATIC ARE CONTAINED

"IN THIS STUDENT GUIDE FOR YOUR USt IN BOTH PAPER AND ACTUAL TROUBLESKHOOTING
PROBLEMS.

TERMINAL OBJECTIVE:

31.4.55 TROUBLESHOOT and IDENTIFY faulty components and/or circuit
malfunctions in solid state video amplifiers when given a
training device, prefaulted circuit board, necessary test
equipment, schematic diagram and instructions.

. ENABLING OBJECTIVE: .

31.3.54,10 IDENTIFY the faulty component or circuit malfunction in a
given video amplifier circuit, given a schematic diagrom
and failure symptoms, by select1ng the correct fault from
a choice of four. 100% accuracy is required.*

- *This objective is considered met upon successfu1 completion of the
terminal objective.

210
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Thirty One-4

INFORMATION SHEETS
FOR
TROUBLESHOOTING PERFORMANCE TEST

INTRUDUCTION:

Using the following six step troubleshooting procedure will aid you in
determining which component is faulty. In the split method of troubieshooting,
tne collector of {1 has been selected as the starting point for this performance
test., Based on your interpretation of the scope.presentation at this point,

you can detemiiine which direction you should go.

-

EQUIPMENT:

filua 205 Transceiver Trainer

NIba 207 Oscilloscope

kxact 124 Multigenerator

NIDA PCB 205-5V Video Amplifier

Simpson 260 Multimeter and Test Leads

1X P6UZ8 Tektronic Probes (2)

Schematic Diagram of WIDA PCB 205-5V Video Amplifier

INSTRUCTIONS:

kach student is required to determine the défective component. in a
prefaulted Video Awplifier. You will be allowed 45 minutes of trouble-
shootiny time on the equipment, )

- Standard test equipnent will be available to you in the form of an
oscilloscope, a multigenerator, and a Simpson 260 multimeter. You
will be expected tou observe all safety precautions throughout the
test. A Safety violation will result in an automatic failure of the
performance test. In that event you will be counselled and given
remedial training. : - _

You will take a nuubered position in the test room. After briefing

by the Learning Center Instructor you will fi)1 out the heading of the
troublestvoting form, OUn a signal from the Learning Center Instructor
you will then start the test. If at any time during the test you
should require assistance, raise your hand. DO NOT LEAVE YOUR POSITION.
A Learning Center Instructor will assist you with your troubie.

21y




Thirty One-4

“You must iden
test,

tify the faulty component to pass this performance

If you do not understand these instructions raise your hand and ask
your Learning Center Instructor. If you do understand these instructions

- and upon a signal from your Learning Center Instructor you may now begin
the Performance Test on the next page.




Thirty One-4
TROUBLESHOOTING PERFORMANCE TEST

DIRECTIONS: DO NOT WRITE IN THE PERFORMANCE TEST BOOKLET. MAKE ALL
YOUR RESPONSES ON THE SIX STEP TROUBLESHOOTING SHEET SUPPLIED WITH THE
TEST PACKET. THIS PERFORMANCE TEST BOOKLET IS DESIGNED TO AID YOU IN
COMPLETING THE STANDARD SIX STEP TROUBLESHOOTING FORM. COMPLETE THE
STEPS USING YOUR KNOWLEDGE AND SKILL OF THE CIRCUITS SHOWN. CONTACT
YOUR LEARNING CENTER INSTRUCTOR IF YOU HAVE ANY QUESTIONS.

SET UP THE EQUIPMENT THE SAME AS YOU DID IN THE JOB PROGRAM. ALL

WAVEFORMS,, VOLTAGES AND RESISTANCES WILL BE 'MEASURED WITH REFERENCE TO
GROUND UNLESS THE PCB IS REMOVED TO MEASURE FRONT TO BACK RESISTANCE

RATIOS OR TO MEASURE THE RESISTANCE OF A SPECIFIC RESISTOR. ALL MEASURED
VOLTAGES AND RESISTANCES SHOULD BE WITHIN +/- 20% TOLERANCE WITH THOSE GIVEN
IN THE VOLTAGE/RESISTANCE CHART AT THE £ND OF THIS PERFORMANCE TEST.

