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ABSTRACT
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MILITARY CURRICULUM MATERIALS

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 six regicnal 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 acguired, 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 amitted Or appro-
val for their use was obtained. These course packades contain
curriculum resource materials which can be adapted to support
vocational instruction and curriculum development.
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The National Center for Research in
Vocational Education’s mission is 10 increase
the ability of diverse agencies, institutions,
and organizations 1o solve educational prob-
tems relating 1o individual career planning,
preparation, and progression. The National
Center fulfills its mission by:

Information and Field
Services Division
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The National Center for Research
in Vocational Ed.ucation

Generating knowledge through research

Developing educational programs and
products

Evaluating individual program needs
and outcomes

Installing educational programs and
products '

Operating information 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: 614/486-3656 or Toll Free 800/
848-4815 within the continental U.S.
{except Ohla}




Military
Curriculum Materials
Dissemination s ...

an activity 10 increase the accessibility of
military-developed curriculum materials io
vocational and technical educators.

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

Access 1o military curriculum materials is

provided through a "Joint Memorandum of
Understanding’’ between the U.S. Dffice of
£ducation and the Depariment of Defense.

The acquired materials are reviewed by staff
and subject matter specialists, and courses
deemed applicable 1o vocational and tech-
nical education :ire selected for dissemination.

The National Center for Research in
Vocationai Education is the U.S. Dffice of
Education’s designated representative 10
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?

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 pregrammed
instruction, curriculum outlines, instructor
guides, student workbooks and technical
manuals.

The 120 courses represent the following
sixteen vocational subject areas:

Food Service
Health
Heating & Air
Conditioning
Machine Shop
Management &
Supervision
Meteorology &

Agriculture
Aviation
Building &
Construction
Trades
Clerical
Decupations
Communications
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 1o vocational and
technical education are identified and selected
for dissemination.

How Can These
Materials Be Obtained?

Contact the Curriculum Coordination Center
in your region for information on obtaining
materials (e.9., avallability and cost). They
will respond 1o your request directly or refer
you t0 an instructional materials agency

closer to you.

CURRICULUM COORDINATION CENTERS

EAST CENTRAL
Rebecca S. Douglass
Director

100 North First Street
Springfield, )L 62777
217/7820789

MIDWEST

Robert Patton
Director

1515 West Sixth Ave.
Stiliwater, OK 74704
405/377-2000

NORTHEAST

Joseph F. Keily, Ph.D.
Director

225 West State Street
Trenton, NJ 08625
609/292-6562

NORTHWEST
William Daniels
Director

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

SOUTHEAST

James F. Shill, Ph.D.

Director

Mississippi State University
Drawer DX

Mississippi State, MS 39762

601/325-2510

WESTERN

tawrence F. H. Zane, Ph.D.
Director

1776 University Ave.
Honolulu, HI 96822
808/948-7834
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Course Description,

This block is the fifth in a ten block course providing training in electronic principles, use of basic test equipment, safety pPractices, circuit analysis,
soidering, digital techniques, microwave PrinciPies and troubieshooting basic circuits. Preréquisites to this block are Blocks 1, 11, 1] and I'V covering
DC circuits, AC circuits. RCL circuits: and solid state principles. Block v—Solig State Power Supplies and Amplifiers contains eight modules covering
124 hours of instruction on power supply rectifiers and filters, power supply regulators. troubleshooting. wideband amPiifiers. saturable reactors,
magnetic amplifiers, and synchro-servo systems. The module topics and respactive hours follow:

Modula 34 - Solid Stete Power Supply Rectifiars and Filters {12 hours!
Module 356 — Solid State Powsr Supply Reguistors (7 hours)

Module 36 — Troubleshgating Solid State Power Supplies (36 hours)

Module 37 - Troubieshooting Soiid Stete Power Amplifiers {12 hours)
Module 38 - Troublashooting Solid State Nerrow Band Amplifiers (38 hours)
Module 39 - Solid Stete Wideband A mplifiers {7 hours)

Module 40 - Saturabls Reactors and Magnetic Amplifiers {5 hours)

Module 41 - Synchro-Servo Systems {7 hours}

This block contains both teacher and student materisls. Printed instructor materials include a Plen of instruction detailing the units ol instruction,
duration of the l€s50ns, criterion obiectives, and suPPOr materials needed. Student materials consist of 3 student text used for ali the modales; eight
guidance packages containing obiectives, assidnments, and réview exercises for each module; two handouts on troubleshooting solid state Power
supplies and troubleshoating solid state Power amplifiers; and a digest of modules 34 through 41 for stugents who have some background in these
wopics and only need to review the major points of instruction.

This material is designed for self- or grouP-Paced instruction to be used with the rémaining ning blocks. Most of the material can be adapted for
individualized instruction. Somae additional miiim manuals and commercially produced taxts are recommended for raference, but are NOt provided.
Audiovisuals suggested for use with the entire course consists of 143 video taPes which are not provided.
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DEPARTENT OF THE AIR FORCE PLAN OF INSTRUCTION 3AQR30020-1
USAF Sch of Applled Aerosp Sci (ATC) 6 November 1970
Keesler Air Force Base, Mississippi 39534

FOREWORD

1. PURPOSE: This publication is the p’an of instruction (FOI) when the
pages shown on page A are bound into a single document., The POI ores-
cribes the qualitative requirements for Course Number 3AQR30020-1, Elec-
tronic Principles (Modular Self-Paced) in terms of criterion objectives
and teaching steps presented by modules of instruction and shows duration,
correlation with the training standard, and support materials and
guidance. yhen separated into modules of instruction, it becomes Part I
of the lesson plan. This PO was develooed under the provisions of

ATCR 50-5, Instructional System Development, and ATCR 52-7, Plans of
Instruction and Lesson Plans.

2. COURSE DESIGN/DESCRIPTION. The instructional desizn for this course

is Modular Schedulirg snd Self-Pacing; however, this POI can also be

used for Croup Pacing. The course trains both non-prior service airmen
personnel and selected re-enlistees for subsequent entry into the =guipment
oriented phase of basic courses supporting 303X, 304XX, 307XX, 309XX and
328XX ATSCs. Technical Training includes electronic principles, use of
basic test equipment, safety practices, circuit analysis, soldering, digital
techniques, microwave principles, an? troubleshooting of basic circuits,
Students assigned to any one course will receive trdaining only in those
wodules needed to complement the training program in the equipment phassz,
Related training includes traffic safety, commander's calls/briefings and
end of course appointments.

3. TPRAINING EQUIPMENT. The number shown in parentheses after equipment
listed as Training Eauipment under SUPPORT MATERIALS AND GUIDANCE is the
planned number of students assigned to each equipment unit.

4, REFERENCES. This plan of instruction is based on Course Training
Standard KE52-3aQR30020-1, 27 June 1975 and Course Chart 3AQR30020-1,
27 Jure 1975.

Commander
Tech TIng Gp Prov, 3395th

OPR: Tech Tng Cp Prov, 3395th
DISTRIBUTION: Listed on Page A




PLAN OF INSTRUCTION/LESSON PLAN PART ¢

HAME OF INSTRAUCTOR COURSE TITLE

Electronic Principles

BLOCK NUMBER BLOCK TITLE

Vi Solid State Power Supplies gnd Amplifiers

COURSE CONTENT 2 DURATION
fHours)

1. Solid State Power Supply Rectifiers and Filters (Modwle 34) 12
(9/3)

a. Given the schematic diagram for an unfiltered semiconductor (2)
half-wave rectifier, effective AC input voltage, input frequency,

and a list of statements, select the statement that describes and/
or identifies the current pathj the output ripple frequency; the
peak output voltage; the output waveform. CTSs 4h(3), Si(SS
Meas: U

(1) Describe the purpose of a rectifier.

(2) Identify schematic diagram.

() Explain operation in terms of

(a) current paths.

{b) ihput and output waveforms.,

(¢) input frequency and output ripple frequency.
(d) peak output voltage.
(4) Show the effect of reversing the diode.

(5) Review voltage polarities as determined by current
direction.

t*» riven the schematic diagram for an unfiltered semiconductor
full-zave rectifier, effective AC inmput voltage, input frequency,
‘and a lict of statements, select the statement that describes and/

or identifies the current paths; the output ripple frequency; the
ocak output voltage; the output waveform., CTS: 4h(3), 5i(5

) [
HMeass W

(1) Identify schematic diagram.

SUPERVISOR APPROVAL DF LESSDN PLAN (PART 1)
SIGH ATURE ] DATE SIGN ATURE

PL AN CF IKSTRUCTION NO. - QATE PAGE NO.
3AQR30020-1 20 November 1975 19

ATC FORM 133 ATC Keesler 61029 REPLACES ATC FORMS 337, MAR 7 AND 770, AUG 72, WHICH WILL BE
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PLAN OF INSTRUCTION/LESSON PLAN PART 1 (Continuation Sheet)

COURSE CONTENT

(2) Explain operation in terms of
(a) current paths.
(b) 4input and output waveforms.
(¢) input frequency and output ripple frequency.
(d) pesk output voltage.

