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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 regional Curriculum Coordination Centers and
other instructional materials agencies. The purpose of
disseminating these oourses was toO make curriculum materials
developed by the military more accessible to vocational
educators in the civilian setting.

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




Military Curriculum
Materials for
Vocational and

Technical Education

The National Center
Mission Statement

WS ol )

FERC AT IR L

H1INI) TWNOILYN 3HL

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 individuat 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 Rescearch
in Vocational Education
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MIES

Generating knowledge through research

Developing educational programs and
producgts

Evaluating individual program needs
and outtomes

Installing educational programs and
products

Operating information systems and
serviges

Cenducting 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 4321C
Telephone: 614/486-3655 or Toll Free 800/
848-4815 within the continental U.S.
{except Ohio)




Military
Curriculum Materials
Disseminationls ...

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 materiais in print
form from the Coast Guard, Air Force,
Army, Marine Corps and Navy.

Access to military curriculum materials is
provided through a “Joint Memorandum of
Understanding”’ between the 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 education are selected for disseminatiol..

The National Center for Research in
Vocational Education is the U.S. Office of
Education’s designated representative 1o
acquire the materials and conduct the project
activities.

Project Staff:

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

Shirley A. Chate, Ph.D.
Project Director

“

U ¢

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
instructionai materials agencies for dissemi-
nation. -

Course materials include programmed
instruction, curriculurm 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
Occupations
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 to 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.g., availability and cost). They
will respond to your request directly or refer
you to an instructional materials agency

closer to you.

CURRICULUM COORDINATION CENTERS

EAST CENTRAL
Rebecca S. Douglass
Director

100 North First Street
Springfield, 1. 62777
217/7820759

MIDWEST

Robert Patton
Director

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

NORTHEAST

Joseph F. Kelly, Ph.D.
Director

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

NORTHWEST
William Daniels
Director

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

SOUTHEAST

James F. Shill, Ph.D.

Director

Mississippi State University
Orawer OX

Mississippi State, MS 39762

601/325-2510

WESTERN

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

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

This biock is the ninth of a ten-bicck course praviding training in electrenic princiPles, use of basic test ¢équipment. safety practices, circyit analysis,
soldering, digital techniques. microwave principles and troublashcoting basic circuits. Prerequisites to this biock are Blocks | through VI covering
D circuits, AC circuits, RCL circuits, solid state principles, solid state power supplies and amplifiers, solid state wave generating and wave shaping
circuits, digital techmigues, and the principles and applications of elactron tubes. Block | X--Transmit and Receive Systems contains gléven modules
covering 61 hours of instruction over haterodyning, modulation, demodutation. transmission lines, antennas, AM and FM systems, sideband systems,
and troubleshooting. The modute topics and respective hours follow:

Module 63 — Hateradyning (4 hours)

Modute 64 — Modulation {7 hours)

Module 65 - Demodulation {5 hours}

Module 66 — Transmission Lines {7 hours}
Module 67 — Antennas {8 hours)

Module 68 - AM Systems {7 hours)

Module 69— FM Systems (5 haurs)

Moduls 70— Single Sideband Systams (4 hours)

Modula 71 — Puise Modulation Syswms {4 hours)
Module 72 — Troublashooting Techniquas (4 hours!
Module 73— Raeceiver Troubleshoating {6 hours)

1

This biock contains both teacher and student materials. Printed instructor matérials include a plan of instruction detailing the units of instruction,

duration Of the (essons, criterion objectives, and support matarials needed, Student materiats cansist of a student text used for all the modules; eleven
guidance packages containing objectives, assignmants, review exercises and answers for each moduls; three programmed texts on modulation, demodulation ,
and troubleshooting technigues and a student handout of a receiver schematic diagram. A digest of modules 63 through 73 for the students wha have
background in these topics and only need to réview the major points of instruction is also included.

This materiai is designed for salf- or group-paced instruction to ba used with the othet nine blocks. Most of the materials can be adapted for individualized
instruction. Some additional military manuals and commercially produced texts are recommended as references but are not provided. Audiovisuals
suggested for use with the entire course ~onsist of 143 videatapas which are not Provided,
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DEPARTMENT OF THE AIR FORCE PLAN OF INSTRUCTION 3AQR30020-1
USAF Sch of Applied Aerosp Sei (ATC) 6 November 1977
Keesler Air Force Base, Mississippi 39534

FOREWORD

1. PURPOSE: This publication is the plan of instruction (POI) when the
pages shown on page A are bound into a single document. The POI pres-
cribes the qualitative requirements for Course Number 3AQR30020-1, Elec-
tronlc 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 csupport materials and
guldance. When separated into modules of inscruction, it becomes Parc I
of the lesson plan. This POT was developed under the provisions of

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

2. COURSE DESIGN/DESCRIPTION, The inscructional design for this course

is Modular Scheduling and 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 equipment
oriented phase of basic courses supporting 303XX, 304XX, 3I07XY, 309X% and
328XX AFSCs. Technical Training includes electronic principles, use of
basic test equipment, safety practices, circuit analysis, soldering, digital
techniques, microwave principles, and troubleshooting of basic circuits.
Students assigned to any one course will receive training oniy in those
modules needed to complement the training program in the equipment phase.
Related training includes traffic safety, commander's calls/briefings ad
end of course appointments,

3. TRAINING EQUIPMENT. The number shown in parentheses after equipment
listed as Training Eaquipment under SUPPORT MATERTALS 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 KE32-3AQR30020-1, 27 June 1975 and Course Chart JAQR30020-1,
27 June 1975. _

FOR THE COrMANDER

w/ VAL

. oloner‘ aF
Commander
Tech Tng Cp Prov, 3395th

OPR: Tech Tng Gp Prov, 3395th
DISTRIBUTION: Lisred on Page A




PLAN OF INSTRUCTION/LESSON PLAN PART |

MAME OF INSTRUCTOR COURSE TITLE
Electronic Principles

"BLOCK NUMBE R BLOGCK TITLE
X - Transmit and Receive Systems

COURSE CONTENT

DURATION
(Houra)

Heterodyning (Module 63)
a. Gilven a list of statements, select the one that describes
heterodyning. CTS: 10a Meas: W

b, Given a list of statements concerning heterodyning, match

each with the terms: UNonlinearity; Mixing; Filtering. CTS: 10a
Meas: W

(1) Nonlinearity.
(a) Definition of nonlinearity.

(b) Schematic i{llustretion of nonlinear impedance
with volts-current chart and explanation.

(2} Requirements for heterodyning
(a) UWNumber of AC voltages.

(b) Signal frequencies,

{¢) 1Illustration of generator, nonlinear impedance,
and resulting waveforms.

(3) Filtering
(a) Need for filtering.

{b) 1Illustration of filter circuit with explanation
of operation.

(4 Mixing.

(a) Application in receiver.

&
(3/1)

SUPERVISOR APPROVAL OF LESSON PLAN (PART I}

SIGNATURE DATE SIGN ATURE

PLAN OF INSTRUCTION NO. DATE
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PLAN OF INSTRUCTION/LESSGN PLAN PART 1 (Continvation Sheet)

COURSE CONTENT

(b) Difference between mixer and converter,

(¢) Requirements for conversion,

(d) TIllustration of transistor receiver converter,
SUPPORT MATERIALS AND GUIDAMCE

Student Instructional Materials
KEP-GP-63, Heterodyning

KEP-ST-1X, Transmit and Receive Systems
KEP-110

KEP-ST/Digest IX, Digests (Modules 63-73)

Audio Visual Aids
TVK-30-652, Heterodyning

Training Methods
Discussion (3 hrs) and/or Programmed Self Instruction
CTT Aesignment (1 hr)

Instructional Guidance

Assign specific objectives to be completed during CTT time in KEP-GP-63, Some
students have a poor understanding of the principles of 'heterodyning." The
instructor may be able to assist the student by showing how an RF signal contain-
ing & carrier, an upper sideband frequency and a lower sideband frequency can be
heterodyned., Heterodyning this complex signal with another RF signal produces
three new frequencies. These three new frequencies still have the same frequency
senaration as did the original complex signal. This analysis can be used to
illustrate how complex RF signals are converted to different RF frequencies with-
out changing the intelligence. A simple vector analysis 1s zlso very useful if
the carrier is used as a reference and the sidebands are rotated in "opposite
directions with reference to the carrier,
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: 3RGRI0026 1 4 December 1975 40 i

ATC  TORM 193 ATC Keeler 6-0267 REPLACES ATC FORMS 337A. MAR 73. AND 770A, AUG 72, WHICK WILL BE

15




PLAN OF INSTRUCTICN/LESSON PLAN PART

HAME QF INSTRUCTOR COURSE TITLE
Electronic Principles

BLOCK NUMBER BLOCK TITLE
Ix Transmit and Recelve Systems

COURSE CONTENT

, DURATION
{Houre)

Modulation (Module 64)

a, GCiven a list of statements about modulation, select the
one which describes amplitude; frequency; phase; pulse; single
sideband. CTS: 10a Meas: W

(1) Define and state characteristics of

(a) amplitude modulation (AM).

(b) frequency modulation (FM).

(e¢) phase modulation (FM).

(d) pulse modulation (P-M).

(e) single sideband modulation (SSBM).

b. Given a list of gtatements about modulation, identify the
one which describes the intelligence signal; the carrier wave;
the sidebands. CTS: 4b, 10a Meas: W

(1) Define and illustrate characteristics of
(a) intelligence signals.
(b) carrier waves.
{c) sidebands.

¢. Given a formula and an oscilloscope representation of a
medulated carrier waveform showing E maximum and E minimum, compute

the percent of amplitude modulation. CTS: 10a Meas: W

{1) Percent of modulation.

7
(5/2)

SUPERVISOR APPROVAL OF LESSON PLAN (PART 11}
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PLAN OF INSTRUCTION/LESSON PLAN PART 1 (Continuation Shest)

COURSE CONTENT

(a) Illustrate composite waveform with minimum and maximum values.

(2) 1ldentify formula and explain use,
(3) Show 100% over and under modulation.

d. Civen a list of statements about frequency modulation, match one with

reactance tube modulator; one with varactor modulator. CIS: 5b(6), 10a Meas: VW

(1) State characteristics, display circuit and rector relationships of

{(a) reactance tube modulator.

(b) varactor modulator.

e. Civen a list of statements about frequency modulation, select one that

describes frequency deviation; modulating signal; rate of frequency change.
CTS: 1l0a Meas: W

(1) Frequency deviation.
{a) Define.

(b) Illustrate effect on carrler frequency.

(2} Modulating signal.

(a) Define.

(b) Show relationship to carrier frequency.
{(3) Rate of frequency change.

(a) Define.

(b) Relate to the modulating signal.

SUPPORT MATERIALS AND GUIDANCE

Siudent Instructional Materlals
KEP-GP-64, Modulation

KEP-ST-IX

KEP-110

KEP-PT-64

Audio Visual Aids

Ty 30-559, Amplitude Modulation

T¥K 30-607, Transistor FM Oscillator

TVK 30-606, Reactance Tube Modulator

TVK 30-821, General Concepts of Modulation
TVK 30-902, Pulse Modulation

FLAN OF INSTRUCTION NO. DATE PAGE NO.
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PLAN OF INSTRUCTION/L ESSON PL AN PART | (Continvation Sheet)

COURSE CONTEMT

Tralning Methods
Discussion (5 hrs) and/or Programmed Self Instruction
CTT Assigmments (2 hrs)

Instructional Guldance

Assign speclflc objectives to be completed during CTT time in KEP~GP-64. Weak
students should have an additional assigmment in KEP-PT-64. Sidebands are some-
times difficult to understand from the standpcint of how they are developed

and the fact that they represent the actual intelligence, It may be necessary
to show that sldebands are new frequencles which are created as a result of
heterodyning the carrler frequency with the intelligence signal. If necessary,
review the heterodyning process. 1In FM, students confuse the concept of
frequency deviation with rate of frequency change. Students must be shown how
the amplitude of the intelligence controls the amount of frequency deviation.
The simple varactor modulator cizcult can be used to i1llustrate and strengthen
the concept of frequency deviation., Pulse modulation must be explained in
greater detall. As an example, explain how a typical radar system using a pulse
forming network develops a pulse which 1s then used to exclte an osclllator.
Point out that the oscillator generates an output frequency only during the
pulse width time duration,
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PLAN OF INSTRUCTION/LLESSON PLAN PART |

NAME OF INSTAUCTOR COURSE TITLE

Electronic Principles

BLOCK NUMBER BLOCK TITLE
IX Transmit and Receive Systems

COURSE CONTENT

DURATION
{Houre}

Demodulatcion (Module 65)

a, Given & list of statements about demodulation, setect the

one that describes AM; single sideband; pulse; phase; FM, CTS: 4b,
10e Meas: W

(1) Define and state demodulation charactericstics of

(a) AM.

(b)  siangle sideband
(¢) pulse,

(d) phase.

(e) FM,

b. Cilven schematic diagrams of AM demodulators, matéh each
with the diode detector; the grid leak detector; the plate detector]
the infinite-impedance detector. CTS: 10a Meas: W

¢, Given a list of statements, match each with the schematic

of the Toster-Seeley discriminator; the ratio detector; the
quadrature detector. CTS: 10a Meas: W

5
(4/1)
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PLAN OF INSTRUCTIOM/LESSON PLAN PART | {Continuaion Sheet)

COURSE CONTENT

SUPPORT MATERIALS AND GUIDANCE

Student Instructional Materials
KEP-CP-65, Demodulation
KEP~-ST-1X

KEP-110

KEP-PT-65, Demodulation

Audio Visual Aids
TVK 30-560, Detection
TVK 30-822, Principles of Detection

Training Methods
Discussion (& hrs) and/or Programmed Self Instruction
CTT Assigmnment ¢1 hr)

Instructional Guidance

Assign specific objectives to be completed during CTT time in KEP-GP-65.
Students have problems understanding how phase shift is obtained across the
transformer secondary in the output to the FM discriwminators. In the discussion
the development of the vectors should be taken slowly. The difference between
the various types of demodulation circuits used to demodulate the various types
of modulation should be pointed out and discussed with the student, Insure

that students know the difference between a Foster-Seeley discriminator and a
ratio detector.
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PLAN OF INSTRUCTION/LESSON PLAN PART !

NAME QF INSTRUC TOR | COUASE TITLE

L Electronic Principles

_BLOCK NUMBER BLOCK TITLE
IX Transmit and Receive Syatems

1 COURSE CONTENT

DURATION
(Houra)

4, Transmission Lines (Module 66)

a, Gilven a list of starements about transmission line, match
each with a diagram of an open two wire; a twisted pair; a twin
lead; a flexible coaxial cable; a rigid coaxial cable. CTS: 9d
Meas: W

(1) Transmission line losses.
(2) Types of transmission lines.
{a) Construction.

(b} Frequency limitations,

(¢} ILosses,

h., C¢iven a list of statements about transmission lines, select
the one which describes the physical length; the electrical length;
the characteristic impedance; the cutoff frequency. CTS: 9d Meas:W

(1) Transmission Line Characteristics
(a) Series inductance.
{b) Shunt capacitance,

2} Wavelength,

¢. From a list of statements concerning transmission lines,
match each with the following terms: Traveling wave; Incident wave;
Reflected wave; Nonresonant line; Resonmant line; Standing wave;
standing wave ratio; Voltage node; Voltage loop; Current note;
Curvent loop. CTS: 9d Meas: W

7
(5/2)

SUPERVISOR APPROVAL OF LESSON PLAN (PART 11)

SIGNATURE DATE SIGNATURE

PLAN OF INSTRUCTION NO. DATE

3AQR30020-1 4 December 1975

PAGE NO.

47

ATC FORM 133 ATC Keesler §-1029 REPLACES ATC FORMS 337. MAR 73. AND 770, AUG 72. WHICH WiLL BE

AP 78 USED.

21

R P £

i




PLAN OF INSTRUCTION/LESSON PLAN PARY 1 (Continuation Sheet)

——

COURSE CONTENT

(1) Types of Terminations
(a) Open.
(b) Short,
(¢) Capacitive.
{d) Inductive,

{e) Resistance less than Zo.
(£) Reglstance greater than Z,.

(2) Phase relationship of incident and reflected waves, \
(3) Result of incident and reflected waves,

d. CGiven a group of terms concerning transmission lines, match each with
the illustrations of delta matching; stub matching; matching transformer.
CTS: 8d Meas: W

(1) Uses of
(&) nonresonant transmission lines,
{b) rescnant transmission lines.
SUPPORT MATERIALS AND GUIDANCE
Student Instructional Materials
KiiP-(iP-66, Transmission Lines

KEP-ST-I1X
KEP-110

Audio Visual Alds

TVK 30-659, Transmission Lines

TVK 30-660A, Transmission Lines (Resonant Lines)
TVK 30-660B, Transmission Lines (Resonant Sections)

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

mstructional Guldance

Assiyn specific objectives to be completed during CTT time in KEP-GP-66. Students

wiave some difficulty distinguishing among traveling waves, incident waves and
reflected waves on a transmission line., Since all of these waves are characterv-
ived by movement on the transmission line, Audlo Visual Aids should help broaven
the student's understanding. The nonresonant transmission line is frequently
misunderstood by the students. Students must know that this type transmissior
line is characterized as having no reflected waves and no standing waves.

———
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PLAN OF INSTRUCTION/LESSON PLAN PART |

NAME OF INSTRUCTOR COURSE TITLE
Electronic Principles

BALOCK HUMBER BLOCK TITLE
Transmit and Receive Systems

COURSE CONTENT

2 DURATION
{Hours)

Antennas {(Module 67)

a, From a list of statements describing antenna polarization,
select the one that describes circular polarization; horizontal
polarization/ vertical polarization. (TS: e Meas: W

(1) Antenna Function,

(2) Electromagnetic Waves.
(a) E field.
(b) H field.
{(c) Induction field,
(d) Padiation field.

b. From a list of statements on antenna wavelengths, select
the one that describes the half wave; the quarter wave., CTS: Je
Meas: W

(1) Antenna length.
(a) Input resistive
(b) Input inductive
(¢) Input capacitive
c. From a list of statements about the elements of a direct-

ional antenna, select the one that describes the function of the
driven element; the reflector; the directors, CTS: 9e Meas: W
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PLAN OF INSTRUCTION/LESSON PLAN PART | {Continuotion Sheet}

COURSE CONTENT

(1) Element spacing and phase,
d. Glven a list of statements concerning antenna arravs, match each with
tiie following terms: Broadside array; End-fire array; Cardioid array;
Collinear array. CTS: 9e Meas: W

(1) Antenna Elements.

(a) Spacing.

(b) Phase.
(¢} Number of elements,
Measurement and Critique (Part 1 of 2 Parts)
4. Measurement test
b. Test critlque
SUPPORT MATERIALS AND GUIDANCE
Student Instructional Materials
KEP-GP-67, Antennas

KEP-ST-1X
KEP-110

Audio Visual Aids

TV¥ 30-661, Antennas
VTF-5%401A, Antenna Propagation
VIF-5401B, Antenna Directivity
ViF-5401C, Antenna Bandwidth

Training Methods
hDigcussion (6 hrs) and/or Programmed Self Instruction
CIT Assignments (2 hrs)

Instrucitional Guidance

Assign specific cobjectives tc be completed during CTT time in KEP-GP-67.
TVK-30-661 provides zn excellent overview to the study of antennas. It effect-
ively explains the theories of emission and propagation, and practical antenna
design briefly and systematically. The three color films by the RCAF are out-
standing teaching aids, particularly the films on propagation and directivity,
which virtually cover all objectives, They show all fields and ratidation
patterns in full color on a black background, with a clear narration in plan
language. Inform students that Part 1 of the measurement test covers modules
63 through 67,
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PLAN OF INSTRUCTION/LESSOM PLAN PART |

N/ ME OF INSTRUCTOR COURSE TITLE
Electronic Principles

BLOCK NUMBER BLOCK TITLE
1X Transmit and Receive Systems

COURSE CONTENT

, DURATION
fHours)

7. AM Systems (Module 68)

a., Given a list of statements of transmitter characteristics,
select the statement that describes frequency stabilization.
CTS: 10b Meas: W
(1) An oscillator as a transmitter.

(a) Instability caused by a small load resistance
placed in parallel,

(b) Instabilicy caused by Direct Modulation.
(2) Basic transmitter with
(a) modulation in the power amplifier.
(b) 1isolation between the load and the oscillator.
b. Given a list of statements of the following receiver
characteristics, select the statement which describes semsitivity;
selectivity. CTS: 4b, 10b Meas: W
(1) Receiver functioms.
(a) Reception.
Detection.
{(c¢) Amplification.
{(d) Reproduction.
¢. From a list of statements, select the statements that

identify the causes of second harmonic distortion; bandpass dis-
tortion; cochannel interference. CTS: 10b Meas: W
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PLAN OF INSTRUCTION/LESSON PLAN PART 1 (Continuation Shest)

COURSE CONTENT

d, Civen a labeled block diagram and a 1isc of statements that describe
cach block of an AM transmitter, match each block with the proper statement ,
CTS: 10b  Meas: W

e, Given a labeled block diagram and a 1ist of statements that describe
each block of a single conversion AM receiver, match each block with the proper
gtatement. CTS: 10b Meas: W

(1) Heterodyning action.

(2) 1Image frequency.

(a) Importance of IF frequency.

(b) Importance in BW of RF amplifier.
(3) Selectivity

(a) Tracking.

(b) BW of IF amplifiers.

f. Given a schematic diagram of an AM transmitter, trace the RF and
intelligence signal flow from origin to cutput; the direct current paths through
each stage in a closed leoop. CTS: 10b Meas: W

g, Given a schematic diagram of a super heterodyne AM receiver, trace the
signal flow from origin to output; the direct current path through each state in
a closed loop. CTS: 10b Meas: W

SUPPORT MATERIALS AND GUIDANCE
student Instructional Materials
KEP-CP-68, AM Systems

KEP-ST-IX
KEP-110

Audio Visual Aids
TVK 30-609, Introduction to Receivers

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

instructional Guildance .
Make specific objective assignments to be completed during CTT time in KEP-CI-A¥

$tudents have considerable difficulty understanding the causes of second hav -

digtortion, bandpass distortion and cochannel interference. Students should ..
e¢ncouraged to spend extra time in studying the block diagrams of the AM trar
mitter and receiver. They must know the function of each stage in order to
understand fully the characteristics of AM systems.
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PLAN OF INSTRUCTION/LESSON PLAN PART |

HAME OF INSTRUCTOR COURSE TITLE
Electronic Principles

BLOCK NUMBER BLOCK TITLE
IX Transmit and Receive Systems

COURSE CONTENT

DURATION
(House)

8, TtM Systems (Module 59)

a. Given a labeled block diagram and a2 list of statements that
describe each block of an FM transmitter, match each block with
the proper statement. CTS: 10b Meas: W

(1) Modulation

(a) Amplitude of modulating signal.

(b) Frequency of modulating signal.
(2) Frequency multipliers.

b. Civen a labeled block diagram and a list of statements
that describe each block of an FM recelver, match each block
with the proper statement. CTS: 10b Meas: W

(1) Noise free reception.
(a) Limiter.
(b)Y FM demecdulatoers.

¢. Civen a schematic diagram of an FM transmitter, trace the
Rt and Intelligence signal flow from origin to output; the direct
current paths through each stage in a clcsed loop. CTS: 10b
Meas: W

d. (iven a schematic diagram of an FM receiver, trace the

signal flow from origin to output; the direct current path through
each stage in a closed loop. CTS: 10b Meas: W
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PLAN OF INSTRUCTION/LESSON PLAN PART | (Continuation Sheet)

COURSE CONTENT

SUPPORT MATERIALS AND GUIDANCE

student Imetructional Materials
KEP-GP-69, FM Systems
KEP-ST-IX

KFP-110

Audio Visual Ailds
TVE 30-659, Frequency Modulation

Training Methods
Discuasion (4 hrs) and/ocr Programmed Self Instruction
CTT Asslignment (1 hr)

lustructional Guidance

Assign specific objectives to be covered during CTT time in KEP-GP-69. Students
have difficulty with the signal path and the direct current path in the FM
recelver schematlc dlagram. Increased emphasis should be placed on tracing the
¢ current paths through the emitter - base junction of each stage, It should
also be pointed out that the DC current path terminates at Vec.

23
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PLAN OF INSTRUCTION/LESSON PLAN PART |

NAME OF |[HS5TRAUCTOR COURSE TITLE
Electronic Principles

BLOCK NUMBER ALOCK TITLE
IX Transmit and Receive Systems

1 COURSE CONTENT

DURATION
(Hours)

9, Single Sideband Systems (Module 70)

a. Given a labeled block diagram and 8 list of statements
that describe. each block of a single sideband transmitter, match
each block with the proper statement, CTS: 10b Meas: W

(1Y Power efficiency

(a) Elimination of the carrier in a balsnced modula-
tor.

(b} Elimination of one set of sidebands in s filter.

b. Given a labeled block diagram and a list of statements
that describe: each block of a single sideband receiver, match
each block with the proper statement. CTS: 10b Meas: W

(1) Reinsertion of the carrier.
(2) Narrow Bandwidth.

c, Glven a schematic diagram of a single sideband transmitter,
ttace the RF and intelligence signal flow from origin to output;
the direct current path through each stage in a closed loop.

CTS: 10b Meas: W

d. Given a schematic diagram of s single sideband receiver,
trace the signal flow from origin to output; the direct current
path through each stage in a closed loop. CTS: 10b Meas: W
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PLAN OF INSTRUCTION/LESSON PLAN PART 1 (Continuation Sheet)

COURSE CONTENT

SUPPORT MATERIALS AND GUIDANCE

Student Instructional Materials
KEP-G?-70, Single Sideband Syatems
KEP-ST-IX

KEP-110

Audio Visual Aids
TVK 30-611, Introduction to Single Sideband

Training Methods
Discussion (3 hrs) and/or Programmed Self Instruction
CTT Assigmment (1 hr)

Instructional Guidance

Assign specific objectives to be covered during CIT time in KEP-GP-6G. The
largest area of difficulty is in DC paths and AC signal path tracing. Most
errors in this &rea are due to simple mistakes while the student 1s tracing the
path.
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PLAN OF INSTRUCTION/LESSON PLAN PART |

HAME QF INSTRUCTOR COURSE TITLE
Electronic Principles

BLOCK HUMBER BLOCK TITLE
IX Transmlt and Recelve Systems

CDURSE CONTENT 2 DURATION
(Haurs)}

10. Pulse Modulation Systems (Module 71) A
(3/1)

a, Given a labeled block diagram and a list of statements
that describe each block of a pulse transmitter, match each block
with the proper statement, CTS: l0b Meas: W

(1) Uses of pulse modulator

(a) Time division multiplexing.

(b) Radar.

b, Given a labeled block diagram and a list of statements
that describe each block of a pulse receiver, match each block with
the proper statement. CTS: 10b Meas: W

c. Given a schematic diagram of a pulse modulation transmitter,
trace the RF and Intelligence signal flow from origin to output; the
direct current path through each stage in a closed loop. CTS: 5g(1),
10b Meas: W

d. Given a schematic diagram of a pulse modulation receiver,
trace the signal flow from origin to output; the direct current
path through each stage in a closed loop. CTS: 10b Meas: W
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PLAN OF INSTRUCTION/LESSON PLAN PART | (Continuation Sheet)

COURSE CONTENT

SUPPORT MATERIALS AND GUIDANCE

Student Instructional Materials
KEP-GP-71, Pulse Modulation Systems
KEP-ST-IX

KEP-110

Audio Visual Aids
TVK 30-952, Pulse Amplitude Modulaticn

Training Methods
Discussion 3 hrs) and/or Programmed Self Instructiom
CTt Assigmnment (1 hr) -

Tnstructional Guidance

Assign specific objectives to be covered during CTT time in KEP-GP-71. Since
the P-M transmitter has many unique characteristics wvwhen compared to typical
AM or FTM transmitters, students have considerable difficulty traciag signal
flow and the DC current paths. Provide additional instruction and assistance
with the block diagram analysis until the student sufficiently understands the
principles of & P-M transmitter. Quite often students if not cautioned, come
to the conclusion that the AM receivers and P-M receivers are the same. While
the principles are identical, the P-M receiver requires circuits that provide
a much wider bandwidth. The circuit diagram shown in the text as a typical
p-M receiver will not function in this regard because the audio circuits do
not provide sufficient bandwidth.
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PLAN OF INSTRUCTION/1.ESSON PLAN PART |

NAME OF INSTAUCTOR v COURSE TITLE
Electronic Principles

BLOCK NUMBER BLOCK TITLE
IX Transmit and Receive Systems'

COURSE CONTENT

DURATION
(Houra}

11. Troubleshooting Techniques (Module 72)

a8, Given a listc of gtatements, select cone that describes the
layout of &8 recelver schematic diagram. CTS: 10b Meas: W

(1) Schematic diagram analysis.

{8) Definition.
{b) Component arrangement.
{e¢) Circuit division.

RF

IF

AF

4 Power supply

b. Given a listc of troubleshooting steps, arrange them in a
legical sequence, CTS: 10c¢ Meas: W

(1} Troubleshooting procedures.
{a) Definitions.
(b) Procedures.
Operacional check.
Half split method

Stage by stage.
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PLAN OF INSTRUCTION/LESSON PLAN PART | (Continvation Shaet)

COURSE CONTENT

|+

Component isolation.

5 Visual check,

—

(2) Adjustment and Aligrment
(a) When to adjust.
(b) How to adjust.

¢. Given & transistor receiver schematic diagram, indicate the frequencies
uged at each point where g signal generator would be connected to align a
receiver, CTS: 1l0a, 10b Meas: W

SUPPORT MATERIALS AND GUIDANCE

Student Instructional Materials

KEP-GP~72, Troubleshooting Techniques

KEP-HO-IX-1, AM Receiver Schematic and Block Diagram
"KEP-ST-IX

KEP-110

KEP-PT-72, Troubleshooting Techniques

Audio Visual Ailds
TVK 30-610, Troubleshooting Procedures

Training Methods
Discussion (3 hrs) and/or Programmed Self Instruction
CTT Assigrment (1 hr)

Instructional Guidance

Assign specific objectives to be covered during CIT time in KEP-GP-72 and/or
KEP-PT-72. Students are often unable to indicate the frequencies that should be
injected at each point & signal generator would be used to align a receiver.

The students should be encouraged to note all injection frequencies on their
schematic diagram. This will also help in troubleshooting the receiver.

VRELE
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PLAN OF INSTRUCTION/LESSON PLAN PART |

NAME OF INSTHUC roR COURSE TITLE
Electronic Principles

BLOCK HUMBER BLOCK TIiTLE
IX Transmit and Receive Systems

COURSE CONTENT

2 DURATION
fHours)

12. Receiver Troubleshooting (Module 73)

a, Given a transistor radio receiver, schematic diagram,
multimeter, oscilloscope, and signal generator, determine the
fauley component four out of five times. CTS: 10c¢ Meas: PC

(1) Preliminary instructions on equipment.
(a) Oscilloscope.
{b) Multimeter,

{(¢) RF Signal Generator.

{d) Radio Receiver Trainer

Procedure A, measure normal voltages at all test jacks.

Procedure locate trouble ¢
Procedure locate trouble 4
Procedure locate trouble -
Procedure locate trouble

Procedure F. locate trouble

(3) Procedure locate trouble
(9) Procedure locate trouble #
{(10) Procedure I, locate trouble #

i11) Procedure J, locate trouble +#

(12) Progress Check,

6
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PLAN OF INSTRUCTION/LESSOM PLAN PART | (Cantinuction Sheet)

o —

COURYZ CONTENT

Related Training (identified in course charc)
Measurement and Critique (Part 2 of 2 Parts)
a, Measurement test,

b, Test critique.

SUPPORT MATERIALS AND GUIDANCE

i otudent Instructional Materials
K -CP-73, Receiver Troubleshooting
KEP-5H-IX-1

v KEP-ST-TX

Treea110

Training Equipment

‘rangistor Radio Receiver Trainer 5975 (1)
Qscilloscope (1)

Rt Signal Generator 4867 (1)

peltimeter (1)

+ Tralning Methods
Periormance (5 hrs)
71" Assignment (1 hr)

Hultiple Instructor Reguirements
" Supervision (2)

Inztructional Guidance
“tudents who have not had considerable prior experience in electronics <houlsd ne.
attempt to take the progress check until they have completed the laboratorv
ervarcise, If too high a level signal is injected it may produce an ourput « rexwn .
if the portion of the receiver being tested is defective. Vhen injectin. a siynuli
2l the input to the frequency converter, an output can be obtaine{ by uszing ~irher]
wn ¥ or an IF signal. If an RF signal is used, the operation of both the am .-
f{er and oscillator functions of the frequency converter are checked. 1F. huw-
sver, an IF frequency is injected, only the operation of the amplifier fuuerion of
the frequency converter 1s checked. The students should be cautioned in tnis
reverd.  Due to errors in the frequency areas on the equipment used iu this iwedile,
, it may be necessary to tune the signal generator slightly off the desired :
. frequeney to obtain an output. Furnish any required assistance for the labu:at
nroject.
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Chapter 1,

HETERODY NING

1-1. 1n this chapter we will discuss hetero-
dyne principles. HETERCDYNE is ‘‘the pro-
cess of combining or beating two signal fre-
quencies in a nonlinear device, with the
result that frequencies equal to the sum
and difference of the combining frequencies
are produced.’”” The heterodyne principle
can be applied when explaining the operation
of the following circuits:

1. Mixing

2. Frequency conversion

3. Amplitude modulation

4. Amplitude Detection
Mixing and conversion circuits are explained
in this chapter, amplitude modulation and
detector circuits will be explained in later

chapters.

1-2. The definition of heterodyne employs
the use of a nonlinear device to obtain new

frequencies. The new frequencies (sum and
difference frequencies} are the new beat
signals obtained through heterodyning.

1-3. Nonlinear Device.

1-4. For our purpose here the nonlinear
device is any electronic device where the
resulting current through the device is not
proportional to the applied voltage. We call
these devices nonlinear impedances or
impedances with nonlinearity. Examples of
nonlinear impedances are electron tubes and
transistors.

1-5. Figure 1-14A illustrates a circuit that
contains a nonlinear impedance (Z) and fig-
ure 1-1B shows its voltage-current curve.

1-6. When the applied voltage is varied,
ammeter readings which correspond with
the various voltages can be recorded. For
example, assume that 30 V vyields .4 maA
(point a), 100 V produces 1 mA (point b), and

150 V causes 2.2 mA (point c¢}. Current
through the nonlinear impedance does not
vary proportionally to the voltage. The chart
is NOT a straight line. Therefore, 2 is a
nonlinear impedance. That is, the impedance
does not remain constant when the voltage
changes. Various combinations of voltage
and current for this particular nonlinear
impedance may be obtained by use of this
voltage-current curve.

1.7. If the device were a diode tube in fig-
ure 1-1A, we could say we were changing
the DC resistance (Rp) of the diode as we
change the applied voitage. The resulting
nonlinearity in figure 1-1B, shows a re-
sponse which is not directly proportional
or inversely proportional to a given variable
{voltage).

1-8. Heterodyning.

1-9. Certain conditions must be met in a
circuit if heterodyning is to occur. The
conditions are:

1. There must be at least two AC voit-
ages, each voltage must be changing at a
different frequency.

2. The two different signal frequencies
must be applied to a nonlinear device.

1-10. Figure 1-2A illustrates a basic cir.
cuit where heterodyning can occur. The two
generators Gl and G2 furnish the two dif.
ferent signal voltages, each at a different
frequency. The diode tube V1 is the non-
linear impedance. The nonlinear device will
cause one of the signals applied to its plate
to dominate the amplitude of the other. The
resistor RL will develop the output voltages.

1-11. The waveforms in figure 1-2B, de-
tail a3 and b, illustrate the amplitude and
frequency of the generators drawn with
respect to time. These two waveforms will
be in phase at times and at various degrees




out-of-phase at other times. You can see
this by closely observing the two waveforms
(11 Hz and 10 Hz} at different instants of
time. The result of this phase relationship
is the waveform in detail g. The detail ¢
waveform represents the plate voltage varia-
tions of V1. Recall the diode tube comlucts
only when the plate is posgitive with respect
to the cathode. Thus, V1 (figure 1-2A) con-
ducts only on the positive amplitudes of the
waveform in detail ¢ {figure 1-2B}), V1 con-
ducts through Ry, and the waveform in de-
tail d will be developed across Rp,. The

voltage waveform across Ry, shows that the
R, of V1 was decreased when the plate volt-

age, detail ¢ was at maximum amplitude and
increased when the plate voltage was mini-
mum. Look again at the response curve in
figure 1-1B and see that the change in Rp
(Z} of V1 was nonlinear.

1.12. The complex waveform developed
across the linear impedance Ry, ({figure
1-2B) detail d has a DC level, and new
beat signals of the nonlinear impedance V1
{figure 1-2A). These new beat signals are
the new frequencies other than the two
original frequencies of Gl and G2 (11 Hz
and 10 Hz). The new frequencies are:

1. Harmonics of Gl and G2 signals.

2. The sum frequency of Gl and G2
signals (21 Hz).

3. The difference freguency of Gl and
G2 signals (1 Hz}.

The sum and difference frequencies occur
because the phase angles of the two original
signals (11 Hz and 10 Hz) are constantly
changing at the plate of V1. The harmonics
of the two sinewave generator signals (11
Hz and 10 Hz)} occur because of the ampli-
tude distortion to their signals.

1-13. In most practical heterodyne circuits
the harmonic frequencies are of no use, For
this reason we will make no further mention
of them. Practical use is made of either the
sum frequency or difference frequency,
which are the new frequencies produced by
the heterodyne principle.

1-14. Filtering.

1-15. The circuit in figure 1-2A has a
resistor to develop the output. The output
has several frequencies in its makeup. If
we wished to select one of the new fre-
quencies (sum or difference} and reject all
others we would need an output frequency
selection device, thus, filtering is required.

1-16. The circuit in figure 1-3 has a filter
to replace the load resistor of figure 1-2A,
The filter components are Cl and Ll. The
filter components make up a tank circuit.
The tank circuit is tuned to select one of
the new frequencies that was the result of
the heterodyne process. The tank circuit
wiil offer a high reactance to the frequency
at which it is tuned and a low reactance to
all others. If the reactance is high a maxi-
mum voltage is developed across the tank
circuit. Signals not falling within the band-
pass of the tank circuit are not developed,
therefore, they are FILTERED to ground.

1-17. Mixing.

1-18. Heterodyne principles are used in
superheterodyne receivers to convert the
received RF signal to a lower frequency
RF signal. The lower RF signal is called
the receiver’s intermediate frequency (IF}.
The IF signal is selected by the outpu:t fre-
quency of the filter, and coupled to a fixed
tuned circuit, where the IF signal will be
amplified. This process improves overall
receiver selectivity.

1-19. To convert the received energy to
the IF signal requires the received signal
be mixed with a locally generated signal.
The locally generated signal is furnished by
the receivers local oscillator circuit.

1.20. Circuits used to convert the received
signal to the receivers IF signal are called
mixer or converter circuits. The only dif-
ference between a mixer circuit and a con-
verter circuit is the number of electron
tubes or transistors involved to perform the
operation. Two tubes or transistors areused
in a2 mixer section, while one tube or tran.
sistor is used in a converter circuit. In a

11)
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maxer circuit an electron tube or transistor
is used for the local oscillator circuit, When
one electron tube or transistor is used, the
device must perform both functions (mixer
and local oscillator), However, mixer and
ccnverter circuits perform the same func-
tions in the receiver., That is conversion of
the received signal to the receivers 1F
signal.

1-21. Before conversion of the received
signal to the IF signal can occur we must
have the following:

1., Two different signal frequencies, One
signal frequency must be of sufficient ampli-
tude to dominate the amplitude of the other.

2. A nonlinear device where mixing of
the two signals can take place.

3. An output frequency selection device
so the new conversion frequency can he
selected, and all other signals canbe filtered
from the output.

1-22. Figure 1-4 is the frequency conver-
sion section of a superheterodyne receiver,
This circuit is a transistor converter. The
circuit will be used to show how the re-
ceived RF signal of a receiver is converted
to the receiver’s 1F frequency.

1-23. Ql is biased to operate nonlinearly,
' Assume that we adjust the receiver tuning
dial to receive a radio transmitting station
signal operating on an assigned frequency
of 1060 kHz. This signal will be selected
and amplified by a previous RF amplifier
stage, and is developed across the fre-
quency selection tank Cl and L1, The signal
{1060 kHz) is then coupled to the base of Ql.
The local oscillators frequency determining
tank L3 and C4 is tuned to operate on a fre-
quency of 1515 kHz. Because the tuning dial
of the receiver is gang-tuned to Cl and C4,
the local oscillator frequency tank circuit
sl the received frequency tank circuit will
change simultaneously as the dial is ad.
justed. The local oscillators output frequency
1515 kHz) is coupled through C3 and de-
veloped across emitter resistor R2. The
1060 kHz received signal at the base of Ql

is of a2 much lower amplitude than the 1515
kHz signal which was locally generated by
the local oscillator. When the 1060 kHz
signal at the base of Ql is mixed with the
local oscillator {1515 kHz} in the nonlinear
transistor Ql, heterodyning action takes
place which causes two new RF signals to
appear at TP2 along with the two original
signals used. The four signals appearing at
TPZ will be:

1. 1060 kHz, the original received sig-
nal frequency.

2. 1515 kHz, the
frequency.

local oscillator

3. 2975 kHz, a new frequency, the sum
of the two signals.

4, 455 kHz, the difference frequency of
the two signals.

The output frequency tank, L5 and C6 (fig-
ure 1-4) is tuned to select the receivers
IF signal {455 kHz).

1.24, Conversion,

1-25. *'The process of combining two RF
signals to produce a new and different RF
signal is called frequency conversion. Thus
the result of heterodyning is frequency con.
version, If one of the RF signals is modu-
lated or contains more than one frequency,
the conversion will change all of those fre-
quencies proportionally and the modulation
will not be altered’’.

1-26. The difference frequency will always
be 455 kHz for this particular receiver.
Notice the receiver tuning dial will change
Cl and C4 as the dial is rotated. Because
the tuning dial changes the capacitance in
both circuits, the receiver input tank fre-
quency will change, as will the local oscil-
lator frequency. The local oscillator {re-
quency will always be above the received
signal by 455 kHz. Thus, the received signal
will always be converted to 455 kHz, the IF
frequency,
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Chapter 2

MODULATION

2-1. Modulation.

2-2. A radio announcer spesks into a
microphone, and his voice is heard on a
radio receiver some distance away. In this
chapter we will discuss how the announcer’s
voice was changed from sound energy into
electrical energy, the electrical energy then
was used to modify one or more charac-
teristics of an RF waveform before being
propagated into space. The process of modi-
fying the RF waveform with this electrical
energy is known a8 modulation.

2-3. Principles of Modulation.

2-4, The terin MODULATION is defined
as: ‘‘The process in which the amplitude,
frequency, or phase of an RF carrier wave
is varied with time in accordance with the
waveform of the superimposed intelligence.”

2-9. Figure 2-1 shows one cycle of an RF
waveform with two of the characteristics
which can be altered when the sine wave is
subjected to the modulation process. The two
characteristics are amplitude, and{requency.
Another characteristic which may be altered
is the phase. Figure 2.2 shows how the wave
will appear after being modulated.

pap—————TIME PERIOD ——————pn!
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Figure 2-1. Characteristics
of an RF Sine Wave

2-6. Figure 2-2A shows an amplitude
change on each succeeding cycle of 2n RF
wafevorm. Figure 2-2B shows a frequency
change on each succeeding cycle. Figure
2-2C shows two RF waveforms of the same
frequency, but out of phase, All of the wave-
forms in f{igure 2.2 are complex waves,

2-7. Based on the preceding discusston,
the three basic types of modulation are:

1, Amplitude Modulation {(AM).
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2. Frequency Modulation (FM).
3. Phase Modulation (PM).

2-8, Each type of modulation has certain
advantages and disadvantages. The type of
modulation used in a transmitter system is
dependent upon the intended use of the sys-
tem, the carrier frequency assigned, and
the bandwidth available.

2.9. Lets define the terms that we will use
in our discussion of modulation:

INTELLIGENCE EIGNAL: ‘‘Signal that con-
veys information.’”” The intelligence Signal
can be a dgingle tone (one frequency} or a
complex waveform like the one shown in
figure 2-3, that contain many frequencies.

SIDEBANDS: ““Frequency bands on both
sides of the carrier frequency which contain
the frecuencies produced by modulation.”

CARRIER: ‘“Awave having at least one
characteristic which may be varied from a
knowm reference value by modulation.”’

2-10. Amplitude Modulation.

2-11, Lets consider amplitude modulation
and see how the amplitude characteristics
of an RF carrier waveform are modified by
the intelligence signal. Amplitude modula-
tion implies that the amplitude of the carrier
waveform is varied in accordance with the
modulating frequency and voltage while the
frequency of the carrier is maintzined con-
stant. When an amplitude-modulated wave-
form is viewed on an oscilloscope, its ampli-
tude varies in accordance with the amplitude
and frequency of the modulating signal. The
frequency of the carrier waveform Wwill not
change throughout the modulating Process.
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Figure 2-3. Waveshape of Complex Sounds
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2-12. Modulating tcne, unmodulated car-
rier waveform, and resulting amplitude-
modulated wave, as viewed on an oscillo-
scope, is illustrated in figure 2-4.

2.13. Figure 2-4A illustrates a sinewave
which will be used to modulate the carrier.
Figure 2-4B illustrates the unmodulated RF
carrier wave which has a censtant amplitude
and frequercy. Figure 2-4C illustrates an
amplitude modulated carrier.

2-14, During time interval T1 and T3, one
cycle of the 1000 Hz modulating tone mod-
ulates the 1000 kHz carrier signal. Because
the carrier frequency is one thousand times
higher than the modulating tone, it under-
goes one thousand more cycles per second
than the modulating tone does. The result-
ing amplitude modulated carrizr in figure
2-4C is changing in amplitude ir. accordance
with the changing amplitude of the modulat-
ing tone.

2-15, You should note as the modulating
sinewave voltage in figure 2-44, is in-
creased positively (0° to 9(°), the result-
ing modulated carrier in figure 2-4C is
increasing. As the modulating usinewave volt-
age in figure 2-4A changes to its maximum
negative value (90° to 270°}), the modulated
carvier in figure 2-4C decreases to its
minimum value. As the amplitude of the
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Figure 2-4, The AM Wave
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modulating sinewave voltage in figure 2-.4A
starts to decrease toward a zero value
(276° to 360°), the modulated carrier in
figure 2-4C is increasing in amplitude.

2-16. Analysis of an AM Waveform.

2-17. An analysis of the modulated carrier
waveform is shown in figure 2-5. This anal-
ysis shows that the modulated carrier (fig-
ure 2-5A) contains the carrier frequency
(figure 2-5B) plus two new frequencies
{figure 2-5D and figure 2-.5E). The unmodu-
lated carrier component illustrated infigure
2-5B has a frequency of 1000 kHz with a
constant amplitude,

2-18, The upper f{requency of 1001 kHz
(figure 2-5D) is equal to the carrier fre-
quency (figure 2-5B) plus the modulating
frequency {figure 2-5C).

2-19. The lower frequency of 999 xHz
{figure 2-5E) is equal to the carrier fre-
quency {figure 2-5B) minus the modulating
frequency. The amplitude of both new fre-
quencies are equal. These characteristics
of the carrier and the pair of new fre-

quencies are illustrated in figure 2-5.
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2-20. The amplitude modulated carrier is
the algebraic sum of the instantaneous ampli-
tudes of the unmodulated carrier and the
upper frequency and the lower frequency
signals. These waveforms are drawn using a
common scale with respect to time in figure
2-6. The modulated carrier then contains
three distinct frequencies when modulated
with a single tone, the unmodulated carrier
wave, the upper frequency, and the lower
frequency.