STEP ONE - SYMPTOM RECOGNITION

1. Does the equipment energize? yes/no.

TWG - SYMPTOM ELABORATION

2. No symptom elaboration. Proceed to step 3. Front panel meter

“is not in the circuit.
THREE - LIST THE PROBABLE FAULTY FUNCTION(S) ~
l. First and second Video amp]ifjgrs

FOUR - LOCALIZE-THE FAULTY FUNCTLON )
1. Verify the probable faulty function by use of test equipment.
. 2. List the test points where voltages/waveforms were obtained.
3. Reference voltages/waveforms/resistances are listed in the
voltage/waveform/resistance chart.
4. Be sure you list the reference voltage/resistance on the
troubleshooting sheet for each measurement you make.

FIVE - LOCALIZE THE FAULTY CIRCUIT/COMPONENT

1. List the test points vhere actual voltages were taken.
. &, What circuit/componeat in the faulty function listed in Step
four is Taulty? .
3. If you have determined the faulty circuit but not the,fau1ty
component proceed to step six. ‘ .
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Thirty One-4
TROUBLESHUOTING PERFORMANCE TEST

STEP SIX = FAILURE ANALYSIS

1. Secure the power and using the Simpson 260 take resisgance
cnecks.

a. Check front to back ratios on diodes.

b. Continuity checks on printed circuit board foil.
¢. Capacitors can be shorted or open. "

d. Resistors can be. open.

Explain in your own words why the component listed in steps
five or six above would cause the symptoms listed in steps one

and two of the six step troubleshooting procedure. Write your
answer in the space provided on the trcibleshooting form.

=

TAKE YOUR SIX STEP TROUBLESHOOTING SHEET TO YOUR LEARNING CENTER INSTRUCTOR
FUR VERIFICATION AND EVALUATION.

N

‘ ' 14 —
216 °
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-
TROUBLESHOOTING

FOR
VOLTAGE /RESISTANCE /WAVEFORM CHART

-

The following voltages, resistances and waveforms were taken with a

+ Simpson 260 multimeter and an oscilloscope with the scope and the
multigenerator set up according to the instructions in the job program,
steps #17, #18, #19 and #25 through #28. The output from the multi-
generator is connected to Pin #5 of the video amplifier and the output
is taken from Pin #7 of the video amplifier. All voltages, resistances
and waveforms were taken with respect to ground or circuit conmon.

Point of Check Voltage Resistance Waveform

Pin #6 ) 10,2 VDC 1.9 K ohns

Vg Q1 _ 0.48 vDC - 1 K ohm
Ve Q1 6.4 VDC 12 K ohms

Vg (2 © 1.67 VDC 1.4 K ohms

Ve Q2 1,25 viC 1 X ohm

Pin #7 0 vDC 850 K onhms




SCHEMATIC DIAGRAM

VIDEO-AMPLIFIER

PC 205-5V
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.A.S.(Progress Check) Thirty-1

ANSWER SHEET
FOR
PROGRESS CHECK
LESSON 1

Voltage Multipliers

REFERENCES

L5

' . Narrative P.I. Ref.
QUESTION NO. CORRECT ANMSWEP Ref. Pages Frames

1. a 37 13
2. | 37 . 4413
3. | 3 14-17
a. “ 20 14-17
5, | 2 14-17
a1 14-17
2 14-17.
38 4-13
42 18-24