(3) Explain the effect on output voltage due to the center
tapped transformer,

(4) Show the effect of revarsing the diocdes and the change
in output voltage polarity.

¢. Given the scr~matic diagram for an unfiltered

semiconductor bridge re:ziifier, effective AC input voltage, input
frequency, and a list of statements, select the statement that
deseribes and/or identifies the current paths; the output ripple
frequencyj the peak output voltagej the out; ut waveform, CTS: 5](3)
Meas: ¥

(1) Identify schematic dlagram

(2) Explain operation in terms of

(a) ecurrent paths.

() input and output waveforms.

(¢) input frequency and output ripple frequency.
(d) peak output voltage.
(L) Idemtify the output polarity with all diodes reversed.
Civen the schematic diagram for an unfiltered
mi-onductar three phase rectifier (full-wave), effective AC input
V(.u.td.[c, input frequency and a list of statements, select the state~
menl that describes and/or identifies the current paths; the output
ri lmle I‘requenc}, the peak output voltage; the output waveform,
Nt Meast W
(1) Identify zchematic diagram

(2) Explain operation in terms of

{a) current paths.

i
i
j_ FLeN OF INSTRUCTION NQ, DATE PAGE NO.

< AOEINNSOL 20 ilovember 1975 20

ST uﬁ??.

(t.) input and output waveforms. 15




PLAN OF INSTRUCTION/LESSON PLAN PART | (Cortinuation Sheet)

COURSE CONTENT

(¢) input frequency and output ripple frequenc:.
(d) peak output voltage.
(3) Explain the method of changing the output polarity.
e. Given a list of statements, select the one that describes
the effect of filtering on half or fullewave rectification.
cTS: 53i(1) Meass W

(1) Purpose of filter

(2) Identify proper placemest of a capacitive filter.

(3) Explain capacitive filter action in terms of
(a) charge and discherge paths.
(b) time constants.
(¢) average output voltage.
(d) ripple amplitude.

(e) effect on average output voltage when the load
or filier capacitance is varied.

(L) Identify proper placement of an inductive filter.

(5) Deseribe inductor filter action in terms of current

forermdavion,

{/) Identify and explain the operation of the following
fMilier configurations.

(a) capacitive input L,
(b) 4inductive input L,
(¢c) LC pi.
(d) RC pi.
(7) Purpose and placement of a bleeder resistor in terms of
(a) personnel safety.
(b) regulation.

. (8) Purpose and possible placement of surge resistors and
capacitors.

¢ PLAN OF INSTRUCTION NO, DATE PAGE NO, 21

SAQR30020-1 120 November 1975

FORM P REPLACES ATC FORMS 337A. MAR 73, AND 720, ALNG 72, WNICN WILL BE
C 8-0207
AT apR 7s  133A ATC Keeuler USED.
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FPLAN OF INSTRUCTION/LESSON PLAN PART | (Continuation Sheet)

COURSE CONTENT

f. Given a schematic diagram of a semiconductor voltage
doubler and the peak AC voltage. determine the peak output
voltage. CTS: 53(2) Meas: W

(1) Identify the schematic diagram.
(2) Explain operation in terms of
(a) current paths.
(b) ripple frequency.
(c) peak output voltage.
{Z) Explain the method of changing the output polarity.

r- Given a sch.matic diagram and a list of statements, select
the one which describes an operation taking place in a semiconductor
voltape doubler. CTS: 531(2)  Meas: W

(1) Identify current paths during each alternation.

(2) Differentiate between charging and discharging
resistance,

(5) Explain the summing effect of the voltages developed
across the capacitors.

SUPPORT MATERIALS AND GUIDANCE

otudent Instructional Materials
Ak P-GP->4, Solid State Power Supply Rectifiers and Filters

KI.P-5T-V, Solid State Power Supplies and Amplifiers
KkP-110

Audio Visual Aids

TVK .0--01A, Filters and Power Supplies
TVK -0-207, Voltage Doubler

TVK -0-2-6, Eridge Rectifiers

Training Equipment

LC-RC Filtering Characteristics Trainer 4865 (1)
Ozeilloscope (1)

Multimeter (1)

Training Methods
Discussion (9 hrs) and/or Programmed Self Instruction
CTT Assigmments (5 hrs) 7

Muitiple Instructor Requirements
Safety, Equipment, Supervision (2)

“LAN OF INSTRUCTION NO. IQR I P
A T . Aﬁf\‘lfomhoh I078 AGE .!?'j




PLAN OF INSTRUCTION/LESSUN PLAN PART | (Continugtion Sheet)

COURSE CONTENT

Instructional Gujdance

Make specific objective assignments to be completed during CTT time in KEP-GP=34.
Have students identify active components and direction of cwrrent flow through
each type of rectifier a number of times. Discuss the rectifier output polaritiesj
waveshapes(without filtering)and mathemstical computations. An optional laboratory
exercise can be performed to aild in reinforeing the theories discussed.

it
PLAN OF INSTRUCTION NO. 13 DATE
“3

2AQR30020-1 20 November 1975
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PLAN OF INSTRUCTION/LESION PLAN PART !

NAME OFf INSTAUCTOR COURSE T!TLE

Electranic Principles
BLOCK NUMBER BLOCK TITLE

¥ Snlid State Pawer Sumplies and Amplifiers

COURSE CONTENT 2 DURATION
(Hours)

2. Solid State Power Supply Regulators (Module 35)

7
(5/2)

a. Given a schematic diagram of a zener diode shunt regulator
and a list of statements, select the statement which describes the

current path; the purpose of the serles resistor. CTS: 5i(5)
Meas: ¥

(1) Purpose and construction of a zener diode.

(2) Recognize the voltage regulating region on a zener
diode characteristic curve.

(5) Purpose of the series resistor.
(4) Identify the

(a) schematic symbols

(b) schematic diagram of a zener diode shunt regulator:
(5) Explain operation in terms of

(a) current paths,

(b) effects on output voltage for changes in AC
input or load.

t.. iven a schematic diagram of a series electronic voltage
rermdator and a list of statements, select the statements which

#ive the effect on output voltage when the adjustment control is
¢ varied. CTSs 5i(5)  Meass W

(1) Idemtify the schematic diagram of series electronic
voltage repgulator,

SUPERVISOR APPROVAL OF LESSON PLAN (PART 1)
UGHATURE DATE SIGNATURE
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PLAN OF INSTRUCTICN/LESSON PLAN PART § (Continuation Sheet)

COURSE CONTENT

(2) Purpose of the zener diode in a series electronic
voltage regulator.,

(3) Describe the effect on biasing and voltage drops
when the voltage adjust control is varied.

(4) wWith an input voltage change, explain the effect on
resistance of the series transistor.

(5) Explain the effect on biasing of Q1 and Q2 as load is
changed.

SUFPORT MATERIALS AND GUIDANCE

Student Instructional Materials

KEP-GP~55, Solid State Power Supply Regulators
KEP-ST-V

KEP-110

Audio Visual Aids
TVK -0-361, Voltage Regulators (Solid State)

Iyaining Equipment
©l3ctronic Voltage Regulator Trainer 5797 (1)
Muitimeter (1)

Training Methods _
Discussion (5 hrs) and/or Programmed Self Instruction
CTT Accipnments (2 hrs)

Aultiple Instructor Reduirements
Safety, Equipment, Supervision (2)

Instructional Guidance .

Insure CTT time assignments are given in KEP-GP-35 and block V Student Text.
motalblizh a need for voltage regulators and classify the types te be studied.
An optional laboratory exercise, if performed, will require the students to use
a variae, and this type of device will have to be briefly discussed.

PLAN OF INSTRAUCTION KO, 1 DATE PAGE HO.
T AADRYYI 1 20 MAvamher 1978 26




PLAN OF INSTRUCTION/LESSON PLAN PART |

NAME OF (NSTRUCTOR COURSE TITLE

Electronic Principles

BLOCK NUMBER BLOCK TITLE

¥ Solid State Power Supplies and Amplifiers

COURSE CONTENT 3 DURATION
(Hours)

.. Troubleshooting Solid State Power Supplies (Module 36) (1? )
9/3

a. Given a multimeter, oscilloscope, schematic diagram, and a (6)
trainer naving an inoperative solid state half-wave filtered power
supply, determine the faulty component two out of three tinmes.
CTS: 2t, 2¢, 5i(5) Meas: PC

(1) Review the power supply trainer, oscilloscope and
troubleshooting procedures.