2-21. Figure 2-7 shows the space occupied
in the radio frequency spectrum by the modu-
lated wave (carrier plus upper and lower
frequencies), and the original modulating
frequency. You should see by studying figure
2-7 that the position of the modulating fre-
quency is far below the carrier and the two
new frequencies produced during the modu-
lation process. This is important to remem-
ber bhecause later, when we see a practical
circuit using AM, we will find that the
original modulating frequency will not be
in the transmitted frequencies. The trans-
mitted freguencies in this example would be
1000 kHz, 999 kHz, and 1001 kHz.
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Figure 2-6. Algebraic Addition of Compo-
nents in an AM Waveform
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Figure 2-7. Spectrum Analysis of
an AM Waveform

2-22. Sidebands.

2-23. We have been referring to the new
frequencies produced during the modulation
process as upper frequency and lower
frequency.

2-24. In actual operation most waveforms
used to modulate an RF carrier are complex
waveforms. Recall that complex waveforms
contain many frequencies.

2-25. Figure 2-8A shows a complex wave-
form. This waveform contains four fre-
quencies, 1| kHz, 2 kHez, 3 kHz, and 4 kHz.
When this signal is used to modulate a 600
kHz carrier signal, four upper and four
lower frequencies appear around the carrier
frequency. These signals along with the car-
rier signal are shown in figure 2-8B.

2-26. The upper 1c-equencies are 601 kHz,
602 kliz, 603 kHz, and 604 kHz, and ace the
upper sideband (USB) signals. The lower

_frequencies are 596 kHz, 597 kHz, 598 kHz,

and 599 kHz, and are the lower sideband
{LSB) signals.

2-27. Bandwidth of an AM Signal.

2-28. The bandwidth {EW) of an AM signal
refers to the space the transmitted signal
will occupy in the frequency spectrum. Re-
call the transmitted frequencies in AM are
the carrier signal, and the upper and lower
sidebands. Look at figure 2-8, we see the
USB and LSB are each 4 kHz wide. There-
fore, the BW of the transmitted signal is

8 kHz.
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Figure 2-8. Development of Sidebands

2-29. From the preceding analysis we can
say the BW of an AM signal is two times the
highest signal frequency contained in the
modulating waveform. The ahove rule holds
true only whenthe carrier signalismodulated
up to and including 100 percent.

2-30. Percent of Modulation.

2-31. Modulation factor in AM is the ratio
of the difference between maximum and
minimum peak-to-peak variations of the
modulated carrier and the sum of the
maximum and minimum peak-to-peak
variations of the modulated carrier.
Multiplying the modulation factor by 100
gives the percent of modulation.

2-32. Percentage of modulation can be
calculated by using the oscilloscope
presentation of the modulated waveform and
the following formula:

E -E .
Percent of modulation = max mmx 100

max min

Ema.x = maximum peak-to.
peak amplitude of
the modulatedcar-
rier wave

Emin = minimum peak-to-
peak amplitude of
the modulated car-
rier wave

2-33. An AM waveform is showninfigure 2-9,
Usging the formula, and the voltage given
in figure 2-9, calculate the percent of
modulation.

100 - 25
% of modulation = m x 100

=1-;gx100=.6x100

T
£
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Figure 2-9. AM Composite Waveform
Showing 60 Percent Modulation
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Figure 2-10.

2-34, Now use the formmula and the oscillo-
scope presentation in figure 2-10 to calcu-
late the percent of modulation.

200 -0

% of modulation = 300 2 0

x 100

1 x 100

= 100%

2-35. A percent of modulation of less than
100% is under modulation. A percent of
modulation greater than 100% is over modu-
lation. Over modulation will produce severe
distortion.

2-36. Close observation of the waveform in
figure 2-10 shows the unmodulated carrier
signal to be 100 V peak-to-peak, while the
maximum peak-to.peak carrier voltage after
modulation is 200 V. The minimum carrier
voltage after modulation ig 0 V. Recall in
the composite waveform there were two new
frequencies produced during the modulation
process., These two frequencies contain the
same intelligence, and are equal in ampli-
tude. If the unmodulated carrier in figure
2-10 is 100 V peak-to-peak and the modu-
lated carrier is 200 V peak.to-peak, then
the sum of the sidebands mustbe 100 V peak-
to-peak. Since these two signals are equal
then each side frequency must be 50 V peak-
to-peak.

2-37. With over modulation the BW of an
AM signal will be increased considerably due

MODULATED CARRIER

/ PEAKS

200v
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AM Composite Waveform Showing 100% Modulation

to the severe distortion produced. This dis-
tortion produces new modulating frequencies
which modulate the carrier and increase the
bandwidth of the transmitted signal.

2-38. Figure 2-11A shows a modulating
signal that is 150 V peak-to-peak, which
is used to modulate a carrier gignal that
is 100 V peak-to-peak in figure 2-11B.
Notice that during much of the negative
half-cycle of the modulating signal, the
amplitude of the modulated wave (figure
2-11B) is zero. Thus, the negative half-
cycle of the modulating signal has been
clipped. This then would cause unwanted
harmonics of the modulating signal to be
generatéd during the modulating process.
These harmonics would appear as unwanted
frequencies in the transmitted spectrum,
thus, the BW of the transmitted signal is
increased.

—— |
U
Figure 2-11. Over Modulating
an AM Carrier
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2.39. Power Distribution in the AM Wave,

2-40. The total power radiated in the mod-
ulated carrier wave is equal to the sum of
the power contained in the separate com-
ponents of the modulated wave.

2-41. From figure 2-12 we can calculate
the total power transmitted for a 100 percent
modulated carrier wave. Figure 2-12A
shows the peak voltage contained in the
carrier and each sideband. The resistance
of the load is assumed to be 100 ohms. We
know from earlier studies that to compute

E2

power we use the formula: P =5

2~42. Using the voltage given for the car-
rier in figure 2-12A, calculate carrier
power:

2
(00T 10000 yp
Peak carrier power is equal to 100 W and is
shown in figure 2-12B, The peak sideband
power then would be found using the same
formula and the peak amplitude of one
sideband.

2
_ (50" _
P=ips = 25W
CARRIER Pe
100V 100W
ELsp Euse ==  PLsp Pyse
53y 50V 25w{ '25w
1
TOTAL POWER
150 WATTS
A B
REP4=1292

Figure 2-12. Power and Voltage
at 100% Modulation

2-1

The power of the other sideband is the same
or 25W. Total sideband power is the sum
of the USB and LSB powers. We find the
peak sideband power is equal to 50 watts.
Total peak transmitted power then is found
by adding carrier power to sideband power.
Using the power given for the carrier and
sidebands in figure 2-12B, total transmitted
power equals 100 + 50 or 150 W.

2-43. Under modulation reduces total power
by reducing the power in the sidebands.

2-44. Figure 2-13 shows the power distri-
bution of an AM waveform modulated 50%.
Using the power formula with the voltage
given for the carrier in figure 2-13A, we
find:

(100)2 _ 10000

P=Tl = Too~ 100 W

The power in the carrier is still 100 W.
Computing the power for each sideband
using the values given in figure 2-13B gives
6.25 W for each sideband or the total side-
band power is 12.5 W. Total power in the
modulated waveform then is found by adding
carrier power {0 sideband power. Total
power is 112.5 watts.

From the preceding analysis of power dis-
tribution we find at 100 percent modulation:

a. Total sideband power is one half the
carrier power.

b. The carrier contains two thirds of
the total power.

¢. Total sideband power is one third of
the total transmitted power.

d. The sideband power is distributed
equally in two sidebands.

e. Each sideband contains one sixth of
the total power.
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Figure 2-13. Voltage and Power Distribution
at Fifty Percent Modulation. The
Resistance of the Load is
100 Ohms

Reducing modulation to less than 100% (under
modulation) gives:

a. No reduction in carrier power.
b. Less power in the sidebands.
¢. Less total power.

2-45, Amplitude Modulation of Radio Fre-
quency Signals.

2-46. Figure 2-14 shows an RF amplifier
stage with an audio modulating signal applied
to the collector circuit. In this circuit, the
emitter-base is held constant and the voltage
between the emitter and collector is varied
at the modulating rate.

2-47. Assume there is a carrier signal
applied through T1 to the base circuit of Q1,
and there is no audio signal applied to T3.
Because the stage is biased class B, tran-
sistor @l will conduct only on the positive
alternation of the carrier input signal. The
amplified output carrier puises at the col-
lector of Q1 then will cause the fank circuit,
C2 and primary of T2, to oscillate at the
carrier frequency. This unmodulated car-
rier signal is shown on the output waveform
fromt tot,.
1 2

2-48. When an audio modulating signal is
applied through T3 to the collector circuit,
the modulating voltage across the secondary
transformer T3 is in series with the collec-
tor battery voltage V. The positive half
cycle of the audio signal voltage series aids
battery voltage Vo, increasing the emitter-
collector voltage. The negative half cycle of
the audioc voltage series-opposes battery
voltage Ve, decreasing the emitter-
collector voltage. When the emitter to col-
lector voltage increases, the output of the
RF amplifier increases; and when the
emitter to collector voltage decreases, the
output decreases. Looking at the waveforms
from ty to tg (figure 2-14) we see the output
of the amplifier increased on the positive
half cycle of the modulating signal and
decreased on the negative halfcycle. Looking
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CARRIER QUT

Figure 2-14,
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Simplified Circuit Using Amplitude Modulation
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at the output RF waveform at tp to tg we
see the amplitude variations resulting from
the output of the amplifier increasing and
decreasing.

2-49, Notice that the amplifier in figure
2.14 is being modulated 100%. Decreasing
the amplitude of the modulating signal
caugses under modulation, Increasing the
amplitude of the modulating signal would
cause over modulation. The output mod-
ulated waveform at T2 contains the car-
rier frequency, the USB, and LSB.

2-50. Single-3ideband Modulation.

2-51. Single-Sideband (SSB) is a term used
to describe the process of single-sideband
communications operation and the equipment
required for this type of operation. Within
the transmitter of such a system the carrier
is suppressed, either partially or completely
and restored at the receiver. In single-
sideband operation, only one gideband is
transmitted.

2-52. From the preceding statement we
can Say that during SSB modulation:

a. a carrier is modulated with an intel-
ligence signal.
b. the carrier is suppressed.

¢. one of the resulting two sidebands
is eliminated.
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2-53. In conventional AM, the transmitter
output containg the carrier frequency, a
USB, and a LSB. If a filter was ingtalled
at the output of the transmitter to remove
the carrier and one sideband, we would have
S8B transmisston.

2-54. This procedure is not a practical
method to obtain a SSB signal. The waste
of the transmitter power would be unjusti-
fied. A more practical method would be to
modulate the RF carrier signal at some low
power stage in the transmitter, suppress
the carrier and one of the sidebands, then
uge the power amplifiers of the transmitter
to amplify the remaining sideband. In this
manner, maximum use of the available
power of the transmitting system is insured.
The process used to obtain SSB signals is
called SSB generation.

2-55. Singie-Sideband Generation.

2-56. To generate a single-sideband signal
we need:

a. an intelligence signal.

h. a carrier signal.
a balanced modulator.
d. a sideband filter.

These items when properly connected to-
gether will produce a single-sideband signal.
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Figure 2-15.
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Circuits Used t0 Generate a Single-Sideband Signal
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Figure 2-1% is a block diagram showing a
circuit connected to convert the intelligence
signal, 20 Hz to 5 kHz, to a SSB RF signal.

2-57. Assume that the audio amplifier
amplifies the audio signal from the micro-
phone. This signal is coupled to the balanced
modulator where it will modulate the 100
kHz carrier signal from the carrier gener-
ator. The audio and RF signals are then
heterodyned in the balanced modulator to
produce the LSB signal 95 to 99.98 kHz,
and a USB signal 100.02 to 105 kHz. This
double-sideband signal i3 applied to the
sideband filter. Notice the carrier signal
is not applied to the sideband filter. The
sideband filter will select the one sideband
signal. In this example, the USB was
selected and the LSB was eliminated.

2-58. Carrier Elimination.

2-58. The balanced modulator circuit is
shown in figure 2-16. Transformer T1 is
used to couple the audio signal to points A
and B. Transformer T2 couples both the
USB and LSB outputs to R1. T3 couples the
160 KiIz carrier gignal to points C and D.
Diodes CR1 through CR 4 have matched
forward and reverse resistances. Gl gen-
erates the carrier signal.

2-60. We can use figure 2-16 to show
how carrier elimination is accomplished
in the balanced modulator. The primary
of T2 is connected electrically across
the bridge circuit at points A and B.
Assume there is no modulating signal
applied across T1, and the 100 kHz car-
rier signal is applied to T3 with the
polarity shown in figure 2-16. This car-
rier gsignal applied to points C and D
of the diode bridge will forward biase
the diodes. The diodes conduct equally
as shown by the arrows. There is also
no difference in potential between points
A and B. The conducting diodes repre-
sent a very low resistance, and there
is no current flow through the primary
of T2. When the carrier signal at the
secondary of T3 reverses, point C on
the bridge is positive and point
D is negative. The diodes are reverse
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Figure 2-16. Modulator Circuit of a
Single Sideband Generator

biased. Agaln, there is no difference in
potential between points A and B, and car-
rier current does not flow through the pri-
mary of T2. The carrier signal was not
coupied through T2 to R1, because thebridge
in the modulator remained balanced. The
carrier was suppressed.

2~61. Within the balanced modulator the
carrier signal causes the diodes to switch
on and off at the carrier frequency rate.
2-62. Double-Sideband Output.

2-63. Figure 2.17 illustrates the action that
occurs when the balanced modulator has an
audio signal and an RF carrier signal
applied simultaneously. Operation requires
isolating impedances R2 and R3 to prevent
interaction between the two signal sources.

2-64. The waveforms (figure 2-17 showone
cycle of the audio signal with many cycles
of the RF carrier signal on the same time
axis, but not combined in the modulator.
The positive and negative signals indicate
the carrier polarity. For clarity, the peak
value of the carrier is slightly greater than
that of the voice signal; in actual operation
the carrier signal is much greater.

2-65. When both waveforms (figure 2-17

are applied to the modulator, the dlodes CR1,
CR2, CR3, and CR4 will be reverse biased

-,




when the polarity of the carrier signal is
as shown on T3. This polarity is shown as
positive on the RF waveforms. Now the
audio signal applied through Tl makes point
E positive, and point F negative. Current
flows in the circuit as shown by the arrows
for the duration of the positive alternation
of the carrier shown on the waveforms. On

the next alternation of the carrier, the
polarity of the secondary voltage at T3
becomes negative, The dicdes are forward
biagsed and the low forward resistance
effectively places a short across the pri-
mary of T2 and prevents the signal from
coupling through T2. This procedure is
repeated for each carrier cycle.
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Figure 2-17. Modulator Circuit of a Single Sideband Generator with Waveforms
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Figure 2-18. Waveforms of a Balanced
Bridge Modulator

2-66. The shaded areas on the waveform
in figure 2-18 show when the diodes are
reverse biased and there is an output frcm
the modulator. The unshaded areas show
when the diodes are forward biased and
there is no output from the modulator,
The shaded areas also represent the ampli-
tude polarity of the modulator output across
R1 (figure 2-17).

2-67. The signal at the modulator output
is shown in figure 2-19, The waveform con-
tains the upper and lower sidebands. The
carrier frequency is not in the output be-
cause carrier current does not flow in the
primary of T2 (figure 2-17) =zt any time.

2-68. Sideband Filters.

2-69. Sideband filters are bandpass filters.
Recall 2 bandpass filter allows only a
selected band of frequencies to pass.

2-70. The filter can be of the LC, crystal,

or mechanical type. A mechanical type
filter is shown in figure 2-20.
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Figure 2-19. Modulator Output

The filter is a cylindrical arrangement
with disk resonators interconnected by cou-
pling rods. The mechanical filter is a
resonant device. which receives electrical
energy, converts it into mechanical energy,
and then converts this mechanical energy
back into electrical energy. The basic ele-
ments of this device are:

a. an input transducer which con-
verts electrical energy into mechanical
energy.

b. metal disks which are mechani-
cally resonant.

¢. coupling rods which couple energy
between the disks.

d. an output transducer which con-
verts the mechanical energy back into elec-
trical energy.

2-71. The input and output transducers
operate on the principle of magnetostriction.
Magnetostriction is the property of certain
ferromagnetic materials to change dimen-
sions when placed in a magnetic field.

2-72. When a signal is applied to the input
transducer coil, the driving rod will vibrate
in accordance with the signal frequency.
Since the rod is attached to the first reso-
nant disk, these rod vibrations will excite
the disk. The input signal is usually the two
sidebands; maximum transfer of energy,
however, will be at the resonant frequency
of the disk. The bias magnet’'s magnetic
field either aids or opposes the magnetic
field set up by the input signal, and results
in a more linear change in rod dimensions.

2-73. As the remaining disks arephysically
coupled to the first digk by the metal cou-
pling rods, they will go into vibration., When
the mechanical energy causes the last disk
to vibrate, this motion is transferred to the
output driving rod. This rod is also of mag-
netostrictive material and the variations in
its length causes its permeability to vary.
Since permeability is one factor that deter-
mines the number of magnetic lines of
force, a variation in rod permeability will
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vary the total number of flux lines in the
output circuit. These -varying flux lines, in
turn, induce a voltage into the output coil.
The output will be the desired sideband
frequency.

2-74. Bandwidth of a Single-~-Sideband Signal.
2-75, The BW of the SSB signal is approxi-
mately one half the BW of the conventional
AM signal, Figure 2-21A shows the trans-
mitted spectrum of a conventional AM sig-
nal. Figure 2-21B shows the transmitted
spectrum of a SSB signal. When the 100 kHz
carrier signal of the conventional AM trans-
mitter is modulated with the 20 Hz to 5 kHz
signal the 100 kHz carrier, LSB 95 to 98.98
kHz, and the USB 100.02 to 105 kHz signal
is transmitted. The BW required in the
frequency spectrum is 10 kHz. When the
SSB transmitters 100 kHz carrier signal is
modulated with the same audio signal, only
one sideband is transmitted. Thus, the BW
required in the gpectrum is 4.98 kHz,

I
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Mechanical Filter

2-76. The modulator in the SSBtransmitter
suppressed the 100 kHz carrier and the
sideband fiiter eliminated one sideband.
2-9%7. Pulse Modulation.

2-78. Another type of amplitude modula-
tion is Pulse Modulation (PM}. PULSE
MODULATION is defined as the modula-
tion of a carrier by a pulse traln. Pulse
modulation is used for many things; from
telegraphy to radar and telemetry to multi-
plexing, There are far too many applications
of pulse modulation -to elaborate on any one
of them, but in this chapter we will cover the
basic principles of pulse modulation.

2-19. In figure 2-2Z2, observe the modulat.
ing square wave, and recall it contains an
infinite number of odd harmonics in addition
to its fundamental frequency. Assume that
this squar-r wave has a fundamental fre-
quency of 1 kHz, and will be used to modu-
late an RF carrier signal of 1 MHz. When

2-13
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Figure 2-21. Bandwidth Comparison of
Couventional AM and SSB Signals

these signals heterodyne, two frequencies
will be produced-a sum frequency (1.001
MHz), and a difference frequency (.99 MHz).
Not only will the fundamental frequency of
the square wave heterodyne with the carrier,
but all of the harmonics contaired in the
square wave will heterodyne with the carrier,
and sum and difference frequencies asso-
ciated with those harmonies are produced.
For example, the third harmonic of the
modulating square wave (3 kHz) when
heterodyned with the carrier will produce
an upper frequency of 1.003 MHz, and a
lower frequency of .997 MHz. Another set
of sum and difference frequencies are pro-
duced for the fifth harmonic of the square
wave, and so on to infinity.

2-80. Sidebands.

2-81. Now refer to figure 2-22 and observe
the relative amplitude of the sidebands as
they relate to the amplitudes of the har-
monics contained in the square wave. Notice
the first set of sum and difference stgnals;
these are directly associated with the ampll-
tude of the square wave. The second sei of
sum and difference signals are related to the
third harmonic content within the modulating
square wave. The third set is associated
with the fifth harmonic and is only one-fifth
the amplitude of the first set of sum and
difference signals. This rule will apply for
each sum and difference signal to infinity.
Notice the upper and lower sidebands (fig-
ure 2-22) are made up of the sum and dif-
ference signals produced during the modu-
lation process.

2-82, Recall in AM when a carrier is
modulated, the resultant complex waveform
as viewed on an oscilloscope appears to
change in amplitude. Figure 2-23A shows a
carrier modulated with a square wave, The
peak voltage of the square wave signal is
less than the peak voltage of the unmodulated
carrier signal. The resultant amplitude mod-
ulated carrier signal above the modulating
square wave (figure 2-23A) increases in
amplitude when the square wave is positive.
Notice when the square wave is negative,
the resultant modulated carrier wave de-
creases in amplitude. In figure 2-23B the
modulating square wave is increased in
amplitude; the RF peaks increase as the
complex waveform increases during the
positive alternation of the square wave and
decreases during the negi*ive half of the
square wave. In figure 2-23C the amplitude
of the square wave is further increased,
until it is almost equal to the unmodulated
carrier voltage. Notice the modulated wave
is almost zero during the negative alterna-
tion of the square wave. Now refer to fig-
ure 2-23D where we increase the square
wave modulating voltage so it is greater in
amplitude than the carrier. Notice during
the negative alternation of the sauare wave
the modulated wave is not present.

2-83. In the frequency spectrum asso-

ciated with each of these conditions, notice
that the carrier amplitudes remain constant
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in figure 2-23A, B, and C, but the sidebands
are increasing in amplitude as the amplitude
of the modulating square wave increases, In
figure 2-23D, however, we increase the
square wave modulating voltage so it is
greater in amplitude than the carrier.
Notice that the sideband distribution does
not change, but as they take on more of the
transmitted power, so will the carrier.

2-84. 8o far in pulse modulation the same
general rules apply as in AM. In figure
2.23C where the peak amplitude of the
Square wave is about equal to the peak
amplitude of the unmodulated carrier, we
have about 100% modulation.

2-85. Recall in AM the bandwidth of the
transmitted waveform was always two times
the highest modulating signal frequency con-
tained in the modulating waveform. The
same holds true for PM.

2-88. Pulse Transmission.

2.87, Thus, far we have established a
carrier; and then we caused its peaks to
increase and decrease as a Square wave
is applied. Some pulse modulation systems




modulate a carrier in this manner. Other
systems produce no RF carrier until pulsed,
and RF occurs during the pulse. As an
example, look at figure 2-24 and establish a
carrier frequency of 1 MHz. Each cycle of
the RF energy requires a certain amount of
time, if we allow oscillations to occur for a
given period of time, only during selected
intervals as shown in figure 2-24A, we are
PULSING the system as shown in figure
2-24B.

2-88. Frequency Modulation.

2-80, FREQUENCY MODULATION (FM)
is defined as angle modulation of a sinsus-
oidal carrier in which the instantaneous
frequency of the modulated wave differs
from the carrier frequency by an amount
proportional to the instantaneous amplitude
of the modulating signal. The modulating
signal is the intelligence signal.

2-90. When a frequency-modulated wave is
viewed on an oscilloscope, the frequency of
the modulated wave can be seen to constantly
change as the amplitude of the modulating
signal changes while the amplitude of the
modulated wave remains constant.

2-91. In frequency modulation the unmod.
ulated carrier freguency is designated the
center frequency.

2-92. Figure 2-25A shows a single sine
wave of audio signal. This signal will be
uged to frequency-modulate an RF carrier
signal. Figure 2-29B shows the resulting
frequency-modulated waveform. Both wave.
forms have been drawn on a common scale
with respect to time. From TO to T1, there
is no modulation of the RF carrier wave by
the modulating signal, Thus, the carrier
wave remains on the center frequency. Dur-
ing the Tl to T2 interval, the modulation
signal increases from zero toward a maxi-
mum positive peak amplitude. The RF car-
rier wave departs from the center frequency,
and increases toward a higher frequency.
From T2 to T3, the modulating waveform
decreases back to zero. The FM waveform
decreases in frequency toward the center
frequency. At T3, the modulated carrier will
have the same frequency as the unmodulated
carrier signal. From T3 to T4 the modulat-
ing waveform increases from zero to a
maximum negative peak amplitude. The FM
waveform will depart from center frequency
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and decrease to a iower f{requency. From
T4 to T5 the modulating signal will de-
crease from its maximum negative peak
amplitude toward zero. The FM waveform
will increase in frequency back toward the
center frequency. From T9 to TG there is
no modulation, thus, the carrier frequency
remains on the center frequency.

2.93. During the complete modulation cycle
of the RF waveform in figure 2-2%, we find
that:

a. The center frequency was present
only when there was no modulation applied,
or the modulating signal has zero amplitude.

b. When the modulating waveform has a
positive amplitude the frequency of the mod-
ulated waveform was higher than the center
frequency.

¢. When the modulating waveform has a
negative amplitude the frequency of the mod-
ulated waveform was lower than the center
frequency.

d. The amplitude of the modulated RF
carrier did not change throughout the modu-
lation process.

2-94. Frequency Deviation.

2-.95. FREQUENCY DEVIATION is defined
as the difference between the instantaneous
frequency of the modulated wave and the
carrier frequency.

2.96. In the FM transmitter the oscillator
oscillates at the center frequency when
there is no modulating signal from the
modulator. An intelligence signal from the
modulator will cause the oscillator tochange
frequency ahove and below the center fre-
guency., Maximum deviation in oscillator
frequency will occur at the voltage peak of
the modulating signal.

2-97. The amount of deviation of the oscil-
lator is determined by the amplitude of the
modulating signal as shown in figure 2-28,
The modulating signal with 2V peak ampli-
tude is used to modulate a carrier signal of
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Figure 2-29, FM with a Modulating Signal

10 MHz. As the modulating signal increases
its peak amplitude, the carrier oscillator
frequency deviates from its center fre-
quency to a maximum frequency of 10.1
MHz. As the modulating signal decreases
in amplitude back to zero, oscillator devia-
tion becomes zero. As the modulating signal
changes to its maximum peak negative ampli-
tude, the oscillator frequency deviates below
its center frequency to 9.9 MHz. Asthe mod-
ulating signal goes from its maximvm peak
negative amplitade back to zZero, the oscil-
lator signal deviation decreases to Zzero.
Using the 4 V peak amplitude modulating
signal causes the carrier to deviate as
previously explained. However, the oscillator
deviates from its center frequency to 10.2
MHz, and back to the center frequency during
the positive half cycle of the modulating
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Figure 2-28, Deviation with Respect to
Modulating Amplitude




signal, During the negative half-cycle of the
modulating signal, the oscillator will deviate
from the center frequency to 9.8 MHz and
back to its center frequency.

2-08. Look again at figure 2-26 ind see that
the maximum amount the oscillator deviated
from its center frequency using the 2 V peak
amplitude signal was 100 kHz,

Maximum oscillator frequency 10.1 MHz
QOscillator center frequency 10 MHz2
Maximum deviation 100 kHz

When the 4 V peak amplitude sighal wasused,
the maximum amount of deviation to the
oscillator gignal was 200 kHz. From this
analysis we can conclude that maximum fre-
quency deviation of the oscillator signal
irom its center frequency is determined by
the peak amplitude of the modulating signal.

L

2-99. Rate of Frequency Changes.

2-100, The frequency of the modulating sig-
nal determines the frequency of deviation of

TWO CYCLES

A

Twm

DEVIATION
CYCLES

A

the oscillator above aud below the center
frequency.

2-101, Notice that in figure 2.27 the fre-
quency of the audio signal determines the
rate of carrier frequency deviation. Figure
2-27A shows a high frequency audio signal
used to modulate the RF carrier and figure
2-27B shows the same carrier modulated
with a low frequency audio signal. Notice
the modulating signal in figure 2-274 is
twice the frequency of 2-27B. Also notice
that the frequency of deviation is directly
proportional to the frequency of the modu-
lating signal. As the frequency of the modu-
lating signal is increased the frequency of
deviation will also increase.

2-103. The FM waveform contains an infi-
nite namber of sidebands. In FM a sideband
must contain at least one percent of the total
transmitted power to be a significant side-
band. The number of significant sidebands
determine the BW of the transmitted signal.
The number of significant sidebandsis deter-
mined by the modulation index (MI),
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Figure 2-27, Rate of Frequency Deviation
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2-104. MI is a ratio of the frequency de-
viation to the modulating signal frequency
causing the deviation. The formula for MI
is:

L4

-f—
m

Mi =

frequency deviation

frequency of the modulating signal

2-105. For example, gssume Wwe are using
the 1 V modulating signal, and the frequency
of the signal is 15 kHz. The 1 V modulating
signal will cause the oscillator frequency to
deviate 30 kHz from the oscillator center
frequency. We see the MI is 2.

30 xHz

“ 15wz - 2

Ml

2-106. A question now is how do we use
the Mi to determine the number of significant
sidebands? The chart in figure 2-28 lists
the number of significant sidebands con-
tained in the modulated waveform when the
MI is known. For a MI of 2, there would be 8
significant sidebands, 4 USB and 4 LSB
signals, in the transmitted spectrum.

2-107. Now, let’s look at our transmitted
spectrum. Figure 2-29 illustrates the
frequency-modulated output spectrum for a
MI of 2. The spectrum is the sum of the
center frequency component and the sideband
components. The center f{requency com-
ponent has the same frequency as the un-
modulated carrier. The two components of
the f{first sideband pair have freguencies
respectively higher and lower thanthe center
frequency by the amount of the modulating
frequency. The second set of sidebands have
frequencies respectively higher and lower
than the center frequency by an amount of
two times the modulating frequency. The
third set is three times and the fourth set
is four times the modulating frequency.

MODULATION SIGNIFICANT
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—
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Figure 2-28. Modulation Index Chart

2-108. Look again at figure 2-29 and note
that the BW of the transmitted FM signal
is 120 kHz. In FM, increasing the frequency
or amplitude of the modulating signal in-
creases the BW of the transmitted signal.

2-109. Reactance Tube Modulator.
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Figure 2-29. Spectrum Distribution for a
Modulation Index of ‘42"




Figure 2-30. Reactance Tube Modulator (Inductive Reactance)

2-110, Observe the basic circuit (flgure
2-304A), and notice the arrangement of R and
C in the circuit. This network is a phase
shifting network and the heart of the reac-
tance tube circuit, The resistance of R is
much larger than the capacitive reactance
of C. This causes the circuit to act resis-
tively to the RF.

2-111. Now examine the effects of this
arrangement.

a. The tank voltage (E;) will establish
the reference vector as shown in figure
2-30B.

b. Since the tank is in parallel with the
RC network, the current in the network (1}
will be nearly in phase with the tank voltage.
(Remember that the network is primarily
resistive.)

c. Network current (I;) will develop a
voltage across C that lags current I, by
90°. The voltage developed across C is the
grid voltage (Eg) for the reactance tube,

d. Grid voltage (E%) and plate current

(lp) are in phase, and both lag Et by 90°.

e. Since the tube is in parallel with the
tank, the plate voltage (Ep) of the tube is in
phase with the tank voltage (E¢). Since Iy
lags Ep by 90°, the tank seeg the reactance
tube circuit as an inductor placed in parallel
with the tank.

2-112. Now, consider what happens when
an audio voltage is applied to the input jack.
On the positive alternation, reactance tube
current will increase, and the inductive
reactance reflected to the tank decreases
(figure 2-31). When inductive reactance de-
creases, the resonant frequency of the tank
increases.

2-113. When the audio input goes negative
current decreases. The inductive reactance
then increases, and the tank frequency de-
creases (figure 2-32),

2-114. Now, consider a circuit which simu-
lates capacitive reactance instead of induc.
tive reactance. To do this, the phase shifting
network changes, as shown in figure 2-33.
Note that the capacitor is now between the

Figure 2-31. Reactance Tube Modulator
With Positive-Going lnput
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Figure 2-32. Reactance Tube Modulator
with Negative-Going Input

plate and grid, and the resistor ig between
grid and ground. Aacther change has been
made to the circuit that does not show in
the diagram - tiie capacitive reactance is
now much greater than the resistance. The
circuit will now act in the following manner.

a. Tank voltage will azain be the refer-
ence vector.

b. &ince the RC network is now capaci-
tive, the network current will lead tank
voltage by nearly 90°,

c¢. Voltage across the resistor will be
in phase with network current and lead tank
voltage by nearly 90°. This voltage is felt
on the grid (Eg). (Tank voltage is the voltage
across the capacitor which lags network
current by 90°,

OO0
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Figure 2-33. Reactance Tube Modulator
(Capacitive Reactance}

d. Since plate current and grid voltage
are in phase, plate current will lead plate
voltage hy 90°,

e, Plate voltage (E,) will be in phase
with tank voltage since the tank and tube are
conncected in parallel.

2-115. You can gee by this vectoral analy~

sig that leads Ep by 90°. The circuit is
therefore, ‘acting capacitively, and reflects a

capacitive reactance to the tank. This cir-
cuit, acts differently from the inductive
circuit, because inductive and capacitive
reactances differ:

X, =21 1L

xcﬁ%ﬁ

2-116. In the capacitive circuit, a positive
voltage from the intelligence source will
cause the output frequency to decrease,
while a negative voltage will increase out-
put frequency.

2-11%7. Varactor Modulator.

2-118. Another FM modulator which is
widely used in transistorized circuitry
employs a voltage variable capacitor,
called a VARACTOR. The varactor is
simply a diode, or a PN junction, designed
to have a certain amount of capacitance
across the junction. Figure 2-34 shows the
schematic symbol and a diagram of a
varactor in a simple oscillator circuit.
(This is not a working circuit, but merely a
simplified illustration.) The capacitance of a
varactor, as with all capacitors, is deter-
mined by the area of the capacitor plates
and the distance hetween the plates. The
depletion region in the varactor deter-
mines the distance (dielectric) between the
P and N elements (plates).

2-119. In all PN junctions when reverse
bias is varied, we change the thickness of
the depletion region, and thereby, the
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Figure 2.34. Varactor Symbol
and Schematic

capacitance changes. The varactor is de-
gigned so the change in the capacitance is
linear with a change in the applied voltage,
Proper circuit design prevents the applica-
tion of forward bias.

2-120, Notice the simplicity of operation of
the circuit in figure 2-35. An audio signal
applied to the input resulis in the following
action:

a. On the positive alternation, reverse
bias increases and the dielectric (depletion
region) width increases. This decreases
capacitance. which increases the frequency
of the oscillator.

b. On the negative alternation of the
audio signal, the reverse bias decreases,
resulting in an oscillator frequency decrease,

2-121. Phase Modulation.
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Figure 2-35. Varactor FM Modulator

2-122, In ¥M, the transmitter oscillator
changes frequency above and below the
center frequency as the modulating signal
is applied. In phase modulation (PM), the
transmitter oscillator frequency is not
changed during modulation. In fact the PM
system usually employs a crystal oscillator,

2-123, Phase modulation implies that the
phase angle of a carrier is varied inaccord-
ance with the modulating audio voltage,
whereas the current amplitude of the re-
sulting phase modulated wave is maintained
constant,

2-124. When a phase-modulated wave is
viewed on an oscilloscope, it has the appear-
ance of a frequency-modulated wave; namely,
the phase-modulated wave appears to varyin
frequency and has a constant eurrent ampli-
tude. Thus, as inafrequency-modulated wave
the power in the phase~-modulated wave does
not vary,

2-12F, A PM wave is produced by shifting
the phase of (he carrier with respect to the
modulating voitage while maintaining the
amplitude of the carrier constant. A trang-
mitter utilizing phase modulation usesphase-
shifting circuits following the oscillator
which, to accomplish modulation slows down
or speeds up the frequency of the carrier.

2-126, Figure 2-36A illustrates the unmod-
ulated RF carrier. The amplitude and fre-
guency of the carrier are constant.

2-127. Figure 2-36B illustrates a sine-wave
audio voltage which modulates the carrier.
During time interval A to B no modulating
voltage is applied to the carrier, During
time interval B to C the single sine-wave
of audio wvoltage modulates the carrier.

2-128. Figure 2-36C illustrates the phase
shifting of the carrier to the resulting
phase-modulated wave. The unmodulated
carrier is represented as a thin line. The
thin line wave is used as the reference wave
to show the phase shifting of the carrier to
the resulting phase-modulated wave. The
resulting phase-modulated wave is repre-
sented by the heavy-line wave in figure
2-36C,
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Figure 2-36. The Phase-Modulated Wave

2-120, In figure 2.36D we see the resuiting
phase modulated waveform. This waveform
is the output waveform of the phase modu-
lztor. Notice during time interval from A
to B when the carrier is not modulated, the
output of the modulator is the carrier fre-
quency (F¢). During the time interval from
B to C the carrier is modulated and the
resuiting output waveform of the modulator
is seen to be varying in frequency.

2-130. Notice when the carrier is modu-
lated by the positive half cycle of the modu-
lating signal in figure 2-36B (0° to 180°},
the phase of the modulated wave in figure
2-38C lags the phase of the original reier-
ence carrier. Likewise, when the carrier
is modulated by the negative half cycle of
the modulating voltage in figure 2-36B (180°
to 360°) the phase of the modulated wave in
figure 2-36C leads the phase of the original
reference carrier.

2-131, The rate at which aphase-modulated
wave shifts from one phase value to another
is proportional to the frequency of the mod-
ulating voltage. The higher the frequency,
the more rapidly the phase of the modulated
wave shifis from one phasge value to another.

2-132. The number of degrees through which
the phase of the carrier is shifted is pro-
porticnal to the amplitude of the modulating
voltage. The greater the amplitude of the
modulating voltage, the greater the aumber
of degrees through which the phase-modulated
carrier is shifted during modulation.

2-.133, Sidebands in Phase-Modulation.

2-134, When an RF carrier is modulated
in phase modulation we generate sidebands.
The sidebands produced in phase-modulation
are spaced on either side of the carrier
signal by an amount equal to the modulating
signal frequency. These sidebands contain
the inteiligence.

2-135. The amplitude of the modulating
signal determines the number of significant
gidebands in phase-.modulation. Increasing
the amplitude of the modulating signal in-
creases the number of significant sidebands,

2.136. Increasing the frequency of the mod-
ulating signal leaving amplitude constant will
not increase the number of gignificant
sidebands. ‘

2.1397. Figure 2-37A shows the spectrum
for a carrier modulated with a 10 kHz sig-
nal. Figure 2-37B shows the spectrum for a
carrier modulated with a 5 kHz signal. Both
modulating signals had the same amplitude.
Notice there are 10 significant sidebands in
each spectrum, Also notice only the BW of
the transmitted spectrum changes as the
frequency changes. In PM, increasing the
frequency or amplitude of the modulating
signal increases the BW of the transmitted
signal,
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Chapter 3

DEMODULATION

3-1. One of the functions of a radio re-
ceiver is the demodulation of a radio wave
picked up by the receiving antenna.

3-2. Demodulation is the process of ex-
tracting the signal intelligence from amodu-
lated carrier wave.

3-3. Recall the modulated waveform at the
transmitter did not contain the original
intelligence signal as a distinct frequency.
The intelligence was carried in the sideband
signals. The sideband signals were the new
gignals produced during the modulation pro-
cess. The original intelligence signal must
be recovered from the modulated waveform
at the receiver. This is the purpose of
demodulation.

3-4. The requirements for demodulation
are as follows:

a. The demodulator input circuitmustbe
sensitive to the modulation characteristics.

b. Nonlinearity must be presentto cause
heterodyning.

¢. An RF carrier signal must
be present at the input of the demodulator
to heterodyne with the sideband signals to
reproduce the original intelligence signpal.

d. Filtering is required at the output of
the demodulator to select the desired intelli-
gence signal and reject the unwanted RF
frequencies.

3-5. AM Demodulation.

3-6. AM demodulation is the process of
extracting the signal intelligence from an
AM carrier.

3-7. An amplitude modulated RF carrier
can be demodulated by several types of
demodulators. The circuits which demodu-
late AM signals are called detectors.

3-8. Diode Detector.

3-9. The diode detector circuit shown in
figure 3-1A meets the requirements for AM
demodulation. The input tank circuit L2 and
Cl will be tuned to the carrier frequency.
This tank circuit will be tuned so that its
BW is wide enough to pass all of the signals
contained in the complex waveform. The
diode tube will furnish the nonlinearity re-
quired for heterodyning. CZ will be used to
filter out the unwanted components after
heterodyning takes place. R will develop the
intelligence signal.

3-10. Assume that we have modulated a 455
kHz carrier signal with a 5 xHz modulating
tone at the transmitter. The iransmitted
waveform would contain the original carrier
signal of 455 kHz, the USE signal 460 kHz,
and the LSB signal 450 kHz. This tranamitted
waveform i3 also the received waveform
present at the input to the detector and is
shown in figure 3-1B.

3-11. Current flows through the diode when
the plate is positivé with respect to the
cathode. As a result of this rectifying action
the output waveform present ai the cathode
will be a geries of RF current pulses as
shown in figure 3-1C. The output waveform
contains frequencies other than the carrier
and sideband frequencies contained in the
input waveform. They are:

a. 905 kHz, the sum of the carrier and
LSB agignal.

b. 915 kHz, the sum of the carrier and
USB signal.

c. 5 kHz, the difference between the
carrier and sideband signals.

3-12. The filter capacitor C2 gelects the 5
kHz signal by charging very rapidly to nearly
the peak value of the applied RF voltage, as
indicated by point A in figure 3-1D. As the
applied RF voltage falls below itspeak value,




C2 begins to discharge very slowly through
R as indicated at point B. When the peak RF
voltage on the next cycle exceeds the peak
voltage of the previous cycle, the capacitor
charges up to a higher potential showm at
point C. This action continues through the
two complete output waveforms in figure
3-.1C. Thus, the filtered output across C2
is a DC voltage that varies at the aundio
frequency rate of 5 kHz showm by the solid
black line in figure 3-1D.
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3-13. Although the curve of the average DC
output voltage appearstobe somewhat jagged,
the RF component can be made negligible,
and the modulating signal originating at the
transmitter can be faithfully reproduced.

3-14. The RF components contained in the
waveform are filtered out becanse C2
charges rapidly through the diode and dis-
charges slowly through R.
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Figure 3-1. Diode Detector Circuit and Waveforms
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Figure 3-1. Diode Detector Circuit and Waveforms {(Continued)

3-15. Grid Leak Detector.

3-16. The grid leak detector in figure 3-2
functions like the diode detector combined
with a triode amplifier. However, it is con-
venient to consider detection and amplifica-
tion as two separate functions. The grid of
the triode tube will function as the detector
plate. The triode section then provides
amplificaticn of the detected signal.

3-17. The circuit components of the grid
leak detector satisfy the requirements for
demodulation. The input circuit L2 and Cl
will be sensitive to the modulated carrier.
Nonlinearity is provided by the diode section
because the grid leak bias network Rl and
C2 will cause heterodyning within the grid
circuit. Filtering of the RF signals from the
output is accomplished by C3 and L3.

3-18. The input signal 1s applied through
Tl. The grid leak capacitor charges very
rapidly through the small grid to cathode
resistance during the peaks of the positive
half cycles. During the negative half cycles
of the RF input signals, the grid capacitor
discharges very slowly through Rl. This

clamping action of the grid leak bias then
causes the grid to cathode waveform shown
in figure 3-2. The grid to cathode waveform
contains the original RF components of the
input waveform, the sum anad difference fre-
quency. The grid waveform is amplified by
the triode section of the electron tube. The
plate voltage waveform is the result of the
filtering of the RF components by C3 and
L3. The output voltage waveform is the
received intelligence signal.

3-19. In the grid leak detector, the input
impedance is low because grid current must
flow to perform the heterodyning action

within the grid circuit. :

3-20. Plate Detector.

3-21. The plate detector shown in figure
3-3A has a high input impedance because
grid current does not flow during the entire
input cycle of RF variations at L1.

3-22. The circuit components satisfy the
requirements for amplitude demodulation.
The tank circuit L2 and C respond to ampli-
tude variations. Heterodyning occurs within
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Figure 3-2. Grid-Leak Detector, Schematic and Waveforms

the triode tuhe becauge the cathode self hias
resistor is large enough to insure the stage
will be biased at approximately cutoff.
Cathode bypass capacitor Cl1 is large encugh
to hold the voltage across R1 steady at the
lowest audio frequency detected. Filtering
is accomplished by C2 and L3.

3-23. The action of the plate detector may
be demonstrated by the use of the tube
characteristic curve and waveforms in fig-
ure 3-3B. On the positive half-cycle of the
RF input signal, the plate voltage falls be-
low the B+ supply voltage because of the
increased drop across R2 and L3. C2
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Figure 3-3. Plate Detector Schematic and Waveforms

discharges through the conducting tube.
Thus, plate current is furnished by C2
rather than the B+ supply. The drop across
R2 and L3 is limited and the decrease in
plate voltage is slight. On the negative half-
cycle of the RF input signal, the plate cur-
rent is cuinff and the plate voltage rises. C2

charges through L3 and R2, The drop across
R2 and L3 limits the rise in plate voltage;
thus, C2 resists a voltage change at the RF
rate. Because C2 and R2 have a short time
constant with respect to the lowest audio
frequency signal, the voltage across C2 will
vary at the audio frequency output.




3-24, Infinite lmpedance Detector.

3-25. The infinite impedance detector
shown in figure 3-4 resembles the plate
detector with the exception that the load
resistor Rl is connected from the cathode
to ground. This arrangement makes the
infinite impedance detector essentially a
cathode follower.

3-26. The circuit components satisfy the
requirements for amplitude demodulation.
The tank L2 and Cl respond to amplitude
variations. The input impedance is extremely
high, therefore, grid voltage remains nega-
tive even for the strongest input signals.
Filtering of the RF components from the
output provided ny C2. Filtering of radio
frequencies and audic frequencies from the
B+ power supply is provided by C3 and R2
in the plate circuit.

3-27,

3-28. Recall that in the generation of S5B
signals the carrier 1s suppressed. The

Single Sideband Democdulation.

NPT L!§

REPE-187]

Figure 3-4. Infinite lmpedance Detector

3-6

transmitted intelligence is either a USB or
an LSB. Thus, the reference carrier is not
present in the received waveform. Before
detection of the SSB signal can take place;
the carrier signal must be restored at the
receiver. The carrier signal must be at
least ten times the amplitude of the received
single-sideband signal. This ratic of the two
signals prevents distortion of the intelligence
signal at the detector output.

3-29. Observe figure 3-5 and assume an
original carrier signal frequency of 100
kHz is modulated with an intelligence signal
of 5 kHz at the SSB transmitter. Assume
the USE (105 kHz) was transmitted. This
105 kHz RF signal is the input signal at G3.
The crystal oscillater V2 must furnish the.
100 kHz carrier signal at Gl. These two
signals when heterodyned together in V1
will produce four signals in the V1 cutput.
The are:

105 kHz, the original USB signal.
100 kHz, the carrier oscillator signal.

205 kHz, the sum of the USB and carrier
oscillator signal.

5 kHz, the difference frequency of the
USB and carrier oscillator signal,

The capacitor C filters out the three RF
signals. The original 5 kHz intelligence sig-
nal is developed across R and is the audio
frequency output.

3-30. Pulse demodulation.

3-31. Pulse demodulation is the process of

extracting a pulse from a pulse modulated
waveform,

3-32. The detector used in pulse demodu-
lation is essentially an amplitude detector.
Recall that ir pulse modulation there are
many sSideband components in the modu-
lated waveform. Thus, the transmitted
waveform had a very wide bandwidth. The
pulse detectors input circuit must be wide
encugh to pass the carrier signal and the
many sideband components to recover the
original pulse used during the modulation
process.
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Figure 3-5. Product Detector Schematic

3-33. Figure 3-6 shows a detector used to
demodulate a pulse modulated waveform.
The circuit operates like the regular AM
detector previously discussed. If the input
is a pulse modulated waveform, the cutput
will be the same as the original pulse used
during the modulation process.