ANSWER SHEET
. FOR

JOB PROGRAM

. LESSON 1

a. 44.7 Vpk
b. 31.6 VAC

a. 60 Rz
b. Half-wave

132 vDC

Th}ee times

8?.0-VDC

Two- thirds

44.4 WC

One-third

a. 2:1-

€1-5, CR2-5, CR3-5, C2-5 and R1-5
CR1-5, C3-5 and R2-5

To provide a lTong discharde time for C2-5 and C3-5
a. 50V

b. 44 VDC + or - 5%

c. The meter movement would be destroyed

44,4 VDC + 0or - 5%

THE ABOVE TOLERANCES ARE +/- 5% WHEM TAKEM WITH A DVM AND +/- 20% WHEM USING A
VOM (SIMPSON 260},




A.S. (Progress Check) Thirty-2

ANSWER SHEET
FOR
PROGRESS CHECK
LESSON 2

Transistor, Voltage and Current Peaulators

REFERENCES

Marrative P.I. Ref,
QUESTION NO, CORRECT ANSWER Pef. Pages Frames

1-6
7-12
7-12
7-12
13-17
13-17
18-23
18-23
2420
30-33
30-33
28-29
30-33
3n-33
" 3n-33
30-33
34.38
.34-38
30-41
30-41

ottt .
N DO~ Wi
- - - »

13,
14,

15
.

—
Co ~Jd
- -
AT OACOAN AT CNT OO

3%
P |
-
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ANSWER SHEET
FOR
JO8 PROGRAM
LESSON 2

Transistor, Voltage and Current Regulators

1.5 Amps. 1VDC

increased
unredul ated

29 ¥DC 1.3 Amps.

remained the same
decreased

0.3 Amps.

yes

0.3Ato 1.3 A or1 Amp.

28.8 VDC

15.23 VDC
14.66 VDC

vDC
27.7 vOC

15.20 vDC
14.63 VDC

vDC

30.2 VDC
15.28 VOC
14.71 VDC

0.57 vDC
0.00
remaifed the same

"39.1 VDC 0.6A 15V0C

31.4 VDC

15_vDC

16.4 VDC

decreased
- oyes




A.S. (J.P.)

ANSWER SHEET
FOR
JOB PROGRAM
LESSON 2

Transistor, Vo]tége and Current Regulators

41.3 VDC
15.0 vpC
26.3 VDC

17.7 vbC
37.2 voC
37.7 voC

17.7 vbC
33.4 VIC
33.9 vDC

t un

0.5 vpC

0.5 VDC

constant

CCuw 0.00 VDC 0.69 VDC
0.3 A 0.50 ¥yDC 1.62 ¥DC
0.6 A 1.05 vDC 2.24 VvDC
no

o .

There is no voltage across R2 with RS fully CW so no.

current js flowing through it. The transistors Q1 and
Q2 cut-off; or word: to that effect.

1.02 vDC

yes

0.682 vDC

4.64 VDC

3.985 VDC
CW .
CCW




A.S. (Progress Check) Thirty-3

"ANSWER SHEET
FOR :
PROGRESS CHECK
LESSON 3

SCR Power Supplies

REFERENCFS

Narrative P.I. Ref.
QUESTION NO. COPRECT ANSWER Ref. Pages Frames

1. ' b 184 4 &5
2, | 186 4, 548
3, 186 | 8

q, 186 8

5. 186 -9
6. 185 9
7. 186 14
8. : | 188

9.




A.S. (Progréss Check)

Question
No

1.

ANSWER SHEET
FOR

PROGRESS CHECK

LESSON 4

]

Thirty-4

SCR Requlated Power Supplies

Narrative

REFERENCES

P.1. Ref.