(2) Describe the effects on the regulating circuit when
the filtering network is inoperative.

(3) Explain the effects on biasing of Q1 and Q2 for the
followings

(a) Q2 collector open.
(b) Q2 biasing network open.
(¢) Zener diode bypassed.

i.. Given a multimeter, oscilloscope, cchematic diagram, and a
trainer having an inoperative solid state full-wave regulaved and
filtered power supply, determine the faulty component two out of
three times. CTSs la, 2b, 2¢, 5i(5) Meass PC

(1) Review the power supply trainer, oscilloscope, and
trout.leshooting precedures.

4. Measurement and Critique (Part 1 of 2 parts)
a. Heasurement test

b. Test ceritique

SUPERVISOR APPROVAL OF LESSOM PLAMN {PART 1)
SIGNATURE DATE SIGH ATURE

PLAN OF INSTRUCTION NO.
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PL AN OF INSTRUCTION/LESSON PLAN PART | (Continuation Sheet)

COURSE CONTENT

SUPPORT MATERIALS AND GUIDANCE

Student Instructional Hu%s
P3¢, Troubles ing State Powar Supplies
EER-ST-V
KER-110
NgPp-Ho~ 8
Audio “:ual Alds
TVK 30-352A, Power Suppliss & Mlters (T/3)
TVK 30-3528, Voltage Doublers (T/S)

Irainipg Equipgpent

Powsr Supply Troubleshooting Traimer 5927 (1)
vsellloscope (1)

M timeter (1)

Meter Panel 4567 (1)}

Performance 59 hrs)

CTT Assigrnments (3 hrs)

Multiple or 8

Safety, Equipment, Supervision (2)

Instructional Guidance

Insure CTT time &s:signments are given in KEP-ST-V. Irdroduce the labaratory
exsrcise and strecs the value of practical application of thecretical knowledge.
lList the procedures shich require caution to insure the safety of personnel and
equipment. Have the class perform a dry run of the performance exercise before

assigning them to the tralners., Inform students that Part 1 of the measurement
test covers modules =4 through 26.

PLAN OF INSTRUCTION NO.




PLAN OF INSTRUCTION/LESSON PLAN PART |

NAME QF INSTRUGTOR COURSE TITLE

Electronic Principles
BLOCK NUMBER BLOCK TITLE

v Soldid State Power Supplies and Amplifiers

COURSE CONTENT 2 DURATION
(Houra)

5. Troubleshooting Solid State Power Axplifiers (Module 37) 12

(9/3)

2. Given a list of statements, select the one wilch describes (2.5)
the effect of changing forward blias on push-pull amplifier

class of operation; crossover distortion; efficiency.
CTS: 5S¢ Meas: W

(1) Ceneral Characteristics

(2) Explain characteristics of power amplifiers in
terms of power dissipation; of temperature
stability; mat _signal scurce impedance to
load impedanca‘:hﬂ‘ need for heat sinks.

(b) Given a transistor characteristic curve, identify
the maximur power dissipation curve. '

Push Pull (double ended)

(¢) Identify the schematic disgram of a class B
transformer—coupled push-pull ampiifier.

(d) Describe the signal input requiremente to a push-
pull emplifier.

(e) Purpose of the output transformer.

(£) Explain the effects of forwerd bias changes on
class of opsration and efficiency.

(g) Cause of cross-over distortion.

(h) ITdentify a waveform that has cross~over distortian.

(1) Explain how class AB operstion reduces cross—over
distortion.
SUPERVISOR APPROVAL OF LESSON PLAN {PART W)
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PLAN OF INSTRUCTION/LESSON PLAN PART | (Cantinuation Sheet)

COURSE CONTENT

(§) Explain how a balanced circuit provides even-harmanic
cancellation.

be Given the schematic diagrsm of a singla stage parsphass
amplifier, determine DC cwrrent pathj output eignalg
voltage gain. CTS: 5¢ Meass W
(1) Identify the schematic dlagram
(2) Explain operstion in terms of

(a) bandwidth

(v) voltage gain

(¢) eignal paths
(d) DG current path

(3) state the purpose of discharge “lodes in RC-coupled, Class

B, push-pull amplifiers.
Given the schematic diagrem for a complementary-symmetry circuit (1)
using a comnon collector configuration, determine DC current pathsj

input signal requirements; output signals; source polarities.
CTSs 5¢ Moass W

(1) Identify the echamstic diagrsm of complemantary-symzetyy
amplifier to include

(a) DC path

(b) 4nput signal requirement

(c) output signals

(d) mumber and type of transistors
(e) voltage source polarities

(£) power gain
Given a schematic diagram for compound—comnected power smplifier (1)

using a common base configurstion, determine the DC current paths;
the current gain. C(CTS:. Sc Moas: W

(1) Identify the schematic diagram of s compound-counected power
smplifier using comnon base configuration.

(2) Explain operation in terms of 24
(e) direct—current paths.

PLAN OF INSTRUCTION NO. | pacr un
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COURSE CONTENT

(b) ecurrent gain

e. Given & trainer baving an inoperative transistor push-pull
power smplifier, schematic disgram, oultimeter, and
oscilloscope, determine the faulty component two out of
three times. CTS: la,5¢ Msas; PC

(1) Review troubleshooting procedure.

SUPPORT MATERIALS AND GUIDANCE

Student Ingtructional Materlals

KER-GP-37, Troubleshooting Solid State Power Amplitiers
KEP=ST=-V

KEP-110

KEP - RO~ 37

din Visual Aid
N S0=359 TratiTetorized Push—Pull Amplifier

TVK 3&&36: Complementary Symmetry

Iraining Equipment

Transistor Push-pull Amplifier Trainer 5969 (1)
Transistor Power Supply Trainer 4649 (1)
Oscilloscope (1)

Multimeter (1)
Signal Generator 4864 (1)

Tr i thods
| Tiscussion (5 hrs) and/or Programed Self Instruction
Performance (4 hrs)

| CTT Assignments (3 hrs)
© Multiple tructor Requirements
. Safety, Equipment, Supervision (2)

i Instructional Guidence

| Give students specific objectives to cover during CIT time in KER-GP=37. Discuss
amplifier class of operation as it is pelated to efficiency and fidelity. After
explaining the verious amplifiers from the standpoint of curremt psths, galn,
officiency and input/output polarities, have the students practice tracing current
and jdentifying input/output phase relationships. Instruct the class to leaf
through the laboratory exercise and generally familisrize themselves with the
objectives, procedures and notes of safety.
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NAME OF INSTRUC TOR COURSE TITLE

Electronic Principles

b—
BLOCK HUMBER BLOCK TITLE

v Solid State Power Supplies and Amplifiers

COURSE CONTENT 2 OURATION
(Hours)

6. Troubleshooting Solid State Narrow Band Amplifiers (Module 38) ( ? |
6/2

a. Given a list of statements, select the one which describes (1)
the effects of load changes on Q and bandwidth of a narrow band
amplifier. CTS: 5¢ Meas: W

(1) Narrowband amplifiers (RF)

(a) Explain the result of using an LC tank in the outd
put of an amplifier in terms of selectivity and sensitivity.

(b) List the characteristics of a radio frequency
transformer.

(2) Given a frequency response curve,

(a) identify the half power points.

(b) determine the bandpass, bandwidth and center
frequency.

(5) Describe the effect of load changes on circuit
(a) Q.
(b) bandwidth.
b. Given a list of statements, select the one which describes

tae effcects of regenerative feedback on narrow band amplifier
stacility; distortion; gain. CTS: 5¢ Meas: W

(1) Describe regenerative and degenerative feedback
in termc of aiding or opposing the input signal.

SUPERVISOR APPROVAL OF LESSON PLAN (PART 11}
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PLAN OF INSTRUCTION/LESSON PLAN PART | {Continuation Sheet)

COURSE COMTENT

(2) Describe the effect of excessive feedback in an RF
amplifier in terms of

(a) stability.
(b) distortion.
(¢) gain.

(3) Describe the effects of degenerative feedback on
amplifier in terms of :

(a) stability.
(b) distortion.
(¢) guin.
¢e Given frequency response curves for transformer coupling,
select the one which identifies under coupling; over coupling;
ceritical coupling. CTS: 5¢ Meass W

(1) Given a two-stage amplifier, explain how impedance
matching is accomplished when using

(a) transformer coupling.
{b) autotransformer coupling.
(¢) pi network coupling.

(2) Given various transformer coupling response curves,
identify the one that represents

(a) under coupling.
(b) over coupling.
(¢) critical coupling.
d. Given schematic diagrams of narrow band amplifiers, identify
the neutralization or unilaterallization components.
CTS: 5¢ Meas: W
(1) Explain need for neutralization circuits

(2) Given a schematic diagram of a neutralized RF amplifier,
select the neutralization components.