3-34. FM Demodulation.
3-35. In frequency meodulation you learned

that during the proceas of modulation the
varying amplitude of the intelligence signals

REP4=1873
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Figure 3-6. Pulse Detector

caused the carrier signal to deviate above
and below its center frequency. In order
to demodulate the FM signal, the demodu-
lator stage must be a circuit which can
sense frequency variations and convertthese
variations to voltage changes.

3-38. In the FM receiver the stage that
extracts the intelligence from the FM signal
is alsc the demodulator stage, or more
commonly called a frequency discriminator.

3-37. The requirements for FM demodu-
lation are:

a. The input circuit to the demodulater
circuit must change ifrequency variations
into amplitude variations.

b. A nonlinear impedance is necessary
80 heterodyning of the carrier and sidebands
can occur.

¢. A filter must be present to filter out
the unwanted RF in the output.

4. A load must be present to develop
the intelligence signal.
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Figure 3-7. Foster-Seely Discriminator

3-38. Foster-Seely Discriminator.

3-39, The Foster-Seely discriminator
shown in figure 3-7 answers the require-
ments for FM demodulation. The input tank
circuit, L2, L3, L4, and Cl changes fre-
quency variations into amplitude variations.
The diodes Vi and V2 are the nonlinear
impedances necessary for heterodyning. RF
filtering is provided by C2 and C3, The
intelligence signal is developed across load
resistors Rl and R2,

3-40. The Foster-Seely discriminator is
the phase-shift type, since demaodulation
depends on the phase-shift obtained across
the transformer secondary.

3-41. To understand the input circuit of
the Foster-Seely discriminator, let’s first
review some principles of transformer
action with a tuned secondary.

3-42. In figure 3-8A, a signal applied to
the primary winding at the frequency to
which the secondary is tuned produces the
following current and voltage relationships:

2. Primary voltage (E_} will establish
the reference vector. P

ol

REP4=TA74

b. Induced voltage (Ei) will be 180°
out of phase with Ep.

c. Current in the secondary circuit (S)
will be in phase with the induced voltage
(Ei), because the secondary tamk acts re-
sistive at resonance.

d. Tank voltage (E;)} will lag by 90°
because Et is the capacitor voltage, which
lags capacitor current by 90°.

3-43. Now, observe the vector relationship
between Et and Ep. They are 90° out of
phase. The vector sum of E; and E, pro-
duces the output voltage Eg for the Foster-
Seely discriminator (figure 3-8C). To
arrange the two voltages so that the voliage
applied {o the detector circuit (E;) will be
the vector sum of E; and Ep another induc-
tor is placed electrically in parallel with
the transformer primary winding as shown
in figure 3-8B.

NOTE. The vcltage felt across the
new inductor will be the same as
Ep, and not the same as the induced
voltage.,

3-44, H we now take this parallel inductor
and place it in series with the tank circuit
output, we cause E to be the vector sum of
E; and Ep (figure 3-8C).

3-45. This is a basic circuit which will
give us a voltage-varying signal at the out-
put for a frequency-varying signal at the
input. Let’s see how this happens.

3-46. Remember we said that the tank
circuit acts resistively as long as it is
resonant. This causes E, to be a constant
amplitude. B we shift the input freguency
above the resonant fregquency of the tank, we
know the tank will act inductively, since X1,
will increase and X will decrease. Since
the circuit is inductive, the current {Ig) and
voltage (E;) in the secondary will no longer
be in phase. Current will lag the voltage
{figure 3-8E.) ‘

3-47. Remember that the output voltage

from the tank {E;) is still developed across
the capacitor and will always lag the
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Figure 3-8. Basic FM Input Circuit (Single-Tuned)
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secondary current (Ig) by 90°. As Ey moves
out of phage with induced voltage (Ei), the
tank voltage (E;) becomes more in phase
with the primary voltage (E,)}. Once again
E{ and E, combine, and E, will be the
vector sum of the two. Naturally, since
these two are now more in phase, the out.
put voltage increases {figure 3-8E).

3-48. With the signal reaching its maxt-
mum deviation and then returning to the
resonant frequency, the output voltage again
returns to the smaller value. As the signal
passes through resonance and starts de-
creasing in frequency, the tank circuit starts
to act capacitively, since a decreasing fre-
quency increases Xc and decreases Xp.
Now. secondary current (Ig} will lead the
induced voltage (Ej). The output from the
tank (E;) will be more than 90° out of
phase with respect to E,,. The vector sum
of the two will now decrease; thus, E; will
be less (figure 3-8F).

3-49. To improve linearity, another tdenti-
cal circuit is placed in push-pull with the
first (figure 3-8). Note that the reference
voltage E,, is common to both circuits.
Since the push.pull outputs are 180° out of

phase with each other, they are both 9¢°
out of phase with Ep (at resonance). Across
the gutput we produce the vector sum volt.
ages Eol and E02 .

3-50. This is a basic input circuit used in
many FM demodulators. If we modify it
slightly and replace the two secondary in-
ductors with one that is center-~tapped, we
still have the same circuit action. If we
remove the two capacitors and replace them
with one that is one-half the value of either
one of the others, we still have the same
circuit as shown in figure 3-9, only now the
configuration is that of L2, L3, L4, and C1
of figure 3-7. All that is necessary now is
to add an amplitude detector and filter (V1,
V2, C2, C3, and the resistors) and we
have a2 basic FM demodulator, known as the
Foster-Seely (phase-shift) discriminator.

3-51. A limitation to the Foster-Seely dis.
criminator is that the circuit passes any
amplitude variations at the input to the out-
put, resulting in noise and distortion in the
reproduced signal. For this reason, the
circuit should have an amplitude limiter
stage preceding it,

Figure 3-9,

3-10
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Making the Converted Wave Linear
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3-52. Ratio Detector.

3.53. The ratio detector is similar to the
Foster-Seely discriminator. An advantage
of the ratlo detector over the Foster-Seely
discriminator is that it does not respond
to changes in amplitude, and thus, elimi-
nates the need for a limiter stage. It does
not produce amplitude changes in the output
when amplitude changes occur in the input.
The manner in which this is done is rela-
tively simple, but, before discussing this,
let’s look at the circuit to see how it
operates.

3-54. Figure 3-10 shows the ratio detector
circuit. You'll note that the diodes are
placed in the circuit in a different manner
than they were in the Foster-Seeley circuit.
In the ratio detector the cathode of one
diode is connected to the input transformer
and the plate of the other diode is connected
to the opposite side of the transformer.

3-55. Again, exactly as in the Foster-
Seely, we have an input circuit which uses
phase combined voltages applied to the diode

ABOVE RESONANCE
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circuits. The combination of the voltages
across L4 and that across L2 produces the
voltage applied to V1. At resonance, the
input voltage will cause these two to be 90°
out of phase. When the input frequency
increases, the two become more in phase
producing an increase in amplitude in the
resultant vector (Ey), along with a ulight
phase shift in that voltage. However, it is
the amplitude variation that concerns us.
When the input frequency decreases, during
deviation below carrier frequency, the phase

difference between EL2 and Ep4 becomes
greater, and the amplitude of the resultant

vector decreases. Again, it is the amplitude
change that concerns us.

3-56. By the anzlysis of a complete cycle
of frequency deviation in the input of this
circuit, you can see that we produce a com-~
plete cycle of amplitude change at the output.
This circuit converts a constant amplitude
signal to one which has amplitude variations.
The diode (V1) and the low-pass filter
(Rp-C2) in the output detect the amplitude
variations and reproduce the modulating




signal, But, as in the Foster-Seely, the
length of the resultant vector applied to one
diode +oes not change linearly with the
change¢ in frequency input. Therefore, we
add another section, the same as we did in
the Foster-Seely cireuit. The diode (V2)
in the second section (figure 3-10) operates
by the vector sum of the voltage across L4
and L3. Note that the diode currents through
the combined resistance in the output are in
the same direction, and they establish an
average voltage across the circuit that is
not zero, as in the Foster-Seely. A large
capacitor (C4) placed across the output
charges to the average voltage across the
combined outputs. This charge tends to hold
the average voltage constant across the
resistors. If the input to the tank should
suddenly increase in amplitude, the capacitor
would have to charge to that new value
before the increase could appear across
the resistor in the output. Since the capacitor
cannot charge instantly, the voltage atross
the resistors will not respond to sudden
amplitude changes from the signal source.

3-57. The output is taken from across only
one of the resistors (R,). This is where the
ratio detector gets its name. Even though the
sum of the voltages across both resistors
remains constant, the ratio of the voltage
across each resistor to that constant value
may be constantly changing.

3-58. Quadrature Detector.

3-59. An FM demodulator employing a
completely different principle is-the quadra-
ture detector. The quadrature detector is
shown in simple diagram form in figure
3-11A. The quadrature detector is self-
limiting and, therefore, does not require the
use of a separate’ limiter. The quadrature
detector employs a specially designed gated
beam tube illustrated in figure 3-11B.

3-80. In this tube the focus electrode
forms a shield around the cathode except
for a narrow slot through which the electron
beam flows. The beam flows toward the

limiter grid. The limiter grid acts like a
gate and when the gate is opened, electrons
flow through toward the screen grid. When
closed, the gate stops the beam completely.

3-61. After the electron beam passes the
limiter grid, the screen grid refocuses the
beam toward the quadrature grid. The quad-
rature grid acts much the same as the
limiter grid; it either opens or closes to
the passage of electrons. Either grid can
cut off plate current. Plate current can flow
only when both gates are open.

3-62. Now, locking again at the circuit in
figure 3-[1A, note that in the diagram, the
screen grid has been eliminated for simpli-
city of circuitexplanation. Aninput signal will
appear ag the one shown in figure 3-11C. The
limiter grid gate action creates a waveshape
like figure 3-11D. Note that we now have a
square wave. This is the current waveform
passing the limiter grid.

3-63. When the gquadrature grid is cut off
the electron beam moving near the quadra-
ture grid will induce a current into the grid
which will develop a voltage across the high
@ tank circuit. The current induced is
through space charge coupling and will lag
the spate current by 90° (figure 3-11E).

3-64. 8Since the quadrature grid also has
the same conduction and cutoff levels as the
limiter grid, the resuliant wave will also be
transformed into a square wave (figure
3-11F).

3-65. Since both grids must be positive at
the same time in order to have plate current,
we can see by overlaying the current wave-
forms how much conduction time occurs for
each cycle of the input (figure 3-11G).

3-66. Figure 3-11H shows the actual outpat
plate curreat waveshape from this gircuit.
The basic fresusn~y is the same as the
applied frequenzy at the limiter Brid.
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3-67. Now consider what would happen
with a deviation in frequency at the input.
If the frequency decreases, the voltage
across the quadrature tank also decr2ases
in frequency. The tank appears inductive to
the induced current and the voltage will then
lag the applied voltage by less than 80°
{figure 3-11J). Note that the resultant out-
put time increases and so does the average
current in the plate circuit.

3-68, As the input frequency increases, the
opposite action takes place with the two grid
signals moving more out of phase and the
average current level decreases (figure
3-111).

3-69. The filter capacitor in the plate cir-
cuit will eliminate the undesired frequency
elements. The charge on the capacitor will
follow the deviation of input FM. Thus, we
have extracted the intelligence from the
modulated FM wave (figure 3-11K).

AT RESONANCE
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Quadrature Detector

3-70. Phase Demodulation.

3-71. Phase demodulation is the process
of extracting the intelligence signal from a
phase modulated waveform.

3-72. Under certain conditions, the FM
discriminator can be used {for phase-
demodulation. However, a true reproduction
of the intelligence signal can be obtained
only by additional processing of the signal.
One of the best methods of demodulating
the phase modulated wave is to modify an
FM detector.

3-73. Let’s refer back to the FM quadra-
ture detector (figure 3-11). Remember that
the phase of the signals present at the grids
causes amplitude variations in the output
of the filter. A quadrature detector for
phase modulation is the gzame with the
exception of the signal source for the guad-
rature grid. Refer to figure 3-12. The
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quadrature grid gignal is NOT provided by a
space-charge-excited tank circuit, but is
excited by a reference from the transmitter,
which may be a sample of the unmodulated

master oscillator signal,

PHASE DEMODUL ATION REP4-1879

Phase (Quadrature) Detector

3-74. The modulated waveform is then
applied to the limiter grid and the com-
bined output is a series of pulses which
vary in width with the phase of the

modulation.




Chapter 4

TRANSMISSION LINES

4-1. In many electronic systems, such as
radio communications, radar, computers, or
nav-aids, it is necessary to send electrical
impulses or signals from one part of the
system to another. The device through which
these signals pass is called a transmission
line. By definition, a transmission line is:
{1} a material structure forming a con-
tinuous path from one place to another, and
used for directing the transmission of elec-
tromagnetic energy along this path; (2) a
conductor or series of conductors used to
carry energy from a source to a load, All
of us are familiar with transmission lines
and may not realize it. The AC line cord on
your radio, television, or other electrical
appliance is a transmission line. The lead
between a television set and its antenna or
the lead on a telephone are transmission
lines. The purpose of this chapter is to
provide you with the basic facts and princi-
ples of transmission lines and their use.

4.2, Transmission Line Losses.

4.3, As stated previously, a transmission
line is a conductor or series of conductors
used to carry electrical energy from a
source to a load. This electrical energy is
primarily in the form of RF energy and we
normally desire maximum transfer with
minimum loss. Losses do occur and are
due to resistive. inductive, and capacitive
properties of the line.

4-4. Resistive Loss.

4-5. The ideal transmission line is one
that has a no-power loss. This of course
is a theoretical situation since, any time a
conductor transfers energy, there is apower
loss due to the resistance of the conductor.
The power loss in a short line may be
negligible. In lines of considerable length,
however, the power loss due to resistance
becomes considsrahle. This is called COP-
PER LOSS or IR loss.

4-6. Another loss, called SKIN EFFECT,
is a tendency for high frequency currents
to flow near the outer surface of the con-
ductor. The higher frequencies increase the
change in magnetic flux surrounding each
moving electron. This changing flux in-
duces a CEMF, which is in opposition to
electron flow. Electrons at the center of the
conductor encounter the greatest opposition,
and flow more easily on the skin of the wire.
The increased opposition at the center of the
conductor effectively reduces the cross-
sectional area of the conductor. You may
find that some high-frequency conductors
are hollow (because of the high opposition
at the center of the conductor); this saves
material and reduces weight.

4.7. Skin effect is directly proportional
to frequency. The greater the frequency,
the greater the CEMF and resulting skin
effect.

4-8. Energy losses due to skin effect are
dissipated in the form of heat. Thus, skin
effect loss is considered a resistance {(or
I“R) loss, also called copper loss. Power
loss due to skin effect can be reduced by
increasing the diameter of the conductor
{more SKIN available).

4-9. Radiation and Induction Losses.

4-10. When a transmission line is used to
transfer high frequency energy, there are
additional losses to be considered. These
losses are a major factor in determining
the type of line used for a particular
application.
L

4-11. Up to this point we have considered
the movement of energy along a wire as
being the movement of electrons. This is,
of course, a true and natural assumption.
However, there is another factor which must
be considered. This is the movement of
electromagnetic waves that are guided by
the transmission line. These electromag.
netic waves are composed of twoingredients,




the electric (E) field and the wnagnetic (H)
field. The etectric field is associated with
the voltage on the line and the magnetic
field is associated with the current flow
through the line. These two fields always
exist perpendicular to each other and to
the direction of travel, and neither can
exist without the other.

4.12. A perfect inductor (containing zero
resistance) converts the energy from a
source into potential energy during current
rise, and the same amount of potential
energy is converted back into kinetic energy
during current-decay., Likewise, a periect
capacitor returns all the energy stored
during voltage rise to the circuit during
voltage decay.

4-13. When the current is varying, parti-
cularly at frequencies of 20 kHz and
greater, a number ol the expanding fluxlines
never return to the coil. EXpanding and
collapsing the flux field at even faster rates
tends to increase the number of flux lines
which pever return to the inductor. In such
cages, a portion of the electric energy which
was converted into stored or potential
energy, also, never returns to the circuit.
The source will see this losg, which is
called RADIATION LOSS, as a resistance
in addition to the copper losses of the trans-
migsion line. Even though it ig not a resis-
tive logs, radiation losses are a direct
function ol frequency.

4-14. Radiation losses are desirable in the
antenna, but undesirable in a transmission
line.

4-15. Another loss due to the electromag-.
netic field along the transmission line is
caused by induction. The expanding and
collapsing magnetic fiel”- induce a voltage
and current into conducung surlaces near
the transmission line. This causes a power
loss called INDUCTION LOSS, One method
of reducing this loss is commonly used on
televigion antensa masts. A STANDOFF
INSULATOR is u:.2d to prevent the lead-in
from coming cluse to the metal mast.
SHIELDEL conductors also reduce induction

and radiation losses. Shielding is a metal
housing around the conductor to prevent
interaction with other circuits. Shielding
prevents external signals from being in-
duced into the transmission line, causing
interference.

4.16. Capacitive Losses.

4-17. Insulation of a two-wire transmis-
sion line is the dielectric for the capacitance
of the line. As the capacitor charges and
discharges, orbits of electrons in the
dielectric material are continuously chang-
ing. This causes heat dissipation in the
dielectric. This type of energy loss, called
DIELECTRIC LGSS, which APPEARS as a
resistive loss to the power source, in-
creases with frequency.

4.18. Transmission lines with an air
dielectric have a very low dielectric loss
when compared to those which use a poly-
ethylene plastic material. Because no in-
sulation is perfect, soms electrons move
through the dielectric as LEAKAGE current.
Leakage losses are held t0 a minimum
through use of very high resistance dielec-
tric. Losses caused by leakage generate
heat which, to the power source, is another
resistive loss. Some ceramics and mica
have a higher resistance aud thus, have less
leakage loss than air.

4.19. Types of Transmission Lines.

4-20, There are several types of transmis-
sion lines and many variations of each typs.
Each job to be performed will determire the
type or variations to be incorporated. Some
of the factors that may be considered in
selecting a given type of line are cost,
breakdown voltage, power loss at the re-
quired frequency, characteristic impedance,
stability of the dielectric. flexibility, bulk,
balance, and electrical constants. These
factors cannot be listed in any order of
importance because any one of them might
be the determining factor in a given case.
Figure 4-1 shows the basic types of trans-
migssion lines.
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4-21. Twisted Pair.

4-22. The twisted pair line is constructed
of two insulated conductors twisted together
to form a flexible line. It is one of the
simplest and cheapest to build, and is com-
monly used for telephone circuits, audio
connections in radio, small household appli-
ances, and other low frequency purposes.
The close spacing of conductors reduces
radiation loss, and the twisting of the wires
equalizes the effects of stray fields on both
concductors as well as reduces the induction
loss {0 nearby circuits. This type of line is
not used for high frequency transmission
because of the high dielectric loss. It has
neither the high breadkdown voltage nor high
conductivity required tohandle large amounts
of power. Its best use is for low voltage and
low frequency transmission.

4-23. Twin Lead.

4-24, The twin lead line consists of two
conductors molded into the edges of a poly-
ehtylene plastic ribbon. Installation of this

4
&

bl &2
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Basic Types of Transmission Linas

type line is simplified because of its flexi-
bility. The plastic is solid enough to main-
fain a constant distance bhetween the two
conductors, vet bends around corners. The
twin lead is commonly used as the lead-in
from the antenna to the television receiver.
It is not suitable for a high power transmis-
sion because of the small size of the con-
ductors and the narrow spacing hetween the
conductors. The twin lead line can he used
for frequencies up to approximately 200

MHz. The wmajor loss is dielectric losa.
4-25, Open Two-Wire.
4.268. The open two-wire transmission line

consists of two conductors which are kept
the same distance from each other by means
of spacers or spreaders. The distance be-
tween the two conductors is approximately
one-tenth of a wavelength or less at the
operating frequency. The actual distance
between the two conductors will depend on
the:

1. Frequency of the energy being
transmitted.

-



2, Characteristic impedance required,

3. Diameter of the conductors.

The open two-wire line is used for fre-
quencies up to approximately 200 MHz.
When used at frequencies higher than 200
MHz, the power losses are too great to be
practical. The major power loss is a result
of radiation.

4-27. Flexible Coaxial Cable.

4.28. The flexible coaxial cable transmis-
sion line consists of an inner conductor of
solid or stranded wire, and an outer con-
centric conductor of braided wires. The con-
ductors are separated from each other by
polyethylene plastic or other similar insulat-
ing material. This type line is capable of
transferring large quantities of power at
high frequencies with minimum losses. There
is very little radiation loss from this type of
line because the outer conductor shields the
inner conducior and confines the radiation
to the space between the two conductors.
The major power losses are due to the
dielectriec and skin effect. The flexible co-
axial cable is commonly used in television,
microwave radio, and radar.

4-28. Rigid Coaxial Cable.

4-30. Rigid coaxial cable transmission line
consists of a center conductor placed inside
of a rig'd metal tube that functions as the
outer shield.

4-31. One type has the center conductor
fixed along the central axis of the outer tube
by means of disk-shaped spacers. Theinsul-
ating disks are polyethylene plastic or simi-
lar types of material. Another type of rigid
coaxial cable is constructed with an air
dielectric. The center conductor is sup-
ported by metallic insulaters which are
quarter-wave gections of coaxial line. The
space inside the line is often pressurized to
eliminate moisture. Quarter-wave metallic
insulators make this line useful only at the
designed frequencies.

4.32. Rigid coaxial cable transmission
line is used primarily for high power at
{requencies up t© 3 GHz. This type line has

very little radiation loss because the energy
is confined between the two conductors. The
major power loss is due to copper loss.

4-33. Transmission Line Characteristics.

4-34. Transmission lines are basically
two conductors in parallel and thus, ecan
produce some value of inductance and
capacitance. Exaectly how much inductance
and capacitance a line has is dependent
upon its construction. The amount of capaci-
tance is primarily determined by the size
of the conductors, the space between them,
plus the dielectric material. These induct-
ance and capacitance values that are pres-
ent in all transmission lines affect the
signal applied to the line.

4=-35. Characteristic Impedance.

4-36. Impedance is,of course, the oppo~
sition to the flux of alternating current.
Characteristic impedance is the opposition
to alternating current due to the induct-
ance and capacitance of the line, Charac-
teristic impedance is commonly called “‘2,".

4-37. Figure 4-2 shows how Z, is de-
veloped in a transmission line. A battery,
switch, and ammeter are connected to an
infinitely long line, with its series inductance
and shunt capacitance. When the switch is
closed and the DC voltage is applied to the
line, current flows and a field builds up
around a unit gection of inductance (L1},
and the unit section of distributed capaci-
tance (C1) begins to charge. As the charge
on Ci approaches a full charge, C2 begins
to charge through L2; the current through
ammeter A will remain constant. Current
continues to ilow through the inductance to
charge the capacitance on down the line.
Since the line is infinitely long, there will
always be capacitance to be charged, and
current will continue flowing into the line.
Therefore, the line will have the same effect
on the battery as a fixed resistance of a
specific value which is called the CHAR-
ACTERISTIC IMPEDANCE (Zo) of the line.
Since Z, of a line is determined by the
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series inductance and shunt capacitance of
the line, the value of Z, doesnotchange when
you shorten the line. The Z,is characteristic
of any unit length section of the line.

4-.38. A definition of characteristic imped-
ance is the impedance of 4 transmission line
which would be measured if that line were
uniform in all respects throughout its infi-
nitely long length. Factors that change the 29
of a line include the cross-sectional area of
the conductors and the spacingbetween them.
Disregarding resistance, we can say that
values of L and C determine Z,. Thisis true
whether we are talking about a real or
artificial transmission line. The L and C
values are identical for the same unit
length. The actual L and C (lumped} com-
ponents of artificial transmission lines
usually simulate very long lines.

4-39. Characteristic impedance may bhbe
calculated by using the formula:

Figure 4-3 shows a transmission line of
unknown length with inductors and capaci~
tors to represent the distributed inductance
and capacitance. In computing Z,, we con-
sider the tntal inductance and capacitance
of one section only. The reason is that the
inductance and capacitance are evenly dis-
tributed along the lines and do not change
when some portion is removed from the
line.

4-40. If L1 is 2 millihenrys and Cl is §
picofarads, we can solve for Z, as follows:

REP4=1931
2, = 1/ L/C
z 2 x 107 _\/ CH
o =/ =05 ="\/4x10

5x 107

o \f4 x 108

2x l‘.'J4 or 20 k ohins

4-41. Another example: Ll is 5 milli-
henrys and Cl is 2 microfarads; solve for
Zo as follows:

2, = q/L/C
5 x 107 / ;
2, = [2ER fasx0
2x1¢

‘Zo = ‘\/25 x 102 or 50 ohms

C!T cz,L—_

REPG=1932

Figure 4-3. Computing Zo



4.42. Cutoff Frequency.

4-43. Cutoff frequency is the highest fre.
guency that will pass down the line. Each
line does have series inductance and shunt
capacitance therefore, the values of induc-
tive and capacitive reactance will change
if the applied signal frequency is changed,
Recall that the line will possess a certain
value of inductance and capacitance due
to its construction. Thus, if we apply a
signal at some frequency to the line, then
we will have some value of X1, and X¢ pro-
duced. If we, then, inciease the frequency
of the signal, the value of X, will increase
and X~ will decrease.

4-44. Refer to figure 4-3 and visualize the
signal as moving from left {generator) to
the right (load). If the value of X, is small
and X is large, then the signal will in fact
move from source o load. I, however, the
value of X, is large and X is small, then,
the signal would be developed across the
series inductance and shunted across the
line by the capacitance and it would not pass
along the line. The frequency at which this
occurs, and the line becomes unstable, is
called the cutoff frequency.

4-45, Length of Line.

4-46. All transmission lines are measured
in physical length and electrical length. The
physical length of the line is measured in
units of linear measure, such as meters.
Electrical length, on the other hand, is a
comparison of physical length and wave-
length, symbolized by lambda ( 1). Wave-
length is usually expressed in meters or
centimeters. Figure 4-4 shows how far
energy travels down the line as the genera-
tor puts out one cycle. The distance travele.
is one wavelength. The transmission line
shown is several wavelengths long; other
lines may be only z fraction of a wavelength
long.

4-4%. Energy travels down a transmission
line at a speed slightly less than the speed
of light (300,000 Xilometers or 186,000
miles per second).

4-6

=
\—/

L

REF4-1933

Figure 4-4. One Cycle - One Wavelength

4-48, Velocity Factors.

4-.49. We commonly congider the speed of
RF energy 2c the same as the speed of
light. This is true with reference to its
speed in free space. However, RF signals
are delayed as they pass through a trans-
mission line; this delay is caused by the
series inductance and shunt capacitance of
the line. Since this is true, then the RF
signals jin the line must move slower than
the speed of light.

4-50. In order to accurately measure the
electrical length of a transmission line, we
must consider the decrease in signal speed
through the line. We do this by measuring
the speed and the energy through a specific
line and comparing it with the speed of light.
The ratio befween the two is called the
VELOCITY FACTOR (K) for that specific
line. Velocity factor can be expressed in
formula jorm as:

Speed of energy through a line

K= Speed of Light

4-51. The velocity factor will vary from
line to line and even between lines of the
same type. We can see the reason for this
by observing the factors that control the
speed of energy through the line. We know
that the time delay of a line is determined
by the amount of series inductance and
shunt capacitance of a specific line. As the
signal charges the shunt capacitance through
the series induyctance, the energy is delayed
or slowed down as it passes through the
unit lengths of the line (T4 = Ny LC).

Increasing or decreasing the diameter of
the conductors will vary the amount of
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inductance Aand, therefore. the speed of the
energy down the line. Also, changing the
spacing betwsen the lines will change the
shunt capacitance and, therefore, the speed
of energy down the line.

4.52. The transmission line with the high-
est velocity factor is the open two-wire
line. This type allows energy topass approx-
imately 97% as fast as the speed of light.
The slowest speed is through a twisted pair
line with rubber insulation. The 8Speed of
this type line is approximately 60% as fast
as the speed of light. All other types permit
energy to pass between 60% and 97% as fast
as the speed of light. If the frequency and
velocity are known, the distance the energy
travels in one cycle can be calculated by
the following formula:

Velocity

Wavelength (A) = m—

4-53. The velocity can be determined by
multiplying the Velocity Factor (K), for the
type of line to be used, times the speed of
light. Remember that the velocity factor for
the line concerned must be used to calculate
wavelength accurately. The calculations that
follow assume a velocity factor of 100%.

4.54., To obtain transmission line lengths
in meters, we must use the speed of light
expressed in meters; this is 300,000,000
meters per second. The wavelength formula,
therefore, becomes:

Wavelength (in meters) = F—l_’__rggge?::g O(OI*?Z)

4-55. Observe thatasthefrequency changes,
the wavelength also changes. Wavelength
varies inversely with frequency; the higher
the frequency, the shorter the wavelength.

4.56. To work with high frequency trans-
mission lines, convert the formula to a more
convenient form aa Jollows:

300

Wavelength (1) = Freq (MHz)

4.57. The electrical length of a transmis-
gion line is expressed as the number of
wavelengths and/or factions thereof, on a
given physical length of line. The frequency
of the energy applied to the line will deter-
mine whether the line is electrically long or
electrically short, Electrical length is com-
puted by the following formula:

Electrical length _ Physical Length
{In wavelengths) Wavelength

4-58. Figure 4-5 shows a transmission
line that is physically 10 meters long with
an applied frequency of 60 MHz. The wave-
length of this frequency is:

300 (spesed of light in meters)

(meters) = {freq of generator in MHz)
= 5 meters
4-59. Therefore, the electrical length of

the transmission line is:

10 meters {physical length)

Electrical length=z— s {freq wavelength)

Electrical length = 2 wavelengths

A i),
=
S
) 60 MHz
be—10 METERS —ol
REP4=1934

Figure 4-5. Electrical Length,

Two Wavelengths
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150 MHz

be-10 METERS -
REP4=-19135

Figure 4-6. Electrical Length,
Five Wavelengths

4.60. 1 we increase the frequency of the
energy applied to this 10 meter line, what
happens to the electrical length? Figure 4.6
shows a l0-meter line with an applied fre-
quency of 150 MHz. The wavelength for this
frequency is:

300
(mneters) =150
A = 2 meters

Therefore, the electrical length of the 10-
meter line is

10 meters

Electrical length .= ==

5 wavelengths

4-61. We can now say that this line, witha
physical length of 10 meters, has an electri-
cal length of 2 wavelengths at 60 MHz and 5
wavelengths at 150 MHz. We can also say
that if the physical length remains constant
and frequency increases, the electrical length
increases. And vice versa: as frequency
decreases on a given transmission line,
electrical length decreases.

4.62. Nonresonant Lines.

4-63. A NONRESONANT transmission line
is a transmission line having no REFLEC-
TED waves and no STANDING waves. An
infinitely long line is a non-resonant trans-
mission line. If a transmission line is
terminated in a load of the same resistive
value as its ‘haracteristic impedance, all of

VOLTAGE
CuRENT
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A

VOLTAGE
£ X _CURRENT
LS RL =

Z, = 100 OHMS

100 OHMS

Z, =R
B

REP4-15)6

Figure 4-7. Two Nonresonant Lines

the energy transferred down the line is
absorbed by the load resistance. This line
will have no REFLECTED voltage, soitisa
nonresonant line. The voltage and current
waves are ln phase as they move from the
source to the load, and are called INCIDENT
waves. Figure 4-T shows two nonresonant
transmission lines. Since all of the energy
is absorbed by the load, none is left to be
reflected back toward the source, Thus,
nonresonant lines are often referred to as
PLAT lines. This term is sometimes used
to differentiate between nonresonant and
resonant transmission lines,

4_64. Rasonant Lines.

4-65. Transmission lines are often termi-
nated in a load impedance other than the Zq
of the line. This may be either intentional
or unavetidable. When the impedance of the

load differs from the 2o of the line, the
transmission line is MISMATCHED. When

there is a mismatch of impedance between
the line and load, part of the energy will
he reflected back toward the source. These
are calleq REFLECTED waves. The amount
of mismatch determines the amount of re-
flected energy; the greater the mismatch,
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the greater the reflected energy. Energy
moving on the line as incident or reflected
waves are called TRAVELING waves.

4-66. Any type impedance termination other
than Z, will cause reflected waves to occur
on the lines. We will discuss the special
terminations shown in figure 4-8.

a. Open.

b. Short.

¢. Capacitive
d. Induective

e¢. Resistance less than Z (approach-
ing a short), 0

f. Resistance greater thanZ approach-
ing an open}. o

3

- Of‘:t -

. d
A’ OPEN TERMINATION

)

—~(

B. SHORTED TERMINATION

A

P
C.;CAPACITIVE TERMINATION g
B
©

D. INDUCTIVE TERMINATION

Rl =

E. Z, GREATER THAN R|_

RL =
F.

Z, LESS THAN R,

@

REP4=-1937

Figure 4-8. Various Terminations
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Figure 4.8. Reflected Voltage from
Open Termination

4-67. Regardless of the termination, if
there is reflected energy on the line, the
line is resonant. The reflected energy repre-
sents a loss in signal energy.

4.68. Open Termination.

4-69. On a transmission line with an open
termination, the wave is reflected back to
the source. Figure 4-9 shows incident and
reflected voltage waveforms. Observe that
the two waves are in phase, at the open
termination.

4-70. Figure 4.10 shows tﬁe development
of a standing wave of voltagg. Assume, at a
given point in time, a positive alternation
of voltage is fed to the line. The incident
wave travels the length of the line, en-
counters an open, and reflects back to the
source. Observe that the incident wave
(heavy line) and reflected wave {(dotted line)‘g
are in phase. At the next half cycle, the
negative alternation incident wave {solid
line), travels down the line to the open end
and reflects back {(dotted line) in phase.
Remember, the positive- and negative-going
incident waves {as shown in this diagram)
are occurring in two ditfferent time periods.
Actually, the voltage is being constantly
generated and fed at an alternating rate into
the transmission line. Each alternation will
produce voltage reflections back toward the
source. Figure 4-10 shows a STANDING
WAVE of voltage, maximum at the open end
and at half-wavelengths back; that is, A /2
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Figure 4-10. Development of
Standing Wave of Voltages

from the end and one A from the end. The
standing wave of voltage will be minimum
at odd quarter-wavelengths from the open
end; that is, J /4, 3 A /4 from the open end
and 5 A /4 from the open end. The maximum
voltage points are called voltage LOOPS.

4.71. The standing wave does not move
along the line since it is the sum of the
incident and reflected waves. The position
of the standing wave will change along the
line only if the frequency of the input signal
or the line termination changes.

4.72. Up to this point, we have talked
ahout only the standing wave of voltage, yet
we know that the voltage and current are 1n
phase as they move from the generator
toward the end of the line. On reaching the
end of the line, the incident wave {inds the
open termination as shown in figure 4-11.
Since current cannot flow through an open,
the open will always have minimurm current
and the voltage will always be maximum,
Reflected current is 180° out of phase with
the incident wave of curreat, while the re-
flected wave of voltage is in phase with the
voltage incident waves.

4-10

INCIDEWHT VOLTAGE & CURRENT
WAVE IN PHASE

CURRENT WAVE VOLTAGE WAVE

REFLECTED QUY  REFLECTEDIN
OF PHASE PHASE
REP4-1940
Figure 4-11. Reflected Voltage and

Current from an Open Termination

4.73. Figure 4-12 shows the development
of a standing wave of current. The heavy
black line shows the incident current wave
ag it travels down the line. At the open end,
current is reflected back 180° out of phase
as indicated by the heavy dotted line. On the
next alternation of the generator the inci-
dent wave is of opposite polarity and travels
down the line as shown by the solid thin line.
At the termination, current isagainreflected
180° ¢ :«~ of phase and moves back toward
the source. Each alternation of the genera-
tor produces another incident wave, and
each incident wave is reflected in the same
manner. A standing wave is the sum of the
incident and reflected waves. At the open
termination, there is always a point of
minimum current or CURRENT NODE; one-
quarter wavelength back there is a point of
maximum current or CURRENT LOOP.
One-half wavelength ( A /2) back is another
current node. Notice in figure 4-12 that the
standing waves of current and voltage are
90° out of phase with each other. This phase
relationship will always exist, regardless
of the type of termination, as long as there
is an impedance mismatch between the line
and the load.

4-74. Shorted Termination.
4-75. A line terminated in a short also

causes reflections. We know that voltage
across a short is minimum and that current
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Figure 4-12, Development of Standing
Wave of Current

through a short is maximum. Since voltage
and current are in phase as the incident
wave reaches the termination, a phage ghift
takes place. With a shorted termination,
voltage is reflected '180° gut of phase and
current is reflected in phase with the inci-
dent wave. The resulting standing waves
are shown in figure 4-13. Notice at the
shorted termination that the standing wave
of current is maximum and the standing wave
of voltage is minimum. Notice also that one-
quarter wavelength back from the short is a
current node and a voltage loop. One-half
wavelength back from the termination is a
current loop and a voltage node.
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Figure 4-13. Standing Waves from
Shorted Termination
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Figure 4-14. Capacitive Reactance
Termination

4-76. Capacitive Termination,

4-71. When a transmission line is termi-
nated {n a reactance, the load is capable of
storing energy during some parts of the
input cycle and releasing energy at other
times during the cycle. The termination
produces a phase difference between reflec-
ted current and voltage.

4-78. Figure 4-14 shows a line with a
capacitive termination. The type of react-
ance at the termination can be determined
by observing the relationship between the
standing waves of current and voltage at the
termination. As shown in figure 4-14, the
standing wave of current at the termination
has been maximum and is declining, while
voltage has been minimum and is increas-
ing. Therefore, current is leading the volt-
age, which is characteristic of capacitive
reactance.

4.19. Inductive Termination.

4.80. Figure 4-15 shows the standing waves
on a line that has an inductive termination.
By observing the relationship between the
current and the voltage waves, we can
identify this termipation as inductive, Notice
that current at the termination has been
minimum and is increasing and voltage has
been maximum and is decreasing at the
termination. Therefore, voltage is leading
current, which is characteristic of inductive
reactance.
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Figure 4-15. Inductive Reactance
Termination

4-.81. Resistive Terminations.

4-82. When a line is terminated initschar-
acteristic impedance (Zg), all the energy
fed down the line is absorbed by the load and
none is reflected back. Now, let’s see what
happens if the load resistance is smaller or
larger than the Zg of the line. Ineither case,
there will be a mismatch of impedance,
which causes reflections and creates stand-
ing waves.

4-83. Figure 4-16 shows a transmission
line with a resistive termination greater than
the Z, of the line. Notice how the standing
waves are presented graphically. They are
drawn above the line to indicate that the load
resistance is larger than the Z; of the line,
approaching an open. You will also notice
that voltage is maximum and current is
minimum at the termination ¢ indicate that
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Figure 4-16. Resistive Termination,
Ry, Greater thun Zg

the line has a resistive termination. There-
irre, the standing waves appeal the same as
for an open termination, except that they are
raised above the reference line.

4.84. Figure 4-17 shows a transmission
line terminated in a resistance that js less
than the characteristic impedance of the
line. Again, the standing waves are drawn
above the line, but this time the current is
maximum and the voltage minimuii. The
standing waves appear the same as for a
shorted termination when Ry, is some value
less than the characteristic impedance of
the line.

4-85. Varying Line Impedance.

4-86. We have discussed five types of
transmission line termination - the open,
short, capacitance, inductive, and resistive
terminations. Each of these can be identified
by the relationship of standing waves of
current and voltage at the termination. Fig-
ure 4-18 is a transmission line terminated
in an open. We know this is an open because
the standing wave of voltage is maximum
and the standing wave of current is mini-
mum at the termination. This is the same
relationship between voltage and current
that is found across a parallel resonant tank
circuit, so this symbel is placed at that
point. One-eighth of a wavelength back from
the termination current is decreasing and
voltage is increasing. Thus, current is lead-
ing voltage, symbolized by a capacitor. One~
quarter of a wavelength from the termination,

@ Zo = 500 DHMS SR
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Figure 4-17, Resistive Terminanon
Less than Zg
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Figure 4-18. Line Terminations Symbolized by Circuit Terminations

current is maximum and voltage is mini-
mum. This is the condition found at a shorted
termination and also across a series reso-
nant circuit. At three-eighths of a wave-
length back from the termination, the volt-
age is decreasing and current is increasing,
symbolized by an inductor. One-half of a
wavelength away from the termination, we
again find that voltage is maximum and
current is minimum. These are, again, the
standing wave relationships that indicate an
open. Therefore, we can say that one-
quarter wavelength back from an open isa
short, and one.half wavelength from any
termination we will find the same standing
wave condition as the termination,

4.8%7. Figure 4-19 shows the distribution
of impedance along the resonant transmis-
sion line. The open end has maximum im-
pedance of a parallel resonant tank or open
c¢ircuit. One-quarter wavelength back from

the open end is a short circuit or series
resonant circuyit with minimum impedance.
Now, we can construct the impedance curve
from maximum at the open points along the
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Figure 4-19, Distribution of Impedance
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line to minimum impedance at the shorted
points, At the maximum impedance points a
large R is shown, and at the minimum
points a small R is shown. As the impedance
curve increases from minimum to maximum,
X is shown increasing in size to the maxi-
mum point. As the impedance decreases
from maximum to minimum, Xj, is shown
decreasing to minimum. These are the im-
pedances that are found along a line with an
open termination. Figure 4-20 shows the
impedance points on an open ended line
which is varied in iength. In this illustra-
tion, you can see that the various impedance
points will not change (with respect to the
end of the line) as the line is made longer
or shorter. The generator will see the dif-
ferent impedance values, depending upon
line length; the impedance points remain
stationary. This can be summarized by say-
ing the relationship between standing waves
of current and voltage at the termination will
indicate (1) the type of termination on a line
and (2) the impedance at points along the
line. The length of the line determines the
impedance at the generator.

4-88, Standing Wave Ratio.

4-89. Keep in mind that the purpose of a
transmission line is to transfer electrical
energy from a source to a load. If a mis-
match of impedance produces standing waves
due to reflected energy, some of the source
energy is not used by the load. Therefore,
standing waves represent a loss in power
and are undesirable on a transmission line.
Now, let’s see how we can monitor and
measure the standing waves on a line.

4-90. Standing waves are measured by
determining the maximum and minimum
voltage or cCurrent present and comparing
them to establish a ratio. Another method
that may be used compares the values of
the characteristic impedance of the line with
the load resistance. In either case, a STAND-
ING WAVE RATIO is established, known
as SWR.

4-91. The first method described is ex-
pressed by the following formula:

E Max or
E Min I Min

SW =

4-92. Regardless of which formula is used,
the standing wave ratio will be the same
on a given transmission line.
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Figure 4-20. Impedance at Points
on an Open-~-Ended Line
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4-93. The other method can be used as
follows:

L Zo
or =~ (the larger walue is

SWR = ——
z|:| RL placed on top)

For example:

4-94. As Z,and Ry, come closer in value,
the standing waves become smaller. When
Z, and Ry, reach the same value, there
are no standing waves developed and the
line becomes nonresonant.

4-95, Uses of Transmission Lines,

4-96. A nonresonant transmission line is a
line which has no standing wave; or in other
wordsg all of the energy traveling down the
line is transferred to the load. That is the
use of a nonresonant line, to transter RF
energy from its source to the load. U a
resonant transmission line does have stand-
ing waves and various amounts of imped-
ance distributed along its length, it is well
suited as an impedance matching device.
Figure 4-21 shows a varying impedance
along a one-quarter wavelength section of a
shorted transmission line. At the shorted
end the current is high, the voltage is low,
and the impedance is low. One-quarter
wavelength back from the shorted end, the
conditlons are reversed. The current is
low, the voltage is high, and impedance is
high. Using this quarter.wavelength section,
it is possible to matchalmost any impedance.

4-97. Matching Transformers.

4-98, Sections of transmission line can be
used to match the characteristic itnpedance
of the line to that of the load. Quarter-

wavelength sections actually serve as step-
up or step-down transformers, such asthose
commonly used in low-frequency circuits,

4.99. Figure 4-22 shows a quarter-
wavelength matching transformer connect-
ing a line to a Joad and its equivalent cir-
cuit. Thig illustration skows the Z, of the
line as 1000 ohms and the Ry, as 250 ohms.
The problem is to find a quarter-wavelength
section with the characteristic impedance
that will correctly match 2, to Ry,. Z; for
explanation purposes is the characteristic
impedance of a transmission line used as

a matching transformer. The formula and
processes are as follows:

Zt = VZOxRL

= V1000 x 250 = V250,000

Zt = 300 chms

4-100. Therefore, a quarter-wavelength of
line having a characteristlc impedance of
500 ohms will match the 1000~-ohm line to

1
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Figure 4-21. Impedance Along a
Quarter-Wave Line
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Figure 4-22.

the 250-chm load. One other step is still
necessary. We must determine the length
of the guarter-wave section of the 500-chm
line. For this we use the frequency of 300
MHz tc determine a wavelength, using the
following calculation:

300

(meters) m

{m=aters) -‘;:g%—

1 Meter or 100 cm
A /4 = 25 centimeters

4-101. Therefore, the quarter-wave trans-
former section will be a piece of 500 chm
transmission line 25 ¢m long. This matching
section will function similarly to a stepdown
transformer, matching a primary impedance
of 260 ohms.

4-102. Delta Matching.

4-103. Another method of accomplishing
maximum transfer of power from a trans-
mission line to a load is by use of a delta
match. Figure 4-23 illestrates a delta match
between a ‘ransmission line connected to a
source (transmitter) and a load (antenna).
The center (input) impedance of a dipole

REP4-1951

Quarter-Wave Matching Transformer

antenna is approximately 73 ohms$ and in-
creases to approximately 2500 ohms at the
ends. The purpose of the delta match isto
match the transmission line impedance to
the input impedance of the antenna.

4-104. A delta match is accomplished by
gradually spreading apart the two wires of
twin lead or open two wire. This spreading
gradually increases the impedince of the
line. Increasing tne impedance graduailly
does not produce a large discontinuity on
the line, therefore, the amount of reflected
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Figure 4-23. Delta Matching
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enerpy is small. However. an rapt change
in wistance between the conidurtors would
cause discontinutity and a lorger amount
of reflected energy. Two points can be
found on the antenna where the impedance
equals the output impedance ol the trans-
mission line. 1f the lie is connected to the
antenna at that point the muaximum transfer
of energy can be accomplished.

4-105. Stub Matching.

4-106. A third method of matching imped-
ance from a source to a loaxd is by stub
matching. A stub is 1/4 wavelength section
of srinsmission line. As we have previously
learned the impedance across a 1/4 section
¢f line can vary from minimum impedance
to maximum impedance. Figure 4-24 illus-
trates a guarter wave stub connected to a
dipole antenna. The input impedance of the
antenna is equal to the impedance of the stub.
The sftub is terminated at its other end in
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Figure 4-.24. Stub Matching

au open, thus, standing waves and variations
v impedance are developed along the stub.
'+ & lransmission line of a different value of
‘mpedance is connected to the stub where the
iransmission line impedance eguals the im-
pedance of the stub, then maximum power
transfer is accomplished.
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5 1. Antenna Function.

5.2. An antenna is a conductor or set of
conductors used to radiate electromagnetic
energy into space or to collect electromag-
netic energy from space. To communicate
by radio, energy in the form of electromag-
netic fields must be radiated into space.

5-3. The power reguired to develop these
fields is provided by the radio transmitter.
The transmitter produces a modulated RF
signal and the output is in the form of cur-
rent oscillations, normally in a tank ctrcuit.
You must convert this current into electro-
magnetic ficlds which canbe radiated through
gpace. This is the function of a transmitting
antenna. The antenna can be considered to
be a transducer because it converts energy
in the form of current oscillationsto electric
and magnetic fields of force. These fields,
moving through space at approximately the
speed of light, transmit to distant locationsa
portion of the energy originally produced by
the transmitter,

5-4. Receiver equipment must be used to
convert these fields back into an intelligent
form, The receiving antenna converts the
received fields, representing the transmitted
intelligence, back into RF currents. This step
is accomplished automatically by the nature
of the receiving antenna; when the electro-
magnetic fields traveling through space cut
across the receiving antenna, they impressa
voltage across the antenna, which causes an
RF current to flow. The raceiver accepts and
amplifies the current from the antenna, de-
modulates, and reproduces the intelligence
signal.