Reg. Pages Frames

233-234
235
'235
236
241
234-235
239
238
239
241

1-4

5-10

5-10
5-10

19-21
12-18
12-18
19-21
19-21
12-18




A.S.(J.P.) | . ) Thirty-q

ANSWER SHEET
FOR
JOB PROGRAM
LESSON 4

SCR Regulated Power Supplies

L

6 VDC (min) 23 VDC (max)

To gate the SCR's
6.2V (%) 0.5V

85V (X)) 0.5 v
30v(Hosy
2.3 msec (¥) .5 msec
Remained the same
Yes

2.5 msec () .5 msec

Remained the same
Yes'
2.0 msec () .5 msec

" Decreasing
Decreasing
Later

21.0 vbC 2.5 msec (%) .5 msec
6.5 VDC 1.5 msec {¥) .5 msec
23 vDC 3.2 msec (%) .5 msec
Decreasing

Later

Decreasing

Decreasing

Iﬁcreasing

Earlier
» 'l__‘_‘___-._.____




A.S. (Progress Check) Thirty One-1

ANSMER SHEET
. FOR
PROGRESS CHECK
LESSON 1

RF, 1F and Video Amplifier Characteristics

REFERENGES
_ : Narrative P.1, Ref,
QUESTION No, - CORRECT ANSWER Ref, Pages Frames
1. b. 46 1-8
2 c. _ a7 1-8
3 c. 47 1-8
.. b. . 3 1-8
5. a. | 19 - 9-16
......... . . . c' e
7 b. 48 1-8
8. a. 47, 48 1-8
9. ' “d. 50-51 17-24
0. b. : 51 17-24
11. c. 52 17-24
) 12. | a. ' 52, 53 17-24

.......

228

227




A.S. {Progress Check) Thirfy One-2

" ~ANSWER SHEET
FOR
PROGRESS CHECK
LESSON 2

RF Amplifiers
RE FERENCES

Narrative ’ -P.I. Ref.
QUESTION NO. CORRECT ANSWER : Ref. Pages Frames

3. - 128, 131 16
L. 129, 130 7-11
4. 129, 130 7-11
3 132 12-20
2. 135 12-20

4., 136 12-20

’10 136 12-20
2, ‘ 137 21-29
139 21-29

141 30-36

141 - 30-36

141 30-36

' 37-41

143

37-4
144 !

37-41
144




AcSo(JoPc) . Th'i'f'ty Uﬂe-z

ANSWER SHEET
FOR
JOB PROGRAM
LESSON 2

Sweep Generators and RF Amplifiers

No vertical line. disappeared.
No sweep voltage. disappeared.
{ncreased

" Increased
5. -
5.0

500-kHz .

6 .

No

Yes

500 kHz
0 to 1 MHz
1 MHz

2.8V; 2V

2V
Yes
Yes

22 .
95.4 to 99.8 Mhz
4.4 MHz




A.S, (Prqgress Check) Thirty One-3

ANSWER SHEET
FOR
PROGRESS CHTCK
LESSON 3

IF Amplifiers

REFERENCES

_ ' Narrative P.I. Ref,
QUESTION ITIO. CORRECT ANSWER . Ref, Pages Frames

1. 199 1-7
2, | 201 1-7
3. 200 1-7
4. | 203 8~14
5, 203 8~14
6. 204 15-24
7. | - 205, 207 15-24
5. _ 209 o 15-24
9. ' ' 209 15-24

10, 211 25-28




A.S. {Progress Check) : : . Thirty One-4,

ANSWER SHEET
FOR
PROGRESS CHECK
LESSON 4

Video Amplifiers

REFERENCES

_ Narrative . = P.I. Ref,
QUESTION NO, CORRECT_ANSWER Ref. Pages - Frames

1. increased, coﬁp]ing 274 1-8

capacitor .

2, the loss of high 276
frequency amplifi
cacion
3.
4. €1, K2 | 275
. ‘ L1, L2 277,279
b, ke 275
7. Le 279
8. L1, L3 283
Y, 4. R7, RY, and R9 282.
iU, K4, (5 283




A.S. (J.P.)

7. .

8a,
b
C.

b.

ANSWER SHEET
FOR
JOB PROGRAM
LESSON 4

Video Amp]ifier§

.18 V p/P

22 ¥V PP

1,22

Unbypassed emitter resistor

Increased
Decreased

Decreased

22.6

25.4