(3) Explain need for unilateralization eircuits

PLAN OF THSTRUGCTION HO. . 2 7 DATE
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PLAN OF INSTRUCTION/LESSON PLAN PART | {(Continuation Sheet)

COURSE CONTENT

(4) Given a schematic diagram of a unilateralized RF amplifier,
select the unilaterslization components.

e. Given a transistor radio frequency amplifier trainer,
multimeter and oscilloscope, plot the frequency response curve and
determine the bandpass and bandwidth at the half power points within

+ 10 percent accuracy. CTSs 4g(1), 4g(2), 42(3)  Meas: FC

(1) Review bandpass and bandwidth.

(2) Show relationships of bandpass and bandwidth
to half-power points and Q.

f. Given a trainer having an inoperative transistor narrow
band amplifier, schematic diagram, multimeter, and oscilloscope,
determine the faulty component two out of three times. 'CTS: 5¢
Meas: PC

(1) Review troubleshooting procedures.

SUPPORT MATERTALS AND GUIDANCE

Student Instructional Materials

KEP-CP~38, Troubleshooting Solid State Narrow Band Amplifiers
KEP~ST-V

KEP-110

Training Equipment

Solid State Radio Frequency Amplifier Trainer 5971 (1)
Solid State Power Supply Trainer 4649 (1)
Oscilloscope (1)

Mulitmeter (1)

Training Methods

Discussion (3 hrs) and/or Programmed Self Instruction
Performance (3 hrs

CTT Assignments (2 hrs)

Aultiple Instructor Re ments

Safety, bquipment, Supervision (2)

Instructional Guidance

Assign specific objectives to be covered during CTT time in KER-GR-38. Analyze
eacn of the lmowledge objectives contained in this module. Stress the strong
relatinonship between these objectives and the laboratory exercises which follow.
If thc laboratory schedule permits, discuss each laboratory exercise separately
before assigning students to the trainers. Have the class briefly scan the

procedures and explain the desired outcomes, inconsistencies and troubleshooting
techniques.
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NAME OF INSTRUCTOR COURSE TITLE

Electronic Princinples

BLOCK NUMBER BLOCK TITLE
v

COURSE CONTENT

DURATION
(Houra)

7. Solid State Wideband Amplifiers (Module 39)

as Given a pictorial diagram of square wave and a list of
statements, select the ones that identify the parts of the wave
which contain high frequencies; contain low frequencies. C(CTS: 5d
Meast W

(1) Describe a square wave in terms of frequency content.
(a) Fundamental frequency
(b) 0dd harmonics

(2) Identify the portions of a square wave containing
high and low frequencies.

b. Given a list of statements, select the one which describes
the purpose of stagger-tuning amplifier stages. CTS: 5d Meas: W

(1) Explain how stagger tuning broadens the bandwidth.
ce Given the schematic diagram for the video lifier and a
1ist of statements, select the statement which describes operation
of the low frequency compensation componentsi the high frequency
compensation components. CTS: 5d Meass: W

(1) Using a schematic diagram of a wideband amplifier,
identify the

(a) components that attenuate the low frequencies.
(b) components that attenuate the high frequencies.

(2) Explain the operation of low frequency compensation
in terms of collector load and gain.

7
(5/2)
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PLAN OF INSTRUCTION/LESSON PLAN PART | (Continuation Sheet)

COURSE CONTENT

(3) Describe high frequency compensation.

(4) Describe the fregquency response of a wideband vadeo
alllplifier.

d. Given a trainer having a solid state wideband ampl:Li‘ier,
a square wave input, schematic dlagram, and oscilloscope, draw
the output waveshape indicating areas of low and high frequency
distortijon. CTS: 5d  Meast FC

(1) Explain the effects of low fregquency loss if the
low frequency compensating network is shorted.

(2) Describe the effects of an open low frequency compensating
capacitor.

(3) Identi’y over—=compensation for high frequencies and the
Tesulting waveform,

SUPPORT MATERTALS AND GULIDANCE

Student. Instructional Materials
KEP-GP-J9, Solid State Wideband Amplifiers

KEP-ST-V
KEP=110

AMJ:.:J%M&
TVK 30-326, Square Wave Characteristics.

TVK 30-329, Video Amplifier

Training Bquipment
Video Amplifier Trainer 5648 (1)
Oscilloscope (1)

Trainin
Discussion g3.5 hrs; and/or Programmed Self Instruction
Performance (1.5 hrs

CTT Assignments (2 hrs)

Multiple Re
Safety, Equipment, Supervision {2)

Instructional Guidance
ake specific objective assignments to be completed during CIT time in KEP-GP-39.

After covering the knowledge objectives, introduce the laboratory exercise,
Stress safety and discuss the procedures required to complete the project., Discusd
the value oy the laboratory exercise as a means of reinforcing objective c.

30
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NAME OF INSTAUCTOR COURSE TITLE
- BLOCK NUMBER BLOCGK TITLE
v Solid State Power Suppliss and Amplifiars

1 COURSE CONTENT

DURATION
(Houre)

8. Saturable Reactors and Magnetic Amplifiers {Module 40)

a. Given the drawing of a hysteresis curve for a saturable
reactor, identify the magnetizing force; the coercive force; the
residual magnetismg the flux density; the point of saturation.
CTSt 4h(l), 11f  Meass W

(1) Relate the following terms to a magnetic circuits

(a) Ampere turns

(b) Magnetomotive force

(¢) Reluctance

(d) Magnetic flux

(2) Relate the following terms to an electromagnets:

(a) Flux density
(b) Magnetizing force
(c) Permeability

(d) Coercive force

(3) Draw and label a magnetization curve and explain

(a) residual magnetism.

(b) saturation.

(¢) retentivity.

(@) hysteresis.

5 .
(4/1)
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PLAN OF INSTRUCTIONXLE§SON PLAN PART | {Continuation Sheet)

COURSE CONTENT

(e) flux density.
(4) Identify the hysteresis loop of each of the following:
(a) Adr-core coil
(b) Ironecore coil
(¢) Saturable reactor
(5) State the purpose of a saturable reactor.
(6) 1Identify the schematic symbols of saturable reactors.
b. Given the schematic drawing of a single winding saturable reactor,
AC line voltage, and saturating point, identify the output waveforms
across the reactor vinding; the load resistor. CTS: 4h(l) Meas: W

(1) Identify the schematic drawing of a single winding saturable
reactor.

(2) Explain operation in terms of
(a) type of core.
(b) reactor winding.
(¢) load.

(d) core saturation points.
(e) input and output waveforms.

C. Given a list of statements and the schematic diagram of a two-winding
saturable reactor circuit, select the statement(s) that desaribe(s) control
winding; load windingg load resistors contzrol adjustmentj AC line voltages
control voltagej output waveforms. CTS: 4h(l)  Meas: W

(1) Identify the schematic disgram and the
(a) load winding,
(b) control winding,
(e) 1load.

(d) saturation control.

(2) Explain operation in terms of 32
(a) control winding.

PLAN OF INSTRUCTION NO. DATE PAGE NO.
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PLAN OF INSTRUCTION/LESSON PLAN PART | (Continuation Sheet)

COURSE CONTENT

(b} load winding.

(¢) 2load resistor.

(d)} control adjustment.

(e} AC line voltage.

(£} control voltage.

(g) saturated interval.

(h} unsaturated interval.

(i} output waveforms,

de Using a schematic diagram and a given set of conditions, develop
output waveforms for en electrically connected magnetic amplifier.
CTS: 4h{2) Meass W
(1) Identify the schematic diagram of a
(a) half-wave magnetic amplifier.

(b} fullewave magnetic amplifier.

(2) L1ist practical applications of magnetic amplifier such as
(a) motor speed control.

(b} motor rotation directionsl control.
(¢} light dimming (theaters).
(d) welding.
(3} Explain operation in terms of
(a} AC current paths.
(b} DC cwrremt paths.
(¢} rectification.
(@)} input waveform.

(e) output waveform.
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PLAN OF INSTRUCTION/LESSON PLAN PART | {Continuation Sheet)

COURSE CONTENT

SUPPORT MATERIALS AND GUIDANCE

Sudent Ingtructional Materials

KEP~CP-40, Ssturable Reactors and Magnetic Amplifiers
KEP-ST-V

KEP-110

Audio [;‘;ggl Alds
TVK 30-7/01, Saturable Reactoxs

TVK 30-702, Full-wave Magnetic Amplifier

Training Methods

Discussion (4 hrs) and/or Programmed Self Instruction
CTT Assigmment (1 hr)

Instructional Guidance

Asslgn specific objeciives to be covered during CIT time in KER-GP-40 and Student
Text for Llock V. Escablish A need for saturable reactors and the practical
application of magnetic amplifiers. Discuse the importance of recalling previous

studies in the area of magnetism. Hefer the studemts to the appropriate area
of KEP-ST=II.
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| Electronic Princinles
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v Solid Stave Power Supplies and Agplifiers

COURSE CONTENT 2 DURATION
(Houre}

9. Synchro-Servo Systems {Module 41)

7
(5/2)

a. Given a schematic diagram and a group of statements, select
the statement that describes the operation of synchro system.
CTS: 11¢ Meast W

(1) Identify the need for synchro systems.