5-5. Antennas take many forms. Some
antennas are high towers, hundreds of feet
tall, erected on large tracts of land. Other
antennas consist of several metal rods, per-
haps a few inches to a few feetlong, mounted
atop towers and possibly arranged so that
they can be rotated. Some antennasuse para-
bolic reflectors which rotate in a horizontal

ANTENNAS

a9

Chapter ©

plane or vertical plane or both. Still others
may be inconspicuous slots cut into the skin
of a metal cylinder or alrcraft fuselage. The
physical size, construction details and ap-
pearance depend primarily on the {inal use
to which the antenna will be put.

5-6. Electromagnetic Waves.

§5-7. An electromagnetic wave consists of
two primary components, an electric field
and a magnetic field. The electric field
results from the force of voltage and the
magnetic field results from the flow of
current.

5-8. Normally, the electric field is repre.
sented on an illustration by lines which are
drawn to show the paths along which the
electric force acts. The lines representing
the electric field are pointed in the direction
that a single positive charge would normally
move under the influence of that field. Figure
5-1 illustrates the use of lines to represent
the electric field that exists between two
charged elements. Electric lines of force
are called E lines. In figure 5-1, two rods
are charged by a source of voltage (AC
generator). The electric field is represented
by the E lines extending from the positively
charged rod to the negatively charged rod.
Electrons flowing from the generator into the
top rod in part A of figure 5-1 or into the
left-hand rod part B of figure 5-1 cause
these rods to have an excess of electrons
and they are negatively charged. At the same
time, electrons are flowing from the bottom
rod in part A and the right-hand rod in part
B toward the generator, thus these rods
have a deficiency of electrons and are posi-
tively charged. Because of this difference of
potential between the two rods in either part
A or B, and electric field exists between the
two rods,

5-9. Now that you realize the direction of
electron flow in the rods and the resulting E
line placement between the rods, recall
that the charging voltage source is an AC




A. Parallel Rods

B, In-Line Rods

Figure 5-1. E-Field Distribution
Between Charged Elements
REP4=2037
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generator. The polarity of charges and the
direction of the electric fields will reverse
polarity and direction periodically at the
frequency of the voltage source. The elec-
tric field will build up from zer¢ to maxi-
mum in one direction and then collapse
back to zero. Next, the field will build up
to maximum in the opposite direction and
then collapse back to zero. This complete
reversal occurs during a single cycle of the
source voliage. The half-wave dipole antenna
(two separate rods in line as illustrated in
part B of figure 5-1) is the fundamental
element normally used as & starting point
of reference in any discussion concerrning
the radiation of electromagnetic energy into
space.

5-10. When current flows through a con-
ductor, a magnetic field is set up in the
area surrounding the conductor. In fact, any
moving electric charge will create a mag-
netic field. The magnetic field is a region
in space where a magnetic force can be
detected and measured. There are two other
fields involved. an induction field exists
about the conductor carrving the current and
another field. called the radiationfield, which
becomes detached from the current carrying
rod and travels throvgh space.

5.11. To represent the magnetic{ield, tines
of force are again used to illustrate the
energy. Magnetic lines are not drawn between

REf =200

Figure 5-2. Relatiouship of E-Lines, H-Lines, and Current Flow
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the rods. nor between a high and low-
potential points as were the E lines. Mag-
netic lines are c¢reated by the flow of cur-
rent rather than the force of voltage. The
magnetic lines of force, therefore, are
drawn at right angles to the direction of
current flow. Also, as shown in figure 5-2,
the magnetic lines of force are perpendicu-
lar, or at right angles, to the electric lines
of force. Magnetic lines of force are indi-
cated by the letter H and are calied B lines.
The direction of the magnetic lines may be
determined by use of the left hand rule.
Point the thumb on your left hand in the
direction of the current flow and normal
curvature of your fingers will point in the
direction of the H lines around the conduc-
tor. The generator shown in figure 5-2 pro-
vides voltage, which creates an electric
field, and current, which creates a magnetic
field. This source voltage and current ouilds
up to maximum value in one direction during
one half-cycle. Both the electric and mag-
netic fields alternate from minimum through
maximum values in synchronization with the
changing voltage and current.

5-12. The magnetic fields which are set up
around two parallel rods, as shown in part A
of figure 5-3, are in maximum opposition.
Rod 1 contains a current flowing from the
generator, while rod 2 contains a current
flowing towards the generator. As a resuit,
the direction of the magnetic field surround-
ing rod 1 is opposite to the direction of the
magnetic field surrounding rod 2, This will
cause capcellation of a part or all ¢ both
magnetic fields, with a resultant decrease
in radiation of the electromagnetic energy.
Part B of figure 5-3 illustrates the fact that
if the far ands of rods 1 and 2 are separated
from each other while the rods are still con-
nected to the generator al the near ends.
more Space apd consequently less opposition
will occur between the magnetic fields of the
two rods. Part C of figure 5-3 illustrates
the fact that placing the rods in line makes
the currents through both rods flow in the
same direction. Therefore, the two magnetic
fields are in the same direction and thus,
maximum electromagnetic radiation into
spate can be obtained.

€. Minimum Opposition

Figure 5-3. Opposition of Magnetic Fields




5-13. In the foregoing discussion, the elec-
tric and magnetic forces are at right angles
tc each other and the fields reach their
maximum intensity a quarter-cycle apart.
The E and H fields are 80 degrees out of
phase in time, and the lines of force are at
right angles to each other in space. The
time relationship between the electric field
and magnetic field can be understood more
easily by an illustration showing the stand-
ing wave on a transmission line and antenna.
Figure 5-4 illustrates the standing waves on
both a quarter-wave transmission line and a
half-wave dipole antenna. Using an open-
circuited, quarter-wave tranamission line,
it will appear as a series resonant circuit
to the source and a parallel resonant cir-
cuit at the end. In part A of figure 5-4, the
voltage on the upper rod is increasing in a
positive or upward direction while the volt-
age on the lower rod is increasing in a
negative or downward direction. The cur-
rents in the two rods are in opposite direc-
tions; therefore, the electric and magnetic
fields are effectively cancelled. Part B of
the figure shows that placing the quarter-
wave rods in line forms a hali.wave antenna.
The currents through both rods are in the
same direction and the two standing waves
can be represented as one. As stated in
paragraph 5-9, the half-wave dipole is the
basic element of an antenna.

-14. INDUCTION AND RADIATION
FIELD8. The previous discussion estab-
lished the fact that when a source of power
causes current to flow in a conductor, a
magnetic field is created around the con-
ductor, and an electric field is created as a
result of the accumulation of charges on the
conductor. As the source of power (RF gen-
erator) changes polarity, the energy supplied
to the conductor alternately and continuously
changes in form. The resulting electromag-
netic field, made up of electric and magnetic
lines of force, is usually divided into two
parts. The portion of the electromagnetic
field which immediately surrounds the an-
tenna and which coliapses completely when
the antenna voltage and current reverse is
termed the INDUCTION FIELD. This field
is associated with the stored energy in the
antenna, and is mainly responsible for the

behavior of the antenna as a tuned circuit
element. Although this field is intense in
the immediate vicinity of the antenna, its
strength drops off rapidly at increasing
distances from the antenna. The induction
field strength varies inversely as the square
of the distance from the antenna. At one
instant of time all of the supplied source
generator energy is stored about the con-
ductor (antenna} in the form of an electric
field, and at another inztant of time (one
quarter-wavelength later) all of the supplied
energy is stored about the conductor in the
form of a magnetic field. These fields asso-
ciated with the stored energy are chiefly

A, Quarter-Wave Open Transmission Line

B. Hali-Wave Antenna

Figure 5-4. Standing Waves
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responsible for the behavior of the antenna
as a resonant circuit, and are termed the
induction field. The strength of the induc-
tion field decreases with the square of the
distance from the antenna, This induction
field represents the stored energy about the
antenna, and is responsible for the resonant
effects the antenna reflects to the generator,

5-15. In addition to the induction f{field
surrounding the antenna, there is also a
field called the RADIATION FIELD, which
becomes -detached from the antenna and
travels through space to make radio com-
munication possible. The radiation field
varies inversely with the distance from the
antenna, and therefore, reachesmuchgreater
distances than the induction field, It is this
radiation field which is responsible for
ELECTROMAGNETIC RADIATION, Figure
5-5 illustrates the time phase of the induc-
tion and radiation fields.

5-16. As has been stated, the electromag-
netic field consists of two parts: the induc-
tion field immediately surrounding the an-
tenna, and the radiation field sent into
jpace. At a distance of a sixth-wavelength
irom the antenna, the induction field and the
radiation field are equal in strength (power).
However, beyond this distance the induction
field decreases as ithe square of the distance
and rapidly disappears, while the radiation
field decreases linearly with distance, and
therefore, does not disappear entirely. Thus,
it is the radiation field which is intercepted
by receiving antennas within the range. That
part of the electromagnetic field called the
RADIATION FIELD induces both electric
lines of force, which cause a build-up of
potential (voltage) across a receiving an-
tenna, and magnetic lines of flux, which
cause a buildup of current within the
antenna.

§-17. The ease with which radiation occurs
from a transmitting antenna varies directly
with the source generator {frequency at
lower frequencies, such as 60 hertz. The
antenna voltage changes so slowly that
the component of energy radiated is ex-
tremely small and is of no practical

value, At higher frequencies, such as 50,000
Hertz, the radiated energy is great enoughto
meet communication requirements.

5-18. In the direction at right angles (per-
pendicular} to a haif-wave transmitting
antenna, both the E-field and H-field are
strong. In the direction toward either end
of the antenna (off the ends), no H-field
forms at all, and only a very small E-field
exists. The flux density is, therefore, small
in the direction of either antenna end. Both
the E-field and H-field expand away from
the antenna at the speed of light, At every
point in space, a varying magnetic field
induces a voltage difference in space, which
is the electric field. This electric field
varies with time {frequency) and causes a
digplacement of the charge in space. This
displacement current (space charge} sets
up a magnetic field just as electrons flowing
through a conductor set up a magnetic field
around that conductor. This space magnetic
field sustaing the original varying magnetic
fieid. Therefore, no moving E-field can
exist without an H-field, and no H-field can
be propagated without an agsociated E-field.
Similarly, when electromagnetic energy is
radiated into gpace, no moving electrostatic
force can exist without an assoclated mag-
netic stress, and no magnetic force inmotion
can exist without an associated electrostatic
stress. BEach creates the other; therefore,
neither can exist without the other. The
antenna current agsociated with the trans-
mitted field does not flow spacewardbecause
no conductor exists in gpace; however, the
magnetic field does exist in gpace. You can
visualize a field existing without current
flow if you think of a glass rod or other
ingulator being in the path of a moviig
magnetic field. Ar electrostatic stress voit.
age will be induced in the rod, but current
will not pass easily through the rod, Mag-
netic lines move in space and set up electric
stress voltages in the same manner.

5-19. The concept of a moving wave front
directed between a transmitting antenna
and a receiving antenna is important. Aradio
wave may be described as a moving electro-
magnetic field, having velocity in the direc-
tion of travel, and composed of electric and
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magnetic fields arranged at right angles
to cuch othev. Figore 5-6 shows the direc-
tion of wave travel and the angular dis-
placemient of the E and H components of
the electromagnetic field. The electric
field is illustrated in an upwuard direction,
while the magnetic [ield is illustrated as
coming out of the paper toward you.

5-20. Polarization.

9-.21. A dipole radiates electromagnetic
energy with magnetic and electric lines in
space quadrature (perpendicular to each
other), and both the magnetic field and
electric field are perpendicular to their
direction of travel (figure 5-7). Since the
magnetic lines cause voltage to be induced
in a conductor as the magnetic lines cut
across the conductor, then the angle at
which the lines cut the conductor is im-
portant. Recall in the theory of induction,
that a conductor moving in a magnetic
field produces the greatest voltage in the
wire when the field and the conductor are
perpendicular to each other. If the con-
ductor and the field are parallel to each
other. there is no cutting of the lines and
no induced voltage. In antennas. the angle
ts just as tmportant.

TRANSMITTING ANTENNA
(VERTICAL DIPOLEY

Le

5-22. Linear Polarization.

5-23. If a radiating antenna and a receiv-
ing antenna are positioned so that the end of
the dipole of the receiving antenna is pointed
in the direction of the transmitting antenna
{figure 5-8), little or no current will be
induced. Likewise, when the radiating an-
tenna and the receiving antenna are per-
pendicular to each other, the energy will
not exist at the proper angles and little
voltage will be induced (figure 5-8). For
maximum volage to be induced, the two
antennas have to be perfectly aligned with
each other. The transmitter antenna must
point toward the receiver antenna and the
receiver antenna must point toward the
transmitter. The antennas must be polar-
ized with each other. Polarization of the
antenna is directly associated with wave
propagation, in that the propagated wave
is polarized. When the electric lines travel
vertically to the earth (perpendicular), the
wave is vertically polarized. A vertically
polarized antenna transmits a vertically
polarized wave.

5.24. When an electromagnetic wave is
transmitted so that its electric lines are

RECEIVING ANTENNA
(VERTICAL DIPGLE
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Figure 5-6. E and H Fields of a Radiated Wave
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Figure 5-7. Electromagnetic Waveform

horizontal to the earth {(parallel), the wave
is horizontally polarized (transmitted froma
horizontally polarized antenna).

5-25. If a dipole is placed so that its
length is perpendicular to the ground, or
so that its physical length is at right angle
to the earth immediately beneath it, the
antenna is vertically polarized.

5-26. If the dipole is positioned s0 that
its physical length is horizontal, that is
parallel to the earth immediately beneath
it, then the antenna is horizontally polarized.
Refer to figure 5-~10.

5-27. Circular Polarization.

5-28. Tn linear polarization we found that
the transmitting and receiving antennasmust
lie in the same plane to produce maximum
energy transfer. Sometimes in radar, satel-
lite communications and in radio astronomy
the plane is not fixed and may change. This
can cause a loss in energy transfer. To
overcome this, circular polarization isused.
Imagine the E field in vertical polarization
being changed from their fixed position in
space and rotated through 360 degrees with
every cycle of the RF energy fed to the
antenna. Constant amplitude electric lines
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Figure 5-8. End of Receiving Antenna Pointing Toward Transmitting Antenna
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Figure 5-9, Receiving Antenna Perpendicular to E-Field
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Figure 5-10. Horizontal and Vertical Polarization

of force are continuously changing their
angular position as they are radiated into
space., The resulting effect of this circular
motion of the electric field is called cir-
cular polarization. Figure 5-11A illustrates
the resultant waveform with the arrows
depicting the electric field. Figure 5-11B
shows the direction of the E fieid at a point
in space at various instants of time over a
complete cycle.

5-20. When the circularly-polarized energy
strikes a receiving antenna, some portion
of the circularly-polarized wave will be in
the same plane as the antenna and maxi:num
energy is transferred. Figure 5-12 illug-
trates an antenna array that will produce a
circularly-polarized wave.

5-30. Antenna Length.
5-31. As stated previously inthediscussion

of electromagnetic radiation, a hali-wave
conductor is the simplest of the radiating

B
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Figure 5-11. Wave Depicting Ctrcular
Polarization and Vectors
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Figure 5-12. Antenna Using Circular Polarization

elements. Considerable radiation occurs in
this element because of its resonant char-
acteristics and ifs ability to store large
amounts of energy in induction fields. Reso-
nance causes high voltages and high cir-
culating currents and they, in turn, pro-
duce strong (induction and radiation) fields
around the antenna.

5-32. An antenna which is a multiple of one
haif-wavelength acts as a resonant circuit.
In such an antenna, the capacitive currents
cancel the effects of the inductive curvents,
and the antenna presents only pure resistance
to any applied or induced current, as shown

in part A of figure 5-13. Any antenna which
is either longer or shorter than a multiple
of one half-wavelength will oppose any cur-
rent flow with an impedance composed of
both resistance and reactance. For example,
an antenna which is longer than some
multiple of a half-wavelength will act as an
inductive circuit, as shown in part B of the
figure, while a shorter antenna will act
as a capacitive circuit, as shown in part C,
The remedy for excess antenna length is
either to cut the antenna shorter or to
add a physical capacitor in series with the
line, as shown in part E of the figure. The
capacitance must be of the proper value to

{/
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provide the capacitive reactance needed to is too short, add a physical coil in series
cancel the unwanted results from the induc- with the antenna, as shown in part D of the
tive reactance. To correct an antenna which figure. The coil will effectively lengthen




the antenna by causing the inductive re-
actance to cancel the effects of the capaci-
tive reactance.

$-33. The field intensily pattern (radiation
lobe) of a hali-wave Hertz antenna isillus-
trated in figure $-14. The Hertz antenna
may be erected horizontally or vertucally,
depencing upon which direction the energy
is to be radiated. One disadvantage of the
Hertz antenna is that its length for low radio
frequencies becomes excessive. One of its
main advantages is that it requiresnoground
(earth) and can be mounted high above the
ground.

$-34. The basic Marconi antenna is a
quarter-wave grounded radiator. The
grounded antenna may be ¢ut shorter thana
quarter-wave length and still be resonant at
the desired frequency if an inductor (calleda
loading coil) is placed in series with the
antenna. By adjusting the loading coil, very
short lengths of wire may be made resonant.
Decreasing the length of the antenna, how-
ever, decreases the efficiency because the

resistance of the inductor will dissipate:

excessive power as heat rather than allow it
to be radiated.

$-35. The operation of the Marconi antenna
can be explained by the use of an image to
make an effective half-wave antenna. Assume
that the surface of the earth is a perfect

mirror and will produce an image antenna
one-quarter wavelength long in the ground.
This will occur if the ground is a good con-
ductor. Assume that the quarter-wavelength
below ground will be maximum negative due
to the image antenna. The voltage and cur-
rent distribution will be as shown in figure
$-15. The field intensity pattern will be one-
half that of a vertically polarized Hertz
antenna. If the earth is not a good conductor
the field intensity patiern will be smaller.

$-36. Anterna Arrays.

$-37. Ther .re uses for antennas where
it is desirable that the radiation be non-
directional, and other uses where the an-
tenna must be very directional. In the latter
case, the antenna system usually consists of
two or more simple half-wave elements so
spaced that the fields irom the elements add
in some directions and cancel in others.
This set of antenna elements is called an
array.

$-38. The array includes more than one
element, but the basic element is generallya
hali-wave dipole. Sometimes it i3 made to
have more or less than this length, but
usually the deviatiorn is not great. A DRIVEN
ELEMENT is connected directly to the trans-
mission line. It obtains its power directly
from the transmitter, or in reception, it
applies the received energy directly to the

Figure 5-14,
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Hertz Antenna

5-13
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receiver. A PARASITIC ELEMENT, on
the other hand, derives its power from
another element in the same array. It is
placed close enough to the other element
to permit coupling, and it is excited by
means of the close coupling. If all of the
elements in a given array are driven, the
array is called a DRIVEN ARRAY. The
term CONNECTED ARRAY is sometimes
used to describe this type. If one or more
elements are parasgitic, the entire arrange-
ment is usually considered to be a PARA-
SITIC ARRAY. A parasitic element is some-
times placed s¢ that it will produce maxi-
mum radiation (in transmission) from its
associated driver, and it operates to rein-
force the energy going from the driver
toward itself. When so used, the parasitic
element is referred to as a DIRECTOR. If a
parasitic element is placed on the other side
of the driven e¢lement so that it causes
maximum radiation in the direction from
itself toward the driven element, it is
called a REFLECTOR.

5-39. Broadside.

5-40. When two or more half-wave ele-
ments are placed one-half wavelength apart,
parallel to each other and are excited in
phase. most of the radiation is broadside
to the plane of the antenna. The term,
excited in phase, simply means that the

REP4-2024

Marconi Antenna

antenna elements are connected so that the
currents flowing in all the elements will be
in the same direction at any instant of time.

95-41. In order to understand how a direc-
tional field is produced, we will observe
an end view of the elements. Since the
spacing between the elements is one-half
wavelength, this will constitute a phase
change of 180°,

5-42. In figure 5-16A, notice that the
direction of current in all elements is the
same. This means that the fields produced
will also have the same direction. In figure
5-16B, broadside array, note the fields that
are shown. The solid circle is shown one-
half cycle after it was started, and it has
traveled one-half wavelength. The broken
circle is shown one cycle after it was
started and it has traveled one wavelength.
Assume that the solid circle is a positive
wavefront and the broken circle is a nega-
tive wavefront. As the positive wavefront
travels from conductor 1 to conductor 2,
it will cover a distance of one-half wave-
length. At this time, the polarity of conduc-
tor 2 will be negative and will start tc
produce a negative wavefront. The two wave-
fronts of unlike polarities will cancel.
Therefore, the direction of cancellation wiil
be as shown. Refer now to the angies that
are perpendicular to the antenna array.
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Figure 5-16.

Note that the solid lines indicate the same
polarity. There will be reinforcement in this
direction. Figure 5-16C is a representation
of the antenna pattern opserved in line with
the axis of the array. Figure 5-16D is an
end view of four elements showing that the
direction of radiation is broadside to the
array.

5-43. Figure 5-186E shows the radiation
pattern as bidirectional, that is the antenna
will radiate in two directions at one time.
Notice that there are two major lobes, or
points of maxirnum radiation, and several
minor lobes or points of minimum radiation.

5-44. End-Fire Array.

5-45. An end-fire arrayisoneinwhichtwo
or more elements, one-half wavelength long,
spacedone.half wavelength apart. in parallel.

REP4-2023

Broadside Array

are fed 180" out of phase. In figure 5-.17A,
note that the current flow, indicated by
arrows, is opposite in each element. Again,
the broken circle represents a negative
wavefront and the solid circle represents a
positive wavefront. For the purpose of sim-
plicity, consider one element radiating at a
time, starting with element 1 In {igure
5-17B. As the positive wavefront moves
toward element 2, the polarity of element 2
will be changing from a negative value to a
positive value. The positive wavefront from
element 1 reaches element 2 one-half cycle
later when element 2 is producing a positive
wavefront. This will give us a reinforce-
ment of the energy radiated by element 2
at this time. Now note element 2 and con-
sider its affect on the radiation pattern.
You will recall. that when element 1 was
producing a positive wavefront, element 2
was producing a negative wavefront because
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OUT OF PHASE

REINFORCE

Figure 5-17.

of the distance between them. This negative
wavefront will move toward elements 1 and 3.
Because of the spacing, the phase of each
element will have reversed at the time this
negative wavefront reaches these two ele-
ments. Element 1 and 3 are producing a
negative wavefront when the wavefront froin
2 reachesg them. These two negative wave-
fronts will also reinforce each other. The
diagram should be simple to understand if
you remember that the polarity of the ele-
ments are also changing. The endfire array
also produces a bidirectional radiation pat-
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End-Fire Array

tern. When more elements are added to the
array, the beam is narrowed. The antenna
will also operate with two elements but
in order to show the affect of additional
elements, three elements are used. Figure
5-17C is a top view of the radiation pattern.
The solid line shows the radiation pattern
with two elements while the broken line
shows the pattern with three elements. Fig-
ure 5-17D is a three dimensgional view of
the -~-2tual radiation pattern to show bi-
directional characteristics of the end-fire
array.
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Figure 5-18.

5-46., Cardioid Array

5-47. If two dipoles are spacedone-quarter
wavelength apart and are excited 90° out of
phase, a unidirectional radiation pattern re-
sults. This type of an antenna is known as a
cardioid array. In figure 5-18A, the excita-
tion of element a leads that of element b by
90°. For purpose of explanation, assume
that element a is a maximum positive, then
element b will be zero because of the
quarter-wavelength spacing. The positive
field radiated by element a travels toward
element b. At the same time, the polarity
of elementb is changing from zero to maxi-
mum positive, The positive will be rein-
forcement. This reinforcement will be in
the direction of the lagging element. This
explains why there is an increase in the
field strength in one direction. You will
recall that a dipole antenna by itself radiates
in all directions. Now consider the energy
moving to the left. The positive wavefront
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Cardioid Array

produced by element b alo moves toward
element_a. As the positive wavefront moves
to the left one-quarter wavelength, the
polarity of element a is changing from zero
to a maximum negative. This can be seen
by drawing two sine waves 90° out of phase
and labeling the leading phase element 2
and the lagging phase element b, This
results in a decrease in the field intensity
in the direction of the leading element. Due
to the phase difference at right angles to the
array, there is neither complete cancella-
tion or addition. The radiation pattern is
heartshaped, therefore, the name cardioid
array. The radiation pattern is shown in
figure 5-18B.

5-48. Colinear Array.

5-49, If two half-wave elements are placed
end to end as shown in figure 5-19A, and
excited in phase, they form a COLINEAR
array. Looking at the end of the array, the
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Fipure 5-19.

pattern is circular, just as is that ofa single
dipole. The effect of the collineararray is to
squeeze the doughnut pattern into a flat disc
{figure 5-19B). As more elemeénts are added,
the disc of radiation becomes flatter and
small secondary lobes appear, The radiation
pattern of a four-element collinear array is
shown in figure 5-19C.

5-50. Paragitic Elements.

5-51. GENERAL. The use of parasitic
arrays is ancther method of achieving high
antenna gain. A parasitic array consists of
one or more parasitic elements placed in
parallel with each other, and, in most cases,
in the same line-of-sight level. The para-
sitic element is fed inductively by radiated
energy which comes from the driven ele-
ment connected to the transmitter, The
transmitter is connected directly to the
driven element. When you place the para-
gitic element s0 that radiation is in the
direction showm in part A of figure 5-204,
the element is termed a DIRECTOR. When
you place the parasitic element so that
radiation is in the direction shown in part B,
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Collinear Array

5-18

the element is termed a REFLECTOR. The
directivity pattern which results from the
action of parasitic elements depends on two
factors. These factors are the tuning, which
is determined by the length of the parasitic
element, and the spacing between the para-
sitic and driven elements.

5«52, Operation.

5-53. When a parasitic element is placed a
fraction of wavelength away from the driven
element, and is of approximately resonant
length, it reradiates the energy itintercepts.
The parasitic element is effectively a tuned
circuit coupled to the driven element, much
the same as the two windings of a trans-
former are coupled together. The radiated
energy from the driven element causes a
voltage to be developed in the parasitic
element, which, ip turn, sets up a magnetic
field. This magnetic field extends to the
driven element, which then has a voltage
induced in it. The magnitude and phase of
the induced voltage depend-on the length of
the parasitic element, and also upon the
spacing between the elements. ln actual
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practice, you can arrange the length and
spacing so that the phase and magritude of
the induced voltage cause a unidirectional,
horizontal radiation pattern, withanincrease
in gain,

5-54. In the parasitic array shown in part
B of figure 5-20, the reflector and driven
elements are spaced a quarter-wavelength
apart. The radiated signal which comes
from the driven element strikes the reflec-
tor after a quarter-cycle. The voltage de-
veloped in the reflector is 180 degrees ocut
of phase with the driven element voltage.
The magnetic field set up by the reflector
induces a voltage in the driven element a
quarter of a cycle later, since the spac-
ing between the elements is a quarter-
wavelength, The induced voltage is in phase
with the driven element voltage, which
causes an ircrease in voltage in the direc-
tion of the radiated signal indicated. This
induced voltage forms the horizontal pattern
shown in part B of figure 5-21. Since the
voltage induced in the parasitic element is
180 degrees out of phase with the signal
produced by the driven element, you can
gee that there is a gubstantial reduction in
signal strength behind the reflector. In
practice, the magnitude of an induced volt-
age never quite equals that of the inducing
voltage, even in very closely coupled cir-
cuits; thus, the energy in the minor lobe is
not reduced {o zero, In addition, very little
radiation is produced in the direction at
right angles to the plane of elements. When
the parasitic element is a director, the
horizontal and vertical radiation patterns
are as shown in part A of figure 5-21, The
radiation patterns shown have Several ad-
vantages and disadvantages. The two main
advantages of a parasitic array are in-
creased gain and unidirectivity., There is a
reduction of transmitted energy in all but
the desired direction, This makes the para-
sitic array usefu]l in antenna arrangements
that can be rotated to a given direction.

These are known as ROTAR ARRAYS. The
gain and directivity of a parasitic array are
greater than those for a driven array of the
same gsize. However, note that parasitic
array$s have the disadvantages of critical
adjustment and operation over a narrow

frequency range.
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Chapter §

SYSTEMS
6-1. Communication Systems.
6-2. A system whose purpose it istotrans- T |
mit information from one point to another is [TRANSMITTER| RECEIVER
called 2 communication system. Radio is a | CONNECTING LINK
communications system in whichinformation

REP4=1792

is sent from one point through space and
received at another point. Radio is a practi-
cal means for communications with moving
vehicles such as boats, airplanes and autos,
as well as with fixed locations. A radio
communications system is illustrated in
figure 6-1. The transmitter generates radio-
frequency power and modulates it with the
information to be transmitted. Transmission
lines carry this radio-frequency power from
the transmitter to the transmitting antenna
which radiates energy into space in the form
of eleciromagnetic waves. A receiving an-
tenna in the path of these waves picks up
some of the radiated energy. Transmission
lines carry the received power to the re-
ceiver, which converts the radio frequency
power into a form from which the informa-
tion can be extracted.

Figure 6-1. Radio
Communications System

§-3. An oscillator can become an AM
transmitter if a microphone and antenna
are added as illustrated in figure 6-2. Sound
waves applied to the diaphragm of the micro-
phone causge the diaphragm to vibrate. The
frequency and intensity of vibrations depend
upon the frequency and intensity of the sound
waves. These vibrations vary the electrical
resistance offered to the battery current by
the carbon granules of the microphone,
causing fluctuations of current in the pri-
mary of the transformer. The fluctuating
currents in the primary of the transformer

Figure 8-2.
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Making an Oscillator a Transmitter
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Figure 6-3. ‘Block Diagram of a Transmitter

induce corresponding AC voltage changes in
the secondary, which cause the plate voltage
of the tube to vary. The plate voltage changes

produce amplitude changes in the resultant -

RF wave to be transmitted by the antenna. As
you have seen an oscillator has become a
transmitter by the addition of a modulating
device. In the early days of radio such
oscillators were used as transmitters by
coupling them directly to the antenna circuit.
To increase the power output, larger tubes
were used and higher voltages applied to the
antenna., For present day demands, an oscil-
lator used alone is not satisfactory. Too
many factors limit its usefulness.

6-4, One of the major limitations of an
oscillator as a transmitter is its lack of
frequency stability. The f{requency of an
electron tube oscillator is controlled by the
inductance and capacitance of its oscillatory
circuit., Therefore, coupling a load (such as
an antenna} to the oscillatory circuit of an
oscillator has a great effect on its stabillty,
The effective impedance of an antenna system
is often changed by variations in the weather;
the wind may shift the relation of the antenna
to ground, rain, sleet, snow or ice may col-
lect on the antenna; these and other condi-
tions may change the impedance of the an-
tenna. A varying load reflected into the oscil-
latory circuit will cause a change in the fre-
quency of the oscillator. Though the fre-
quency stability required can be attainedbya
crystal oscillator, the frequency range is
limited. In frequencies above approximately

100 MHz the crystal oscillator cannot stand
alone. To provide the needed frequencies,
the oscillator must be followed by fre-
quency multipliers. Another form of fre-
quency instability occurs when the oscil-
lator is modulated directly as illustrated
in figure 6.2. The sound waves changed
the plate wvoltage on V1, and by doing so
changed the amount and phase of the feed-
back. This not only changes the amplltude
of the output, but will also cause a change
in the frequency.

6-5. Another limitation of an oscillator
as a transmitter is power output. To pro-
vide sufficient power for modernradiotrans-
mission, the oscillator is usually followed
by a buffer and power amplfiers. This
arrangement produces the needed oscillator
stability as well as suitable power out. Fre-
quency stability is the ability of a trans-
mitter to maintain the desired operating
frequency. The required frequency stability
or tolerance of a standard broadcast station
is within 20 Hz of the assigned frequency.

6-6. A practical transmitter circuit con-
sists of a radio-frequency section and a
modulation section. As you can see in fig-
ure 6-3, the radio-frequency section con-
sists of an oscillator and amplifier whose
function it is to produce a carrier wave of
the proper frequency and wath sufficient
power ito be radiated over a given area.
The oscillator produces an RF signal. The
amplifier has four functions it ¢an perform,.
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Figure 6-4. Simple Receiver Block Diagram

One, as a buffer, to isolate the changing
impedance of the antenna from the oscillator.
Second, as a frequency multiplier, to raise
the frequency to be transmitted by some
multiple of the oscillator frequency. Third,
as a power amplifier, to produce the RF
power required by the system. Fourth, as a
non-linear device ior modulation, to produce
the modulated waveform. The amplifier sec-
tion may perform one, two, three or all
four of the functions in one or more stages.
The modulation section of the transmitter
ugually consists of a microphone, voltage
amplifiers and power amplifiers. The micro-
phone converts sound waves into changes of
voltage, the voltage amplifier amplifies these
signals and the power amplifier produces
the power required for modulation.

6-7. A receiver must perform certainbasic
functions; these are interception, detection,
and reproduction. A typical receiver per-
forms the following functions; reception,
selection, demodulation, amplification and
reproduction.

6-8. RECEPTION involves the transmitted
electromagnetic wave paszing through the
receiver antenna in such a manner as to
induce a voitage in the antenna.

6-9. DEMODULATION or DETECTION
uses the received signal and recreates the
intelligence signal which modulated the RF
carrier wave.

6-10. AMPLIFICATION increases the
intelligence signal (audio in the case of a
radio) to the level required for operation of
the reproducer.

6-11. REPRODUCTION converts the ampli.
fled intelligence signal to energy waves,
such as sound, which can be interpreted by
the ear, or light, which can be interpreted
by the eye.

6-12. The ability of a receiver to repro-
duce the intelligence of a very weak signal
is determined by the receiver’s senasitivity.
In other words, the weaker a signal may be
and still be reproduced, the better the
receiver’s sensitivity.

6-13. The ability of a receiver to select
and reproduce a desired signal from among
several closely spaced stations, or from
among interferring frequencies, is deter-
mined by the receiver’s selectivity. In
other words, the better a receiver is at
differentiating between desired and unde-
Sired signal frequencies, the better is the
receiver’s selectivity.
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6-14. Figure 6-4 shows a simple radio
receiver which performs all the functions
required of a receiver. The example iz a
receiver used for audio communications.

68-15. Figure 6-4 also illustrates the func-
tions performed by the various sections of the
receiver. The input to the receiver is the
electromagnetic wave propagated from the
antenna of the tranamitter. This wave passes
through the antenna of the receiver and
induces small AC currents and voltages. The
section of the receiver formed by the antenna
and L1 performs the function of reception.

Current through L1 produces an electro--

magnetic field which induces AC voltages
into the secondary, L2. L2 and Cl form a
tuned circuit, with C1being variable to permit
tuning across the desired band. Thus, the
tuned input circuit selects a gpecific fre-
quency from among those present in tie
antenna circuit. The output of the tuned
circuit is the modulated RF signai.

6-16. This modulated RF signal is then
applied to the detector, where demodulation
takes place. The output of the detector is a
weak audic signal. This signal is normally
too weak to operate a gpeaker; therefore, an
AF amplifier increases the signal amplitude.
The output of the amplifier is fed to the
speaker, which reproduces the intelligence.
Reproduction converts the electrical signals
to a replica of the original audic input to the
transmitter,

6.17. AM Systems.

O ANTENNA

|

MOOULATOR
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AM Transmitter

6-18. A great number of communications
systems being used at present are of the
double sideband, unsuppressed carrier (con-
ventional broadcast) type. A block diagram
of a typical transmitter used in this type
system is illustrated in figure 6-5. Let us
discuss the purpose and characteristics of
each block.

6-19. RF Qscillator.

6-20. An AM transmitter needs an oscil-
lator to produce an RF wave called a CAR-
RIER. In order to transmit intelligence by
radio waves, it is necessary to combine tha
intelligence with a carrier,

6-21. Two main requirements exisi for the
oscillator: AMPLITUDE STABILITY and
FREQUENCY STABILITY. The rigidity with
which these requirements must be met de-
pends on the accuracy demanded of the
communications system.

6-22. Frequency stabiiity refers to the
ability of the oscillator to maintain the
desired operating frequency. The less the
oscillator drifts from its assigned operating
frequency, the better the frequency stability.

6-23. RF Amplifier.

6-24. The oscillations from the oscillator
may not be of sufficient amplitude to pro-
vide the proper percentage of modulation in
the power amplifier. If this iz the case, then
the RF amplifier, as a voltage amplifier
is uged to raise the voltage level of the
oscillations to the proper amplitude to drive
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the power amplifier. The RF amplifier stage
can also be used as a buffer and/or multi-
plier. A huffer provides isolation so that one
circuit does not interfere with another. A
frequency multiplier is used to increase the
frequency to a desired value.

6-25. In an AM transmitter, where the
oscillator couples directly to the power
amplifier (PA), the PA acts as a load on
the oscillator. Modulating the PA, therefore,
changes the load on the oscillator which
causes oscillator instability. Abuffer, there-
fore, isolates the oscillator from the PA.

6-26. Some transmitters operate the oscil-
lator at a low frequency and use frequency
multipliers to reach the desired output {fre-
quency. It is usual practice to keep the
multiplication factor for a single stage to
two or three, because the efficiency of a
multiplier decreases ag the factor increases.
Though some multipliers have a multiplica-
tion factor as high as eight, their output tends
to contain troublesore harmonics.

6-27. Audio Amplifier and Modulator.

6-28. The audio signal must be amplified
to a sufficient power level to provide the
proper amount of modutation. The audio
amplifier is a wvoltage amplifier, and the
modulator is a power amplifier. In order to
have an efficient system, we should have
100% modulation. The level of the audio
signal applied to the power amplifier must
be sufficient to develop all of the power

6-5

TOTAL INPUT TD
PA 15 750%

100% MODULATION

FPA
POWER SUPPLY
S00%
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AM Transmitter Efficiency

required for the sidebands. If the modulating
gignal is too large, then distorticn will
oceur.

6-29. The audio amplifier (figure 6-5) is a
wideband amplifier so that alt frequencies
within the audio signal may be amplified.
The input audio signal is usually a very low
level signal. The meodulator output, on the
other hand, is used to drive the power
amplifier.

6-30. Power Amplifier.

6-31. The power amplifier (PA) in figure
6-5, is the stage in which the carrier is
modulated by the intelligence signal. Re-
member that the modulation process is a
heterodyning process. Heterodyning is the
production of sum and difference frequen-
cies by combining two or more different
frequencies. The additional two frequencies
are called sidebands or sideband frequen-
cies. One sideband has a frequency that is
higher than the carrier frequency by an
amount equal to the modulating frequency.
The other sideband is lower in frequency
than the carrier by an amount equal to the
modulating frequency. The power output cir-
cuit passes the carrier and the two side-
bands, hut not the modulating signal.

6-32. The power amplifier is a tuned amp-
lifier and develops the required power for
the carrier and the two sidebandfrequencies.
This power is obtained through a conversion
process in which power from the modulator
is converted into sideband power,
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6-33. The power distribution for a 400 watt
transmitter is shown in figure 6-6. For this
example, assume that the transmitter is
modulated 100%, and that the power ampli-
fier’s efficiency is 80%. The efficiency of
an amplifier can be computed using the
following equation:

Po
Eft = N (3-1)
in

which can be transposed into the following
two forms:

P
)

= "Eff
where

Eff = the efficiency of the amplifier

Po = the output power in watts

Pin - DC input power (Ey, x Ij)) to
the plate of the amplifier

6-34, If the modulating signal is reduced
to zero. only the 40)-watt carrier will exist
in the output of the power amplifier. Since
the power amplifier has an efficiency of
80%, the PA power supply must deliver
more than 400 watts of carrier output. The
power drawn from the PA power Supply is
computed using equation (3.3) as follows:

P To a0

in *

Ef 80
Pi = 500 watts

6-35. This computation shows that, inorder
to generate the carrier. 500 watts of DC
Power must be supplied by the PA power
supply. Because the tube is 80% efficient,

20% of the 500 watts is dissipated by the
tube as heat. The remaining 400 watts are
converted into carrier power and appear at
the output.

6-36. When the transmitter is 100% modu-
lated, the two sidebands together containing
one half as much power as the carrier,
appear at the output. Since the sidebands
occur as a result of modulation, the power
which they contain is supplied by the modu-
lator. Numerically, the sideband power at the
output is 200 watts. This represents 80% of
the audio power applied to the PA by the
modulator. Equation (3-3) can be applied to
determine the exact amount of power the
modulator must supply for 100% modulation.

p _Fo _ 200

in =g 0.80

P, = 250 watts

Therefore, the modulator must supply 250
watts of audio power to the power ampli-
fier to produce 100% modulation. Of this
250 watts, only 200 watts reach the ouftput
because the 80% efficient PA loses 50 watts
by the plate of the tube, as plate dissipation.
Note that the same power relationship exists
between the PA and modulator input powers
as exists between the carrier and sideband
powers. Observe, also. that the modulator
input power of 250 watts is exactly one-half
of the PA input power of 500 watts.

6-37. The power amplifier must have a
bandwidth sufficiently broad to pass the
carrier and the sidebands.

6-38. The power output of the power amp-
lifier may not be of the level required for
transmission. Some AM systems employ
amplification after the power amplifier. This
is not shown in figure 6-5. This amplifier
is called either the Final Power Amplifier
or a Linear Power Amplifier. Its purpose
is to bring the power level of both the
carrier and the sidebands up to the desired
power level for transmission. The relation-
ship ‘“‘between’’ carrier and sideband power
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muast not be changed. The bandwidth of this
amplifier must be wide enough to assure that
all the sidebands receive the same degree
of power amplification as did the carrier.

6-39, The output of the transmitter is the
carrier and the sidebands, the power of which
may be low, intermediate, or high. The out-
put frequency may range from a few kile-
hertz to thousands of megahertz. The output
of the transmitter must be transferred to
the load, which is usually an antenna. The
transmission line conducts or guides the
energy from the transmitter to the load. The
transmission line must be capable of handling
the power output of the transmitter, and must
pass the required frequencies with little
attenuation.

6-40. A transmitting antennaconvertselec-
trical energy into electromagnetic waves
which radiate away from the antenna at the
speed of light. The electrical and physical
features of antennas are determined by the
functions they serve. Such features will vary
with operating frequency, power handling
capability, plane of polarization, and desired
radiation field pattern. The physical size of
an antenna element is determined primarily
by its operating frequency and power handling
capability, while its overall shape and size,
relative to the wavelength, are determined
by the desired radiation field pattern.

f-41. Circuit Operation.

6-42. FPigure 6-7* illustrates an AM trans-
mitter schematic diagram. The transmitter
is broken down into three major sections,
the {irst being the radio frequency section.
The first stage in this section is a Hartley
RF oscillator. The direct current flows from
ground through the lower windings of TIl,
through R2, V1, L1, and R3 to B+, The RF
oscillations that are present at the top of
T1 are coupled to the grid of V1 which
causes the direct current to increase and
decrease at the oscillator RF frequency,
this produces the necessary feedback. The
oscillations are also coupled through C3 and
R4 to the grid of V2. V2 is an RF voltage

*Figure 3 in KEP.GP-68

amplifier. The DC path is from ground,
through R5, V2 and L2 to B+, also DC flows
from ground through R to the screen grid
through RE to B+. The RF signal on the
grid of V2 causes the DC in V2 to increase
and decrease at the oscillator signal fre-
quency. The variations in the DC through
the tube produces an AC signal at the top
of L3 and C9, this signal is coupled to the
grid of V3, V3 is a class C Power Ampli-
fier. The DC flows from ground through
R8, V3, through the primary of T2, L5, and
secondary of T3. The AC signal on the grid
causes the DC to vary at the oscillator fre-
quency, which is the resonant frequency of
the tank ClZ2 and T2 which produces maxi-
mum signal at that frequency.

6-43. The intelligence signal {audio) is
developed by the microphone, coupled through
C-14 and R® to the grid of V4, which isa
voltage amplifier. The amplitude of the audio
eignal which is applied to V4 confrol grid is
controlled by R9. R9 is in fact thepercentage
of modulation control. The DC path is from
ground through R10, V4 and R11. The audio
signal on the grid causes the DC to vary at
the audio rate. The amplified audio signal
is coupled from the plate of V4 by C16 and
R12 to the grid of the modulator (audio
power amp) V5., The DC is from ground
through R13, V5, and T3 to B+, there is also
current flow into the screen grid through
R14, to B+. The audio signal on the grid of
V5 causes the current flow through the
primary of T3 to vary at the audio rate.
These variations are coupled to the secondary
and cause the plate voltage of V3 to vary at
the audio rate. This produces sidebands in
the plate circuit of V3. These are developed
in the resonant tank circuit of V3. The carrier
and the sidebands are then coupled to the
antenna by T2, The antenna converts the
voltage and current changes into electro-
magnetic fields which radiate out into space.

6-44. The power supply, V6, provides the
power required for each stage. The DC
from each stage flows through R15, L6, the
conducting half of V6 and through the
secondary of the power transformer to
ground, completing the DC loop.
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6-45. AM Receiver.

6-46. The block diagram of a typical super-
heterodyne receiver is shown in figure 6-8.
The RF signal from the antenna passes
through an RF amplifier, where the ampli-
tude of the signal is increased. A locally-
generated, unmodulated RF signai of consgtant
amplitude then mixes with the modulated RF
signal in the converter {sometimes called the
FIRST DETECTOR) stage.

The heterodyning of these two frequencies

|
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Schematic Diagram of an AM Transmitter

produces an IF signal whichk contains all of
the modulation characteristics of the incom-
ing modulated RF signal. The IF is equal to
the difference between the {requency of the
modulated gsignal and the local oscillator
signal. The IF is then amplified in one or
more IF amplifiers and fed to a demodulator
(Second detector). The demodulated signal
is amplified in the AF amplifier section and
then fed to a speaker.

6-47. RF Amplifiers.
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6-48. The RF amplifier stage amplifies the
small AC voltages induced in the antenna by
the electromagnetic wave. The tuned circuit
between the antenna and the input of the RF
amplifier permits selection of the desired
frequency from among the many that may be
present in the antenna.

6-49. Besides amplifying the RF signal, the
RF amplifier has cther important functions.
For example, it isclates the local oscillator
from the antenna system. I the antenna were
connected directly to the mixer {frequency
converter) stage, a part of the oscillator
signal might be radiated into space. This
signal could be received by other receivers,
causing interference.

6.50. Also if the frequency converter were
connected directly to the antenna, unwanted
signals, called IMAGES, might be received.
This is because the input circuit of the
converter has a very wide bandwidth when
compared with the other circuits in the
receiver. The converter stage will produce
the intermediate frequency of the cesired
signal by heterodyning the local osciilator
signal with the desired signal. However, if
the image frequency is present at the input
of the converter, it will alsc heterodyne with
the local oscillator signal to produce
another intermediate frequency. The output
of the receiver would then be both the
desired staon and the image station. The
use of an RF amplifier stage between the
antenna and the converter stage will improve
the image frequency rejection of the
receiver since the RF amplifier has a
narrower bandwidth.

6-51. The image frequency always differs
from the desired received frequency by
twice the intermediate frequency: Image
Frequency = Desired Frequency x2 IF. The
image frequency is higher than the desired
received frequency (+ 2 IF} if the local oscil-
lator operates ahove the desired received
frequency. The image frequency is lower
than the desired received frequency (- 2 IF)
if the local oscillator operates helow the
desired received frequency.

| aMTEwna

FrEuEny

COMVERTER BEYEC 1R
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Figure 6-8. AM Receiver

6-52. The frequency relationships between
itnage frequency, oscillator frequency, and
station frequency are illustrated in figure
-8, As an example, if a receiver has an
intermediate frequency of 455 kHz and the
desired signal is at 1500 kHz, the local
oaciilator will be at a frequency of 1955
kHz. The image frequency, in this case, is
2410 kHz. A station operating at 2410 kHz
could heterodyne with the 1955 kHz oscil-
lator signal and produce a difference fre-
quency of 450 kHz. This image station is
out of the broadcast range hut could consist
of other types of transmission, such as
police calls or marine signals.