(2) Relate the schematic diagram of a synchro generator
and motor to a synchro system.

(3) Distinguish between the synchro generator and motor.

(4) Determine, by the use of schematic, the electrical
connections between synchro generator and motor.

(5) Explain synchro transformer actiocn as related to rotor
and stator.

(6) Relate electrical balance to unbalance between Synchro
generator and motor.

(7) Determine the effects of current flow in the generator
and motor stator windings by repositioning the generator rotor.

(8) Ilist the factors that affect the accuracy of synchro
systems.

(9) Relate electrical zero to a synchro system.
L. Given the schematic diagram of a basic servo amplifier;
identify the push-pull amplifier; the stabilization componentsjthe
feedback components. CTS: lle Meas: W

(1) Basic circuits of a sexrvo/amplifier.
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PLAN OF INSTRUCTION/LESSON PLAN PART | (Continuation Sheet)

COURSE CONTENT

(a) Error amplifier
(b) Pover amplifier
(2) Given a schematic diagram, identify the
(a) differential amplifier,
(b) push-pull amplifier.
(c) stabilization components.
(@) feedback components.
(3) Trace an input error signal through the servo amplifier.
¢. Given a bloc. diagram and a group of statements, select the
statement that descrites the operation of a servo coentrol system.
CTS: lle  Meass W '

(1) Identify the block diagram of a basic servo control system
which includes

(2) d4nput shaft

(b) synchro generator

(¢) control transformer

(d) servo amplifier

(e) servo motor

(£f) output shaft

(2) Explain operation in terms of

(a) electrical and mechanical interconnections.

(b) differences between a synchro system and a servo system.
10. Measurement and Critique (Part 2 of 2 parts)

a. Measurement test

b. Test critique

SUPPORT MATERIALS AND GUIDANCE

Student. Ingtruct%gnal Matexjals
KEP-G. y oynchro=Servo Systems 3 &
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COURSE CONTENT

Audio Visual Alds

TVK 30418, Introduction to Servo Amplifiers
™K 30—753, Symm.

TVK 30-75L, Servomechanisms

Met,
Diecuseion (5 hrs) and/or Programmed Self Instruction

CTT Assignments (2 hrs)

Instructional Guidance

Give students specific objectives to cover during CIT time in KEP-GR-il. Discuss
the symbols used to represemt the various devices which comprise a basic servo
system. Develop a basic block diagram of a servo locp to acquaint the students
with the functional requiremente and device inmteractions. Inform studsnts that
Part 2 of the measurement test covers modulss 37 through Al.
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MODULE 34

SOLID STATE POWER SUPPLY
RECTIFIERS AND FILTERS

A half-wave rectifier consisis of a power
transformer, a single PN junction diode,
and a load. The diode is connected in series,
between the transformer and the load. Since
the diode is in series with the load and
conducis only in one direction, current
through the load also flows in onlyone direc~
tion. The DC voltage across and the cur-
rent through the load does vary but the vari-
ations are all above or below ground, de-
pending on which way the diode 18 connected.
The varying voltage is called PULSATING
DC.

The variations occur because the diode
follows the AC voltage in the secondary of
the transformer. The diode conducts to the
peak voltage of the transformer secondary.
Ignoring the small resistance of the diode
when it conducis, the peak voltage of the
pulsating DC output i3 equal to the peak
voltage by 1.414, or Epy = Egff x 1.414.
In a half-wave rectifier the diode conducts
on every other alternation and the DC output
varies from zero to the peak of the secon-
dary. Although the output varies, the average
can be determined by the formula Eayp =

x 318, The diode conducts on one
alternation and is reverse-biased on the
other. The reverse bias on the diode when
it is not conducting is called the Peak
Inverse Voltage and is equal to the peak

voltage across the secondary. One DC pulse

appears at the output each time the diode

conducts, These pulsations are called RIP-

PLE. Since the dicde conduets once during

each cycle of the input AC, the ripple fre-

quency of a half-wave rectifier i8 equal to -
the frequency of the input AC, The ripple

trequency of the rectifier in figure 34-1

would be 60 PPS (Pulses Per Second).

The purpose of 2 full-wave rectifier is
the same a3 a half~wave rectifier, or to
change AC to DC. A full-wave rectifier con-
sists of an input tranaformer with a center-
tapped secondary, two diodes, and a load,
The diodes are connected in such a way
that one of them conducts on EVERY ALTER-
NATION ot the AC input,

Because ol the center-tapped secondary,
the peak output voltage is equal to one-half
the peak voltage across the entire secon-
dary. The peak inverse voltage is equal to
the peak voltage of the secondary. Average
output voltage can be determined by multi-
plying peak output (Epk) x .636, Since there
are two diodes conducting on each alterna-
tion of the input, the ripple frequency of a
full-wave rectifier i8 equal to TWICE the
frequency of the input AC voltage,

A bridge rectifier is a full-wave rectifier,
but it uses four diodes connected in a
bridge arrangement, Notice that the trana-
former Secondary iS5 neither grounded nor
center-tapped.

- o

. —— —n-' Li1.4V PEAK
3” 100 V ac Vedmm s e
or ul.z.v__jm 60 PPS
—

- °

Figure 34-1, Half-Wave Rectiifier
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Figure 34-2. Full-Wave Rectifier

REP4=803
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wl-teor 3B

REP4=-805

Figure 34-3. Bridge Rectifier

Because of this, two additional diodes
are necessary to provide a complete path
for current. The peak output voltage of a
bridge rectitier is equal to the peak secon-
dary voltage. The peak inverse voltage
(piv) is also equal to the peak secondary
voltage. Average output can be found by
E, = Epk x .638. Ripple frequency of a
briae rectifier i8 equal to twice the fre-
quency of the input AC.

Figure 34-4 shows @& 3 phase full-wave
rectifier. This rectifier provides full-wave
rectification of three-phase AC voltage. Var-
jous combinations of the diodes form full-
wave bridge rectifiers for each phase of the
input. Notice that the three phases of the
input overlap. This overlapping and the
dlode connections cause the ripple content of
this rectifier to be very small. Conse=
quently, very little filtering is required.
Three-phase rectification means that the

ripple frequency of this circuit is SIX
times the frequency of the input AC voltage.

A voltage doubler is a circuit which con-
verts AC to DC, provides filtering, and
produces am output voltage which is approx-
imately twice the peak voltage of the secon-
dary. See figure 34-%,

Capacitor Cl and C2 each charge to the
peak secondary voltage on alternate cycles

‘of the applied voltage. The charged capa-

citors acts as series-aiding batterles and
the voltage across the load is the sum of
the charges on Cl and C2.

Most electronic equipment requires 2a
smooth DC that approaches the ripple-free
output of a battery. Filters are used to
convert pulsating DC to smooth DC. A filter
can be a capacitor at the output of a recti-
fier and in shunt with the load. Due to the
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Figure 34-5, Voltage Doubler
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Figure 34-6. Half-Wave Rectifier

load and current requirements, a filter
usually consists of a combination of capa-
citors and inductors or capacitors and a
resistor.

Figure 34-6 shows a half-wave rectifier
with a simple capacitive filter, along with
diagrams of the filtered and unfiltered

{A) FULL-WAVE OUTPUT (NGO FILTERING)

. s - == —

q 12
(8} DUTPUT FOR FULL-WAVE INPUT
REP4=-1235

Figure 34-7

output. The capacitor charges quickly through
the low internal impedance of the diode (short
time constant) and discharges through rela-
tively large impedance of the load {long time
constant). The long time constant discharge
path through the load preveats the capacitor
from completely discharging during the time
the diode is not conducting. This, in tura,
prevents the output DC from ever reaching
zero. The filtering action reduces the ripple
content and increases the average DC output,
Filgure 34-7 shows the filiered and unfiitered
output of a full-wave rectifier.

Figure 34-8. Filter Combinations
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The addition of an inductor (choke) in series
with the load helps to increase filtering action,
provides better regulation, and allows a
larger load (greater current). Figure 34-8
shows the various LC (ilter combinations to
include the choke input I, capacitive input
L, and LC Pi. Sometimes, the choke in the
Pi type filter is replaced by a resistor and
called an RC Pi.