6-53. It is also possihle for any two sig-
nals, having sufficient strengthand separated
by the Intermediate Frequency, to produce
an unwanted IF signal. This unwanted signal
resulta from heterodyning these two signals
in the frequency converter stage.

6-54. The selectivity of the tuned circuits
preceding the frequency converter reduces
the strength of these images and unwanted
signals. However, there is a practical limit
to the degree of gelectivity cbtainable in the
RF stage. The RF stage must have a much
wider bandwidth than the bandwidth of the
desired signal.

6-55. The ratio of the amplitude of the
desired station signal to that of the image
signal in the RF stage is the signal-to-image
ratio, oi the ‘‘image rejection’’ ratic. This
is normally expressed in decibels. A large
itnage rejection ratio is required if spuricus
{unwanted) reception is to be suppressed.
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Figure 6-9. Image Frequency

6-56. Local Oscillator.

6 57. The function of the local oscillator
is to produce a sine wave of a frequency
which differs from the desired station fre-
quency by an amount equal to the inter-
mediate frequency of the receiver. The
operation of the oscillators was previously
discussed.

6-58, Although the oscillator may be opera-
ted above or below the desired station fre-
quency. in most receivers the oscillator is
operated above the station frequency. In
order to allow selection of any frequency
within the frequency band of the receiver,
the tuned circuits of the RF amplifier stage
and the local oscillator are variable. By
using a common shaft for the variable com-
ponents for these tuned circuits, both cir-
cuits are tuned to maintain the intermediate
frequency difference between them. The RF
amplifier is tuned to the frequency indicated
on the receiver tuning dial.

6-59. Frequency Converters and Mixers.

6-60, The superheterodyne. receiver has
uniform gain and selectivity, as the receiver
is tuned over a wide range of frequencies,
These advantages are possible because the
incoming RF signal is converted to an IF
having a constant center frequency. This
change of frequency takes place in the fre-
quency conversion stage of the receiver.
There are two basic types of frequency con-
version stages used in the ‘‘superhet” re-
ceiver, one type being the MIXER and the
other type being the CONVERTER. The fre-
quency conversion process is the heart of
the superheterodyne principle.

6-61, The basic difference between amixer
and converter is that the mixer requires
two input signals (radio frequency and oscil-
lator) whereas, the converter has its own
self-contained oscillator and requires only
one input signal (radio frequency).

6-62, Figure 6-10 illustrates the block dia-
gram of a specific mixer stage and the
frequencies involved in the process of mix-
ing. For simplicity, let’s use a single 5 kHz
audio frequency as the original modulating
frequency with a station carrier signal of
1000 kHz, The AM signal from the trans-
mitter will contain energy at three distinct
frequencies; 1000 kHz carrier frequency,
1005 kHz upper sideband frequency, and 99%
kHz lower sideband frequency. This AM sig-
nal is used 2s one of the input signais to the
mixer stage and is indicated in figure 6-10
as the AM signal from the RF amplifier, The
other input to the mixer stage is a constant
amplitude 1455 kHz signal from the local
oscillator. A prerequisite of the mixer is
that it be nonlinear. Using a transistor in
the curved portion of its dynamic transfer
curve achieves proper mixing action.

6-63. The local oscillator frequency beats
or heterodynes with all the individual com-
ponents of the modulated wave. For example,
the upper sideband frequency of 1005 kHz
and the local oscillator frequency of 1455
kHz produce the sum frequency (2460 kHz),
the difference frequency (450 kHz), and the
original two ({1005 kHz and 1455 kHz)
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Figure 6-10. Block Diagram of a Mixer Stage

frequencies. Repeat this process using the
carrier and local oscillator, and the lower
sideband and local oscillator freguencies.
The net result of all these actions is an
output which contains 10 significant fre-
quency components. The output will also
contain harmonics of the original frequen-
cies; for simplicity of explanation, however,
harmonics will be neglected.

6-864. Figure 6-10 shows all of the fre-
quency components present in the mixer out-
put feeding to the filter. A tuned resonant
tank circuit acts as the filter and selects the
desired difference frequencies. This filter
will pass a band of frequencies centered
around 459 kHz. Those frequencies outSide
the bandpass of the tank circuit do NOT
develop sufficient voltage across the tuned
circuit to pass on to the IF amplifier. The
response curve of a typical tuned circuit is
shown in figure 6-11. This tank circuit has
relatively high gain within the 0.707 points
and increasingly less gain for fregquencies
further from {above and below) the center
frequency. Therefore, only frequencies
closely associated with the resonant fre-
gquency of the tuned circuit will pass on to
the IF amplifier.

6-65. Figure 6-11 represents the band-
width of just the mixer tank circuit, and
not the overall bandwidth of a complete
receiver. The half-power points are de-
pendent on receiver circuit design.

6-66. The output of the tuned filter (fig-
ure 6-10} is 450 kHz, 455 kHz, and 460 kHz.
These constitute the modulated IF signal.
Note that, even though the sidebands and
carrier have been converted to lower fre.
gquencies, the relationship between the side.
band frequencies and the carrier has been
maintained.

6-67. IF Amplifier.

6-68. The receiver circuits studied, thus
far, have inciuded the RF amplifier, the
osclilator, and the mixer circuits. The amp-
litude of the signal from the mixer (or con-
verter) is still comparatively weak. Due to
its small amplitude, it is normally con-
sidered impractical to feed this signal di-
rectly to a detector stage for demodulation.
For this reason, the superheterodyne recei-
ver usually includes one or more stages of
intermediate frequency amplification be-
tween the mixer and the detector stages.
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§-69. The block diagram of figure 6-3
shows that the IF amplifier receives its
input signal from the mixer stage. This
signal retains the modulation associated
with ‘the received RF signal. The IF ampli-
fier amplifies the mixer output signal (a
band of frequencies centered around the IF)
and applies it to the detector stage.

6-70. In many ways the operation of the
IF amplifier is similar to that of the RF
amplifiekt, The signals being amplified, how-
ever, 4Te at a lower frequency than for the
RF amgflifier. Unlike the RF tuned circuits
(whose frequency is variable over a wide
range), the tuned circuits used in IF ampli-
fiers are fixed at a definite resonant fre-
quency, adjustable tank components being
incorporated for alignment purposes only.
Since they operate at a fixed frequency,
the IF amplifiers bave optimum gain and
bandwidth characteristics.,

6-71. Many factors are involved in the
choice of 2a receiver’s intermediate fre-
quency. For broadcast band receivers, inter-
mediate frequencies of 262 kHz and 455 kHz
are common. For receivers used to receive
high frequencies, the IF may bemuchhigher,
such as 10 MHz, or 60 MHz. The use of a
low frequency IF results in slightly better
gain, stability, and selectivity. However,
the low IF is more susceptible to image

6-12

frequency reception. This occurs because
lowering the value of the IF moves the
image frequency closer to the frequency to
which the receiver is tuned, thus decreasing
the uttenuation of the image signal by the
RF stage.

6-72. As stated previously, the IF ampli-
fier has the function of determining recei-
ver selectivity and providing the major
portion of the receiver’s gain prior to
demodulation. An additional function of the
IF amplifier is to preserve ail the original
modulating intelligence by maintaining 2
sufficiently wide overall bandwidth.

6-.73. Superheterodyne receivers employ
one or more IF amplifiers, depending on
design and quality of the receiver. Trans-
formers are usually used for interstage
coupling in the IF section. The IF¥ circuits
are permanently tuned to the difference
frequency for maximum gain, consistent
with the desired bandpass and frequency
response. For example, if we want an IF
of 455 kHz and 10 kHz bandwidth, then the
amplifier must pass frequencies between
450 kHz and 460 kHz. These stages operate
as Class A voltage amplifiers and determine
practically all of the selectivity of the super-
heterodyne receiver.

6-74.

6-75. Demodulation or detection is the pro-
cess of recovering intelligence from the
modulated wave. The amplified IF plus the
upper and lower sideband signals are applied
to the detector. The detector is a non-
linear impedance; therefore, heterodyning
will occur, causing new frequencies to be
developed. These frequencies are the sum
and difference between the applied {re-
gquencies. The difference frequency is a
reproduction of the intelligence. The signal
is developed and applied to the audio ampli-
fier, while the sum and original frequencies
are filtered out.

Detector.

6-76.

6-77. The function of the intelligence amp-
lifier section of the receiver is to further
amplify the intelligence signal. In an AM

Audio Amplifier.

1
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recelver 'used to reproduce sound waves
this section is calied an AUDIO AMPLI-
FIER. In most cases, the amount of ampli-
ficaition necessary depends on the type of
reproducer used. If the reproducer con-
sists of earphones, only one stage of ampli-
fication may be necessary. If the repro-
ducer is a large speaker requiring a large
amount of power, several stages may be
necessary. In most receivers, the last stage
is operated as a power amplifier. The re-
producer converts the audio signal to sound
waves.
6-78. Distortion.

6-79. Caution must be exercised to pre-
vent modification of the complex wave; this
would result in distortion of the demodulated
signal. Bandpass is one congideration which
could cause distortion to the audio intelli-
gence. Until now all we have talked about
is a carrier with a single upper and lower
sideband frequency. In actuality, intelligence
might contain many frequencies, which ex-
plains why all voices sound different. To
reproduce an audio signal which does not
change the sound of a human voice, the
demodulator must extract the exact same
frequencies included in the original signal.

6-80. For example, assume a particular
voice modulates a carrier producing a side-
band distribution, such as shown in figure
6-12. Any amplifying device used in the
receiver rust pass all these frequencies,
as shown in figure 6-13, Using an inadequate
bandpass, such as shown in figure 6-14

.‘_ BAND PASS ————.-

ARimnmiAn

REP4-1829

Figure 6-13. Bandpass without Distortion

would cause the outer frequencies to be
eliminated or drastically reduced ln amp-
litude. This would change the character-
istics of the voice being transmitted. This
is why it is gometimes hard to recognize a
voice you hear on the radio or telephone.
Such distortion is called bandpass distor-
tion. The demodulator circuits must have a
bandpass capable of reproducing all the
original frequencies to preventbandpassdis-
tortion from occurring.

§-81. ‘‘Square law’’ distortion is another
factor we have to take into consideration
in AM. To understand the principle it is
first necessary to understand the difference
between linear and square-law demodulation
(detection}. Detection converts the modu-
lated wave to intelligence. This may be
linear or square-law detection.

Hinm

6-13

ELIMINATED
FREQUENCIES
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Figure 6-14, Bandpass with Distortion
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6-82. Linear detection develops an output
voltage proportional to the voltage of the
input wave. Linear detection provides the
necessary nonlinearity for heterodyning to
occur, but at the same time does not
amplitude-distort the output voltage from
the detector. For example, a modulated
waveform present in the input of a linear
detector has certain amplitude variations.
If the detector is linear, the output voltage
is proportional to the changing amplitude of
the RF input to the detector. A linear
detector is basically a rectifier circuit,
operating in the linear portion of its charac-
teristic curve. With a square law detector
this is not the case.

6-83. A square law detector is a circuit
in which the output signal current is pro-
portional tc the SQUARE of the RF input
voltage. The demodulation depends on the
curvature or nonlinearity of the voltage-
current curve, rather than on linear recti-
fication. This means that not only does the
carrier heterodyne with the sidebands to
produce the modulating signal, but also the
sidebands heterodyne with each other and
generate the second harmonic of the modu-
lating signal. This causes distortion in the
output commonly referred to as square law
distortion. Square law distortion is a direct
result of second harimonic distortion. The
amount of distortion can be as great as 25%,
depending on percent of modulation. Remem-
ber that square law distortion produces

an output which is proportional to the square
of the input. The fidelity of a square law
detector is poor, compared to a linear
detector, so it is used only in special
applications.

6-84, Cochannel Interference.

6-85. Cochannel interference is an inter-
fering signal of the same frequency as the
desired signal. Figure 6-15 illustrates the
cochannel interference. Both transmitters
are operating on the same frequency, pro-
ducing the same amount of power, and the
receiver is tuned to their operating fre-
quency. Even though transmitter 1 is located
nearer the receiver than transmitter 2,
both signals MAY be selected, amplified,

Y Y Y

TRANSMITTER

RECEIVER

TRANSMITTER
NO. 2

NO.1

REP4-1811
Figure 6-15. Cochannel Interference

demodulated, and reproduced. Cochannel
interference can be reduced by using highly
directional antennas.

6-86. Circuit Operation.

6-87. To get an overall view of the opera-
tion of the superheterodyne receiver used
for AM, examine the diagram illustrated
in figure 6-16.* Notice that it contains all
of the stages that we discussed in the block
diagram.

6-88. The first stage is the antenna. The
primary of Li0l is the antenpa; it and C101
and Cl102A form a resonant circuit. This
circuit is tuned to resonate at the desired
RF frequency by tuning the main tuning
dial of the radio which changes the value
of C102-A. Notice that C102-A, C102-B, and
Cl02-C are all connected together so they
change value simultaneously as the main
tuning dial is adjusted. As an example,
assume the desired station is 1000 kHz
modulated with a 5§ kHz tone, the resonant
circuit will be tuned to 1000 kHz. These
signals are inductively coupled into the
secondary of L101 through C103 developed
across R101 and felt on the base of Qi01,
the RF Amplifier. Direct current flows
from ground through RI102, the emitter-
base junction, R10]1 and R106 to the AVC
voltage which is the forward bias network,
then throughR108, R109, R107, and R115to Vge.
Direct current is also flowing from ground
through R102, emitter-collector and the
primary tap of L.102. The RF signals on the
base cause the forward bias to increase
and decrease causing the collector current
to vary, these variations are developed by
the resonant gircuit of L102, C102-B and
Cl06. In our example, this resonant circuit
would be tuned to 1000 kHz and have a

*Figure 7 in KEP-GP-68
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Figure 6-16. AM Receiver

bandwidth at least 10 kHz wide. Maximum
signal at the desired frequencies would
then be inductively coupled to the secondary
of L102, the input of the frequency converter,

6-89. The Frequency Converter, @QL02, acts
as the heterodyning {mixer) and local oscil-
lator stages. The frequency of the local
oscillator signal is determined by the value
of L103, C102-C and C110. Direct current
flows from ground through R104, emitter-
collector, through R105 and the primary of
L.103, which are in parallel, and then the
primary of T10l to Vge- The oscillator
portion of the f{requency converter is o

i

6-15

33

basic Armstrong oscillator. Oscillations
start the moment the DC power (Voc) is
applied to the circuit. At that moment a
surge oOf current flows through the tran-
sistor, and the tank circuit goes into oscil-
lation. The oscillations of the tank are
coupled through C109 to the emitter; this
¢auses variations in the forward bias which
in turn causes the DC to vary at the oscil-
lator rate. These variations in DC through
the primary of L.103 are inductively coupled
to the secondary of 1,103. The feedback is
regenerative and of sufficient magnitude to
sustain oscillations. The secondary of L103
is tapped to achieve an impedance match




between the high impedance tank circuit and
the low impedance of the emitter circuit. The
modulated RF signal is inductively coupled
to the base of @102 and the unmodulated
local oscillator signal is coupled to the
emitter of Q102. Transistor Q102 is biased
in the nonlinear portion of its operating
range. Collector current is controlled simul-
taneously by the oscillator signal and the
incoming RF signal. The collector current
will be a complex waveform consisting of
many frequencies including: the local oscil-
lator frequencies, the received RF frequen-
cies, the sum and diiference of the local
oscillator and the received RF frequencies.
C123 in parallel with the primary of T10l
allows for tuning of the resonant circuit to
the desired IF frequency. Thus, this tuned
circuit will develop a relatively large volt-
age at the IF frequency while the remaining
frequencies develop very little voltage. If
the IF frequency is 455 kHz. then our oscil-
lator should be oscillating at 1455 kHz.

6-90. The oscillator frequency should
always differ from the selected station fre-
quency by an amount equal to the IF. There-
fore, when tuning the receiver, the oscil-
lator’s frequency must change by the same
amount as the resonant frequency of the tank
- circuit of the RF amplifier. When this occurs,
the oscillator is said to ‘‘track’’ the RF. The
dotted line (figure 6-16) connecting the RF
amplifier tuning capacitor C102-A and
Cl102-B and the oscillator tuning capacitor
C102-C shows they are gang tuned.

6-91. For proper operation of the receiver,
the frequency difference between the two
tank circuits must remain constant over the
entire tuning range of the receiver. In other
words, if the IF of a particular receiver is
455 kHz, then the difference frequency must
be 455 kHz when the receiver is tuned to the
low end of the range (540 kHz) as well as to
the high end of the range (1600 kHz).

6-92. Improper tracking will result if the
RF amplifier is not accurately tuned to the
proper signal. This will attenuate the signal.

6-93. Several methods have been developed
to improve tracking. One of these methods
is the use of a trimmer capacitor. The

trimmer capacitor is usually of the com-
pression mica type, and is mounted on the
top of the main tuning capacitor. Electri-
cally, trimmer capacitors are in parallel
with each section (oscillator and RF). The
schematic diagram of the oscillator capaci-
tor and trimmer is shown in figure 6-17.
The value of the trimmer capacitor is
usually smaller than its associated
capacitor.

6-94. The trimmer compensates for track-
ing variations at the HIGH end of the tuning
range. The reason for this can be demon-
strated by the following example: An oscil-
lator capacitor, having a range of 10.6 pF
to 172.6 pF, is paralleled with a trimmer,
having a range of 2 pF to 17 pF (figure
6-17).

NOTE. Values are taken from a
typical ganged tuning capacitor used
in broadcast receivers.

68.95. To determine the effect of trimmer
variation on total tank capacitance at the
high frequency end of the tuning range, set
both capacitors at minimum C2 = 10.6 pF
and Cl = 2 pF). Thus, the minimum capaci-
tance of the parallel combination will be:

2 +10.6 = 12.6 pF

Maintaining the oscillator capacitor at mimi-
mum 2and setting the trimmer t¢ maximum
(C1 = 17 pF) will cause capacitance of the
combination to increase to:

17 + 10.8 = 27.6 pF

Thus, at the high frequency end of the range,
the trimmer capacitor can cause a change
in total tank capacitance of:

27.6 - 12.6 = 15 pF

Dividing the change in capacitance by the
original minimum capacitance and multi-
plying by 100 will result in the percentage
of change in tank capacitance caused by
the trimmer:
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Figure 6-17. Oscillator Tuning
Capacitor with Trimmer

9-86. The effect of trimmer variation on
total tank capacitance at the low end of the
tuning range is determined by setting the
oscillator capacitor {0 maximum and the
trimmer t0 minimum (C1 = 2 pF and C2.
172.6 pF). The total tank capacitance with
these settings will be:

2+ 1726 = 174.6 pF

Holding the oscillator capacitor at maximum
and setting the trimmer at maximum will
increase the tank capacitance to:

17 + 172.6 = 189.6 pF

The change in tank capacitance at the low
frequency end caused by varying the trimmer
will be:

189.6 - 174.6 = 15 pF

The chunge in capacitance of 15 pF is the
same ag the high end; the percentage of
change, however, is vastly different.

Flz%%x 100 = 8.58%

6-97. Therefore, you can see that varying
the trimmer capacitor affects the percent-
age of tank capacitance to a much greater
extent (119%) at the high end of the tuning
range and has relatively little effect (8.5%)

(26

at the low end. For this reason, the trimmer
is adjusted at the high frequency end of the
receiver’s luning range.

6-98. The modulated signal is IF trans.
former coupled to the secondary of T101,
another tank circuit tuned to the IF fre-
quency. The purpose of this tuned circuit
is to further improve the ability of the
receiver to pass the desired freguencies
and to reject the undesired. T101 is tapped
to match the base impedance of Q103 the
IF Amplifier. The DC flows from ground
through R110, through the emitter-base
junction, the secondary of T101, R108, R107,
andR115 to Vo, Direct current also flows from
ground through R110, the emitter-collector,
primary of T102, R107, andR115to Voo. The
signal on the base causes the collector cur-
rent to ipcrease and decrease at the IF
rate. The tuned circuit in the collector
circuit’ is tuned to the IF rate. The tuned
circuit in the collector circuit is tuned to
the IF f{requency and develops maximuin
gignal at that frequency (455 kHz). This
signal is coupled through T102 to the
demodulator.

6-99. CRI101 is the detector. The DC path
is from ground through the secondary of
T102 through the diede, R112, R111, R108,
R108, R107, and R115to V. Due to the non.
linear characteristics of CRI101, the IF
signal will be demodulated and the audio
signal will be developed across the volume
control R113. Cl116 and R112 {filter out the
IF frequencies.

6-100. The AVC voltage is a positive volt.
age developed by a voltage divider network
between Voo and the negative audio signal
developed at R113. The purpose of the AVC
is to change the gain of Q101 and Q103
automatically with received signal strength,
The voltage developed across RI113 is
averaged out by CI117, R111, C113, R108,
R109, C111, R106 and Ci04. Averaging out
this voltage produces a DC voltage to be
used as forward bias for Q101 and Q103.
As the received signal strength increases,
the amplitude of the audio signal at R113
would get larger. This would cause the AVC
voltage to become less positive reducing the




gain of the receiver. The amplitude of the
signal at R113 would then return to the
original value. Note that this is a closed
loop arrangement resulting in regulation.

6-101. The audio signal is coupled from
the volume control through C118 and applied
to the base of the Audio Amplifier Q104,
Moving the wiper of R113 away from ground
will couple a greater amount of signal to
Q104 and increase the volume, The DC path
in the audio amptlifier is from ground
through the emitter-base junction, R114 and
through the primary of T103 to Voe. This
forward biases Ql04. DC also flows from
ground through the emitter-collector, and
the primary of TI103. The audio signal
applied to the base causes the forward bias
to change at the audio rate which in turn
causes the collector current to vary at the
audio rate. The variations in current in the
primary induce the audio signal into the
secondary of T103,

6-102. The audio signal that is coupled into
the secondary of T103 is applied to the
bases of Q105 and Q106, 180 degrees out of
phase. Q105 and Q106 make up a push-pull
power amplifier., The DC path in Q105 is
from ground through RI117, emitter-base
junction, one half the Secondary of T103 and
R116 to vCC this forward biases Q105.
There is a similar circuit for Ql06, The
other DC path for QI05 is from ground
through RI117, emitter.collector and one
half of the primary of T104 to Vog- There
is a similar path for Q106. The audio signal
applied to the base of the transistors will
cause the forward bias to increase and
decrease, as one increases the other is
decreased, This produces a large current
change in the primary of T104 which pro.
duces a large current change in the second-
ary, T104 is a step down transformer to
match the low impedance of the speaker to
the higher impedance of the collector cir-
cuits of Q195 and Q106. The speaker pro-
duces the desired audio signal,

6-103, The power supply supplies Vee
Each stage is connected to Voe and the
DC from each stage flows through R119 and
bridge rectifier and T105 to complete the
DC loop.

6-104. FM Transmitter and Receiver
Systems.

6+105. The intelligence to be transmitted
may be imposed as changes in the frequency
being transmitted. This type of modulation
is called FREQUENCY MODULATION (FM)
and has certain inherent advantages over AM
transmission.

6-106. In FM, intelligence is conveyed by
varying the frequency of a constant ampli-
tude RF carrier. The modulating signal
varies the carrier frequency to develop the
transmitted frequency. The AMOUNT of
carrier frequency deviation depends on the
amplitude of the modulating signal. The
louder the sound, the greater the audio
amplitude and, therefore, the more the
transmitted frequency differs from the car-
rier frequency the greater the deviation, The
RATE at which the modulated frequency
varies from the carrier frequency--that is,
the number of excursions above and below
the carrier freguency--depends on the fre-
quency or tone of the modulating signal. A
high freguency tone causes rapid variation
from the carrier as compared to a Jow fre-
quency tone. The amplitude of the trans-
mitted FM wave remains virtually constant.

6-107. A very important characteristic of
FM when compared to AM is that FM is
comparatively noise free. Noise interfer-
ence, for the most part, is due to sources
that are external to the receiver. Noise
randomly adds to the ampiitude of the RF
wave, AM systems are limited in their
effectiveness to suppress or eliminate this
interference because the noise (amplitude)
variations are demodulated with the intel-
ligence. In an FM system, amplitude varia-
tions are ciipped off; only changes in FRE-
QUENCY are demodulated as the intelli-
gence. This ability of an FM system to
reduce noise interference also provides for
very good co-channel interference rejection.
At the receiver, the desired signal need be
only twice as large as the undesired signal
to suppress the interference completely.
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6-108. Transmitter.

6-109. Figure 6-18 illustrates a block dia-
gram of a typical FM transmitter. Each of
the blocks has been covered in detail in this
course. The heart of the transmitter is the
modulated oscillator; an applied audio sig-
nal causes the frequency of this oscillator
to cliange.

6-110. The intelligence signal is usually
very weak and is amplified by the audio
signal amplifier to drive the reactance
modulator {figure 6-18). The modulator con-
verts the audio signal into variations in
reactance. This reactance change is applied
to the oscillator, causing the frequency of
the oscillator to change. I tae audio signal
is a sine wave, the frequency out of the
modulated oscillator will deviate the same
amount above and below the center f{re-
quency of the oscillator.How far it deviates
depends on the amplitude of the modulating
signal; how fast it deviates depends on the
frequency of the modulating signal.

6-111. In a commercial FM broadcast sys-
tem, the Federal Communication Commis-
sion (FCC) has established that the maxi-
mum deviation shall be limited to £75 kHz.
This is designated arbitrarily as 100% modu-
lation. In a military FM broadcast system,
the frequency deviation allowed may be re-
duced to +£40 kHz. In this case, +40 kHz is
100% modulation.

6-112. Let us relate figure 6-18 to an FM
system using a +75 kHz frequency deviation.

Assume the output from the modulated oscil-
lator is 5 MHz with a frequency deviation
of 4.2 kHz. Further, assume that the trans-
mitter has been assigned an outputfrequency
of 90 MHz. The most common method to get
90 MHz from the 5 MHz oscillator would be
to use two frequency triplers and a doubler.
The total amount, then, by which the oscil-
lator frequency is increased is 18 times
(18 x 5 = 80 MHz}.

6-113. Now, with the FCC limitation, divid-
ing +75 kHz by 18, we find that the maximum
deviation at the oscillator for 100% modula-
tion is 4.167 kHz.

6-114. A frequency multiplier is nothing
more than an amplifier, usually operated
class C, with the output tuned to a harmonic
of the input. Operating these stages class C
eliminates any amplitude variations thatmay
be caused by the modulator.

6-115. The driver is an intermediate amp-
lifier used to develop the power necessary
to drive the power amplifier. The power
amplifiers are usually heavy current de-
vices and require a large input signal. The
power amplifier increases the power of the
RF signal so that it can be radiated by the
antenna, and produce an electromagnetic
wave of proper magnitude. An important
fact to remember is the wide bandwidth
necessary. Whether operating with £ 75 kHz
or 140 kHz deviation, the driver, power
amplifier and the antenna must have a
bandwidth wide enough to pass all of the
desired sidebands.

REACTANCE
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Figure 6-18. FM Transmitter
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6-116. Receiver.

6-117. Figure 6-19 illustrates a block dia-
gram of a typical FM receiver. You can see
that it is a superheterodyne receiver very
similar to those discussed earlier. In fact,
there is very little difference in AM and FM
receivers. Due to the similarity between AM
and FM receivers the discussion of the
block diagram will be centered on the
limiter and demodulator. You will be re-
ferred back to the AM receiver where the
circuits are similar.

6-118. The RF amplifier and antenna sys-
tem are similar to AM, see paragraph 6-47.
The main difference would be the frequency
and bandwidth. The band for commercial
. FM is from 88 to 109 MHz, and has a band-
width of at least 200 kHz. FM is not re-
stricted to these frequency ranges, these
are used as examples only. The frequency
conversion stage is also similar to AM, see
paragraph 6-59. Again the main difference
would be frequency and bandwidth. The IF
amplifiers also are very similar to AM,
see paragraph 6-67. The frequency and
bandwidth again being the difference.

6-118. The function of the limiter in an
FM receiver is to remove any amplitude
variations that may be present in the IF
signal. These amplitude variations tay be
caused by noise or other transmitters on
the same frequency. These changes in
amplitude of the IF signal can be demodu-
lated by the demodulator and be heard in
the speaker as noise or interierence. The
limiter removes these amplitude varia-
tions thus the noise and interference is
removed. The demodulator stage is de-
signed to produce the audio signal from
changes in the IF freguency. As the IF
frequency deviates above and below the
center IF frequency the demodulator senses
these frequency changes and produces a
corresponding change in voltage. If the
amount of IF frequency change increases,
the amplitude of the audio signal out will
increase. If the IF Ifrequency deviates
faster, the augio signal out will increase
in frequency. Thus the demodulator pro-
duces an audio signal whose frequency is
determined by how fast the incoming fre-
quency deviates, and whose amplitude is
determined by how much the incoming fre-
quency deviates. The audio amplifiers and
reproducers are the same as AM, see
paragraph 6-76.
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6-120. Circuit Operation.

6-121. Figure6-20*illusirates an FMtrans-
mitter. ‘Let us first. estabhsh the - d.lrect
"gurrent. IoOp int each’ stage and ‘then trace a;

. and. R20. to B+

signal from ‘input-to output. The: direct.dur~" -
rent .in the . audio” ampliiier, V13, is from t.

ground through, R32 Vi and R30 to' B+ also
~ from.‘ground tiu':ough R32to the scigen grid

. and’ R31 to B+. The direct. current for ‘the .
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the second multiplier, V8, is from giround
through V8 and L5 to B+. The DC path for
the third frequency multiplier, V9 is from
ground through V9 and L6 to B+.. The direct
current flow for the RF driver, V10,
is from ground through v10 and one half of
L7 to B+, also current flows from ground to
the screen grid and R10 to B+. Direct
current in the RF power amplifier is
through two tubes, V11 and V12. First V11,
the current flows from ground through R13,
V11, L8, and RFC2 to B+, also through R13
to the screen grid and R15 to B+. The direct
current for the other tube, V12, is from
ground through R14, V12, L9, and RFC2 to
B+, also through R14 the screen grid and
K15 to B+. The B+ connections of each stage
are all connected to a common power supply
and the current from each stage flows
through the power supply to ground to
complete the circuit.

6-122. Let us now trace a signal through
the transmitter. The audio signal is applied
to the control grid of V13, the audio ampli-
fier, taken from the plate and coupled to the
grid of V2, the reactance modulator. The
audio signal on the grid of V2 causes the
capacitive reactance V2 represents, to
change. This change in reactance is felt in
the tank circuit of V1, the oscillator, caus-
ing it to change frequency. For example if
the grid of V13 goes in a positive direction,
its plate swings in a negative direction.
This negative signal causes V2 to conduct
less, the value of X, becomes greater, the
total capacitance of the tank becomes less
and the frequency ‘increases. The oscilla-
tions are coupled from the plate of V1 to
the grid of V7, a frequency iripier. The
plate of V7 is tuned to the third harmonic
of the grid signal. This higher frequency
is applied to the grid of V8, another fre-
quency tripier. The plate circuit is again
tuned to the third harmeonic of its grid
signal. The signal on the plate of V8 is
now 9 times the oscillator frequency, ani
is applied to the grid of V9, a freguency
doubler. The plate ¢f V8 is tuned io the
second harmonic of its grid signal or 18
times the oscillator frequency. Remember
the frequency of the oscillator 13 being
changed at the zudio rate by the reactance

modulator. This varying RF signal is coupled
to the grid of V10, the driver, coupled from
its plate to the grids of V11 and V12, 180
degrees out of phase. The current changes
in V11 and V12 being out of phase, produce a
large current change in L8 and L9 and
induce a correspondingly large current in
the secondary, which travels down the trans-
mission line to the antenna. The antenna
converts the current and voltage into an
electromagnetic field which can be radiated
into space.

6-123. Figure 6-21*illustrates an FM re-
ceiver. Let us first establish the direct
current loop in each stage, then trace a
signal from input to output. The direct
current flow in Q101, the RF amplifier, is
from ground through R102, the emitter-
base of Q101 junction, R101 and R106 to a
positive voltage. Current also flows from
ground through R102, emitter-collector of
Q101 and primary of L102 to Vo . Direct
current flow in Q102, the frequency con-
verter, is from ground through R104,
emitter-base junction of the transistor,
through the secondary of L102 and R103
to Ve . DC also flows from ground through
R104, emitter-collector of the transistor,
through the parallel combination of L103
and R105 and then through the primary of
T101 to V. The DC path in Q103, the IF
amplifier, is from ground through R110,
the emitter-base junction, the secondary of
T10i, through R105 and R1Q7 to Voo, also
from ground through R110 and emitter-
colliector of the transistor, through the
primary of T102 and R107 to Vgoe. In the
limiter, Q107, the direct current flow is
from ground through R120 the emitter-base
junction of Q107. through the secondary of
T102, R122 and R123 to V. Current also
fiows from ground through R121 and R122
to form the forward bias network for Q107
and from ground through R120, emitter-
collector, primary of T106 and R123 to Ve,
The DC flow in Q104, the audio amplifier,
is from ground, through the emitter-base
junction, R114 and the primary of T103
to Voo Current also flows from ground,
through emitter-collector of Q104 and pri-
mary of T103 to Vo . The DC flow 1n the
audio power amplifier isfrom ground through

*sFigure 4 in KEP-GP-69
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R117, emitter-base junction of the transistor,
one half of secondary of T103 and through
R116 to V. DC also flows from ground
through RI117, emitter-collector junction,
and one half the primary of T104 to V.
The audio power amplifier is a push-pull
circuit. The current flows from ground
through RI118, through the emitter-base
junction of the transistor, one half of T103,
R116 to Vg, also from ground through
R118, emitter-collector and one half of the
primary of T104 to Voo . The Vo points

are all common.

6.124. Using figure 6-21 let us now trace a
signal through the FM receiver. The RF sig-
nal is received by the antenna and the RF
voltage and current are developed in the
tuned circuit, L1001, C101 and C102. The
tuned circuit develops maximum signal at
the desired frequency. The signal is induc-
tively coupled to the base of Ql01, the RF
amplifier. The amplified RF signal is de-
veloped in the tuned collector circuit of
@101 and inductively coupled to the base of
" Q102, the frequency converter. The local
oscillator signal which is present on the
emitter of QlO2 is heterodyned with the
incoming RF signal which is applied to the
base. The collector circuit is tuned to the
difference frequency. This difference fre-
quency is transformer coupled to the base
of QL103, the IF amplifier. The IF signal is
amplified and coupled from the tuned col-
lector circuit to the base of the limiter. The
signal in the collector circuit of the limiter
is amplitude limited. For example if the
incoming signal intreases in amplitude, the
signal in the collector does not increase
accordingly. This limiter is driven to cutoif
and saturation. The constant amplitude IF
signal in the collector is, however, changing
in frequency and is applied to the frequency
discriminator through C127 and T106. The
frequency discriminator produces an audio
voltage across R113, the volume control.
The audio signal is coupl:d from the volume
control through C118 to the base of the audio
amplifier Q104. The amplified audic signal
is developed in the collector circuit and
is coupled to the bases of Q105 and Q106
180 degrees out of phage, This produces a
large change in current in the collector

circuits of Q105 and Q106 at the audio rate.
This change in current in the primary of
T104 produces an audio signal in the sec-
ondary which is coupled to the speaker. The
speaker converts the audio signal into sound
waves.

6-125. BSingle Sideband System.

6-126. You will remember that a conven-
tional amplitude-modulated signal consists
of the carrier and the sidebands. There are
two sideband frequencies for each modulat.
ing frequency, one above and one below the
carrier. Since the same intelligence is
present in both the upper and lower side-
bands, eliminating one sideband before
transmission results in the advantage of
using half the spectrum space. Amplitude
modulated transmission with frequencies
on one side of the carrier suppressed
while those on the other side are trans-
mitted is called SINGLE SIDEBAND (SSB)
transmission.

6.127. Transmitter.

6-128. SSB transmitters suppress one side-
band; the carrier, also, can be eliminated
because it contains no intelligence. A
carrier must be present in the transmitter
to produce the sidebands, and a carrier
must be present in the receiver to produce
the intelligence but they need not be pre-
cisely the same carrier. In a SSB system,
the receiver generates a signal that repre-
sents the carrier so that the sideband may
be heterodyned with it for detection to take
place.

6-129. Let us compare the relative per-
formance of a conventional AM system and’
a 8SB system. Under long range propaga-
tion conditions, selective fading is likely to
occur, and its effects are far more harmiful
to the conventional AM signal than to the
SSB signal. Selective fading resulis from a
combination of signals at the receiver
arriving over two or more propagation
paths of differing lengths. These may re-
sult in partial cancellation of the carrier
signal relative to the sidebands. Phase dis-
tortion of the sidebands, with respect to




each other and the carrier, may also occur.
Tests indicate that, under excellent long-
range propagation conditions, AM and SSB
systems perform identically if the power of
the 5SB transmission is equal to the powerin
ONE of the two sidebands of the AM trans.
mission. Under conditions in which severe
fading has been ohserved, siutccessful SS5B
communications have been established when
conventional AM communications are
ineffective.

6-130. The SSB system is less subject to
interference than an AM system because it
occupies only half the bandwidth of the AM
system. Remember that noise occurring in
the bandwidth of the system causes inter-
ference; half the bandwidth results in half
the noise.

§-131. The differences between SSB and
AM systems that we have discussed, thus
far. include the reduction or elimination of
the high power carrier, a reduced spectrum
requirement, and a more useful signal in
the presence of selective fading and
interference.

6-132. Benefits of the 3SB system arise
primarily from the higher overall efficiency
of generation and use of sideband power.
For example, an AM transmitter transmitting
150 watts average power has 100 watts in
the carrier and 25 watts in each sideband.
The 25 watts in one sideband is, therefore,
1/6 the total power transmitted. Since the
energy of the intelligence is contained in
the sidebands only, then only 50 watts of
the 150 watts is useful power. By suppressing
the carrier and one sidebhand, the SSB trans-
mitter need only produce 25 watts of power
for the same intelligence power as a 150 watt
AM transmitter. Inorder to more clearly dis-
tinguish between the maximumuseable power
of an AM signal and an 8SB signal, we must
first determine the peak power of the two
signals and then determine their peak intel.
ligence power.

6-133. Up td now. we have usually referred
to the power inthe AM wave asthe ‘‘average”’
powsr. To describe the power of the SSB
signal, we refer ' ‘“peak’’ power, or the

effective power at the crest of the modulated
wave. First, let us determine the peak power
of an AM transmitter. Peak power occurs
the instant the carrier and the sidebands are
in phase and add. Using the 150 watt AM
transmitter mentioned above, there are only
50 watts of useful intelligence power, Tofind
peak power, we use the formula:

EZ

P= R

The values of resistance and voltage can be
any ratio that will equal power. Since power
of the carrier is 100 watts, if we assume R
to be 100 ohms, we find the carrier E {o be
100 volts and each sideband E to be 50 volts,
as follows:

2

E
P =5

EZ

100
10,000V

100V
EL
100

2500V

S0V

To compute peak power, we add the voltage
of the carrier and the two side bands.
Thus,

p . (200+50450)° _ 200° 40000 _
.- . 2007, i,
P 100 100 100

400w

Observe that the peak power is 400 watts.
We can see, therefore, that the 150-watt
AM transmitter must be capable of sup-
plying 400 watts. If we now compute the
peak power in the sidebands only, we {find
that it is 100 watts,
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Figure 6-21. FM Receiver

_ (50450)° 100 10000

pk = T 100 = 100 = 100

= 100 watts

Therefore, the intelligence peak power is
only 1/4 the total transmitted peak power.

6-134. To show how SSB transmission in-
creases maximum useable power, we will
use an AM transmitter as an SSB trans-
mitter. Eliminating the carrier and one
sideband allows the full capability of the
transmitter to be used for transmitting a
single gideband. Thus, one sideband will
now have the entire 400 watts of peak power
for intelligence, as compared to 100 watts

in AM transmission. This in¢rease in power
{4 times) referred to in decibels is equi-
valent to 2 ¥ dB increase,

6.135. The primary disadvantage of the
SSB system is complexity. Part of the com-
plexity is due to the SSB modulators and
filters required in the transmitter, but the
main source ol complexity is the require-
ment for generating a representative car-
rier frequency in the receiver. The 5SB
system requires frequency stability be-
tween the trangmitter and receiver; if the
transmitter frequency is 1 megahertz, the
maximum amount of frequency drift between
transmitter and receiver is 2 hertz.
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Figure 6-22. 8ingle Sideband Transmitter

6-136. Figure 6-22 illustrates a basic
single sideband transmitter. Let us discuss
the purpose and characteristics of each
block. A single sideband transmitter needs
an oscillator to produce the RF carrier as
did an AM transmitter, The carrier will be
used to produce the desired sidebands. In
single sideband the need for FREQUENCY
STABILITY is very important. Remember
that we will not transmit the carrier but
that it must be reinserted in the receiver.
The receiver will have an oscillator that
will reinsert the carrier and it must be
the SAME frequency as the carrier oscil-
lator in the transmitter. Thus the carrier
oscillator must be very stable and its exact
frequency known so the receiver oscillator
can be tuned to that frequency. The carrier
oscillator produces the desiredRF frequency
and couples it to the balanced modulator.
The balanced modulator is us=»d to combine
the intelligence signal {audio} with the car-
rier and produces the sidebands. The audio
signal originated as soundwaves converted
to an audio signal by the microphone and
amplified to the proper level by a linear
wideband audio amplifier. The amplified
audio is coupled to the balanced modulator.
The balanced modulator is a nonlinear im-
pedance that combines the audio and carrier
which will produce the sidebands. The modu-
lator is balanced so the carrier is not
present in the output. Thus, the balanced
modulator produces the sidebands but also
eliminates the carrier. The output of the
balanced modulator is the upper and lower

sidebands. In single sideband we want to
transmit only one sideband, either the upper
or the lower, depending on the system.

6-137. The output of the modulator is
applied to a filter (figure 6-22). In SSB
equipment, this filter is usually referred
to as a bandpass filter. (Recall that a
bandpass filter allows only a selected band
of frequencies to pass.) The SS3B filter
will pass one sideband and highly attenuate
the other sideband (and the carrier, if
present).

-

6-138. The filters can be of the LC,
crystal, or mechanical type. Present me-
chanical filters cover the frequency range
from 200 to 600 kHz. They have excellent
rejection characteristics and are extremely
rugged. Because of their advantages, they
have been employed in most S5B systems.

6-139. One type of mechanical filter is
the cylindrical arrangement with disk reso-
nators interconnected by coupling rods, as
showa in figure 6-23. This filter is a
mechanically-resonant device, which re-
ceives electrical energy, converts it into
mechanical energy, and then converts this
energy back into electricai energy. The
basic elements of this device are:

1. An input transducer which converts
electrical energy into mechanical energy.
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Figure 6-23. Mechanical Filter

2. A resonant section which contains
mechanically resonant metal disks and
coupling rods which couple energy between
the disks.

3. An output transducer which converts
the mechanical energy back into electrical
energy.

6-140. The input and output transducers
operate on the principle of magnetrostriction.
Magnetostriction is the property of certain
ferro-magnet materials to change dimen-
sions when placed in a magnetic field. Each
transducer has a permanent (bias) magnet,
electromagnet, and drive rod for coupling

energy.

6-141, When a signal is applied to the input
transducer coil, the driving rod is attached
to the first resonant disk, these rod varia-
tions will excite the disk. The input signal
is usually the two sidebands; maximum

transfer of energy, however will be at the
resonant frequency of the disk. The magnetic

field set up by the input signal either alds
or opposes the magnetic field set up by the
bias magnet, and results in a linear change
in rod dimensions.

6-142. As the remaining disks are physi-
cally coupled to the first disk by the metal
coupling rods, they will go into vibration.
When the mechanical energy causes the
last sk to vibrate, this motion is trans-
ferred to the output driving rod. This rod
is also of magnetostrictive material and
the variations in its length' causes its
permeability to vary. Since permeability is
one factor that determines the number of
magnetic lines of force, a wvariation in
rod permeability will vary the total num-
ber of flux lines in the output circuit.
These varying flux lines, in turn, induce a
voltage into the output cofl. The output
will be the desired sideband irequency.

6-143. The amount of energy coupled to a
disk is determined by the coupling rod
dimensions. Increasing the rod diameter
results in a larger amount of energy ap-
plied to the following disk., By varying the
rod diameter, the bandwidth of the filter
is changed. A larger diameter coupling
rod increases the filter bandwidth.

6-144. The response curve of a typical
mechanical filter is shown in figure 6-24.




Note the narrow bandwidth and how rapidly
the curve drops from 3 dB to 60 dB
attenuation,

6-145. In most single sideband transmit-
ters modulation is accomplished at a low
frequency level for stability. But the actual
transmitted frequency may need to be much
higher, The output of the filter (desired
sideband) is applied to a frequency con-
verter {mixer), to raise the sideband fre-
quency. Note the mixer stage is a hetero-
dyning stage, and combining the sideband
with RF oscillations of a higher frequency
produces new sidebands of high frequencies.
The heterodyning action of the mixer pro-
duces a sum and difference frequency, but
as before we desire only one set, The mixer
has a tuned circuit that will develop and
couple to the driver only the desired set.
The driver is an intermediate amplifier used
to develop the power necessary to drive the
power amplifier. The driver is 2 tuned
linear amplifier to assure the amplification
of the desired band of frequencies. The
power amplifier is a tuned linear amplifier
used to increase the power level of the
desired RF signal so that it can be radiated
by the antenna and produce an electromag-
netic wave of proper magnitude, The driver
and the power amplifier are linear ampli-~
fiers so that unwanted harmonics are not
generated.
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Figure 6-24. Response Curve

6-.146, SSB Receivers.

6-147. Figure 6-25 illustrates a block dia-
gram of a typical SSB receiver. You zan see
that it is a superheterodyne receiver, very
similar to those discussed earlier. In fact,
there is very little difference in AM and
SSB receivers. The only real difference is
that SSB uses an oscillator to reinsert the
carrier, and a product demodulator. Due to
the similarity between AM and SSB receivers
the discussion of the block diagram will be
centered on the oscillator and demodulator.
You will be referred back to the AM re-
ceiver when the circuits are similar.

6-148. The RF amplifier and antenna system
are similar to AM, see paragraph 6-47, The
main difference would be the bandwidth, SSB
is narrow compared to AM. The frequency
converter stage is also similar to AM, see
paragraph 6-58, as is the IF amplifier, see
paragraph 6-67. The main difference in the
converter and IF amplifier wouldbe the band-
width of the stages. They are narrow when
compared to AM. In fact they would have a
bandwidth one-half that of AM to pass the
same intelligence signal.

6-149, The function of the demodulator is
to remove the intelligence (audio) signal from
the carrier. In order to accomplish this, it
must be supplied with the sidebands and the
carrier. The sidebands are supplied by the
IF amplifier and the carrier by thereference
frequency oscillator. This oscillator istuned
to exactly the same frequency as the carrier
oscillator in the transmitter. Because ofthis
requirement this oscillator must also have a
high degree of amplitude and frequency
stability. The oscillations from this oscil-
lator are heterodynded with the sidebands
from the IF amplifier in the demodulator
which is a nonlinear device. The difference
frequency produced is' the same as the
original intelligence (audio) signal in the
transmitter. As the audio is developed the
carrier and sideband frequencies are filtered
out. The audio signal is coupled to the audio
amplifier. The audio amplifiers and repro-
ducer are the same as AM. see paragraph
6-76.
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6-150. Circuit Operation.

6-151. Figureb-26*illustrates a SSBtrans-
mitter. Let us first establish the direct
current loop in each stage and themn trace a
signal from input to output. The direct cur-
rent in the audio or speech amplifier Q101
is from ground through R102 the emitter-
base junction of Ql01, in parallel with R101,
then R118 and primary of T102 to Voc for
forward bias. Current also flows from
ground through R102, emitter-collector and
T102 to Veoe. The DC path in the carrier
oscillator Ql02, is from groundthrough R105
and the emitter-base junction which is in
parallel with R104, then through R103to Ve
for forward bias. Current also flows from
ground through R105, the emitter-collector
of the transistor and the primary of T103 to
Voc . The direct current flow in the mixer
Ql04, is from ground through RI1l, the
emitter-hase junction of QL04, R110 to Vee
for forward bias. Direct current also flows
from ground through RI11ll, the emitter-
collector and the primary of T106 to Voc.
The direct current flow in QLl03 the second
oscillator is from ground through R107, the
emitter-hase junction of the transistor in
parallel with R106, then through RI108 to
Ve for forward bias. Direct current also
flows from ground through R107, through the
emitter-collector, RFC10l and R109to V.
The DC path for the driver stage, V101, is
from ground through RI113, VI0l, and
RFC102to B+. The screencurrent flowsfrom

groundthruR113, V101, R114 to B+. The DC

*Ficure 3 in KEP-GP-70
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Block Diagram SSB Receiver

path for the last stage, the power amplifier
V102, is from ground thre R116, V102, and
RFC103toB+. Screencurrentflows from
groundthru R116. V102. and RL17 to B+,

6-152. The V¢ connections of Q101, Q102,
Ql03 and QL04 are all connected to a com-
mon low voltage power supply. The current
from each stage flows through the power
supply to ground to complete the closed DC
loop. The B+ connections of V101 and V102
are connected to a common high voltage DC
power supply. The current from each stage
flows through the power supply to ground,
completing the loop.

6-153. The intelligence signal {audio) is
coupled through T10l to the base of QlOl,
the audio amplifier. The amplified signal in
the collector circuit is transformer coupled
through T102 into the balanced modulator.
The carrier is produced by the oscillator
stage, Ql02. The oscillator freguency is
controlled by the crystal, Yl0l. The oscil-
lator signals are transformer coupled by
T103 to the balanced modulator. The bal-
anced modulator produces upper and lower
Sidebands and these sidebands are trans-
former coupled through T104 to the side-
band filter. Remember, the balanced modu-
lator eliminates the carrier. The sideband
filter will only pass a very narrow band of
frequencies, our desired sideband, either the
upper or the lower. Thus the output of the
filter is just the desired sideband and it is
transformer coupled by T105 to the mixer.
The sideband:frequencies are developed on
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the base of Q104, while higher frequency
oscillations are applied to the emitter. These
higher frequency oscillations are developed
in the second oscillator stage, Q103. The
frequency of oscillations is controlled by
Y102, and the output is coupled through
C110 and developed across R111. The mixer,

Q104, having two different freguencies
applied and operated as a non-linear device
will produce new frequencies. The collector
load of Ql04 is tuned to the irequency of
the desired sideband which is transformer
coupled by T106 into the tuned grid circuit
of V101, the driver. The desired sideband
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developed on the grid of V101 is amplified
and developed in its plate. This amplified
RF signal is applied to the grid of the
power amplifier, V102. The signal on the
tuned grid produces a large current change
in the ftuned plate circuit. This signal is
transformer coupled by T107 to the antenna.
The antenna converts the current and volt-
age into an electromagneic field.

6-154. Figure 6-27* illustrates a SSB re-
ceiver schematic diagram. Let us first
establish the direct current loop for each
stage, then trace a signal from input to
ouiput. The direct current flow in Ql01,
the RF amplifier, is from ground through
R102, through the emitter-base junction,
R101 and R106 to the AVC circuit. For the
development of the AVC voltage see para-
graph 6-100. Current also flows from ground
through R102, the emitter-collactor and the
primary of L102 to Voo- The DC path in
Q102, the frequency converter, is from
ground through R104, emitter-base junction,
the secondary of L102 and R103 to Ve
DC also flows from ground through R104,
emitter-collector, through the primary of
L1¢3 and R105 which are in parallel, and
then through the primary of T10l to V c
The DC path in Ql03, the IF amplifier
circuit is from ground through R110, through
the emitter-base junction, the secondary of
T101, R109 and R107 to Voo, also from
ground through RI110, emitter-collector,
primary of T102 and R107 to Voo The
direct current in Q107, the preduct demodu-
lator circuit, is from ground through R120,
the emitter-base junction and the secondary
of T102 which is in parallel with R121, and
then through R122 to Ve to establish for-
ward bias for Q107. Current also flows from
ground through R120, emitter-collector,
L1904, and R123 to V... DC in the reference
frequency oscillator Q108 is from ground
through a part of L105, R125, emitter-base
junction, R124 and RFC1l0l1 to vCC for
forward bias of Ql08. Also DC flows from
ground through a part of L105, R125 emitter-
collector and RFC101 to Voo. The direct
current flow in Ql04, the audio amplifier,
is from ground, through the emitter-base
junction, R114 and the primary of T103 to
Voc as forward hias for the transistor.

*Figure 4 in KEP-GP-70
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Current also flows from ground, through to
the emitter-collector, and the primary of
T103 to Vpoo. The DC flow in the audio
power amplifier Q105 and Ql06, is from
ground through R117, emitter-base junction
of QL05 one half of the secondary of T103
and R116 to vCC for forward bias. DC also
flows from ground through R117, emitter-
collector and through one half of T104 to
Voo - The audio power amplifier is a push-
pull amplifier, therefore current flows from
ground through R118, emitter-base junction
of a QL06, the other half of T103 and R116 to
Ve as forward bias.Current also flows from
ground through R118, emitter-collector and
the other half of T104to Vo . The Ve points

are common and all current flows through
the power supply to ground, completing the
closed DC loop.

6-136. Using figure 6-27 let us now trace a
signal through the SSB receiver. The RF
signal is intercepted by the antenna which
produces RF voltages and currents. The de-
sired RF signal is developed in the antenna’s
funed circuit. The signal is inductively cou-
pled to the base of Ql0l, the RF amplifier.
The amplified RF signal is developed in the
ftuned collector circuit and inductively cou-
pled to the base of Q102, the frequency
converter. A local oscillator signal is
present on the emltter of Ql02 and the
incoming sideband RF signal is on the base.
The difference frequency is developed by the
funed tank of the collector circuit and trans-
former coupled to the tuned base of Ql103,
the IF amplifier. The IF signal is amplified
and coupled from the tuned collector circuit
through T102 to the base of Ql07, the
product demodulator. Q108 is the reference
frequency oscillator which is tuned to the
exact same frequency as the carrier oscil-
lator in the transmitter. The oscillations
produced are coupled through C125 and
developed across R120, the emitter resistor
of the demodulator. With the sideband fre-
quencies on the base the carrier frequency
on the emitter, and the transistor Q107
operated in the nonlinear portion of its
operating range, new frequencies are pro-
duced by heterodyning. Of these frequencies,
the difference frequency will be equal to the
original audio signal used in the transmitter.




The sidebands and carrier are f{iltered out
by the filter in the collector circuit and the
audic is developed across R112 and the
volume control, R113. The signal is coupled
from the volume control through C116 to
the base of Q104, the audio amplifier. The
amplified audio signal is developed in the
tuned collector circuit and is coupled by
T103 to the bases of Q105 and Q106, 186
degrees out of phase, This produces a large
change in current in the collector circuits
of Q105 and Q106 at the audio rate. This
change in current in the primary of T104
produces an audio signal in the secondary
which is coupled to the speaker, The speaker
converts the audio signal into sound waves.

EREQUERLY
GF AMPLIETER COMVERTEN

6-156. Pulse Modulation System,

6-157. Pulse modulation is defined asmod-
ulation of a carrier by pulses. Pulse modu-
lation is used in many applications; such
as telegraphy, telemetry, multiplexing and
radar, In pulse modulation a pulse is used
to control when and for how long the trans-
mitter produces an output and how much
of an output is produced. An example of
pulse modulation is in time-division multi-
plexing. Multiplexing is a technique of com-
bining multiple independent intelligence
channels into a composite signal which in
turn is transmitted to companion receiving
system and restored to individual channels,
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6-158. In order to separate the messages
in time, sach message is transmitted for a
brief period of time in a regular sequence.
This process is called SAMPLING. The
receiver separates the samples and recon-
structs the original message from these
samples. Various types of pulse modulation
can be used to accomplish time-division

multiplexing.

6-159. PULSE - AMPLITUDE MODULA-
TION (pam) is used for time-division multi-
plexing. In this method, the signal is sampled
reriodically, producing a pulse whose ampli-
tude is proportional to the amplitude of the
signal at the instant of sampling. A pam
signal is shown in part B of figure 6-28. The
rate of sampling is based on the highest AF
signal to be transmitted. Experiments have
shown that a minimum sampling rate for
good receiver reproduction is 2 1/2 times
per cycle. In the figure, note that the
sampling produces pulses at regular, pre-
determined sampling points, and that the
amplitude of each pulse is proportional to
the amplitude of the modulating signal at
the point of sampling. The receiver, sensing
the changing amplitude of the evenly spaced
pulses, can reproduce the modulating audio-
frequency signal.

6-160. Another method of time-division
multiplexing is called PULSE-DURATION
MODULATION (pdm). A pdm signal is shown
in part C of figure 6-28. Here, the pulse
width, or duration, of each sample pulse is
proportional to the amplitude of the modu-
lating signal at the point of sampling. Thus
the receiver, sensing the changing width of
the pulses can reproduce the modulating
signal. This method is less affected by
noise than the previously discussed pam
method. The sampling rate is determined
in the same manner as for pam. One dis-
advantage of the pdm method is that, be-
cause of the variations in pulse width, the
transmitter output will vary or be irregular.
Another disadvantage, which also applies to
the pam method, is that any distortion in
pulse shape amplitude, or duration, will
affect the intelligence to some extent.

6 161, A third method of time-division
multiplexing used in military equipments is

6-33

fumi,

N
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PULSE POSITION MODULATION (ppm).
To overcome the disadvantage of distor-
tion, as discussed for pam and pdm, the
pulses are maintained at a constant ampli-
tude and pulse width. A ppm signal is
shown in part D of figure 6-28. The trailing
edge of the ppm pulse is used to deter-
mine the sampling rate and, consequently
the maximum freguency of the modulating
signal. This multiplexing method can be
variea by shifting the leading edge at the
sampling time and allowing it to return
to center position when no modulation is
present. This form of modulation is a
variation of ppm.

6-162. Each type of pulse modulation dis-
cussed in this section is succeedingly less
affected by noise than the preceding type.
Thus, pdm is less affected by noise than
pam, and ppm is less affscted by noise than
pdm., The method which is least affected by
noise is PULSE-CODE MODULATION
(pcm). When uging this method, a predeter-
mined code based on an arbitrary number
of steps or degrees of amplitude in the
modulation voltage establishes the pulses.

6-163. The pulse code used is complex.
The number of steps required to satisfac-
torily reproduce the modulation voltage has
been determined by research and experi-
mentation. A pem signal is shown in part E
of figure 6-28. The number of puises in each
pulse group represents the amplitude of the
modulating signal at the point of sampling.
Therefore, the receiver can detect and re-
produce the modulation compornent.

6-164. Another form of pulse modulation,
and one that is widely used, i3 line pulsing
modulation as used in radar. Let us uyse a
pulse modulated radar system to illustrate
how a pulse modutated system functions.
Remember this is just an example to illus-
trate the principles of pulse modulation.
Figure 6-29 illustrates a block diagram of a
simple radar system.

6-165. The principles of radar are rela-
tively simple. A transmitter sends out RF
waves. An object in the path of these waves
reflects some of the wave energy back
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toward the transmitter. A receiver, located
near the transmitter, receives this reflected
wave energy,-amplifies and demodulates it,
and sends intelligence to an indicator.

§-166. A radar transmitter may send out
CW, FM, or pulse modulated signala. How-
ever, pulde modulated systems are the most
common radar systems used, In pulse radar,
the frequency of the RF wave radiated is
usually in the microwave region and the RF
signal is transmitted at definite time inter-
vals. It is this form of pulse system that
we will discuss in this text,

6-167. The master timer acts as a master
control for synchronizing the entire system.
It determines pulse recurrent frequency
(PRF).

6-168. The modulator, as a Separate com-
ponent, shapes the voltage wave that is
applied to the transmitter. The power that
drives the transmitter comes from the
modulator.

6-169. The transmitter produces the RF
wave to be radiated; the power amplifier
increases the RF power.

6-170. The duplexer is a switching unit to
provide a means of using a single antenna
for transmiiting and receiving. During trans-
mission, the duplexer connects the antenna
to the transmitter; then, during reception
the duplexer connects the antenna to tne
receiver. A pulse radar system transmits a
pulse and “listens’ for a return echo of
part of that pulse energy. Pulse radar can-
not receive while transmitting; it transmite,
then receives.

6.171, The receiver, ususally a Super-
heterodyne type, receives, amplifies, and
demodulates the returned signal.

€6-172. The three remaining blocks are
part of the indicator: The sWeep circuit
causes the irace on the CRT to move at
the desired rate and in the desired direc-
tion. The range mark generator develops

signals used as time or distance markers.
The indicator is the CRT which displays
the intelligence information. A mechanical
linkage (dotted line} is part of the synchro
system to provide synchronization between

the antenna and the indicator.

6-173. Any pulse modulated radar trans-
mitter is turned on to radiate a pulse of
energy, and is then turned off while the
receiver receives reflected energy.

6-174. Pulse recurrence frequency {PRF)
is the frequency at which pulses are trans-
mitted by 2 pulse modulated system. PRF
is expressed in pulses per second. Pulse
recurrence time (PRT) is the time between
the start of one transmitted pulse and the
start of the next transmitted pulse. PRT
can be found by taking the reciprocal of
the PRF.

1
PRF

PRT =

6-175. In 1 second, RF energy travels
161,750 nautical miles, 6.18 microseconds
per mile. The time required for an RF
pulse to travel 1 mile out to a target and
return, therefore, is 12.36 microseconds;
this is called a ‘‘radar mile.”” ~

6-176. A radar transmitter cannot be
allowed to fire at just any time; its pulse
recurrence must be carefully controlled.
There is a definite maximum and minimum
PRF for each radar set. For great distances
the PRF will be low and for short ranges
the PRF will be high. For a system with a
maximum range of 100 miles, the minimum
PRT is in excess of 1236 microseconds. A
typical time for 100 miles would be 1250

microseconds of which 1236 microseconds
is needed to receive and present received
signals, leaving 14 microseconds for the
transmitted pulse and necessary recovery of
the indicator system. Since frequency is
equal to one divided by the time interval:

1
PRF = PRT

PRF ——1——6
1250 x 10~

_1,000.000
PRF =" 950

PRF 800 pps

Thus, the pulse recurrence frequency for a
100 mile range radar is 800 pps.
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6~.177. Pulse width is a prominant factor
of pulse formation., A minimum range dif-
ference at which two targets can be resclved
varies directly with the width of the trans-
mitted pulse. With a microsecond pulse,
targets at the same angle from the trans-
mitter can be resolved if they differ in
range by mere than 164 yards, With a §
microsecond pulse, this limit for separating
the targets becomes 820 yards.

6-178. Another important item is the shape
of the pulse. Theoretically, the pulse must
be rectangular. In practice, the dimensiors
are exacting. For instance, the leading edge
must have a definite rise time to properly
start the transmitter. The pulse applied to
the transmitter is the excitation voltage of
the oscillator. The pulse must be as flat
ag possible, or the change in voltage will
modulate the RF wave. Stable functioning of
any oscillator demands that the excitation
voltage be constant, This holds trueinradar,
even though the time the voltage is appliedto
«she oscillator is extremely short. The trail-
ing edge of the pulse must be sharp, to allow
fast switching from transmit to receive.

6-179. The next problem isthatof power, as
related to pulse dimensions. The distauce a
radar is able to detect a target depends, in
part, on peak power and average power.

6-180. Just what is peak power and what
is average power? Peak power is the maxi-
mum power which a set radiates during a
pulse of RF energy. Average power is the
power averaged over the entire pulse repe-
tition period.

§-181. Tco determine average power, we
must know peak power, pulse width, and
pulse recurrence frequency. The amplitude
of the pulse determines peak power, which
is limifed by the ability of circuit elements
to withstand the stress of high voltage,
Remember that PRF is a factor of maximum
range,

6.182. Once the PRF is set, PW is the
remaining factor which can be adjusted to
allow for a proper level of average power.

6-36

Peak power x pulse width

Average power = PRT

P x PW
PRT

or P
av

Since PRT = 1/PRF, average power can be
written as

Pov = Ppk X PW x PRF

The modulator power supply must be capable
of supplying the peak and average power
transmitted.

6-183. The pulse used to control the gen-
eration of PRF power in the transmitter is
developed in the modulator. Figure 6-30
is a block diagram of a radar transmitter
using a line-pulsing modulator. This type
modulator stores energy and determines
the output pulse width.

§-184. In the pulsing modulator the power
supply supplies the voltage for the Pulse
Forming Network (PFN). The pulse form-
ing netwerk is a reactive device that stores
the energy ({voltage) and determines the
puise width. The charging choke and diode
are used to allow the PFN to charge to
nearly twice the power supply voltage. The
PFN stering the energy is connected to a
switch., This switch is usually a gas triode
(thyratron) and isactivated by a pulse from the
timer which establishes the PRF. When the
switchis closed, the FFN supplies energy thru
the pulse transtormer to the transmitting tube .
The duration of this voltage pulse is deter-
mined by the PFN. The pulse transformer
must be specially designed because there
are very high frequency componznts present
in a rectangutar pulse of short duration, In
general, a good pulse transformer must
have low leakage inductance, low interwind-
ing capacitance, and high primary induct-
ance, The transmitter tube is a high fre-
quency, high power oscillator. This oscil-
lator circuit in most radar sets has a
special microwave osgcillator tube designed
to cperate at very high frequncies and fo
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produce large amounts of power. Regard-
less of the particular type oscillator circuit
used, the oscillator will only produce oscil-
lations in the output during the time the
PFN gupplies it with energy. The pulse of
oscillations produced are coupled from the
power oacillator to the antenna which con-
verts it into an electromagnetic field which
radiates into space. This electromagnetic
field contains the oscillator frequency and
all of the sidebands caused by pulse modu-
lation. Thus the antenna and {ransmission
lines used must be wideband devices.

6-185. Circuit Operation.

6-186. Figure 6-31* is the schematic dia-
gram of a pulse modulated transmitter. This
transmitter has two power supplies; one to
furnish a positive charging voltage for the

*Figure 4 in KEP-GP-T1

Pulsed Radar Transmitter

PFN and also the screen voltage for the
oscillator. The other power supply developsa
negative voltage for bias on the thyratron.
Let us establish the direct current loop in
each stage and trace a signal from input to
output. Direct current flows from ground
through the cathode to screen grid of V106,
through RFC101; all of this is in paratlel
with R102. The current then flows through
R101 to the positive power supply. This net-
work develops the screen potential for the
oscillator. Direct current flows from ground
through the secondary of T102 through V103,
L102, R103 and R104 to ground, to establish
bias on V105. There is another direct cur-
rent loop, but it is a little more complex.
This is the charging and discharging of
the PFN. The PFN iz a reactive device
consisting of L104, L105, C107 and C108.
The inductive values of L104 and L105 are




very small when compared with the inductive
value of L103, the charging choke. Because
of this small inductance of the PFN when
compared to L103, they will be assumed to
be a short. Thus, the two capacitors are in
paraliel, and capacitance (Cy) is equal to
the sum of both. L103 and C¢ form a series
LC circuit that is resonant at a frequency
equal to one-half the PRF. For example, if
the PRF is 2000 pps, the resonant frequency
of L1603 and C; is 1000 Hz. The reason for
using a resonant frequency that is equal to
one-half the PFR is to insure that the pulse
forming network is fully charged. The time

required for the voltage across Cy to reach
its maximum value is equal to or less than

the time between pulses. If the PRF is 2000
pps. the time between pulses is 500 micro-
seconds. The direct current to charge the
PFN is from ground through the primary of
T103 to C10% and C108. Electrons leave the
top plates, flow through L104 and L10§,
V104 and L103 to B+, through the power
supply to ground. As capacitors C107 and
C108 are charging, and current is flowing
through L103 a large field is built up. As the
capacitors charge to the power supply volt-
age, the amount of current flow decreases.
This allows the field around L1063 to ccllapse,
causing current to continue to flow in the
same direction continuing to cnarge C107 and
C108 to nearly twice the power supply voltage.
When the field around L103 has collapsed,
C107 and C108 being charged to nearly
twice the power supply voltage would try
to discharge, however they are prevented
from doing so by V104 the charging diode.
Thus the PFN is now charged to approxi-
mately twice the power supply voltage and
will hold this charge until a trigger is
applied to the switch, V105.

6-187. During the time the PFN is charg-
ing V105 is cut off. When a positive trigger
is applied to the grid, coupled through C106
and developed across R104, the tube con-
ducts (switch closed) and provides a dis-
charge path for the PFN. The capacitors
C107 and C108 start discharging through
T103, V105, L104 and L105. As they
discharge a field is built up around L104
and L1053, and as C107 and C108 discharge,

the amount of current flow starts to dimin-
ish. The field of Li04 and L105 collapses
keeping the current flow nearly constant until
the capacitors and inductors are discharged,
then the current falls to zero. A rectangular
pulse is thus developed across the primary
of T1G3, the duration of which is equal to 2
LC. When the PFN has discharged, V105 will
cut off, and the PFN will recharge. The
impedance of the PFN and the primary of
T103 are matched to develop maximum
power transfer. This results in one half the
voltage of the PFN being developed across
the transformer T103, which is transformer
coupled to the plate of V10§, the oscillator.
Note that during the slow charge of the PFN
through T103, a voltage was induced on the
plate of V106 but it was negative. This will
not produce oscillations in the output. When
the PFN discharges, a positive voltage pulse
is induced in the secondary of T103. This
causes current to flow from ground through
V106, the primary of T104, secondary of
T103 to ground. V106 is an oscillator with
the screen grid acting as the plate circuit
and developing the necessary feedback
through C112. Thus the oscillator is oscil-
lating whenever screen voltage is present,
but the oscillations are not developed in the
plate circuit until the plate becomes positive.
The plate becomes positive during the dis-
charge of the PFN, so during that time the
oscillations are developed in the primary of
T104 and transformer coupled to the antenna.

6-188. Pulse Receiver.

6-189. The energy that a target reflects
back to the antenna in a pulsed radar system
is a very small fraction of the transmitted
energy. These reflected signals contain the
same frequencies as were transmitted - the
carrier frequency and the sidebands asso-
ciated with it. Information about the posi-
tion of the target may be presented by the
movement or appearance of a spot of light
on a cathode-ray tube. The cathode-ray tube
requires signals on the order of several
volts for its operation, and will not respond
to the high frequencies received. Therefore,
amplifiers and a demodulator must be used
to obtain a visible indication on the cathode-
ray tube. Keep in mind, the input signal to
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the amplifier is a pulse of extremely high-
frequency, very low voiltage, and very short
duration.

6-190. The amplifiers and demodulator ave
in the receiver block of figure 6-29. An
arrangement of the receiver components is
shown in figure 6-32. The system shown
is a superheterodyne type, similar to a
conventional AM receiver, see paragraph
6-46 through 6-77. One difference between a
conventional AM receiver and one used
for a pulsed radar system is the bandwidth
requirement.

6-191. Recall that a rectangular pulse is
composed of a fundamental frequency plus a
number of even and odd harmonics. The
narrower the rectangular pulse, the greater
the number of important harmonics. Thus,
in a pulse radar system receiver, the nar-
rower the pulse the greater the bandwidth
requirement.

6-192. The bandwidth capability is needed
for fidelity of pulse reproduction. For the
best signal-to-noise ratio, however, there
is a certain optimum IF bandwidth. To
illustrate this optimum value, imagine a

V106 TRAHISlTé‘ETER



pulge radar system (pulses of fixed dura-
tion) having an IF amplifier with a con-
trollable bandwidth.

6-193. As the bandwidth is increased from
zero, in small increments, the peak ampli-
tude of the pulse will increase at a linear
rate. RMS noise voltage will also increase,
but at a rate which is proportional to the
square root of the bandwidth. As a resuit,
signal-to-noise ratio will show a steady
increase. This increase will continue, but
at a decreased rate as the optimum band-
width is approached. Increasing the band-
width beyond the optimum value results in a
decrease in the signal-to-noise ratio. This
sction is illustrated in figure 6-33. The
curve of the signal-to-noise ratio makes it
apparent that the optimum bandwidth is not
extremely critical. It is approximately twice
the reciprocal of ptlsed width. Simply, the
narrower the transmitted pulse, the wider

6-194. Another difference, due to band-
width requiremants, between the two types
of receivers applieg to the final amplifiers;
these are audio amplifiers in a voice sys-
tem and video amplifiers in radar. The
video amplifiers are wideband amplifiers.

L]

6-195. Circuit Operation.

6-196. Figure 6.34* illugtrates the sche-
matic diagram of a superheterodyne re-
ceiver used in a pulse modulated system.
The direct current flow and the signal paths
are the same as AM. Refer to paragraphs
6-86 through 6-103. As stated in paragraph
6-189, the signal is a pulse of energy and
is usually displayed on a cathode.ray tube,
it is therefore called video instead of audio.
The output video signal is coupled from
the secondary of T104 to the indicator

system. —— .
v *Figure 6 in KEP-GP-T1

the bandwidth requirement.
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Chapter 7

SCHEMATIC INTERPRETATION AND TROUBLESHOOTING TECHNIQUES

7-1. Schematic Diagram Analysis.

7-2. Your ahility to interpret schematic or
block diagrams is vital whenyou are trouble-
shooting electronic equipment. As yougointo
maintenance work you will see many types
of electronic diagrams, such ag wiring dia-
grams, logic diagrams, signal flow charts,
and voltage and resistance charts. Al of
these will aid you in your work, but you will
find that the schematic and block diagrams
will be used most often.

7-3. You can often arrive at the solution
of a trouble by proper interpretation of the
symptoms, with the aid of a schematic and/
or block diagram.

7-4. SCHEMATIC MEANS THAT SOME-
THING HAS BEEN DIAGRAMMED (LAID
OUT) ACCORDING TO A SCHEME OR
PLAN. In our work, a schematic is the
diagram of an electronic circuit. Standard
symbols are used to represent the compo-
nent parts.

7-5. The plan for a schematic is to dia-
gram the set in stages (such as RF ampli-
fiers, IF amplifiers, converter, etc.). The
signal source or input is usually shown on
the left side of the diagram, then progresses
through the stages toward the right and
reaches the {inal output on the extreme
right of the diagram.

7-6. Component parts (such as capaci-
tors, resistors, coils, etc.), are numbered
for identification. The part numbers usually
progress from left to right, with the lowest
number on the leit. C1 or R1 is normally
found on the left side of the diagram. If a
set has 50 capacitors, C50 will be located
in or near the output stage. You may see
refinements, such as colored lines to make
signal flow easier to follow, but most elec-
tronic equipment is laid out according to
the basic plan that has just been covered.

7-7. Student Handout SH-IX-1 at the engd
of this chapter contains the schematic and
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block diagram of a typical AM receiver.
This receiver is used in this chapter to
cover proper troubleshooting techniques.

7-8., WNotice how both diagrams in SH-IX-1
are arranged. The antenna is on the leit,
and you can follow the received signal as
it progresses through the receiver. The
speaker or output device is shown on the
far right. The power supply is shown as a
seperate section and the Automatic Volume
Contro} {A. V. C.) circuitis shownasa dotted
line with arrows (on the block diagram).

7-8. Most electronic equipment (such as
radio transmitters and receivers) can be
divided into sections such as, RF, 1F
Video, etc.).

7-10. In SH-1X-1, notice that the diagrams
have been divided into sections with dashed
lines. These sections are the RF, 1F, and
AF sections. The RF section receives the
modulated RF signal, amplifies it and con-
verts it to the modulated 1F signal. The
1IF section amplifies the modulated IF signal
and applies it to the AF section. The AF
section extracts the AF signal from the
1F signal and amplifies the AF signal
enough to drive the speaker or output
device.

7-11. Many of the electronic systems you
will be working with in the Air Force will
have more than one IF section. Each IF
section will have a different irequency.
When this occurs each 1F SECTION will
be numbered (Such as 1st iF, 2nd IF, etc.).

7-12. In the schematic in SH-IX-1, the
converter local osc¢illator tuning capacitor
is gang tuned with the input tank circuit
tuning capacitor. When the station selector
dial is turned, the input tank circuit is
tuned to a new freguency (station). The
converter oscillator tank circuit is also
tuned to a new frequency which is 455 kHz
above the received irequency. For instance,
if the input tank circuit is tuned to 680 kHz,




the converter oscillator frequency will be
tuned to 1145 kHz. If the input tank circuit
is tuned to 1490 kHz, the converter oscil-
lator frequency will be 1945 kHz. By keeping
the converter oscillator at a {requency 455
kHz above the input tank frequency, the IF
section can be tuned to 455 kHz. This
increases the selectivity of the receiver,

7-13. The 455 kHz signal has the same
AM variations that are present on the
original RF input signal. The IF amplifier
amplifies this modulated IF signal and
applies it to the AF section.

7-14. The detector circuit in the AF section
extracts the AF signal from the IF signal
and applies it to the AF amplifier, which
is a voltage amplifier. The AF signal is
then applied to the AF power amplifier
which provides current amplificationtodrive
the speaker and produce sound.

7-15. The AVC circuit is shown in the
block diagram as a dotted line with arrows
to indicate the direction of the AVC volt-
age. On the schematic diagram the AVC
circuit is composed of R113, C117, RI1l11,
R108, R106, and R101. The purpose of this
circuit is to prevent the receiver from being
overdriven if it receives a very strong
signal, To accomplish this, a DC degenera-
tive feedback voltage from the detector
circuit is applied to the base of Q101 and
Ql03. As the input signal increases in
amplitude, the degenerative DC voltage
applied to the base of Q101 and Q103 de-
creases the forward bias of these two stages
to keep the receiver from being overdriven.
If this circuit was not in the receiver, you
would hear the changes in input signal
strength as changes in volume at the speaker.
It would have the same effect as varying the
volume control. The AVC circuit may also
be called the Automatic Gain Control (AGC)
circuit.

7-18. Troubleshooting Procedures.

7-17. Troubleshooting requires a combi-
nation of knowledge, skill, and a logical
approach. Since your eniry into this course,
you have been concerned with acquiring the

knowledge of electronics to enable you to
maintain electronic equipment. The lab
exercises that you have completed have
started you toward developing the neces-
sary skills for troubleshooting. A logical
approach involves the development of a
step by step procedure. We are about to
outline a GENERAL procedure to follow,
which works with most electronic equip-
ment., You may find some differences when
you get into the equipment covered by your
AFSC, but these differences are mainly a
mater of sequence.

7-18. The procedures are;

(1) Operational Check.
(2) Visual Check.
{3) Half-8plit Method.

(4) Stage-By-Stage.
(3) Component Isolation.

7-19. Operational Check.

7.20. This is done by turning the equip-
ment on and checking its operation against
predetermined MINIMUM STANDARDS OF
OPERATION. The standards for AF equip-
ment are outlined in the Technical Manuzal
for each unit. The operational check will
usuzlly isolate the trouble to a particular
unit, such as a receiver, transmitter, modu-
lator, or control unit. In addition to locating
the unit where the trouble exists, an opera-
tional check will also help determine what
particular function is not being performed
within the defective system, by the symp-
toms the trouble causes. For example, ina
receiver, the symipom might be weak or
no audio output. In a transmitter, the symp-
tom might be low output power or the out-
put frequency is unstable. Examples of other
checks that could be made during an opera-
tional check to help determine the symptoms
are:

(1) Front panel meter readings from
built-in metering circuits in the equipment.

(2) Observation of oscilloscope patterns
from built-in oscilloscope.




(3) Transmitter power and frequency
checks.

(4) Receiver signal-to-noise and sensi-
tivity checks.

(5) Modulator audio distortion and per-
cent of modulation checks.

7-21. Half-Split Method.

7-22. The name here implies that you di-
vide a gystem or unit into two equal parts for
troubleshooting. Each part then would be di-
vided into twomore equal parts. Actually, this
is not the case. It does mean that the unit
should be divided into major sections, if pos-
sible. Whether or not it is possible to divide
the unit into major sections is determinedby
the type of equipment you are troubleshooting.
For example, the typical receiver that has
already been discussed was divided into RF,
IF, and AF sections according to their pur-
pose and frequency.

7-23. A logical way totroubleshoot isto start
with the section nearest the output, since the
output is where youusually notice 2 symptom,
and work toward the input until you have
located the section the trouble is in.

7-24. Lets assume, through an operational
check, you find that the receiver in SH X-1
has no output (sound} from its speaker.
Using the half-gplit method, you will ¢heck
one Section at a time untit you find the
section that the trouble is in.

7-25. You can isolate the trouble to one
gection by using one of these two methods:

(1) Apply the output of an AF generator
to the AF section and if you have an output
(sound) at the speaker, you will know the AF
section and the power supply are okay. Next,
apply the output from an RF generator to the
IF section and listen for an output from the
speaker. If you get an output from the
speaker, you will know that the IF section
is okay and the trouble is located in the RF
section. To confirm the trouble is in the RF
section you will apply the modulated output
of an RF generator to the RF gection and
listen for an output from the speaker.

(5

(2) Using an RF generator, apply a
modulated RF signal to the input of the RF
section. The receiver {uning dial must be set
to the same frequency as the RF generator

frequency. An oscilloscope can now be used
to check the inputs to each section. The:

section that has the proper input signal
and an improper output signal is the section
where the trouble is located.

7-26. 8Since the use of the oscilloscope is
very important for you, the examples and
the theoretical troubleshooting in this chap-
ter will be done according to the second
method discussed.

7-27. Stage-By-Stage Method.

7-28. Once the trouble has been isolated
to one section of the equipment (example;
receiver-RF section), it is logical to check
each stage within a section, until you find
the stage where the trouble is located.
Again, you should start at the stage nearest
the output of the section and work toward the
input to the section. For example, using
SH-IX-1, the modulated RF generator eutput
is applied to the input to the RF section.
If you check theinputto thedetector section
with the oscilloscope and find the proper
signal is present, you will then check the
input to the AF amplifier. If the proper
signal is not present at the input to the AF
amplifier, you will know the trouble is in
the detector stage. Since a stage is also
called a circuit, this method may be
called the circuit-by-circuit method of
troubleshooting.

7-28. Component Isolation.

7-30. Now that the trouble 1s isolated to
one stage (circuit), the next step is to find
the component or components that caused
the trouble. In this step you are looking
for such things as, shorted or open transis-
tors, shorted or leaking capacitors, resis-
tors that have opened or changed ohmic
value, open or shorted coil, etc.

7-3l. This step is performed by making
voltage and resistance checks of the indi-
vidual components within 2 stage (circuit).
The voltage checks are made with the equip-
ment power ON and resistance checks must




be made with the equipment power OFF. A
multimeter may be damaged if resistance
checks are made while the equipment is
turned ON.

7-32. Before any actual measurements are
made, a list or chart of the normal voltage
and resistance measurements in each cir-
cuit should be obtained. For Air Force
systems this chart can be found in the
appropriate Technical Manual provided with
the equipment. These manuals aiso contain
explanations, diagrams, and other data
needed for troubleshooting.

7-33. A portion of a voltage-resistance
chart for a tube circuit is shown in figure
7-1.

7-34. Visual Check.

7-35. The vigual check can be performed
before, during, or after any of the other
checks. For example, if you are performing
an operational check and you see smoke
coming from a unit, you should look to
see where in the unit the smoke is coming
from.

7-36. This is ealled a VISUAL check, but
it actually includes the other senses too.
Your sense of vision would be used by
looking for broken wires, frayed or stripped
insulation, burned parts, evidence of shorts,
origins of smoke or arcing, or oil leaking
from oil f{illed transformers, capacitors,
or pulse forming networks. When resistors,
transformers, coils, or capacitors overheat,
they give off a distinctive odor and your
sense¢ of smell would be used to help locate
the trouble, Since a component tha:t has
overheated will stay hot for quite a while,
your sense of touch can be used. Any
defective component fhat is found in the
visual check must be replaced, even if that
component is nol the one that caused the
original trouble.

7-37. After the component hasbeen changed,
another operational c¢heck should be per-
formed to make sure there are no more
troubles.

7-38. Adjustments and Alignment.

7-38. Adjustments necessary for trouble-
shooting are considered to be part of the
troubleshooting procedure itself. The adjust-
ments are made during troubleshooting to
make sure an adjustment is not causing the
problem.

7-40. Equipment alignments may be neces-
sary after a repair has been made. Whether
or not an alignment is necessary depends
on the type of equipment and the type of
repair performed.

7-41. A schematic diagram for illustrat-
ing alignment is shown in student handout,
SH-IX-1. This receiver is typical of the
type wused for standard broadcast band
reception which means thai the RF input
frequencies will be in the range of 535 to
1605 kHz, (Broadcast Band). (he local oscil-
lator frequency is 455 kHz above the incom-
ing radio frequency, and the intermediate

frequency is 455 kHz.

7-42. At least two pieces of test equip-
ment will be required to align the receiver
illustrated in SH-IX.l. First, some type of
output indicator is needed and second, an
RF signal generator with AF amplitude
modulation capability is required.

7-43. To indicate the receiver output there
are several devices that may be used. Some
examples are the VI'VM, oscilloscope, and
speaker. When using a VTVM it will be con-
nected to the AVC line and maximum AVC
voltage will indicate maXimum output from
the receiver, If using an oscilloscope it will
be connected across the output of the audio
section. Normally a speaker is included in
the receiver circuitry. When it is used as
an output indicator the volume of the audio
tone is an indication of the receiver output.

7-44. There are several types of RF sig-
nal generators. The one used for this align-
ment must be capable of producing the IF
(455 kHz) and RF (535 to 1605 kHz). 400 Hz
and 1000 Hz are the audio tones most
frequently used to amplitude modulate the
RF signal.
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7-45. Before discussing a step by step
alignment procedure for the receiver, notice
that all tuning components SH-IX-1 are
located in the RF and IF sections. This
means that there are four circuits that
require alignment, the IF, the'local oscil-
lator, the antenna input and the RF amplifier.
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Voltage Resistance Chart

7-46. Alignment procedures vary tremen-
dously, depending on the receiver’s com-
plexity and its intended use. A general
alignment procedure for the broadcast band
receiver illustrated in SH.IX-1 is given

below in four steps.




STEP #1. Set the ocutput of the RF
signal generator to 455 kHz (modu-
lated with 400 Hz or 1000 Hz). Apply
this signal to the input of the IF cir-
cuit (TP105) and adjust the tuning
component (C124) in the IF stage for
maximum output as shown on the out-
put indicator that you have elected to
use.

STEP #2. Disconnect the modutated
455 kHz signal from the IF amplifier
and insert it at the input of the con-
verter stage (.2103). Adjust the tun-
ing component (C123) in the output of
the converter circuit until there ijs
maximum output from the receiver
as shown by the indicator.

STEP #3. Set the output of the RF
signal generator to a known frequency
near the high end of the broadcast
band (modulated with 400 Hz or 1000
Hz). Insert this signal at the antenna
input and turn the tuning knob of the
receiver until maximum output is
indicated, and then adjust the trimmer
capacitors in the RF output circuit

{C106) and the antenna input circuit
(C101) for maximum receiver output,
At this point check to see if the funing
dial reading corresponds to the output
frequency of the signal generator. If
it does not, then adjust the dial until
it indicates the same frequency as the
generator output.

STEP #4. Leave the gignal generator
connected at the antenna input and
adjust the local oscillator trimmer
capacitor (C110) for maximum output
from the receiver.

7-47. Theoretical Troubleshooting.

7-48. Now that the operation of the re-
ceiver and basic troubleshooting techniques
have been completed, we can analyze trouble
symptoms versus possible causes using the
receiver Schematic in SH X-1. The ab-
normal symptoms will be given first and
then a list of some of the components that
could cause the symptom or symptoms.
Assume the hali-gplit method has been used
to narrow the trouble to one section, which
is indicated in parenthesis.

SYMPTOMS

POSSIBLE TROUBLE

No output (sound) from the speaker.

(RF section) all DC voltages are normal.

€103 open.
L101 primary shorted.
€101 shorted.

No output from the gpeaker. CR101 open.
C118 open.
{AF section) all DC voltages normal. Speaker coil open.
Qutput from the gpeaker is weak, volume C115 open.
control-maximum {IF section) C111 open.
No output from speaker.
(RF section) Emitter voltage and collector .
voltage of Q101 high. R102 open. :

No output from gpeaker.
(AF section) Emitter and collector voltage
of Q104 low.

7-6

Q104 shorted.
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Mdule 63

HETERODYNING

Heterodyning is the process of combuining
or beating two signal frequencies in a non-
linear device resulling in the production of
additional frequencies equal to the sum and
difference of the two coriginals. This process
is necessary for circuit operations involving
mixing. frequency conversion, amnplitude
m >dulation, and amplitude detection.

A nov-linear device is any electronic¢ com-
ponent wiich passes a current flow NOT
proportional to its applied voltage. Tubes
and transistors are examples of nonlinear
devices. A graph of voltage/current for
these devices shows that an increase of
current is not proportional to the increase
of applied voltage.

Certain conditions miust be mat in a cir-
cuit in order for heterodyning to occur,
They are: there miust be at least two unlike
frequencies and the frequencies mast be
applied to a non-linear device. If two pure
sine waves of different frequency are com-
bined. they will be in and out of phase at

various timas. As a result, algebraic addi-
tion wll occur at the rate of the difference
betwara the two [requencies. As this situa-
tion stands, without a non-linear device, the
average signal fromy such a comuination of
signals would be zero. However, the non-
linear device creates an iinbali.ice which
results in an average other than zero) and
thus an output exists, This output will in¢lude
thie two original frequencies, the sum and the

difference frequencies. In practical appli-
cations, such as a radio receiver mixer or
converter circuit, all of the heterodyning
frequencies are not needed, only the dil-
ference frequency is required. The original
and sum frequencies are filtered out. This
filtering action is usually accomplished with
a tuned tank circuit. The circuit is tuned to
pass only the difference frequency, all other
frequencies are bypassed to ground.

Receiver heterodyning, or conversion, is
the process of beating the incoming RF
signal with an internally generated R7T
oscillator frequency. This internal frequency
is called the local oscillator freguency. If
a local oscillator is used, then an additional
stage called a mixer is required tc combine
the RF and local oscillator signals. Some-
times a stage called a converter is utilized.
The converter com%ines the fuactions of
generating the local oscillator frequency and
combining it with the RF. In either case, the
purpose is to convert the incoming RF signal
to a lower frequency called the intermediate
frequency (IF). The requirem=znts for con-
version are the sam¢ as given for hetero-
dyning with the addition of an output fre-
quency selecting circuit (filter). The
frequency selected is the IF. Any incoming
RF signal may be converted tc the IF hy
tuning the local oscillator. The local oscil-
lator frequency must be different than the
desired incoming RF signal by an amount
equal to the desired IF.




Module 54

MODULATION

This module is concerned with how the
electrical intelligence signal is converted
into RF waveforms by four basic forms of
modulation: amplitude, frequency, pulse and
phase. Each type has certain advantages and
disadvantages depending upon the intended
use of the system.

Three terms are used frequently in this
discussion of modulation: intelligence signal,
carrier wave, and sidebands, The intelligence
signal i9 the.information we wish to trans-
mit. The carrier wave is the reference signal
for the modulating process. Sidebands are the
frequencies generated by modulation in the
frequency spectrum above and below the
carrier frequency.

In amplitude modulation, the amplitude of
the carrier is varied while the frequency
remains constant. An analysis of the modu-
lated carrier when modulated with a single
tone shows that it contains the carrier fre-
quency plus two new frequencies, the sum of
the carrier frequency and the modulation
frequency - the upper sideband, and the
difference betweenthe carrier and modulation
frequency - the lower sideband, The ampli-
tude of the modulated carrier is the algebraic
sum of the unmodulated carrier and the side-

band frequencies. In actual operation most

gignals used to modulate an RF carrier are
complex waveforms made up of many fre-
quencies. Each of these frequencies will
produce an upper and lower frequency so
that many sideband fraquencies wi]ll be
produced.

Emnx - Emin

E +E
max m

x 100 = percent of modulation
m

COMPOSITE
WAVEFORM

The bandwidth (BW) of an AM signal refers
to the space the transmitted signal will
occupy in the frequency spectrum. The BW
is the distance between the upper and lower
gidebands. If a 4 kHz signal were used to
modulate a carrier, then the sidebands would
be 4 kHz above and 4 kHz below the carrier
frequency. The Bw for this transmission
would be 8 kHz. This rule holds true only
if the modulation does not exceed 100 percent.

Modulation factor is used to determine the
percent of modulation. Modulation factor in
AM Is the ratio of the difference between
maximum and minimum peak~-to-peak
variations of the modulated carrier and the
sum of the maximum and minimum peak=-
to-peak variations of the modulated carrier.
Multiplylng the modulation factor by 100 gives
the percent of modulation. Percent of modu-
lation can also be calculated by using the
oscilloscope presentation of the modulated
waveform and the formula as shown in figure
64-1.

Regardless of the unmodulated carrier
amplitude, the 100 percent modulated carrier
amplitude will be doubled at E,, ., and zero
at Epin. A percent of modulation less than
100 percent is under-modulation and greater
than 100 percent is over-modulation. Over
modulation produces severe distortionas well
as new sidebands and increased bandwidth.

The total power radiated In the modulated
carrier is equal to the sum of the powers
contained in the separate components of the

100% MODULATION

REP4-1880

Figure 64-1




m~dulated wave. If the resistance of the
transmitter load is know:a, the power distri-
bution 1n the sidebands can b2 caleulated.
At 100 percent m-dulation the sideband peak
voltage will be one-half that of the carrier,
This value and the same load impedance will
give the power in the sidebands. The total
power in the transmitted signal will b2 the
sum of the carrier, and upper and lower
sideband powa2r. Under m-dulation reduces
total power by reducing the power in the
sidebands while the carrier power rematns
the same. The follow.ng observations can be
made of AM at 100 percemt modulation;
total sideband pawar is one-half the carrier
powar: total sideband powur is one-third of
the total transmitted pow=r; the sideband
power is distribuied equally in the side-
bands. each sideband contains one-sixthof the
total power: the carrier contains two-thirds
of the total power.Reducing madulation to

less than 100 percent {(under modulation)
gives. no raduction in carrier powear; less
powear in the sidebands; less total powar.

A typical AM 3F amplifier stage will have
the modulating signal applied to the collector
circuit. The circuit is biased class B so that
the necessary non-linear operation is present
for haterodyning, The amplitude of the mudu-
lating signal determines the percent of mudu-
lation. In this circuit, when the madulating
signal amyplitude equals the RF¥ signal level,
100 pzrecent modulation will be achieved.