MODULE 35

SOLID STATE POWER SUPPLY
REGULATORS

Voltage regulators are designed toprevent
the output voltage of a power supply from
changi~¢, even though the input AC or the load
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varies. In this section, we will discuss two %

types: the zener diode shunt regulator and
the electronic voltage regulator (EVR).

Zener diodes are designed to work with
reverse breakdown voltages applied- and
operate in the avalanche region of the char-
acteristic curve. Because of the area in
which these diodes work, they are some-
times called breakdown or avalanche diodes.
Figure 35-1 shows the characteristic curve
of a typical zemer diade. Notice that the
diode breaks down at point A with ahout 43
volts of reverse bias applied. At this point,
3 mA of reverse current flows. At point B
the current has increased to 22 mA, but the
voltage drop across the diode is only 45V.
Between points A and B the current changes
19 mA but the voltage only changes 2 volis.

FORWARD BIAS
VOLTAGE

REGION

. AV ALANCHE
CURRENT

VOLTAGE
REGULATION

L 1 L

REP4=1363

Figure 35-1. Zener Diode Characteristic Curve
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Figure 35-2, Zener Voltage Regulator Circuit

Figure 35-2 shows a regulator circuit
using a zener diode. CR1 is in parallel
with the load. Rl is a current limiting
resistor in series with the load. Any change
in input voltage or load causes a change

in current through CR1; this in turn, changes
the total current through R1 and a change

INPUT
VOLTAGE

REP4=1438

Figure 35-3. Electronic Voltage Regulator

in voltage drop across Rl. H, for example,
the input voltage decreases, current through
CR1 decreases, This causes It through R1
to decrease , drop less voltage and hold
the load voltage constant. There are two
key points to remember, First, the current
through CR1 can vary, but the voltage across
it remains relatively constant. Second, since
Rl is in series with the load, the voltage
drops across it and the load must add up
to the applied voltage. Any change in cur-
rent through CR1 causes a change in volt-
age drop across R1, which always works to
hold the voltage across.the load constant.

The series dropping resistor Rl in the
cireuit just discussed can be replaced by a
tranststor, which is much more sensitive to
changes in current and voltage and has a
faster reaction time. Such a cireuit is shown
in figure 35-3. Ql is in series with the
load and replaces R1 in the previous cir-
cuit. Q2 and the voltage divider network R3,
R4. and R5 make up a sensing circuit which
causes the resistance of Ql to change. CR1
holds the emitter voltage of Q2 constant.
Rl is the current limiting resistor for CRI.
R2 is the gollector load for Q2 and the
forward bias reststor for Ql. R4 is the
voltage adjust control, which sets upthe level
around which the circuit regulates.

Let’s suppoge the input voltage starts to
increase. An increase in applied voltage is
immediately felt across the voltage divider
R3, R4, R5. The voltage at R4 and the
base of Q2 goes positive. Since the emitter
of Q2 ts held constani, the positive going
change on the base results in an immedi-
ate increase in forward bias, The increase
in forward bias on Q2 causes the collector
current to increase. The increase in collec-
tor current causes the drop across R2 to
increase and the voltage at the base of Ql
to decrease. The decrease in voltage at
the base of Ql decreases forward bias and
increases voltage drop which lowers the
output. These changes are almost instanta-
neous. Any change in input or load causes
the voltage across the divider network to
change, which is sensed by Q2 and causes
the resistance of SERIES REGULATOR (Ql)
to change. R4 controls the voltage level
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about which the circuit regulates. If the arm
of R4 is moved up, the voltage at the base
of Q2 goes more positive, increasing for-
ward biag and collector current. The increase
in collector current causes an increased
drop across R2, a decrease in forward bias
of Ql, and increases the resistance of Ql.
When the resistance of Ql increases the
output voltage decreases. The circuit now
regulates around a lower voltage. Moving
the arm of R4 down causes the output voltage
to increase.

MODULE 36

TROUBLESHOOTING SOLID STATE POWER
SUPPLIES

In troubleshooting the power supplies pre-
viously discussed, we will cover the effects
on output voltage, ripple amplitude, and rip~
ple frequency of shorted or open capacitors
and diodes. Following are three power sup~
ply schematics (figure 36-1) with trouble-
shooting tables (Table 368-1) for each.

Table 36-1
SUMMARY OF TROUBLESHOOTING

A. HALF-WAVE

Rpe

Voltage Amplitode

A'

+
150V PEAK

R

No output . Nona

No output
Blown fuse

Lower than normal redter Ban normal
No filtering

No output One:

Blown fuse

B. FULL-WAVE

Output Ripple
Voltage Amplitude
Lower than normal Greater than normal
Half.wave rectificationl
No output None
Bigwn fuse
Lower t2an poremal
Filt decreass

No output

Blown fuse

C. BRIDGE

pas

I

C. Filtered Bridge Rectifier

Figure 36-1

n] Cutprat Ritple
Troyblel  Voltage Amplitude
Diode | Lower than normal reatsr than normal

Half.wave rectification]
No output None
Blown fuse

Tower than normal
| Flitering decreaae
No output

| Blown Nge




Figure 36-2. Schematic of an EVR

Figure 36-2 is the schematic of an EVR.
Two things are important in troubleahooting
this circuit; the amplitude of the output voit-
age and the ability of the circuit to regulate.
Agsume the output is higher than normal
and there 1S nco regulation. CR1 could be
open. With CR1 open, Q 2 cannot conduct
and the voltage on the base of Q1 will be
very high. The resistance of Qi would be
low and the output higher than normal.
There i8 no regulation because Q2 caanot
gense voltage changes. R3 open causes the
same B8ymptoms. With R3 open, the volt-
age on the base of Q2 is near zero and
the base of Q1 highly positive as before.
Q! shorted will also cause the output to
be high and unregulated. A symptom of no
output voltage could be caused by Qi or R2
open. With Q1 open the series circuit is
broken., If R2 opens, there is no forward
bias for Ql.

MODULE 37

TROUBLESHOOTING SOLID STATE POWER
AMPLIFIERS

The last stage of a series of amplifiers
is usually the power amplifier. Power ampli-~
fiers are designed to achieve maximum power
gain. Transistors working at high power
levels have certain limitations. One of these
is the amount of power they can dissipate.
The maximum power dissipation (PDys,y)
rating of a transistor is the maximum power
it can dissipate without danger of being
destroyed. Figure 37-1 shows a PDyay
curve for a type 2N1067 transistor. Notice
that at any point on the curve the product
of Vo Ic 18 5 watis. The transistor must
not be operated to exceed 5 watis of col-
lector dissipation. Another limitation of
transistors working at high power levels
is the heat generated internally. Transis-
tors bhecome unstable as junction temper-
atur® increases. Heat sinks, in the form
of cooling fins, are used to move heat away
from the junctions.

One commonly used power amplifier is
the double-ended or PUSH-PULL amplifier.
Figure 37-2 shows a push-pull power ampli-
fier. The circuit is forward biased through
Rl and the two halves of the center-tapped
secondary of Tl. As shown, the circuit
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Figure 37-1, Power Dissipatlon Curve for 2N1067 Transistor, PDMAX
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Figure 37-2. Class A, Push-Pull Power Amplifier

operates class A, but for better efficiency, )

it can be operated class B. H the center tap
is grounded rather than returned to VCC
through R1, the circuit will operate class B.
The secondary of Tl is center-tapped to
provide two signals 1B0° out of phase but
equal in amplitude to the bases of Q1 and
Q2. The out of phase signals cause Ql to
increase in conduction on one alternation of
the input and Q2 on the other. The primary
of output transformer T2 is also center-
tapped. The top half of the primary of T2
is the collector load for Ql. On the alterna-
tion when QI conduction increases, the
changing current in the top half of the pri-
mary induces a current in the secondary
and one alternation is reproduced. On the
other alternation, Q2 current through the
bottom half of the primary, reproduces the
other alternation at the output. It can be
said that T2 recombines the signais which
were split at the secondary of T1. If Q1 and
Q2 are balanced, all even harmonics are
canceiled. Balancing cau be done by putting
a variable resistance in the circuit which is
common to the emitters of Qi and Q2. The
power output of a push-pull amplifier can
be MORE than twice that of a single~ended
power amplifter. When a push~-pull amplifier
is operated at any class except A, it is
subject to a type of distortion called CROSS-
OVER distortion. Figure 37-3 shows an exam~
ple of cross-over distortion in a push-pull

amplifier. This type of distortion is due to
the fact that the SIGNAL provides the for-
ward bias for the transistors. When one
signal decreages in amplitude, one of the
transistors is operating in the low forward
bias area of its curve and distortion occurs.
A short time later, the other transistor
starts to conduct and produces distortion.
This distortion always occurs around the
point where one transistor is going off and
the other coming on. Therefore, it is called
CROSS-OVER distortion. Cross-over distor-
tion can be eliminated or reduced by applying
a small DC forward bias or by operating
class AB :

BO=OMrron *

ST T T AT TOUTRYT CLLECTOR
ENY

REPI-4TL

Figure 37-3. Class B Push-Pull Waveforms
{Crossa-Over Distortion)




Figure 37-4, One-Stage Phase Splitter

We mentioned earlier ti.at the input trans-
former of a push-pull amylitier splits the
input into two, equal amplitude, 180° out of
phase signals. An electronics circuit which
will accomplish this is the paraphase ampli-
fier or phase SPLITTER.

Figure 37-4 shows a paraphase ampli-
fier connected to a push-pull amplifier.

The signals at the emitter and collector
of Ql are 180° out of phase and will be
equal in amplitude at the bases of Q2 and

REP4-678

Figure 37-5. Complementary-Symmetry
Circuit

Q3. Rg increases the low emitter output
impedance of Q1 to match the higher col-
lector impedance. Q2 and Q3 are operated
class B with forward bias provided by the
sigrals coupled through Cl and C2. In order
to prevent tbe signal from shifting the oper-
ating point of Q2 and Q3, discharge diodes
are connected to the bhases. They serve as
discharge paths for Cl and C2 when the
signals swing negative. The voltage gain of
a paraphase amplifier is less than one. The
low gain causes the bandpass to be greater.
The frequency response of this circuit is
much better than that of a center tapped
transformer.

A cireuit similar to the push-pull ampli-
fier, but without the need of either an input
transformer or phase-splitter is the comple-
mentary-symmetry amplifier shown in figure
37-5. The circuit does not need out of phase
signals because Ql is a PNP transistor and
Q2 is an NPN. The signal is applied to both
bases through balance resistor R3. When the
signal goes positive, both bases go positive.
This action causes Q2 conduction to increase
and Ql to decrease. When Q2 conducts,
current flows from ground through Ry, Q2,
to Vccg and reproduces the positive alter-
nation across Ry. Ql conducts from Ve,
Ql, through Ry, to ground and reproduces
the negative alternation across Ry,. The load,
Ry, might be the voice coil of a speaker in
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Figure 37-6. Power Supply for a
Complementary-Symmetry Amplifier

place of the resistor as shown. Notice that
two batteries are used So as to apply the
correct polarity of V¢ to the two transis-
tors. When an electronic power supply is
used, beth positive and negative voltages can
be obtained from the same power supply.
A common method of doing this is shown
in figure 37-6.

The current, voltage, and power gains of
a common base amplifier are directly related
to the forward current transfer ratio (alpha).
This is the ratio of I¢ to I and the greater
this ratio, the greater ihe current gain. A
circuit which is designed to increase aipha
is the COMPOUND-CONNECTED amplifier
shown in figure 37-7. Ql and Q2 are both
connected in common base coniiguration.
Notice that the base current of Ql is the
emitter or input current of Q2. Notice also
that the two collector currents add in Rj..
Assume each transistor has an alpha of .95
and that the input current to Ql is 10 mA.
Since alpha is .95, IC for Ql is 9.5 maA.

Icy =95% Ig

IE = 100% I
»C TOTfL = 99.75% lg

—- !

Ad T & ¢

3 R

1c2 =4.75% |E
+Vee

o]
-Vee

Figure 37-7. Compound-Connected
Common Base

Base current for Ql is therefore, .5 mA.
Input or emitter current for Q2 is also .5
mA. Alpha of Q2 is also .85, so Ip for Q2
is 475 mA, Iy is lCQl +1 or 9.975 mA.
Alpha for the circuit is&lme: or .9975,
which i8 a considerable increase over .95.

Figure 37-8 shows a push-pull amplifier.
R3 is a balancing resistor and the transis-
tors are forward biased by Rl and R2. Cl
places the center tap of the transformer at
AC ground. In troubleshooting this circuit,
the things to look for are the output signal,
its amplitude, cross-over distortion, and the
proper DC voltages. For example, if the pri-
mary of Tl or secondary of T2 open, all DC
voltage would be normal but there would be
no output signal. If the secondary of Tl or
primary of T2 open, one or hoth of the
transistors would be off and the output
missing or weak and- distorted. If Rl and
Cl shorts or R2 opens, the transistors would
operate class B and cross-over distortion

[ =2

Figure 37~8. push=Pull Amplifier
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would be present. Should Rl open, the
forward bias would increase, V- would be
low on both transistors and the output would
he larger than normal with poasible distor-
tion. C1 open would cause degeneration and
the output would be smaller than narmal but
all pC voltages would be correct. Shorting
R2 would place Vo on the base leads. This
would cause excessive forward bias, possi-
bly a blown fuse and/or destruction of the
transistors. H the wiper arm of R3 opened,
both transistors would cut off. There would
be no output signal and V¢ on QI and Q2
would equal VCC'

MODULE 38

TROUBLESHOOTING SOLID STATE
NARROW BANL AMPLIFIERS

Amplifiers which operate in the RF band
of frequencies are sometimes called NAR-
ROW BAND amplifiers. Such an amplifier is
shown in figure 38-1. R1 and R2 provide
forward bias for Q1. C2 and C5 are decoup-
lers and isolate the RF signal from the
power supply. R4 is the DC load. The received
signal 1s developed across the input tank,
Cl and Tl primary. The signal is coupled
to the base of Q1 by T1. The output signal
is developed across collector tank circuit
C4 and primary T2. T2 couples the signal
to the next stage. The input and output tank
circuits are gang-tuned to the same frequency
to improve selectivity.

A single stage is seldom sufficient to
provide the required RF amplification. When
two or more RF stages are connected in
cascade, the resultant bandwidth is con-
siderabily more narrow than that of a single
stage, Figure 38-2 shows two RF amplifiers
in cascade, along with 3 tuned circuits
required to develop and couple the signal.
Figure 38-3 shows the response curves for
the first tuned circuit, first stage, and the
resultant response curve for the entire
circuit, Curve 3 shows the response for the
entire ecireuit and indicates that the band-
width is considerably more narrow than for
one stage alone, Notice that the frequencies
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Figure 38-1. Transistor RF Amplifier
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Figure 38-2. Block Diagram of Cascaded
RF Amplifiers
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at the half-power points on curve 1 (first
tuned circuit) are down to 30% of the max-
imum on curve 3. It i9 necessary that the
bandwidth for each stage be wider than that
required for the overall receiver. Figure
38-3 also indicates that several RF stages
increase the slope of the response curve
and increases the selectivity.

Noise voltages falling within the bandpass
will be amplified along with the signal, and
ANTENNA GANGED

e ”

¥
FREQUENCY |/
SELECTOR

those whose frequencies are outside the
bandpass are not amplified. Noise at the
limits of the bandpass can he minimized by
decreasing the bandwidth, which increases
signal-to-nolse ratio.

Using figure 38-4, let's now troubleshoot
the RF amplifier. AS we cover various
malfunctions, keep in mind the r=iationship
of BW, selectivity, gain, and signal-to~noise
ratio.

- e ——— -

P ‘TZ

/
o’
T,

-{Ri j_ECZ

REP4-1316

Figure 38-4. Transistor RF Amplifier

MALFUNCTIONS

C1 open

Output

SYMPTOMS

amplitude decreased, bandwidth

increased, signal-to-noise ratio decreased, DC
voltages normal, resonant frequency of first
tank circuit increased.

Primary Tl open
C4 open

No output, all DC voltages normal,

Output amplitude lower than normal, bandwidth
increased,

signal-to-noise ratio decreased,

resonant frequency of output tank uncontrol-
lable and higher than normal.

Primary T2 open
Cl or primary T1 shorted
C4 or primary T2 shorted

No output signal; VCQI is zero,
No output gignal; DC voltage normal.
No output at secondary of T2, VC slightly

higher than normal.

Secondary T1 shorted

No output gignal, forward bias slightly in-

creased, V¢ a little lower than normal.