Single-sideband (838) is a type of AV
transmission where the carrier is suppressed
aund one sideband is eliminated, Anadvantage
of 53B is that approximately one-half of the
usual AM 3% is required. During 35B madu-
lation: the carrier is modulated with an
intelligence signal; the carrier is suppressed;
and one of the resulting two sidebands is
eliminated. Tne sp2acial circuits necessaryto
generate SSB signals are the balanced mudu-
lator and the sideband filter. Tue balanced
modulator is a diode bridge circuit connected
such that the electrical potential from the
RF carrier is alwiys equal and thus nd
carrier potential is developed in the output.
Sideband filters can bhe L, crystal, or
mechanical. The m=chanical filter is a
resonant device which converts electrical

energy into mechanical energy, selects and
passes only a certain mechanieal frequency
and converts the passed mechanicalfrequency
back into electrical energy. The basic ele-
ments of the filter are the input and output
transducers which convert the energy, metal
disks which resonate at only one mechanical
frequency, and coupling rods o transfer the
machanical energy betw2en meachanical
resonant disks,

Pulse mndulation (P~M) is the mudulation
of a carrier by a pulse train, Pulse modula~
tion has niany applications in telegraphy,
radar and telemetiry. A pialse c¢an be com-
pared to a square wave wilich has an infinite
number of odd harmonics. Each harmonic of
the wave will heterodyne with the RF carrier
to produce a set of sideband frequencies.
The bandwidth requirements for pulse madu-
lation are somewhat greater than AM or
558,

Frequency m sdulation (FM) varies the fre-
guency of the carrier above and below a
center reference by an amount proportional
to the amplitude of the mu.odulating signal.
Waien a single sine wive is used to muadu-
late an FM system -»: will observe the fol-
lowing facts during a comyplete cycle of the
signal. The center frequency of the carrier
will be present oaly during the time that the
maodulating signal is at zero poatential, when
the mudulating signal is either positive or
negative the madulated carrier frequency will
be either above or below the center fre-
quency, the amplitude of the muodulated Rt
carrier w.ll not change throughout the mQu-
lating process,

Freguency deviation is the difference
betw2en the instantaneous frequency of the
modulated wiave and the carrier center fre-
quency. The amplitude of the modulating signal
will determine the amsint of deviation. The
frequeney of the modulating signal determines
the rate at which the oscillator deviates
above and below the center frequency.

The FM waveform CZontains an infinite
numoer of sidebands. How:ver, the sidebands
must contain at least one percent of the
total transmitted powar to be considered

[




significant. The number of significant side-
bands determimes the BW of the transmitted
signal. Tne navher of significant sidebands is
determined by the Modulation Index (M;).
M1 18 a ratio ot the frequency deviation to the
ms Clulating signal frejuency, The frequency of
deviation and frequency of the modulating
signal are directly proportional. The MI is
used to locate the number of sigaificant side-
bands oa a chart,'The space betwzaen the
sidebands is equal to the modulating signal
frequency. The BW wi.llincrease by increasing
the amplitude of the my~dulating signal.

A reaclance tube modulator is one m:ans
of generating an FM signal. The phase shifting
network is the heart of the modulator. The
network develops a phase shift of 90 degrees
which appears canxcitive or inductive
{depending upon the construction of the cir-
c4ait). The mudulating signal varies the
amount of this reactive effect., The network
is electrically parallel to an oscillator tank
circuit whose frequency will change bzcause
of the effects of the network,

Another Fuol modulator which is widely
used in transistorized circuitry employs a
voltage variable capacitor. called avaractor.

The varactor is a simule solid state diode
designed to have a certain amount of
capacttance across the junction. Th2 depletion
rezion in the varactor d-termines the di-
electric hetw2en the P and N elemeonts,
Reverse bias is applied and varied in accord-
ance with the muodulating signal. The
depletion region wvaries the effective
capacitance which in turn varies the osell-
lator {requency.

Paase modulation {PM; has similarities
with FM. The amplitude is held constant
and the wave, chserved on a scope, appears
to vary in frequency. Hcweaver, the oscil-
lator frequency is not changed during nindu-
lation. In PW the phase angle of the carrier
is varted in accordance w'th the m .dulating
signal, whereas the current amplitude of the
resulting phase wudulated wave ts meintained
constant, The rate at whach a phase-modulated
wiwve shifts from vae phase value to another
is proportional to the {frequency of the
madulating signal. The number of degrees
through which the phase of the carrier is
shifted is proportional to the am, .litude of the
m- dulating signal. Tnz amplitude of the
m~dulating signal dstermines the number of
significant sidebands.




Module 65

DEMODULATION

One of the functions of a radlo receiver is
to dermpodulate the radio wave pickedup by the
receiving antenna. Demodulation is the
process of extracting the signal intelligence
from a modulated carrier wave. The require~
ments for demodulation are: non-linearity
must be present to cause heterodyning, the
original RF carrier signal must be present
at the input of the demodulator to heterodyne
with the sideband signals to reproduce the
original intelligence signal; filtering is
required to elimminate the unwanted RF after
the intelligence is produced. The filter cir~
cuit is made up of components which shunt
the RF to ground while retaining the desired
frequencies.

AM demodulation is the process of
extracting the signal intelligence from an
AM carrier. An AM RF signal can be de-
modulated by several types of demodulators.
The circuit for demodulating an AM sigral
is called a detector. Covered in this moduie
are the diode, grid-~leak, plate, Infinite
impedance, single sideband, and pulse
detectors.

The diode detector is the simplest circuit.
Current flows through the dicde whenthe plate
is positive with respect to the cathode. The
non-~linearity of the'diode causes aheterodyme
action between the RF carrier and the side-
bands. The resulting frequencies will include
the sum of the carrier and lower sideband,
the sum of the carrier and upper sideband,
and the difference between the carrier and
sideband signals.

The grid-leak detector functions like the
diode detector combined with a triode tube.
The grid of the tube will function as the
detector plate. The triode section then
provides amplification of the detected signal.
The grid-leak bias provides the non-linearity
for heterodyne action. Input impedanze is low
because grid current must flow to perform
the heterodyning.

The plate detector has a high input
impedance because grid currentdoes not flow

during the entire cycle of RF variations
of the input. Detection occurs within the trlode
tube because the cathode self-biasg resistor
is large enough to insure the stage will be
biased at approximately cutoff.

The infinite impedance detector resembles
the plate detector with the exception that the
load resistor is located in the cathode. This
arrangement makes the infinite-impedance
detector essentially a cathode follower. Input
immpedance is extremely high.

The single sideband demodulator intro-
duces a frequency to replace the suppressed
carrier so that heterodyning may take place.
The carrier signal must be at least ten
times the amplitude of the sidebands to
prevent distortion.

A pulse demodulator is essentially an
amplitude detector with avery wide bandwidth.

FM demodulators studied in this module are
Foster-Seeley discrlminator, ratio detector,
and quadrature detector. In order to demodu-~
late the FM signal the demodulator stage
must be a circuit which can sense frequency
variations and convert them to voltage
changes. The requirements for FM demodu-
lation are: the input circuit to the demodulator
must change frequency varlationsinto ampli-
tude variations; a non-linear impedance is
necessary to heterodyne the carrier and
sidebands.

The Foster-Seeley is a phase-shift type
discriminator because demodulation depends

on the phase-~shift obtained across 2 trans-

former secondaries. A tuned circuit acts
resistively as long as it is resonant. If
the input signal is shifted above or below
the resonant frequency of the tank circuit the
circuit will be inductive or capacitive and the
secondary will no longer be in phase. The
resulting output voltage will either increase
or decrease. Thus the frequency variations
are changed into amplitude varlations. A
limitation of the Foster-Seeley is that any




amplitude variations at the input result in
noise or distortion in the output. For this
reason the circuit must have an amplitude
limiter stage preceding it.

The ratio detector is similarto the Foster-
Seeley, but has the advantage of not requiring
a limiter stage.

An FM demodulator employing a com-
pletely different principle is the quadrature
detector. This demodulator is self-limiting
and does not require a separate limiter.
A gated beam tube is used in which the
limiter grid and the quadrature grid must
both be positive for plate current to flow.
The incoming RF signal is connacted to the
limiter grid and the gaadrature grid is con-
nected to a high @ tank circuit which is
resonant to the incoming center frequency.
The tank circuit wil]l determine the phase of

the guadrature grid voltage. Since both grids
must be positive for plate current to flow,
the amaunt of plate conduction will depend upon
the phase relationship between the signal
oa the limiter grid and the frequency applied
to the quadrature grid. Wnen ‘the incoming

signal frequency increases and decreases
around the center frequency the average
current will vary proportionally. Thus fre-
guency variations are converted to amplitude
variations.

Phase demodulation is the process of
extracting the signalintelligence from a phase
mecdulated RF waveform. An FM discriminator
can sometimes be used for phase demodula-
tion. However, a true reproduction can be
obtained only with added processing of the
signal. A phase demodulator is similar to the
quadrature demodulator except that the refer-
ence is pot provided by the tuned clrcuit,
but from a separate reference gignal,

Module 66

TRANSMISSION LINES

Transmission lines carry electromagnetic
energy from a source to a load. All trans-
mission lines have electrical characteristics
of inductance and capacitance. These values of
inductance apd capacitance determine the
characteristic impedance and cutoff frequency
of the line. CHARACTERISTIC IM?ZDANCE
is the opposition to an A signal while
CUTOFF FREQUENCY is the highest
frequency that will travel down the lin=
without being attepuated. Five basic fypes
of transmission lines are twisted pair, twin
lead, open two-wire, flexible coaxial cable,
and rigid coaxial cable. Physical length of a
transmission line is measured in meters,
centitneters, inches, feet, etc., and electri-
cal length is measured in wavelengths.
WAVELENGTH isdefined as being the distance
energy travels dowu the line in one cycle of
the input frequency. Noaresonant lines have 2
maximum transfer of powar, and all the

energy is absorbed by the load. Whaen there
is a mismstch of impedance, some of the
energy is reflected back to the source. The

‘sum of the reflected wives and incident

waves are standing waves. The mminirpum
points of the standing waves are called
NODES and the maximum points are LOJPS.
The greater the voltage difference between
the loops and nodes, the greater the standing
wuve ratio. A line that has standing waves
is called a RE3SONANT LINE. Tnere is a
standing wave of voltage and one of cur-
rent. The impéadance of a transmission line
increases as the leads a2re separated. DELTA
MATCHING is a form of impedance matching
by spreading the leads. STUB MATCHING
is connecting a load to Some portion of a
gJarter-wave me:ztching stub. The quarter-
wave mztehing stub is used to match the line
impedance to the load imoedance. It actslike
a transformer to matchtwo unlike impedances.
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Madule 67

ANTENNAS

An antenna is an electronic device that is
used either for radiating electromagnetic
energy into space or for collecting electro-
magnetic energy {from space. In a radio
transmitter the oscillator generates the high
frequency signal, but the antenna is needed
to change this signal into electromignetic
fields waich are suitable for propagation
into space. The radio receiver wlll amplify
signals applied to its input, but an antenna
is needed to intercept the electromsignetic
fields that are in space and to change
these fields into voltages and currents to
which the receiver can respond. The half
wave dipole is the fundamental element of
an antenna., It can be used as a starting
point for discussing the radiation of electro-
maznetic energy into space. Eiectrically,
you can think of the dipole as a quarter
wave section of transmission line opened
out so the conductors are inline, not parallel.
This is 2 resonant section of line; there-
fore, standing wuaves are preseat. These
standing wives give the dipcle its tuped
or frequency sensitivity characteristics. The
current flow in the conductor of the dipole
produces electrostatic fields of force and
electromagnetic fields of force in space that
do not collapse back into the dipole but
radiate out into space. This energy iscalled
the radiation field. Tne electrostatic field is
parallel to the length of the dipole whiie
the electromagnetic field is aroand the con-
ductor or perpendicular tothedipole. Antenna
polarization is a method of orienting the
antenna with respect to a knowa plane. An
antenna that is horizontally polarized means
that the E field is parallel to the surface
of the earth, if it is vertically polarized,
the E field is perpendicular to the surface
of the earth. Another form of pelarization
is circular polarization, in this type the E
field rotates around an axis in a 360 degree
m tion. The basic antenna is a half wave
length long, but for low frequencies this will
require a very long antenna. The lowar the
frequency the longer the antenna. On2 method
of constructing a vertical antenna that has
the tuned characteristics of the half wive

antenna is the quarter wave, wiilich uses
the ground as the other quarter wuve,

There are times when adirectional antenna
is required. Directivity is accomplished by
adding either driven or parasitic elements
to the antenna. This is known as an antenna
array. The driven array consists of twy or
more elements with all elements connected
to the generator. They may be divided into
four bhasic types., the broadside array, the
end fire array, the collinear array and the
cardicid array. For the broadside array
two half wave elements are placed one half
wave apart and parallel to each other and
excited in phase, most of the radiation
takes place in a direction perpendicular to a
plane through the elements. For the end fire
array the twe elemaents are spaced one half
wave apart and excited 180 degrees oat of
phase, m.st of the radiation is directional
in the plane of the array and perpendicular
to the elements. For the cardioid array the
two elemonts are spaced one fourth wave
apart and excited 90 degrees out of phase.
A unidirectional pattern is obtained that isin
the directioa of the plane of the array and
perpendicular to the elements. A collinear
array is form2d when two half wave elements
are placed end to end apd excited in phase.
In 2 collinear array there is no directivity
in the plane perpendicular to the antenna,
but there is a sharp pattern in the plane
of the antenna.

A parasitic array is an antenna array
which consists of two or more elemaents in
which oaly one of the elements is driven.
The other elements are excited by induction.
There are two basic elements of this type;
one a director, the other the reflector. The
reflector is placed in back of the driven
elemaent and causes the energy tobe reflected
back towards the driven elemant. The
director is placed in front of the driven
elemant and reinforces the radiation of
energy in the forwurd direction. This pro-
duces a unidirectional pattern.




Module 68

AM SYUTEWS

The transmission of electromagnetic
cnerey  through space is a fundamental
property of radio, radar and Nav-aids sys-
temsi. Each of these systems are comprised
of twd mzjor parts, a transmitter and a
receiver. The transmitter produces the
electromagnetic  wave, modulated to con-
tain information. The receiver intercepts the
electromagnetic wave and reproduces the
information.

A very cominon form of cominanications
is the comwercial standard broadcast sys-
tem. This is an amplitude modulated (AM]
gystem, where the information to be fon-
veyed is in the form of amplitude changes
in the transmitted RF signal. There are other
uses of AM, in fact most ground to ground
stations and air to ground stations used
by the aAir Force are AM systems,

RF AWP

A block diagram of an AM system is
illustrated in figure 68~1. The RF oscillator
produces an RF carrier which i3 modulated
in the RF power amplifier by the audio
signal. The audio signal is produced in the
microphone, amplified by the audio ampli-
fier, further amplified by the madulator so
the prop2r powsr levels can bz obtained.
The RF amplifier is used as a buifer,
frequency multiplier or voltage amplifier,
The signals from the RF power amlifier
are the carrier and sidebands. Tne antenna
converts these sighals into an electromagnetic
wave.

The RT oscillator must have good fre-
quency stability, or in other words, stay on
the assigned frequency. If it does not have
good frequency stability it can drift into the
spectrum 2f another radio station and cause
interfereace.
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Tne block diagram of an AM radio receiver
is illustrated in figure 68-2. Tie antenna
intercepts the electromagnetic wave and con-
verts it into RF currents. The R¥ amplifier
selects the desired RF signals from the
antenna, amplifies them and couples them
to the frequency conversion stage which con-
verts it to the Intermediate Frequency (IF).
The modulated I!F signal is selected and
amyplified by the IF amplifier and coupled to
the detector. The detector reproduces the
audio from the IF. The audio is amplified by
the audio amplifier and audio power ampli-
fler and reproduced as sound in the speaker.

The receiver should have good sensitivity,
Sensitivity is the ability to reproduce the

RADIO FREQUENCY SECTION

AUDIO YOLTAGE AMP

RF YOLTAGE AMP

AUDIO FREQUENCY SECTION

intelligence from a very weak RF signal, It
should also have goodselectivity, whichisthe
ability to select one station, Distortionoccurs
in a receiver if the detector is operated in
such a2 manner as to produce harmonics,
Distortion also occurs if any of the important
sSidebands are not passed through to the
detector., There is a form of interference
called co-channelinterference that mayoccur,
This results from the receiver, receiving sig-
nals from two transmitters operating at the
same frequency.

The schematic diagram of an AM
transmitter is illustrated in figure 68-3,
The RF oscillator V1 produces the RF
carrier signal waich is amplified by V2
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awh coupled to V3. The audio signal is
produced 10 the microphone, am)lified by
V4 and coupled to the modulator, V5, The

output of V5 is coupled into the plate circuit
of V3, this causes modulation of the carrier,
resulting in sideband frequencies being pro-
duced. The signals are coupled through T2
to the antenna for radiation into space. The
D piths in each of these stages is from
ground through the stage to B, In the power

supply the current is from Z2round, through
the ppwer supply to Be.

The schematic diagram af an AM receiver
is illustrated in figure 68-4. The RF oscilla-
tions are produced in the antenna by the
elrctromagnetic waves. The RFamlifier Q101
st cts the desired RF signals, amplifies them
an  couples them to Q102, the freguenay
cor. :rter. In Q102 the RF is converted by
hete. :dyning action, to the IF freguency wilch
is coupled to Q103 the IF amalifier. The IF is
amplified and coupled to CR101 for demudula-
tion. The audio is then amplified by Q104,
Q105 and Q106 to drive the speaker. The
speaker then converts the audio signal to sound.
The DC paths of current in each stageis from
ground through each stage to Vee-

M-dule 69

FM SYSTEM:s

In an FM communications system, the
intelligence is coaveyed by varying the fre-
quency of a constant amplitude RF carrier,
The modulating signal varies the carrier
frequency to develop the transmitted signal.
The amaunt of frequency deviation depends on
the am)litude of the modulating signal waile
the rate of deviation depends upon the fre-
quency of the modulating signal. A very
important characteristic of FM when com-
pared ta AM is that FM is comparatively
noise free. Noise randomly adds to the ampli-
tude of the RF signal, and in an FM receiver
these amplitude variations are clipped off and
only the changes in frequency are demodulated,

In FM transmitters, there are varlous wiys
of nuxlulating the carrier. One of the most
comn:on is a reactance modulated oscillator.

Audio signals are vonverted into changes of
reactance, which are part of the carrier
escillator cireuit. These changes of reactance
cause the oscillator frequency to deviate at the
mudulation rate. The deviations are usually
not encugh to produce a good FM signal so
frequency multipliers are used. The frequency
multipliers will multiply the deviation and
increase the frequency of the carrier. The
last stages in the transmitter produce the
power desived tobelrausmitied, The antenna

radiates the energy into space.

The FM receiver is usually asuperheterc-
dyne receiver with an RF am lifier, a fre-
quency conversion stage, and an IF amplifier,
an amplitude limiter, a frequaiucydem .dula-
tor. audio amlifiers, and soundreproducers.




Module 70

SINGLE SIDEBAND SYSTEMS

In single sideband (SSB) and conventional
AM communication systems theintelligenzeto
be coaveyed is contained in the frequency
difference between the carrier and the side-
baads. In AM the carrier the upper and
lower sidebands are transmitted, then in the
receiver the sidebands are heterodyned
against the carrier and the intelligence
reproduced. In single sideband we want to
convey the same signal, but only transmitting
one of the sidebands, either the upper or
lower. The purpose for doing this is simple,
all of the power a transmitter can produce
can be concentrated in the one sideband
rather than being distributed in a carrier
and two sidebands as in AM,. There are
other reasons for SSB, one is the reduction
in bandwidth, SSB has one half the band-
width of AM; less bandwidth, less noise.

Another important characteristic is reduction
of selective fading. Selective fading occurs
in AM when the relationships of the carrier
and sidebands are alteredduring transmission
which results in loss of signal. In SSB we
only transmit one sideband, the relationship
can not be altered.

A block diagram of an SSB transmitter is
illustrated in figure 70-1. The carrier oscil-
lator produces the RF carrier which is modu-
lated in the balanced moadulator by the audio
signal. The audio signal is produced in the
microphone and amplified by the audio ampli-
fler. Sidebands a.-# prodi:ed in the balanced
modulator and coupled to the filter, the
carrier is not coupled to the filter. Quly
one set of sidebands, (upper or lower)
pass thru the filter, heterodynes inthe mixer

1

AUDIO A [
ALANCED POW
|O—- AMPLIFIER [ MODULATOR[ ™} FILTER AMPLIFIER
! l ‘
CARRIER
REP4-1838
Figure 70-1. SSB Transmritter
Y RF POWER
“— AMPLIFIER OSCILLATOR Ah:i’lljgjéﬁR
Y l
FREQUENCY PRODUCT AUDID
CONVERTER [™] |F AMPLIFIER = pEyapir ATor{™™] AMPLIFIER
REPG-1841

Figure 70-2. 35B Receiver
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with the ouput of an oscillator, the sum fre-
quency is amplified by the driver and power
amplifier and delivered to the antenna for
radiation.

The block diagram of a SSB receiver is
illustrated in figure 70-2. The antenna inter=
cepts the electromagnetic wave and converts
it into RF current. The RF amplifier selects
and amplifies the desired RF signal from the
antenna. This signal is then coupled to the
frequency conversion stage which converts it
to the IF. The 1F is selected and amplified
by the 1F amplifier and coupled to the product
demodulator. The oscillator sends an RF
signal {the carrier) to the product demodu-
lator. The IF signal (sldeband) and RF signal
{carricr) from the oscillator are heterodyned
in the demodulator and the audio signal is
produced, The audio is amplified by the

CARRIER
JLCILLATIR

audio amplifier and power audic amplifier anc
reproduced as sound by the speaker.

The schematic ~“diagram of a SSB
transmitter is illustrated in figure 70-3.
The carrier oscillator Q102 produces the
carrier which is coupled to the balanced
modulator CR101. The audio is amplified by
Q101 and coupled to CR101. In CRI1OI the
sidebands are produced and coupled to the
filter. Only one set of sidebands is passed.
The sidebands are coupled to the mixer Q104.
The oscillator signal from Ql03 is coupled
to Q104 and the sum frequency is selected
and coupled through T106 to the driver V101
then to the power amplifier V102. The signal
is coupled thru T107 to the antenna for
radiation into Space. The DC paths in Q101,
Q102, Q103 and Q104 are from ground
thru each stage to V. The DC paths in
V101 znd V102 are from ground thru the
stages to B+,

giog OSCILLATOR

AUDID
AMPLIFIER

FILTER

CRION

SALANCED
MODUL ATOR

DRIVER

Figure 70-3. SSB Transmitter
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The schematic diagram of a SSB receiver
is illustrated in figure 70-4. The RF oscilla-
tions are produced in the antenna by the
electromagnetic waves. The RF amplifier
Q101 selects the desired RV signals,
ampiifies them and couples them to G102 the
frequency converter. In Q102 the RF fre-
quency is converted by heterodyning action
tc the frequency which is coupled to Q103,

the IF amplifier. The IF is amplified ang
coupled to Ql07. Oscillations produced by
Q108 (carrier) are also coupled to Q107. The
two signals are heterodyned in @107 and the
audio signal is produced. The audio is then
amplified by Ql04, Q105 and Ql06. The
speaker then converts the audio signal to
sound. The DC paths of cuwrrent in each
stage is {rom ground thru the stageto VCC‘

Module 71

PULSE MODULATICN SYSTEMS

Pulse modulation is the process of modu-
lating an RF carrier by a pulse train. Puise
madulation has many uses, such as telemetry
and time division multiplexing, but its main
use i5 in pulse radar. Radar transmitters
usually operate on the principle of producing
a pulse of RF energy at certain intervals
and for certain time durations. The pulse
of energy produced bythe transmitter travels
through space away from the transmitter
at about the speed of light, strikes an
object, and is reflected back towards the
transmitter. A receiver located near the

POWER SUPPLY

:

CHARGING CHQKE
AND

CHARGING DIDDE

transmitter receives the returned energyand
produces a videc signal. A cathode ray tube
is usually used to measure the time reguired
for the energy to travel from the transmitter
to the target and back to the receiver, How-
ever, we are mainly concerned with how the
transmitter produces the pulse of RF energy
and how the receiver converts the returned
signal to video. A block diagram of a pulse-
modulated transmitter system is illustrated
in figure 71-1. The power supply furnishes
the power to charge the pulse forming net-
work (PFN). The charging choke and diode

PULSE FORMING
NETWDRK

I\

SWITCH

TRANSFORMER

y

TRAHSMITTER
TUBE

<]

4
REP4-1845

Figure Tl=1. Pulse Modulated Transmitter
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AMPLIFIER INDICATOR

‘POWER]

FFP4-1848

Figure 71-2

will charge the PFN to nearly twice the power
supply voltage. The PFN stores the energy
and will determine the duration of the pulse
of energy supplied to the oscillator. The timer
produces trigger pulses that cause the switch
to operate and allows the PFN to discharge.
The switch is a gas thyratron. "When the
PFN discharges through the pulse frans-
former it couples the energy to the trans-
mitter tube. The transmitter tube produces
output RF oscillations during the time of the
pulse.

POWER SUPPLY

viol

CHARGING CHOKE

L

The block diagram of a pulse modulated
receiver is illustrated in figure 71-2. The
antenna intercepts the electromagnetic waves
and converts them into RF currents. The RF
amplifier selects the desired RF signals
from the antenaa, amplifies them, and couples
them to the frequency converter, which con~
verts them to the IF {requency. The IF is
selected and amplified by the IF amplifier
and coupled to the detector. The detector
reproduces the video f{rom the IF. The
video is amplified by the video amplifier,

PULSE FORMING
AND NETWORK

CHARGING DIDDE

Ll

PULSE
TRANSFORMER

Cii?

TRANSMITTER
TURE

Cild

Cil'5

FEFd- 1347

Figure 71-3. Pulse Mndulated Transiitter
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power video ampliiler, and reproduced by
the indicator.

The schematic diagram of a pulse modula-
ted transmitter is illustrated in figure 71-3.
The PFN charges to nearly twice the power
supply voltage (V101 and V102) and holds
that charge. A positive trigger is applied to
the grid of V105 which tonizes and allows
the PFN to discharge through T103 and
couples a pulse of energy to the plate of
the RF oscillator, V106, The oscillations
are produced during the pulse and coupled
to the antenna by T104. The DC paths in
each stage are from ground through the stage
to B+, The bias for V105 is from the negative

power supply V103 through R103 and R104
to ground.

The schematic diagram of a pulsed modu-
lated receiver is illustrated in figure 71-4.
The RF oscillations are produced in the
antenna by the electromagnetic waves. The
RF amplifier , Q101, selects the desired
RF signals, amplifies them, and couples them
to the frequency converter, Q102. 1n Ql02
the RF is converted by heterodyning action
down to the IF frequency which is coupled
to the 1F amplifier, Q103. The 1Fisamplified
and coupled to CR101 for demodulation. The
video is then amplified by Q104, Q105, and
Q106. The indicator then displays the video,
The DC paths of current in each stage is
from ground through cach stage to Veeo

Module 72

TROUBLESHOOTING TECHNIQUES

A Schematic diagram is a plan or diagram
of an electronic circuit using standard sym-
bols. Student Handout KE P-SH-IX -1, contains
a block diagram and a schematic diagramoia
typical superheterodyne radio receiver. Both
diagrams are divided by dotted lines to show
ithe RF, IT, and Audio sections.

Troubleshooting requires a logical step-
by-step procedure to isolate » problem.
Basically, these steps are:

1. An ©Operational Check

2. Visual Check

The Half-Split Method

4, The Stage-by-Stage Method
Component Isolation

The operational check is used todetermine
the section or stage of the system that is not
operating properly. Some of these checks may
consist of meter readings, oscilloscope
readings; or power, frequency, signal tonoise
ratio, and percent of wodulation checks.

The half-split method is used by dividing a
complex system inhalf and determining which -
half contains the malfunction. This
process is repeated until the fault isisolated
to o stage,

18

The stage-by-stage method is a process where
each stage is checked in turn, starting at the
output and working toward the input. An RF
signal generator may be used to inject a
signal into the various stages while anoscil-
loscope may be used to monitor the output.
When injecting the signal into the RF section
of the receiver in SH~IX-1, a modulated
535 kHz to 1605 kHz is used. In the IF
section, modulated 455 kHz is used. When
injecting a signal into the audio section it is
most common to use a 400 Hz or 1000 Hz
signal.

The component isolation step occurs when
the trouble has been isolated to a stage,
Voltage and resistance checks are then used
to determine the faulty component.

The visual check is made during any oi
the steps. Some of the things that can be
determined by this check are frayed
insulation, burnt components, evidence of
arcing, broken lsads or smoke from over-
heated components.

Once the bad component is replaced,
another operational check is needed. This
insures that all the troubles are cleared and
the equipment is operating at peak
performance.
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Theoretical troubleshooting is also
fmportant. During the half-split or stage-
by-stage methods, it is necessary to consult
the block diagram. Here a knowledge of the
purpose and operation of each stage is re-
quired. When the trouble is isolated to a
stage, the schematic diagram must be used,
when voltage and resistance checks are made
within the stage, a knowledge of the purpose
of each circuit component and its rela-
tionship to other components is necessary.

19

For example, if a good signal were found vn
the base of amplifier Q105 and there was
no output from the collector, the trouble
wauld be isolated to that stage. The first
step in locating the defective component
would be a voltage check. For example, the
collector was- found to be at V-~ and zero
volts on the emitter there are two possible
troubles. The transistor could be bad or
resistor R117 could be open, further resist-
ance checks would locate the bad component.
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Electronic Principles Branch
Keesler Air Force Base, Mississippi

/33

ATC GP 3AQR3X020-X -
KEP-GP-63
1 July 1975

ELECTRONIC PRINCIPLES

MODULE 63

This Guidance Package is designed to guide you through this module of the Electronic
Principles Course. This Guidance Package contains specific information, including references
to other resources you may study, enabling you to satisfy the learning objectives.

CONTENTS
TITLE PAGE
Overview i
List of Resources i
Adjunet Guide 1
Module Self-Check 3

OVERVIEW

1. SCOPE. This module presents material
on the process of heterodyning. 1t discusses
the need for heterodyning, how new fre-
quencies equal to the sum and difference
of two signals are produced. the require-
ments and some actual circuits used as
heterodyning stages.

2. OBJECTIVES: Upon completion of this
module you should be able to satisfy the
following objectives:

a. Given a list of statements, select
the one that describes heterodyning.

b. Given a list of statements concerning
heterodyning match each with the terms:

(1) Nonlinearity
(2) Mixing
(3) Filtering

Supersedes Guidance Package, KEP-GP-63, 1 June 1974. 18,.)

LIST OF RESOURCES

To satis{y the objectives of this module, —_
you may choose, according to your training,
experience, and preferences, any or all of
the following

READING MATERIALS:

Digest

Adjunct Gujde with Student Text IX
AUDIO~VISUAL AIDS

TVK-30-652 Heterodyning
SELECT ONE OF THE RESOURCES
AND BEGIN YOUR STUDY OR TAKE
THE MODULE SELF-CHECK. CONSULT

YOUR INSTRUCTOR IF YOU REQUIRE
ASSISTANCE.




ADJUNCT GUIDE
INSTRUCTIONS:
Study the referenced materials as directed.

Return to this guide and answer the
questions,

Check your answers against the answers
at the back of this guide.

If you experience
your instructor.

any difficulty, contact

Begin the program.

Heterodyning is necessary for the trans-
mission and detection of modulated radio
waves. This guide will assist youinstuCying
and understanding the basic facts about
heterodyning.

A, ‘Turn to Student Text Volume IX and
read paragraphs 1-1 through 1-7,

1. Heterodyning is the process of:

a, producing sum and difference
frequencies by using one original frequency.

b, beating two original frequencies
in a linear device to produce sum and dif-
ference frequencies.

. ¢, Crmbining two frequencies in a
nonlinear device to produce frequencies equal
to the sumn and difference frequencies.

d, beating a signal in a liner
device and extracting sum and difference
originals.

2. What is a nonlinear device?
a. A device which allows current

flow equally in both directions and thus can
be used as a heterodyne element.

b. Any component which passes all
frequencies.

¢c. An element, suchas atransistor,
operated inthe straight portion of its operating
curve,

d. A device not allowing a current
flu v proportional to its applied voltage.

CONFIRM YOUR ANSWERS AT THE BACK
OF THIS GUIDE.

B. Turn to Student Text Volume IX and
read paragraphs 1-8 through 1-13. Return
to this page and answer the following questions.,

1. A condition for heterodyning to occur is:

a. each voltage must be changing at
a different frequency.

b. each voltage must be changing at
a different ampliutde, but at the same
frequency.

¢. only one voltage must be present,

d. an AC and a DC voltage are
required in a nonlinear device.

2. Heterodyning produces:

a, harmonics of the two original
frequencies.

b. the sum frequency of the two
originals.

¢. the difference frequency of the two
original frequencies,

d. all of the above.

CONFIRM YOURANSWERS AT THE BACKOF
THIS GUIDE.

C. Turn to Student Text Volume IX and read
paragraphs 1-14 through 1-16. Return to this
page and answer the following questions.

1. Filtering as used in heterodyning cir-
cuits refers to:

a, the injection of usable harmonic
frequencies,
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b, the selection of 2 frequency and
rejection of all others.

¢, the rejection of all frecuencies.

d. the rejection of one frequency
and passing of al) others.

2. A filter for heterodyne purposes is
made up of:

a. a capacitor.

b. an inductor.

¢, a tank circuit

d. a diode with variable capacitor

CONFIRM YOUR ANSWERS AT THE BACK
OF THIS GUIDE,

D. Turn to Student Text Volume IX and
read paragraphs 1-17 through 1-23. Return
to this page and answer the following
questions.
1. In a radio receiver, the resulting lower
frequency from heterodyning the RF signal
with the loczl oscillator signal is called:

a, audio frequency.

b. radio frequency.

c¢. secondary frequency.

d. intermediate frequency.

2, The difference between a mixer circuit
and a converter circuit is:

a. the mixer uses one transistor
and a converter uses two transistors.

b, the mixer passes higher fre-
quencies than the converter.

c. the converter is less efficient.

d. the converter requires one tube
or transistor.

3. What is required in a receiver in ordsr
to have frequency conversion?

a. Two different signal frequencies,
a filter circuit, and a nonlinear device,

b. One high level signal frequency,
a non-linear dGevice, and a filter circuit.

~ C¢. A non-linear device and two equal
frequancies.

d. An output frequency selection
device so that new conversion frequencies
can be selected.

CONFIRM YOUR ANSWERS AT THE BACK
OF THIS GUIDE.

E. Turn to Student Text Volume IX and
read paragraphs 1-24 through 1-26. Return
to this page and answer the following question.

1. Why will the difference frequency out of
the converter circuit in the text illustration
always be the same?

a. The local oscillator frequency is
always the same.

b. The input tank circuit is gang-
tuned with the local oscillator so that the
difference frequency always remains the same.

¢. The radio frequency does not
change even though tke local oscillator is
varied,

d. The transistor prevents a change

in the frequency.

CONFIRM YOUR ANSWERS AT THE BACK
OF THIS GUIDE.

YOU MAY STUDY ANOTHER RESOURCE
OR TAKE THE MODULE SELF-CHECK.
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MODULE SELF-CHECK
QUESTIONS:

1. The conditions necessary for heterodyning
to occur are:

——— a. two like frequencies and a

resistive device.

b. two unlike frequencies and a
nonlinear device.

one frequency and lirear device.

—— C.

d. two unlike frequencies and a
liner device,

2. Heterodyne filtering results in the selec-
tion of one frequency through:

a. the recombination of all the ori-
ginals into one frequency.

b, a resistive load.

c, the rejection of all other fre-
guencies by the diode which results in their
return to the input circuit.

d. a tuned circuit which offers a high
impedance to the desired frequency while
passing all others to ground.

3. Which of the following set of frequencies
could be correctly found in a frequency con~
version circuit of a receiver.

a. 1490 kHz, 1945 kHz, 2525 kHz,
455 kHz.

b. 1490 kHz, 455 kHz, 3435 kHz,
1035 kHz.

c. 1490 kHz, 1945 kHz, 3435 kHz,

455 kHz,

d. 1490 kHz, 1035 kHz, 2525 kHz,
1945 kHz,

4. A receiver tuning dial is tuned from za
high to a lower frequency, which of the
following actions would be necessary to
produce the necessary conversion frequency
within the receiver?

a., Raise the local oscillator fre-
quency by an equal amount.

b. Lower the local osciliator fre-
quency by an equal amount.

——— ¢. Lower the local oscillator fre-
quency by an amount proportional to the
frequency being used.

d. Raise the local oscillator fre-
quency by an amount proportional to the
frequency being used.

5. What are the two possible oscillator
frequencies required, if the incoming RF
signal is 1800 kHz and the desired output
is 455 kHz?

a.

b.

CONFIRM YOUR ANSWERS AT THE BACK
OF THIS GUIDE.




ANSWERS TO A - ADJUNCT GUIDE
1. c. 2. d.

If you missed ANY questions, review
the material before you continue.

ANSWERS TO B - ADJUNCT GUIDE
1. a 2, d

If you missed ANY questions, review
the material before you continue.

ANSWERS TO C - ADJUNCT GUIDE
1. b 2. ¢

If you missed ANY questions, review
the material before you continue.

ANSWERS TO D - ADJUNCT GUIDE
1. d 2. d 3. a

If you missed ANY questions, reveiw the
material before you continue.

ANSWERS TO E - ADJUNCT GUIDE

1. b

If you missed ANY questions, review the
material before you continue.

ANSWERS TO MODULE SELF-CHECK

1. b

2. d

3. ¢

4, b

5. a. 1345kHz
b. 2255 kHz

HAVE YOU ANSWERED ALIL OF THE

QUESTIONS CORRECTLY? IF NOT,
REVIEW THE MATERIAL OR S8TUDY
ANOTHER RESOURCE UNTIL YOU CAN
ANSWER ALL QUESTIONS CORRECTLY.
IF YOU HAVE, CONSULT YOUR INSTRUC-
TOR FOR FURTHER GUIDANCE.
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Radar Principles Branch
Keesler AFB, Mississippi

ATC GP JAQRIX020-X
KEP-GP-64
August 1975

ELECTRONIC PRINCIPLES

MODULE 64

MODULATION

This Guidance Package is designed to guide you through this module of the Electronic
Principles Ceurse. This Guidance Package contains specific information, including references
to other resources yon may study, enabling you to satisfy the learning objectives.

CONTENTS

TITLE

Overview

List of Resources
Adjunet Guide
Module Self-Check
Answers

OVERVIEW

1. SCOPE: The material presented in this
module covers the purpose of modulation and
the various forms of modulation to inclucde
amplitude, frequency, phase, pulse and single
sideband modulation. It brings out the relation-
ships between the modulating signal, the
carrier signal and the resulting sidebands.

2. OBJECTIVES: Upon completion of this
module you should be able to satisfy the
following objectives:

a. Given a list of statements about modu-
lation, select the one which describes

{1) amplitude.

(2) Irequency.

(3) phase.

(4) pulse.

(5) single sideband.

Supersedes KEP-GP-64, 1 May 1974.

b, Given a list of statements about modu-
lation, identify the one which describes

(1) intelligence signal.
{(2) carrier wave,
(3) sidebands.

¢, Given a formula and an oscilloscope
represeatation of a carrier modulated wave-
form showing E moaximum and E minimam,
compute the perceni of amplitude modulation.

d. Given a list of statements about fre-
quency modulators, match each with the:

({I) reactance tube modulator.
(2) wvaractor modulator.

e. Given a list of statements about fre-
quency modulation, select one that describes

(I} frequency deviation.
{2) modulating signal.
{(3) rate of frequency change.




LIST OF RESOURCES

To satis{y the objectives of this module,
you may choose, according to your training,
experience, and preferences, any or all of
the following:

READING MATERIALS:

Digest .
Adjunct Guide with Student Text, Volume IX

AUDIO VISUALS:

TV Lesson, Varicap Modulation, TVK-30-
607

TV Lesson, Reactance Tube Modulator,
TVK-30-606

AT THIS POINT, IF YOU FEEL THAT
THROUGH PREVIOUS EXPERIENCE OR
TRAINING YOU ARE FAMILIAR WITH
THIS SUBJECT, YOU MAY TAKE THE
MODULE SELF-CHECK.

CONSULT YOUR
NEED HELP.

INSTRUCTOR IF YOU

ADJUNCT GUIDE
INSTRUCTIONS:
Study the referenced materials as directed.

Return to this guide
questions.

and answer the
Check your answers against the answers
at the back of this Guidance Package.

Contact your instructor if you experience
any difficulty.

Begin the program.
An understanding of modulation is necessary

in order to study transmitter and receiver
principles.

A. Turn to Student Text, Volume IX and
read paragraphs 2-1 through 2-9. Return

to this page and answer the following
questions.

l. The characteristics of a sine wave which
can be altered bythe modulation process

are and

2. Three basic methods of modulation are
a., phase, velocity, amplitude.
~——— b. amplitude, frequency, and phase.

c. amplitude,
frequency,

ictensity, and

d. frequency,
velocity.

amplitude,
3. Match the {ollowing terms with
statements on the right:

+— a. Intelligence
gignal

{1) frequencies
duced by
modulation

e b, Carrier

wave (2} the modulating
information

e C, Sidebands

{3) reference signal

CONFIRM YOUR ANSWERS AT THE BACK
OF THIS GUIDANCE PACKAGE.

B. Turn to Student Text, Volume IX and
read paragraphs 2-10 through 2-29. Return
to this page and answer the following
questions.

1. The modulated AM wave contains the
carrier frequency plus

at least two new frequencies.

— d.

b. the modulating signal frequency.

the reference frequency.

— .




2. The amplitude modulated carrier is the

sum of the carrier

and new frequencies.

3. Indicate true or false for the following
statements:

a. The original modulating fre-
quency will be transmlited.

b. The complex modulation wave-
form contains many frequencies.

——- ¢. The frequencyolthe carrier wave-
form will not change during the amplitude
modulation process.

4. The bandwidth of an AM signal refers
to the the

transmitted signal will occupy in the fre-
quency spectrum.

CONFIRM YOUR ANSWERS AT THE BACK
QF THIS GUIDANCE PACKAGE.
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3. Using figure 1, what would the minimum
value be in order to achieve 100 percent
modulation?

4. “What would be the result of over-
modulation?

CONFIRM YOUR ANSWEZERS AT THE BACK
OF THIS GUIDANCE PACKAGE.

. Turn to Student Text, Volume IX and
read paragraphs 2-30 through 2-38. Return
to this page and answer the following
questions.

1. Modulation factor is

always 100 percent

—rm—— 4

b. equal to the amplitude variations
times the transmitted power.

¢. a ratio of the difference and sum
of maximum and minimum peak-to-peak
variations of the modulated carrier.

d. a {factor of the fundamental
carrier reference to the original modulating

signal.

2. Using figure 1 and the following formula,
calculate the percent of modulation.

D. Turn to Student Text, Volume IX and
read paragraphs 2-39 through 2-44. Return
to this page and answer the following
questions. )

1. Total transmitted power is equal to the
sum of the carrier power plus the
N

and the

power.

2. ‘Nbat will be the total sideband power
at 100 percent modulation if the carrier power
is 50 watts?

3. Indicate true or false for the following
statements assurning that modulationis 1007

a. Total sideband power is one-hall
the carrier power.

b. Sideband power is distributed
equally in two sidebands.

<00




¢. Bach sideband contains one-third
of the total power,

d. Tie carrier contains two-thirds
of the total power.

4. What would be the result if the medu-
lating frequency, which was causing 100
percent modulation, was reduced in
amplitude?

a, The carrier power wouldincrease
and sideband power would decrease.

b. Total power would remain the
same although the sideband power would be
reduced.

c. Both carrier power and side-
band power would decrease.

d. Carrier power would remain the
same while sideband power would decrease,

CONFIRM YOUR ANSWERS AT THE BACKOF
THIS GUIDANCE PACKAGE.

E. Turn to Student Text, Volume IX and
read paragraphs 2-45 through 2-73, Return
to this page and answer the following
questions.

1. What principle is involved in the pro-
duction of the modulated output from an AM
transmitter?

2. Whiich of the following items are required
to generate a single sideband signal:

a. An intelligence signal, abalanced
modulator, a sideband generator, and 2%
audio wave.

b. An unbalanced modulator, aside-
band {ilter, and an intelligence signal.

— C. A Sideband filter, anintelligence
signal, an amplitude generator, andacarrier
signal.

d, A carrier, anintelligence signal,
a balanced meodulator, and sideband flilter,
3. In single sideband transmission, the
carrier is and one

sldeband is .

4. The carrier is suppressed in the balanced

modulator cirruit because the
in the modul:y.y remains balanced.

5. Indicate true or false for the following
statements concerning sideband filters:

a., A sideband filter can be either
electrical or mechanical.

b. The mechanical filter is an
electrically resonant device.

The mechanical filter converts
electrical energy into mechanical energy,
then converts mechanical energy back to
electrical energy.

_—.

d., The transducer of z mechanical
filter operates on the principle of
magnetostriction.

e, The transducer of a mechanical
filter passes only the two sideband
frequencies,

CONFIRM YOUR ANSWERS AT THE B/.CK OF
THIS GUIDANCE PACKAGE.

F. Turn to Studer! Text, Volume IX and
read paragraphs 2-74 through 2-103. Return
toc this page and answer the following
questions.

1. The BW.of the SSB signal is approxi-
mately
the AM signal.

the BW of

2. Just as in AM, when the peak voltage
amplitude of the SSB modulating signal equals

the carrier, we have
percent modulation.




3. The output from an FM modulator will
be at the center frequency

e—a——— a. when the modulating signal bas
zero amplitude.

b. when the modulating signal has
maximum amplitude.

c. only when the modulator is first
put into Operation.

d. every time the modulating signal

is at its maximumum positive peak.

4, The amplitude of a frequency modu~
lated RF wave

a. will vary at the rate of the
modulating signal.

b, will vary at the rate of the
audio frequency.

c¢. will remain constant.

d. varies only when the modulation
drops to a very low level.

5. Maximum deviation of the FM oscillator

will occur at the
voltage of the modulating signal.

6. Answer the [ollowing statements true
or [alse:

a. The frequency of the audio signal
determines the rate of carrier frequency
deviation.

b. The FM wave contains an infinite
number of sidebands.

¢. The number of significant side-
bands is determined by the modulation index.

— 4. A significant sideband must
contain at least one pevcent of the total
transmitted power.

CONFIRM YOUR ANSWERS AT THE BACK
OF THIS GUIDANCE PACKAGE.

G. Turn to Student Text, Volume IX and
read paragraphs 2-104 through 2-120. Return
to this page and answer the following
questions.

1. The formula for modulation index (MI)
is Ml = Fd/Fm. What will happen to modu-
lation ipdex if the amplitude of the modu-
lating signal is increaged?

a. It will not change since the modu-
lating signal amplitude is not a factor of
modulation index.

b. It will increase.
1t will decrease.

[RENEVE 8

am—e—— d. Itcannot be determined because
increasing the modulation amplitude changes
other factors which are related to both
elements of the formula,

2. -The heart of the reactance tube modu-

lator circut is the

network.

3. The basic principle of the reactance
tube modulator is

a. The shunt effect of the tube causes
a resistive imbalance of the tank circuit
which varies the output frequency.

b, A .resistive network produces a
bridge effect in parallel with a varying
output tank circuit.

— C. An ingut signal causes the tube
plate load resistor to vary the tank voltage
and thus the output frequency varies.

e 3. A change in tube current causes
a change in reactance which is in parallel
with the oscillator tank circuit. This causes
a change in the oscillator frequency.

4. Ipdicate true or false for the following
statements:

a. A varactor modulator utilizes a
diode which acts as a variable capacitor.
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eem— b. The depletion regionofa varactor
dicde varies with forward bias just as if the
dielectric thickness of a capacitor were
varied.

¢, The varactor is designed so that
its operation varies nonlinearly such that
the output frequency is directly related to
the input.

CONFIRM YOUR ANSWERS AT THE BACK
OF THIS GUIDANCE PACKAGE,

H. Turn to Student Text, Volume IX and
read paragraphs 2-121 through 2-137.

1. The difference between phase modulation
and frequency modulation is:

a. Phase modulation wave has varying

power,

b. Phase modulation utilizes ampli-
tude modulation principles.

¢. Phase modulation does not vary
the oscillator frequency.