Secondary T2 shorted

No output, all DC voltages normal.
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Figure 38-5. RF Transformer-Impedance

Matching

REP4-1322

Figure 38-6. Partial Schematic of Interstage
Transformer Coupling

Transformers used for interstage coupling
of RF energy have different characteristics
than those used at audio frequencies. Because
of sensitivity and selectivity requirements,
the tuned coupling circuits need to have a
relatively high Q. Permeability tuning in-
creases inductance and Q, and also reduces
physical size and stray winding capacitance .,
One function of coupling transformers is
to match the output impedance of one stage
to the input impedance of the next. As shown
in figure 38-5, this can be done by adjusting
the turns ratio. When the turns ratio is
correct, impedances are matched and maxi-
mum power trausfer occurs. When the secon-
dary is loaded, the Qof the primarydecreases
and may affect selectivity. This can beover-
come by tapping the primary to maintain
the correct turns ratio for impedance match~
ing. The additional turns increase the induc-
tance and restores the Q and selectivity.
Figure 38-6 shows an example of this method
of coupling. Tapped autotransformers may be
used for interstage coupling. Figure 38-7A
shows an autotransformer tapped for

SINGLE TAPPED
AUTOTRANSFORMER
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—F’ 33

MULTITAPPED
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Figure 38-7. Autotransformer Coupling

impedance matching only. Figure 38-78
shows a multi-tapped transformer used for
impedance matching and Q restoration, Split
capacitors may also be used for impedance
matching in coupling networks. Figure 38-8
is an example of “Pi" network coupling
ugsing Split capacitors for impedance
matching. If C2 is larger than Cl, its
impedance will be less. Thus, the output
impedance of Ql can be matched to the
input of Q2. Figure 38-8A shows a Pi net-
work for impedance matching only. Figure
38-88 shows a Pi network used for both
"mpedance matching and Q restoration.
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Figure 38-8. Capacitance Coupling Using
Split Capacitors
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Figure 38-3. Double-Tuned Transformer
Response Curves

e OVER Degenerative feedback increases stability
= | COUPLING ggai'}l‘-'ms and fidelity, decreases distortion, and gain
3 which results in an increased bandwidth.
> CRITICAL Undesirable riegenerative feedback mayocecur
= COUPL.ING through the interual resistance and capaci-
QS tance of an amplifier. Figure 38-10 shows
S LOOSE how this can take place. Q1 is the ampli-
o QOUPLING fier, L1 and L2 represent the resonant coup~
0 ling circuits at the input and output, and

e and Cco indicate internal resistance and
capacitance. Q1 shiits the phase of the signal
by 180°. Cop and re can shift the signal
phase by another 180° and feed it back to
the pase as regenerative feedback. This may
cause instability and distortion. A process
calied ‘‘unilateralization’’ can be used to
cancel the effects of regenerative feedback
through internal capacitance and resistance.
Figure 38-11 shows how this is done. Q1

3t
o L2 shifts the signal phase by 180° CopaMd r,
- shift this signal by another 180° and feed
n;:p 41326 it back to the base as regenerative feed-

Figure 38-10. Feedback through an
Amplifier

Some circuit applications require both a
wide bandwidth and a high Q. Single-tuned
coupling transformers cannot achieve both.
Wwhen necessary, double-tuned transformers
(both primary and secondary are permea-
bility tuned) may be used. Double-tuned
transformer  bandwidth  characteristics
depend partially oun the degree of coupling
between windings. Figure 38-9 shows how
the bandwidth changes with different amounts
of coupling.

Feedback is defined as the transferral of
energy from a high level point in a system
back to a low level point. For example, if
the signal at the collector of a common
emitter amplifier (high-level point) is
returned to the hase (low-level point), it is
called feedback. In some cases, feedback
is through an amplifier itself, and in others
through the external circuitry. Thereare two
types of feedback. Regenerative feedback,
which inereases gain, is generally not used
in gF amplifiers because it can cause insta-
bility and distortion. In addition, it can cause
the amplifier to break into oscillation.

back. The output transformer also shifts the
signal phase by 180°. The signal at the secon=
dary of the output transformer is, therefore,
in phase with the base signal. If and Cu
are the same size as r, and Cop, they will
shift the phase of the output signal by
another 180°, feed it back to the base as
degenerative feedback and cancel the internal

REP4-1329

Figure 38-11. Unilateralized Tuned
Amplifier
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Figure 38-12. Two-Stage RF Amplifier

teedback. When regenerative feedback takes
place through distributed capacitance, ‘‘neu~
tralizing'’ capacitors may be used to cancel
it. The circuit in Hgure 38-12 is a two-stage
RF amplifier. Capacitors Cl14 and C15 are
neutralizing capacitors and cancel any regen-
erative feedback which occurs hecause of
distributed capacitance,

MODULE 39
SOLID STATE WIDEBAND AMPLIFIERS

A very important factor in some appli-
cations of amplifiers is the ability to ampli-
fy nonsinusoidal signals. These include saw-
tooth, trapezoidal, and square waves. The
waves consist of some fundamental frequency
plus a large number of harmonics. To faith-
fully reproduce the signal, an amplifier must
amplify the fundamental and all harmonics
equally. This type of amplifier is called a
wideband or video amplifier. Television and
video signals are usually square or rec-
tangular waves. A square wave consists of
a fundamental frequency plus an infinite
number of odd harmeonies. This means that
an amplifier must be able to amplify 2 wide
range of frequencies in order to reproduce
a square wave, Figure 39-1 represents a
square wave and shows its different
dimensiona.

The vertical leading and trailing edges of
the wave contain the high frequencies. The
f1at tops and bottoms contain low frequencies.

REPQ-125¢

Figure 39.1, 8quare Wave

The frequency range of a video amplifier
(typical wideband amplifier) must be from
about 10 hertz to around 4 megahertz. Two
frequency response limitations mustbe over~
come before a standard amplifier can be
used for wideband amplification. Figure 39-2
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Figure 39-2, RC Coupled Amplifier Showing
Capacitive Effect at High Frequencies
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Figure 39-3. Wideband Amplifier, Low
Frequency Compensation

shows the limiting factor of such an ampli-
fier, The low frequency response is limited
by Cc. The reactance of Co increases as
frequency decreases.

Since C¢ is im series, it drops more
voltage at low frequencies leaving less to
be applied as an input to Q2. High frequency
response is limited by the dotted capaci-
tances C, and Cj. C, represents the output
and stray capacitance of Ql and Cj is the
input capacitance of Q2. As frequency in-
creases, the reactance of C,and C; decrease,
causing 2 loss of gain at high frequencies.

There are several ways to increase the
frequency response of an amplifier so that
it can process wideband signals success-
fully. One way is to decrease the size of the
collector load resistor. This decreases the
gain overall, but at-the same time increases
frequency response at both the high and low
end of the band. A method of increasing
the low frequency response is to increase
the size of the coupling capacitor. Another
way to increase low frequency response is
to add a low frequency compensating network
as shown in figure 39-3, Rp and Cp form
a filter network. which increases the gain
at low frequencies only.

At high frequencies, Cp is nearly a short
and neither it nor Rp is in the circuit.
However, at low frequencies, Cp is a Jarge
reactance. This large reactance Es in parallel

with Rp and both are in series with Ry,
which increaseg the collector load resistance
and gain at Jow frequencies.

One way to increase high frequency
response of an amplifier is through the use
of shunt and series peaking coils. Figure
39-4 shows how these colls are placed in
the circuit. L) (figure A) is in shunt with
the signal path and forms a parallel reso-
nant circuit with C, and C; (C. 18 ashort
at high frequencies). A characgristic of a
parallel tank circuit is high impedance at
resonance. Without L1, C, provides a low
impedance path to ground. With L1, the
parallel tank is a high impedance and the
gxain at high frequencies is increased. L2
(figure B) is 4 series peaking coil. Itis in
series with the signal and formws a serieas
resonant circuit with Cj (Cc is a short at
high frequencies). i'he characteristics of a
series tank circuit are low overall imped-
ance at resonance, high current, and high
voltage across either reactance. The series
LC circuit causes a high voltage across Cj
at high frequencies, and the gain at these
frequencies is increased. Figure Cshowsthe
use of both series and shunt high frequency
compensation,
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Figure 39-4. Wideband Amplifier, High
Frequency Compensation




REPq=125%9

Figure 39-5. Compensated Wideband
Amplifier ’

Figure 39-5 shows a fully compensated
wideband amplifier. Collector loads R4 and
R8 are amall to increase overall frequency
response. Coupling capacitor Cl, C3, and C5
are large to increase low frequency response.
Low frequency compensating networks R3-
C2 and R7-C4 also increase low Irequency
response. Shunt peaking coils L1 and L3
and series peaking coils L2 and L4 increase
high frequency response.
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Figure 39-6. Staggered Pair RF Amplifier
(Simplified Schematic)

Another way to increase the bandwidth
of amplifiers is through the use of STAG-
GER tuning. In this method, one transformer-
coupled RF stage is tuned above the desired
center frequency and the .other is tuned
below. The resultant bandwidth is greater
than if each stage were tuned to the center
frequency. Figure 39-6 is a simplified sche-
matie of two stages set up for stagger tuning.
The center frequency is 450 kHz. L1 and
Cl are tuned to 443 kHz , and the output
tank (L.2-C2) is tuned to 457 kHz. The
resultant bandwidth for both stages isgreater
than it would be if the tuned circuits were
tuned to the center frequency.

In troubleshooting a two-stage, fully com=-
pensated wideband amplifier, we will dis-
cuss ounly those faults which could cauge
problems with either the low or high fre-
quency gain of