2. The number of degrees through winch

the phase of a PM carrier is shifted is

b. A carrier wave is the RF output
of the transmitter.

¢. Sidebands are a product of the
modulating process.

d. Amplitude modulation varies the
amplitude. of the RF signal while the frequency
ramaing constant.

€. In frequency modulation the rate
of deviation depends upon the frequency of the
modulating signal,

f. Single sideband transmission is
achieved with 2 filter toeliminate the carrier
and a balanced modulator to allow trans-
mission of only one sideband.

g. Pulse modulation circuits
require a somewhat narrower bandwidth be-
cause the transmissions are not as complex
as amplitude modulation.

h. The number of significant side-
bands in FM is determined by the mcdulation
index,

2. 'What will be the transmitted frequencies
if a 1 Midz signal is amalitude modulated
with 1 kHz?

a. 1 kHz, 999 kHz, 1 MHz

proportional to the
of the rodulating signal.

3. The nmumber of significant sidebands
will (increase/decrease/remain the same)
if the frequency of the modulating signal is
increased while the amplitude remains the
same,

CONFIRM YOUR ANSWERS AT THE BACK
OF THIS GUIDANCE PACKAGE.

MODULE SELF-CHECK

i. Answer the following questions true or
false:

a, The intelligence signal can be a
single tone (one frequency) or a complex
waveform.

b, 1 MHz, 1.001 MHz, 999 kHz

1 kHz, 1.001 MHz, 1000 kHz

d. 900 kHz, 1000 xHz, 1100 kHz

3., The bandwidth of the transmitted wave
in question number 2 above would be:

a, 1 kHz

b. 4 kHz

c. 2kHz

d. 2 Hz




4, Modulation factor in AM is

a. a ratio of the difference and sum
of the maximum and minimum peak-to-peak
variations of the modulated carrier.

b. a measure of distortion at 100
percent modulation.

¢. equal to carrier power times
modulation signal power,

d. a type of amplitude modulation
where the factor of the carrier level causes
a ratio of limited distortion.

5. An oscilloscope shows an AM envelope
to have a maximum voltage of 50 volts and
a minimum of 20 volts. What is the percent
of modulation?

a. 239% c, 439
b. 10% d, 33%

6. A 100 percent modulated AM wave has
150 watts of power. Match the following
elements of the wave \ith its respective
power

a—— &, One sideband (1) 150 watts
(2) 100 watts
(3) 50 watts

{4) 25 watts

(5) 66 watts

—— b. Both sidebands

—— ¢C. Carrier
7. An AM carrier is modulated 100%. If

the amplitude of the modulating signal for
this wave were increased, the result would

be modulation.

9. A transducer in a sideband filter

a. is mechanically resonant to one
frequency.

b. couples an electrical impulse
from the input to the output internally.

¢. converts highfrequency mechani-
cal energy to low frequency.

d. converts either electrical energy
to mechanical energy or mechanical energy
to electrical energy.

10. Pulse modulation is a kind of

modulation.

11. The BW of a pulse modulated wave is

times the highest
modulating signal frequency.

12. In {frequency modulation, the unmodulated
carrier frequency is designated the

frequency.

13, Frequency deviation is defined as

——— a, the amount the modulating signal
increases from zero.

b. the differencebetweenthe carrier
center frequency and the frequency of the
modulating signal.

¢, the differencebetween the instan-
taneous frequency of the modulated wave from
the carrier center frequency.

d. the sum of the instantaneocus
frequency of the modulated wave and carrier
center frequency.

8. Match the following terms with their function in a single sideband modulator:

Intelligence signal (1) Eliminates the carrier frequency

— .

Balanced modulator (2) Produces the radio frequency

Carrier generator {3) Used toamplitude modulate the radio frequency

Sideband filter (4) Causes the bandwidth to be halved
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i4. The of the
modulating signal controls the rate of FM
frequency change.

15. Modulation index

a. is the ratlo of frequency devia-
tion of the cariier to the modulating signal
frequency.

b, is inversely proportional to the
nurober of significant sidebands.

¢. is a ratioc of the carrier center
frequency to the modulating signal amplitude,

d. depends upon the aroplitude of the
sidebands.

16, In a capacitive reactance tube modu-
lator circuit, a positive voltage from the
intelligence source will cause the output
frequency to {(increase/decrease/remain the
same).

17. The depletion region of a varactor in
a varactor modulator circuit serves as

a, the bias for the oscillator

—_— b, the of the wvariable

capacitor.

plates

a0 €. the dielectric of a ¢apacitor.

d. a shunt to ground for the oscil=-
lator control circuit.

18. In a phase modulator circuit

the pbhase angle of the carvier is
varied in accordance with the modulating
auwdio voltage.

—es e

b. the phase of the carrier is main-
tained constant while the current amplitude
of the resulting wave varies.

— ¢. the phase of the modulating sig-
nal is wvaried in accordance with the
intelligence.

mu—ee d, the phase of the center fre-
guency element of the carrieris shifted 90
degrees at the maximum audio amplitude.

19. If only the frequency used to modulate
a carrier in a phase modulator is increased,
the number of significant sidebands will
(increase/decrease/remain the sama).

20. A difference between FM and PM is:

a. PM utilizes AM principles while
FM does not.

b. FM varies the oscillator fre-
quency while PM does not.

c. P
FM is not.

is amplitude sensitive while

d. FM changesfrequency in accord-
ance with the modulating signal amplitude
while PM varies because of the modulating
signal frequency.

CONFRIM YOUR ANSWERS AT THE BACK
OF THIS GUIDANCE PACKAGE.
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ANSWERS TO A - ADJUNCT GUIDE

amplitude, frequency, phase
b

a. (2)

b. (3)

c. (1)

It you missed ANY questions, review the
material before you continue.

ANSWERS TO B - ADJUNCT GUIDE

a
algebraic
a, False
b. True
c. True

4, space

I you missed ANY questions, review
the material before you continue.

ANSWERS TO E - ADJUNCT GUIDE

Heterodyning

d

suppressed, eliminated

bridge

. True
False
True

. True

e. False

If you missed ANY questions review
the material before you continue.

ANSWERS TO C - ADJUNCT GUIDE

c
80 percent

. 0 volts

. distortion

if you missed ANY questlons, review
the material before you continue.

ANSWERE TO F - ADJUNCT GUIDE

one-half

100

a

c

Maximum
True
True
True
True

I vou missed ANY questions review
the material before you continue.

ANSWERS TO D - ADJUNCT GUIDE

. upper sideband, lower sideband
2. 25 watts
3., a. True
b. True
c, False
d. True
4. d

If you missed ANY questions, review
the material before you continue,

ANSWERS TO G - ADJUNCT GUIDE

b

phase shifting
d

a. True

b. False
¢, False

If you missed ANY questions, review
the material before you continue.

ANSWERS TO H - ADJUNCT GUIDE

1. ¢
2, amplitude
3. remain the same

If you missed ANY questions, review
the material before you continue.
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ANSWERS TO MODULE SELF-CHECK

1’

PR AP0 T
B e B B I B B

amplitude

two

center

e

frequency

a

decrease

e

a

remain the same

b

HAVE YOU ANSWERED ALL OF THE
QUESTIONS CORRECTLY? IF NOT,
REVIEW THE MATERIAL OR STUDY
ANOTHER RESOURCE UNTIL YOU CAN
ANSWER ALL QUESTIONS CORRECTLY.

IF YOU HAVE, CONSULT YOUR INSTRUCTOR
FOR FURTHER INSTRUCTION.
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PROGRAMMED TEXT

MODULATION MODULE 64

Instructions:

This text is designed to teach you the sub-
ject material in step-by-step sequence, You
will be given small bits of information, each
followed by a short quiz. At the end of
each major area you will find a summary
quiz. The answers for each quiz will be
found on top of the next even numbered page.

Read the text carefully and answer the
questions with care. Then turn to the cor-
rect answers and check before proceeding
to the next section of text. If you require
assistance consult your instructor.

MODULATION

When a radio announcer speaks into a
microphone his voice is heard on a radio
receiver many miles away. In this text we
will discuss how sound is converted into the
RF wave that is transmitted into space.

Let’s take a look at a common sine wave
as shown in figure 1, This shows that the
two characteristics of a sine wave are
amplitide and time, We can change this sine
wave by increasing or decreasing its ampli-
tude or frequency. There is one other char-
acteristic of this sine wave that can be
changed, This is done by starting it at a

g————— T'ME PERIOD ———

AMPLITUDE

REP4-1280

Figure 1. Two Characteristics of a RF Sine
Wave,

later time, This results in the changing
of the phase of the signal.

Figure 2A shows an amplitude change on
each succeeding cycle of the RF waveform.
As you can see, a great increase in ampli-
tude has been made from E-1 to E-3.

Figure 2B shows the frequency changing
with each cycle, The time period for TP-1
is much longer than that for TP-3. This
means that the frequency has increased from
TP=-1 to TP=3.

Two waveforms of the same frequency are
showm in figure 2C. Although they are the
same frequency, note that they are not in
phase, The peak of I1V-1 occurs before the
peak of IV-2,

INSTANTANEQUS PULSE

TIME PERIOD o2

4 |
AMPLITUDE I TP-) ! TP-2 TP-3

U

AT A A
ol

\
/; \
N L4 A\
~ b
1

C

REP4-2287

Figure 2, Variations in a Sine Wave’s Characteristics
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There are three ways the sine wave
can be changed. We can change the ampli-
tude or change the angle. When either fre-
quency or phase of the waveshape is changed
its angle is changed. We can now say that
frequency and phase changes fall into a
general category called angle variations.

QUICK QUIZ 1

1. The three ways to change a basic sine
wave are to change its ’

y OF

2. Frequency and phase changes fall under

AMPLITUDE MODULATION (AM): the process
of using intelligence to modify the ampli-
tude of an RF carrier.

FREQUENCY MODULATION (FM): the pro-
cess of using intellipence to modify the
frequency of an RF carrier.

PHASE MODULATION (PM): the process of
using intelligence to modify the phase of
an RF carrier.

QUICK QUI% 2

1, The term modulation means that an
intelligence signal is used to vary the

a general heading called
variations.

Before we go any further, let’s learn the
meaning of some new terms.

CARRIER: an assigned referencefrequency.
It is a constant frequency signal that is
assigned by the Federal Communications
Commission {FCC) to each radio, tele-
vision, radar, or other transmitter used
in this country. Very little drift from
this frequency is permitted. This prevents
interference by the overlapping of stations
and makes full use of the radio frequency
spectrum.,

INTELLIGENCE: an electrical wave or
impulse that conveys an idea or expression.
This could be an audio frequency such as
voice or music,

MODULATION: the process in which the
amplitude, frequency, or phase of an RF
carrier wave is varied with time in
accordance with the waveform of the super-
imposed intelligence. This means that an
intelligence signal will be used to either
change the amplitude, frequency,or phase
of a basic sine wave,

Now with these definitions in mind let’'s
look at the meaning of the following terms:

] s OF
of an RF carrier.

2. A carrier wave is defined as an assigned

J. Intelligence signal means, an electrical
wave or impulse that conveys an

or
4. Three types of modulationare .
modulation, modulation, and
modulation.

When studying the process of HETERO-
DYNING, we found that when two or more
frequencies are applied to a non-linear
impedance, new frequencies are generated.
These new frequencies are the sum and the
difference of the two originals.

Now we are going to use the heterodyning
process to modulate an RF carrier. One
frequency will be the RF carrier and the
other frequency will be the intelligence
signal. The two will be applied to a non-
linear impedance and the sum and difference
frequencies wiil be generated,

Before proceeding further, let’s look at
another new term,
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A

REFP§=1293

Figure 3. Complex Waveshape of
Intelligence Signal

SIDEBANDS: {requency hands on either side
of the carrier which contain the fre-
quencies produced by modulation.

When a single frequency is heterodyned
with the carrier, one upper and one lower
frequency are produced. These are the sum
and difference of the two original frequencies.
When voice communication 1s used,
the intelligence signal is a wave made up
of many frequencies as shown in figure 3.

When this wave is heterodyned with the
carrier, many lower and upper sideband
frequencies are generated, Thereisone lower
and one upper frequency for each of the
frequencies found in the complex audio wave.

There are two requirements which must
be met for modulation to occur.- First, we
must have a non-linear impedance. This
produces the sum and difference frequencies
known as sidebands. Second, we must have a
frequency selection device. Its purpose is to
pass the carrier frequency ard its sidebands
and get rid of the original intelligence
frequency, the harmonics of the intelligence
and the harmonics of the carrier and side-
band frequencies. The frequency selection
device may be a parallel tank circuit. This
circuit will have a center frequency tuned
to the carrier frequency. The bandwidth of
the tank circuit shculd be wide enough to
pass the lowest and highest sideband fre-
quencies. Anything below or above the band-
width of the tank will not be passed.

QUICK QUIZ 3

1. In the process of modulation the intellj-

gence ia with the carrier.

2. The resulting sum and difference fre-
quencies are calledupper and lower

3. Two requirements for modulation are a
— impedance and a

device.

frequency

SUMMARY QUIZ 1
1. Three types of modulationare
and _ ——— modulation.

2. A reference frequency assigned by the
Federal Communications Commission is

called a frequency.

3. Intelligence signalis an electrical impulse
or wave that conveys an idea or expression.
True/False

4, In the modulation process, intelligence

is used to modify either the

or of the

carrier.

5. During modulation the signals heterodyned

together arethe and
waves.
6. Heterodyning two

signals together

produces and frequencies.
7. As a result of modulation, the sum and
difference frequencies are called

and gideband frequencies.

8. When heterodyning two signals, they are
applied to a linear impedance. True/False




true

amplitude, frequency, phase
intelligence, carrier

sum and difference frequencies
lower, upper

false

ANSWERS TO QUICK QUIZ 1

1. amplitude, frequency, phase
2. angle

© ok

-

ANSWERS TO QUICK QUIZ 2

. amplitude, frequency, phase

reference frequency

idea, expression AMPLITUDE MODULATION
. amplitude, frequency, phase

oo

Now that we have discussed the basic

ANSWERS TO QUICK QUIZ 3 terms, let’s take a close look at (AM)
Amplitude Modulation.

1. heterodyned

2. sidebands Figure 4 shows a single steady audio
' 3. nonlinear, selection tone used to modulate an RF carrier. In
: commercial radio the modulating audio
ANSWERS TO SUMMARY QUIZ 1 intelligence is made up of many amplitudes
and frequencies. In this explanation we wil
1. amplitude, frequency, phase use only a single audio tone in presenting
2. carrier the principles of amplitude modulation.
CARRIER
AUDIO
COMPOSITE
/! ! “ .r' 3
i
I ! iz
REP4-2578

Figure 4. Resemblance of Composite AM Wave and Modulation
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Amplitide modulation alters the amplitude
of the carrier in accordance with the fre-
quency and amplitude of the modulating signal.
Both of these factors affect the amplitude
of the modulated wave, but in different ways.
To illustrate this, let's compare the com-
posite waveform in figure 4 with the wave-
shape of the modulating tone.

A dotted line connecting the peaks of the
composite waveform has the frequency and
shape of the audio waveform. Both audio and
carrier are sine waves, but the composite
waveform is a complex wave.

Now, vary the amplitude of each cycle of
the modulating signal as we have done in
figure 5. The smaller aroplitude in the audio
wave causes smaller amplitude varlations in
the composite wave.

Now let's see what happens when the modu-
lating frequency changes. In figure 6 we have
caused the audio frequency to increase and
then decrease again. The composite wave
changes as the audio frequency changes,

Look over all of the diagrams in this
section once again and firmly establish them
in your mind. From what we have seen
thus far we can draw two firm conclusions
concerning amplitude modulation:

REP4=2579

Figure 5. AM When Modulating Signal
Amplitude Changes

1. The frequency of amplitude variaticns of
the modulated waveform is proportional to
the frequency of the modulating signal.

2. The amount of amplitude of the modulated
waveformn 1S proportional to the amplitude of
the modulating signal.

QUICK QUIZ 4

1. The modulated wave 1s a complex wave
made up of the carrier, audio, and side-
band frequenzies. True/False

2. Amplitude modulation causes the com-
posite waveform to vary both in frequency
and amplitude. True/False.

3. The frequency of the amplitude changes in
the modulated waveform are in proportion

to the of the audio signal,

4. The higher the amplitude of the modu-

lating signal the the
(Higher/Lower)
amplitude of the modulated waveform.

Since the carrier and intelligence signals
were heterodyned together during the modu-
lation process, the composite wave con-
tains new frequencies.

2V AVAVERNY.

REP4-2577

Figure 6. AM When Modulating Frequency
Varies
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ANSWERS TO QUICK QUIZ 4 3. frequency

1. False 4, higher
2. True
"B
A COMPOSITE | a
WAVE
V.
had 1
. |
—
8 CARRIER
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Figure 7, Components of an AM Wave
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The parts of the modulated carrier wave
are shown in figure 7, This breakdown shows
that the modulated carrier (figure 7A) con-~
tains the carrier frequency {figure 7B} plus

two new frequencies (figure 7D and figure TE).

The unmodulated carrier shown in figure 78
has a frequency of 1000 kHz with a constant
amplitude, (figure 7C).

The upper frequency of 1001 kHz is equal
to the carrier frequency plus the modulating
frequency,

The lower frequency of 999 kHz is equal
to the carrier frequency minus the modulating
frequency, The amplitude of both new fre-
guencies are equal,

QUICK QUIZ 5

1. If the carrier frequency is 1000 kHz
and the intelligence frequency is 10 kHz,

the difference frequency will be

and the sum irequency will be

FIAT ory

MWU WM o
FREQ
OWER
[\ IEQ;'J
390 uwy

1000 w
CARRIER

COuPOUTE
CARRIER

ALradTn!

Figure 8. Algebraic Addition of Components

in an AM Wave(orm

2, The wave 0 be transmitted contains
several frequencies. True/False

3. The carrier is the result of hetero-
dyning, True/False

The amplitude modulated waveform is the
algebraic sum of the instantaneous ampli-
tudes of the carrier and the upper side
frequency and the lower side frequency
signals. These waveforms are drawn using a
common scale with respect to time in figure
8. The modulated wave then contains three
distinct frequencies when modulated with a
single tone, the carrier wave, the upper
side frequency, and the lower side frequency.

QUICK QUIZ 6

"I. The modulated wave consists of the

carrier oaly. True/False

‘2, During modulation the lower side fre-

quency, upper side freque.icy and carrier are
algebratcally added. True/False

3. The wave tobh:transmitted contains three
frequencies. 7:ue/False

Figure 9 shows the Spectrum Analysis of
an AM wave, this graph shows the amplitude
of the signal versus frequency. The Ieft
side of the graph is the lowest frequency
and the right side is the highest frequency.
In figure 9 the modulating signal is 1000
Hz and the carrier is 1000 kHz, When hetero-
dyned a composite wave is originated that

WOCULATIHG CARRIER
FREQUENCY A
|

e LOWER PPER
FREQUENCY FREQUENCY
I kg 1907 kM2

\_"V__}

TRANSITTER
FREDUENCIES

Srpusl2on

Spectrum  Analysis of an

AM Waveform

Figure




ANSWERS TO QUICK QU1Z 5

1. 990 kHz, 1010 xHz
2. true
3. false

ANSWERS TO QUICK QUIZ 6

1. false
2. true
3, true

contains the carrier, lower side frequency,
and upper side frequency. All of the fre-
quencies shown in figure 9 are present,
but a filter circuit is used to pass only the
three {requencies in the composite wave, the
modulating frequency is eliminated. At this
point, it is important for you to see that
the original intelligence is not a part of the
transmitted wave.

QUICK QU1Z 17

1. The spectrum graph has frequency plotted
vertically and amplitude horizontally. True/
False

MODULATING
WAVEFORM

142+43+4 kHz

REP4-1292

2. The composite wave that is transmitted

contains the , the

upper, and
band frequencies,

3. The intelligence signal is not a part of
the transmitted signal. True/False

In actual operation most waveforms used to
modulate an RF carrier are complex
waveforms.

Figure 10A shows a complex waveform.
This waveform is made up of four fre-
quencies: 1 kHz, 2 kHz, 3 kHz, and 4 kHz.
When this signal is used to modulate a
600 kHz carrier, four upper ana four lower
frequencies are developed. These signals and
the carrier are shown in figure 10B.

The upper frequencies are 601 kHz, 602
kHz, 603 kHz, and 604 kHz, and are called
the upper sideband (USB) signals. The lower
frequencies are 5986 kHz, 597 kHz, 598 kHz,
and 599 kHz and are called the lower
sideband (LSB) signals.

[c -400 kHz

————— BANDWIDTH 8 kHy ——— =

REP4-1295

Figure 10. Development of Stdebands
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The bandwidth (BW} of an AM signal refers
to the space the transmitted frequencies will
occupy in the frequency spectrum. Recall
the transmitted frequencies in AM are the
carrier signal, and the upper and lower
sidebands. l.ook at figure 10 and see that
the USB and LSB are each 4 kHz wide,
This means that the BW of the transimitted
signal is 8 kHz, I a 1000 kHz carrler is
modulated with a 10 kHz signal, the upper
side frequency will be 1010 kHz and the
lower side frequency will be 990 kHz. The
bandwidth in this case will be 20 kHz, Based
on these facts we can say that the BW is
equal to the distance from the lowest side
frequency to the highest side Irequency.

1. If a 1000 kHz carrier were modulated
with a complex wave made up of 2 kHz,
4 kHz, and & kHz signals, what would be the
lower sideband frequencies?

2. In question 1 above, what would be the
bandwidth?

3. BW is equal to the distance between
carrier and the highest upper side fre-
quency. True/False

4. Many upper and lower side frequencies
are usually generated because we usually
modulate with a complex waveform. True/
False

UNMODULATED
CARRIER \

4 Epgy 100V

28
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Figure 11. AM Composite Waveform
Showing 60 Percent Modulation

Modulation factor In AM is the ratio of
the maximum to minimum voltage of the
modulated waveform. The modulation factor
times 100 gives the percent of modulation.

Percentage of modulation can be found by
suing an oscilloscope presentation of the
modulated waveform, & the following formula:

Emax - Emin
Percent of modulation = -———————o——x 100

mwax + min
where

E max = maximum amplitude of the modulated
catler wave.
Emin = minimum amplitude of the modulated
carrier wave.

An AM waveform is shown in fgure 11.
Using the formula, and the ‘voltages given,
let’s calculate the percent of modulation:

% of modulation = %gg-:—g—g x 100 = T;%

x 100 = .6 x 100 = 60%
Now use the formula and the oscilloscope

presgentation in figure 12 to find the percent
of modulation. .

MODULATED CARRIER
PEAKS

REP4-1297

Figure 12. AM Composite Waveform Showing 100% Modulation




ANSWERS TO QUICK QU1Z 7

1. false
2. carrier, lower
3. true

ANSWERS TO QUICK QUIZ 8

1., 998 kHz, 996 kHz, and 094 kHz

2, i2kHz
3, false
4. true
200- 0
% of modulation = 20050 " 100 = 1 X100
= 100%

A percent of modulation of less than 100%
1s “‘under modulation’’, and the output will
be less than maximum power output. A per-
cent of modulation greater than 100% is
‘‘gyver modulation’. Over modulation causes
severe distortion due tothe sidebands hetero-
dyning together creating harmonics.

———————— e — —

Figure 13, Over Modulating an AM Carrier

10

A close look at the waveform in figure 12
shows the unmodulated carrier to be 100V
peak-to-peak, while the maximum peak-to-
peak carrier voitage after modulation is 200
V. The minimum carrier voltage after modula~
tion 18 QV. In the composite waveform there
are two new f{requencies produced during
the modulation process, these two frequencies
are equal in amplitude, If the unmodulated
carrier in figure 12 is 100 V peak-to-peak
and the modulated carrier is 200 V peak-
to-peak, then the sum of the sidebands must
be 100 V peak-to-peak. Since these two sig-

nals are equal then each side frequency must

With over modulation, the BW of an AM
signal will be increased due to the distor-
tion produced. This distortion produces new
upper and lower side frequencies which in-

crease the bandwidth of the transmitted
signal,

Figure 13 A shows a modulating signal
that is 150 Vv peak-to-peak, This signal is

— -

¥V MODULATING
SIGHAL

et g S g — — — —

—— — —

100v CARRIER

REP4-1379
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Figure 14. Power and Voltage aw 100%

Modulation

used to modulate a carrier that is 100 V
peak-to-peak as in figure 13B. Note that
during much of the negative half-cycle of the
modulating signal, the amplitude of the modu-
lated wave (figure 13B) is zero. Thus, the
negative half-cycle of modulating signal has
been clipped. This then would cause unwanted
harmonics of the modulating signal to be
genarated during the modulating process.
These harmonics would appear as unwanted
frequencies in the transmitted spectrum,
thus increasing the BW of the transmitted
signal.

QUICK QUIZ 9

1. The ratio between the peak variations of
a modulated wave and its reference
is expressed at % of modulation. True/
False

Ema.x - Em

lna 100 = %
max + min

2. Use the formula
Find % when:
a. Max = B0V Min = 20V ¢ =

b, Max 70V Min = 30V § =

The total power in the modulated wave is
equal to the sum of the carrier and SB
powers found in that modulated wave,

11

In figure 14 we can find the total power
transmitted for a 100 percent modulated
carrier wave. Figure 14 shows the peak
voltage contalned in the carrier and in each
gsideband. The resistance of the load is
assumed to be 100 ohms. We know from
earlier studies that to find power we use
this formula:

o Eo
"R
Use the voltage given for the carrier in
figure 14A, and find carrier power:

2
_ {100y - 10000 -
Pc 50— = ~{o0- ° 100 watts

Peak carrier power is equal to 100 watts
and is shown in figure 14B. The peak side-
band power then would be found by using the
same formula and the peak amplitude of one
sideband.

2
_{80)"
PI_.SB- W = 25 watts

The power of the other sideband is the same
or 25 watts. Total sideband power is the sum
of the USB and LSP powers. We find the
peak sideband power is equal to 50 watts,
Total peak ftransmitted power then is found
by adding carrier power to sideband power.
Using the power given for the carrier and
sidebands in figure 14B, the total trans-
mitted power equals 100 + 50 or 150 watts.

Under modulation reduces total power by
reducing the power in the sidebands.

Figure 15 shows the power distribution of
an AM waveform modulated 50%. Using
the power formula with the voltage given for
the carrier in figure 15A, we find;

P = 100 watts

The power in the carrier is still 100 watts.
when you find the power for each sideband
using the values given in figure 15B you will
have 6.25 watts for each sideband or the

<20
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Figure 15, Voltage and Power Distribution at Fifty Percent Modulation.
The Resistance of the Load is 100 Ohms

ANSWERS TO QUICK QUIZ 9 b. the carrier contains two thirds of the
total power.
1. true
2. a. 60 ¢. total sideband power is one thirdof the
b. 40 total transmitted power.

d. the total sideband power is distributed
total sideband power of 12.5 watts. Total equally in two sidebands.
power in the modulated waveform then is
found by adding carrier power to sideband e. each sidektand comtwpmyhone sixth of the
power. Total power is 112.5 watts. total power.

From the preceding analysis of power

distribution we find at 100 percent modulation: Reducing modulation to less than 100%

{under modulation} gives:
a. total sideband power is one half the
carrier power. a. no reduction in carrier power.

MODULATED
CARRIER QUT

RF CARRIER N T

M

REP4-1299

Figure 16, Simplified Circuit Using Amplitude Modulation
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b. less power in the sidebands.

¢. less total power.

QUICK QUIZ 10

1. 1f the carrier power were 50 watts at
100% modulation, the total SB power would

he —  __ watts.

2. If the total power were 300 watts at
100% modulation, the carrier power would

be ____________ watts.

3. If the carrier power were 200 watts at
100% modulation the upper SB power would

be —_________ watts.

Figure 16 shows an RF amplifier stage
with an audio modulating signal fed to the
collector circuit. In this ecircuit, the carrier
is applied to the base, and the collector
voltage is varied at the modulating (audio)
rate.

Let’s say there is a carrier signal fed
through T1 to the base circuit of Ql, and
there is no audio signal applied to T3.
Since the stage is biased class B, transistor
Q1 will conduct only on the positive alter-
nation of the carrier input signal. The
amplified output carrier pulses at the col-
lector of Q1 then will cause the tank circuit,
C2 and primary of T2, to oscillate at the
carrier frequency. This unmodulated carrier
signal is shown on the output waveform from
t) to t2.

When an audio modulating signal is applied
through T3 to the collector circut,the modu-
lating voltage across the secondary of trans~
former T3 is in series with the collector
battery voltage Vee. The positive half cycie
of the audio signal voltage series aids the
battery voltage, V¢, increasing the emitter-
collector voltage. The negative half cycle of
the audio voltage series-opposes battery volt-
age VcC, decreasing the emitter-collector
voltage. When the emitter to collector voltage

increases, the output of the RF amplifier
increases, and when the emitter to collector
voltage decreases, the output decreases. If
you look at the waveforms from t2 to t3
(figure 16) you will see that the output of
the amplifier increased on the positive half
cycle of the modulating signal and decreased
onh the negative half cycle. Now look at the
output RF waveformn at tg to t3 and note
the amplitude variations resulting from the
output of the amplifier increasing and
decreasing.

The amplifier in figure 16 is being modu~
lated 100%. Decreasing the amplitude of the
modulating signal causes under modulation.
Increasing the amplitude of the madulating
signal would cause over modulation. The
output modulated waveform at T2 is made
up of the carrier frequency, the USB, and
LSB.

QUICK QUIZ 11, REFER TO FIGURE 16
1. The circuit uses the intelligence signal

to vary the amplitude.

2. When there i s no modulating signal
input there will be no output, True/False

3. The parallel resonant tank in the col-
lectoe citcuit is tuned to the modulating
frequency. True/False

4. The modulating signal increases and
decreases the collector voltage. Trug/False

5. If the amplitude of the modulating signal
is decreased the total output power will
decrease. True/False

SINGLE-SIDE BAND

Single-Sideband {SSB) is a term used fo
describe the process of single-sideband
comimunications operation, and the equipment
required for this type of operation. Within
the transmitter, the carrier is suppressed
and later restored at the receiver. Insingle-
sideband operation, only one sideband
is transmitted.




ANSWERS TO QUICK QUI1Z 10

1. 25 watts
2, 200 watts
3. 50 watts

ANSWERS TO QUICK QUI1Z 11

carrier
false
false
true
true

From these statements we can say that
during SSB modulation:

a. a carrier is modulated with an intelli-
gence signal.

b. the carrier is suppressed.

¢. one of the two sidebands is eliminated.

)
In conventional AM, the transmitter output
is made up of the carrier frequency, a USB,
and an LSB. If we place a filter at the output
of the transmitter to take out the carrier and
one sideband, we will have SSB transmission.

This 1s not the best way to obtain a SSB
signal. A more practical method is to modu-
late the RF carrier signal at some low power
stage in the transmitter, suppress the carrier,

get rid of one of the sidebands and use the
power amplifiers to amplify the remaining
sideband. This will let us use all of the
available power the transmitter canproduce.
‘I'his process is called SSB generation.

S5B type transmission is only used for
voice communications. The ability to repro-
duce a wide range of frequencies such as
those found in music is very poor. This is
called low fidelity. Some of the advantages
of SSB are:

a. More effective power
b. Increased range

¢. Narrower BW allowing more stations in
a small section of the frequency spectrum,

QUICK QUIZ 12

‘5,;.:,'1 J:SS.B transmission, only the carrier
, i;queﬁcj ’s;trape?mltted. True/False

2. The bandwidth of S8B is —
that of conventional AM

3. After modulation takes place in SSB the

is suppressed and one

is filtered out.

25 to 99.98 kH2 100.02 1o 105 LH:

LSB I_gil ‘u_*sel

TD $5B RF DUTPUT

AUDIO BALANCED
AMPLIFIER MODULATOR

SIDEBAND
FILTER

P

100 khix
CARRIER

CARRIER
GENERATOR

REP4-1955

Figure 17. Circuits Used to Generate a Single-Sideband Signal
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In order togenerate asingle-sideband signal
we need:

a. an intelligence signal.
b. a carrier signal.
¢. a balanced modulator.
d. a sideband filter,

When these are properly connected, they
will produce a single-sideband signal. Figure
17 is a block diagram that shows a circuit
that will convert the intelligence signal
to a SSB RF signal. The intelligence signal
is a composite waveform containing fre-
quencies from 20 Hz to 5 kHz.

The audio amplifier amplifies the audio
_signal from the microphone. This signal is
coupled to the balanced modulator where it
will modulate the 100 kHz carrier signal
from the carrier generator. The audio and
RF signale are then heterodyned in the
balanced modulator to produce the LSB signal,
95 to 99.98 kHz, and a USPE signal, 100.02

to 105 kHz. This double-sideband signal i1z -

applied to the sideband filter. The carrier
signal is not applied to the sideband filter.
The sideband filter will select the desired
sideband signal. In this example, the USB
was selected and the ISE was eliminated.

QUICK QUIZ 13

1. What
modulator?

is the input to the balanced

2, What is the
modulator?

output of the "bhalanced

3. The carrier signal is eliminated by the
SB Filter. True/False

4, The carrier is of no use after the
signal leaves the balanced modulator. True/
False

5. When there is no modulating signal input,
there 15 no output from the transmitter.
True/Faise

100 N
CARRIER
GEMERATOR

REMulI

Flgure 18. Modulator Circuit of a Single
Sideband Generator

The balanced modulator circuit is shown
in figure 18. Transformer T1 is used to
couple the audio signal to points A and B.
Transformer T2 couples both the USBand LSB
outputs to R1l. T3 couples the 100 kHz
carrier signal to points C and D. Diodes
CR1 through CR4 have matched forward and
reverse resistances. Gl generatesthe carrier
gignal.

We can use figure 18 tosee howthe carrier
i3 eliminated in the balanced modulator. The
primary of T2 is connected across thebridge
circuit at point A and B. Assume there is
no modulating signal applied across T,
and the 100 kHz carrier signal is applied
to T3 with the polarity shown in figure 18.
The carrier signal fed to points C and D of
the diode bridge will forward bias the diodes.
The diodes conduct equally as shown by the
arrows. There is also no difference in
potential between points A and B. The con-
ducting diodes represent a very low
resistance effectively placing a short across
the primary of T2. At this time there is no
current flow thru the primary of T2. When
the carrier signal at the secondary of T3
reverses, point C on the bridge is positive
and point D 1is negative, the diodes are
reverse biased. Again, there is nodifference
in potential between points A and B, and
carrier current does not flow thru the
primary of T2. The carrier signal was not
coupled thru T2 and R1 because the bridge
in the modulator remained balanced. The
carrier was suppressed.




9,\-(0

ANSWERS TO QUICK QU1Z 12 Within the balanced modulator the carrier
signal causes the diodes to switch oun and off
1. false at the rate of the carrier frequency.
2. 1/2 or halt ,
3. carrier - SB Figure 19 shows the action that takes place
when the balanced modulator has both an
ANSWERS TO QUICK QU1Z 13 audio signal and an RF carrier signal fed
in at the same time. R2 and R3 are used to
Audio intelligence and the carrier keep the two signals from acting on one
USB and LSB another,
false
true The waveforms (figure 19) show one cycle

true of the audio signal with many cycles of the
RF carrvier signal on the same time axis,

(+ | (-(7)- q - () *——— carree

FREQUENCY

A——vosce
FREQUENCY

—
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Figure 19. Modulator Circuit of a Single Sideband Generator with Waveforms
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but not combined in the modulator. The
positive and negative signals show the carrier
polarity. Note that the peak value of the
carrier is slightly greater than that of the
volce signal; in actual operation the carrier
signal i3 much greater.

When both waveforms (figure 19) are fedto
the medulator, the diodes CR1, CR2 and CR3
and CR4 will be reverse biased when the
polarity of the carrier signal is as shown on
T3. This polarity is shown as positive on the
RF waveforms. Now the audio signal applied
thru T1 makes peoint E positive, and point
F negative. Current flows in the circuit as
shown by the arrows for the duration of the
positive half cycle of the carrier shown on
the waveforms. On the next half cycle of the
carrier, the polarity of the secondary volt-
age at T3 becomes negative. The diodes are
forward biased and the low forward resistance
acts like a short across the primary of T2
and keeps the signal from coupling through
to the other winding of T2, This is repeated
for each carrier cycle,

The shaded areas onthe waveform infigure
20 show when the diodes are reverse biased
and there is an output from the modulator.
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Figure 21. Modulator Qutput

The unshaded areas show when the diodes
are forward biased and there is no output
from the modulator. The shaded areas also
show the polarity of the modulator output
across Rl (figure 19).

The signal at the modulator outputis shown
in figure 21, The waveform contains the upper
and lower gsidebands. The carrier frequency
is not in the output because carrier current
does not flow in the primary of T2 {figure
19) at any time,

CARRIER
- FREQUENCY

YOICE
—FREQUENCY

./
REP4=2571

Figure 20. Waveforms of a Balanced Bridge Modulator
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QUICK QUIZ 14, REFER TO FIGURES 18 &19

1., When there is no audio input to Tl
there is no current flow through R1. True/
False

2. When an audio signal is present across
T1, the current in Rl flows on one half
alternation of the carrier generator. True/
False

3. When point D on the bridge is negative
in respect to point C, current flows from
point A to B. True/False

Sideband filters are bandpass filters. A
bandpass filter allows only a selected band
of frequencies to pass.

CARRIER = 100 kHz MODULATION =20 Hz to 5 kMz

fc 100 kHz

95 10 99.9 kHz
LsB

——

100.02 to 105 kHz
use

—

~v—
10 kHz BW
TRANSMITTED
A

FILTERED OUT
Lse USB TRANSMITTED

—t— A

e

498 kHz BW
TRANSMITTED
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Figure 22, Bandwidth Comparison of
Conventional AM and SSB Signals

The BW of the S3B signal is approxi-
mately one halfi the BW of the conventional
AM signal,

Figure 22A shows the transmitted spectrum
of a conventional AM signal. Figure 22B
shows the transmitted spectrum of a 55B
signal. When the 100 kHz carrier signal of
the conventional AM transmitter is modu-
lated with the § kHz signal, the composite
wave that is transmitted consists of the 100
kHz carrier, the LSB 95 kHz, and the USB
105 kHz. The BW required in the frequency
spectrum is 10 kHz. When the 100 kHz
carrier sighal in the SSB transmitter is
modulated with the same audio signal, only
one sideband is transmitted. Thus, the B¥
required in the spectrum is 5 kHz.

QUICK QUIZ 15

1. The BW of a SSB transmitter is approxi-

mately the BW of
the conventional A} cransmitter signal.

2. Use a carrier of 100 kHz and a modu-
lating frequency of 15 kHz and calculate
the following:

a2, BW of a conventional AM trans-
mitter.

b. BW a SS5pR transmitter.

3. H the modulating signal frequency de-
creases what happens to BW?

a, increases

b. decreases

¢. remains the same
d. doubles

PULSE MODULATION
Another type of amplitude modulation is

Pulse Modulation (P~M). Pulse modulation is
defined as the modulation of a carrier by a

27




pulse train. Pulse modulation is used for
many things; from telegraphy to radar and
telemetry to multiplexing., There are far
too many applications of pulse modulation
to tell about sach of them. In this chapter
we will cover the basic principles of pulse
madulation.

In figure 23, observe the modulating square
wave. You know that it contains an infinite
number of odd harmonics as well as its
fundamental frequency. Let us say that the
square wave has a fundamental frequencyof 1
kHz, 2nd will be used to inodulate anRF
carrier signal of 1 MHz. When these signals
heterodyne, two frequencies will be produced -
a sum frequency (1.001 MHz), and a dif-
ference frequency (.999 kHz). Not only will
the fundamental frequency of the square wave
heterodyne with the carrier, but each of the
harmonics contained in the square wave will
alsc heterodyne with the carrier, and sum
and difference frequencies associated with
those harmonics are produced. For example,
the third harmonic of the modulating square
wave (3 kHz) when heterodyned with the
carrier will produce an upper frequency of
1,003 MHz, and a lower frequency of .997
kHz. Another set of sum and difference
frequencies are produced for the fifth har-
monic of the square wave, and S50 on to
infinity.

Now lock at figure 23 and see the relative
amplitude of the sidebands as they relate

CARRIER MINYS
ruumu!uul.\

L

WODULATING  CARRIER.IRD HARM

SAUARE waVE \
CaRMER.ITH

L |

to the amplitudes of the harmonics found in
the square wave, Note the first set of sum
and difference signals, these are directly
associated with the amplitude of the square
wave, The second set of sum and difference
signals are related to the third harmonic
content within the modulating square wave,
The third set is associated with the iifth
harmonic and is only one-fifth the ampli-
tude of the first set of sum and difference
signals. This rule will apply for each sum
and difference slgnal to infinity. Notice that
the upper and lower sidebands (figure 23)
are made up of the sum and difference sig-
nals produced during the modulation process.

QUICK QUIZ 16

"1. When a square wave is used to modulate

the carrier, one pair of SB frequencies are
produced for the fundamental freguency and
one pair for each of the odd harmonics.
True/False

2. Refer to figure 23, If the frequency of
the carrier is 1! MHz, and the 5th har-
monic is 5 kHz, what would be the two side
frequencies developed by this harmonic?

In AM when a carrier is modulated, the
resultant complex waveform as viewed on an
oscilloscope appears to change in amplitude.
Figure 24A shows a carrier modulated with
a square wave. The peak voltage of the

CARRIER PLUY
/'wmn! NTal,

CARRIER +IRD HARMONIC
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Figure 23. Spectrum Distribution when Modulating with a Square Wave
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ANSWERS TO QUICK QUIZ 14
1. true
2. true
3. false

ANSWERS TO QUICK QUIZ 15
1. one half
2. a. 30 kHz

ANSWERS TO QUICK QUIZ 18§
1. True
2, LSB = .885 MHz USB = 1.005 MHz
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Figure 24, Varlous Square Wave Modulation Levels
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square wave signal is less than the peak
voltage of the unmodulated carrier signal.
The resultant amplitude modulated carrier
signal above the modulating square wave
(figure 24A} increases in amplitude when the
square wave is positive, Note that when the
square wave is negative, the resultant
modulated carrier wave decreases in ampli-
tude. In figure 24B the modulating®square
wave is increased in amplitude, the RF peaks
increase as the complex waveform increases
during the positive alternation of the square
wave and decreases during the negative half
of the square wave. In figure 24C the ampli-
tude of the square wave is further increased,
until it is almost equal to the unmodulated
carrier voltage., The modulated wave is
almost zero during the negative alternation
of the square wave. Now look at figure
24D where we increase the square wave
modulating voltage so that it is greater in
amplitude than the carrier. Now during the
negative alternation of the square wave the
modulated wave is not present.

In the frequency spectrum asscciated with
each of these conditions, note the carrier
amplitudes stay constant in figure 24A, B,
and C but the sidebands are increasing

‘in amplitude as the amplitude of the modu-

lating square wave increases. In figure
24D; however, we increase the square wave
modulating voltage so that it is greater in
amplitude than the carrier. Note that the
sideband power distribution does not change,
but as the sidebands take on more of the
transmitted power, so will the carrier.

S0 far in pulse modulation the same
general rules apply as in AM. In figure
24C where the peak amplitude of the square
wave ig about equal to the peak amplitude of
the unmodulated carrier, we have about 100%
modulation.

In AM the bandwidth of the transmitted
waveform is always two times the highest
modulating signal frequency contained in the
modulating waveform. The same holds true
for PM.

Thus far, we have established a carrier,
and then we caused its peaks to increase
and decrease as the square wave is applied.
Some pulse modulation systems modulate a
carrier in this manner. Other systems pro-
duce no RF carrier until pulsed, and RF
occurs during the pulse. As an example,
look at figure 25 and establish a carrier

YUV LU\~

PULSE
TRANSMITTER
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Figure 25, Pulse Transmission




Ifrequency of 1 MHz. Each cycle of the RF

energy requires a certain amount of the time;
if we allow oscillations to occur for a given
period of time, only during selected inter-
vals ag shown in figure 26A, we are PULSING
the system as shown in figure 25B.

SUMMARY QUIZ 2

1. Match the fcllowing terms with their

definttions:

a, modulation

b. carrier

c. intelUgence signal
amplitude modulation
sidebands

de —

€, —-

i. An electrical wave or impuise
that conveys an idea or expression.

2. The process of using intelligence
to modify the amplitude of an RF carrier.

3. Frequency bands on eitae: side of
the carrier which contain frequsncies pro-
duced by modulation.

TN

.

'l

4, The process by which the ampli-
tude, frequency, or phase is variedinaccord=-
ance with an intelligence signal.

5. A reference frequency assigned
by the Federal Communications Commission.

2. In AM, the modulated wave is a result
of both the frequency and amplitude of the
intelligence signal. True/False

3. When modulation takes place, which sig-
nals are heterodyned?

a, Intelligence and carrier
b. Intelligence and sidebands
¢. Carrier and sidebands

d. Sum and difference

4. The conventlonal AM wave that 18 trans-

mitted contains the and

sideband frequencies.

5. Over modulation is caused by excessive
carrier amplitude. True/False

T4
REP4-2573

Figure 26, FM with a Modulating Signal
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6. At 100% modulation the power inthe modu-
lated wave is divided;

a, 2/3 in the carrier and 1/3 in the
sidebands.

h. 50% in the carrier and 50% in the
sidebands.

c. 1/3 in the carrier and 2/3 in the
gidebands.

d. 75% in the carrier and 25% in the
Sidebands.

7. In AM, the BW is equal to twice the
highest modulating frequency. True/False

8. In 8SB, the balanced modulator

a. eliminates the undesired 3B
b. suppresses the carrier

c. heterodynes the sidebands

d. isolates the mechanical filter

9, What is the relationship between the
BW of the conventional AM and that of 3SB
transmissions?

10. In pulse modulation using a square
wave, the fundamental and each odd harmonic
will produce a pair of sideband {requencies.
True/False

FREQUENCY MODULATION

Technically, Frequency Modulation (FM)
is defined as angle modulation of a sinusoidal
carrier in which the instantaneous frequency
of the modulated wave differ3d from the carrier
frequency by an amount proportional to the
instantaneous amplitude of the modulating
wave, This means that an intelligence signal
is used to modify the frequency of the RF
carrier.

‘When a frequency modulated wave is viewed
on an oscilloscope, the frequency of the modu~
lated wave can he seen to constantly change
as the amplitude of the intelligence signal
changes, however, the amplitude of the modu-
lated wave will remain constant.

In frequency modulation the unmodulated
carrier frequency is designated the center
frequency.

Figure 26A shows a single sinewave of
audio signal. This signal will be used to
frequency modulate an RF carrier signal.
Figure 26B shows the resulting freguency
modulated waveform. Both waveforms have
been drawn on a common scale with respect
to time. From TO to T1, there is no modu-
lation of the RF carrier wave by the modu~
lating signal. Thus, the carrier wave remains
on the center frequency. During the T1 to T2
interval, the modulating signal increases from
zero toward a maximum positive peak ampii-
tude. The RF carrier wave deparits from
center frequency, and increases toward a
higher frequency. From T2 to T3, as the
modulating waveform decreases back tozero,
the RF carrier wave decreases in frequency
toward the center frequency. At time T3,
the modulated carrier will have the same
frequency as the unmodulated carrier signal.
From T3 to T4, as the modulating waveform
increases from zero to a maximum negative
peak amplitude, the carrier wave will depart
from center frequency and decrease to a lower
frequency. From T4 to TS, as the modulating
gignal will decrease from its maximum ega-
tive peak amplitude toward zero, the carrier
wave will increase in frequency back toward
the center fregquency. From T35 to TS there
is no modulation, thus, the carrier fre-
quency remains on the center frequency.

During the complete modulation cycle of the
RF waveform in figure 26, we find that:

a. The center {requency was presentonly
when there was no modulation applied, or the
modulating signal has zero amplitude.

b. When the modulating waveform has a
positive amplitude the frequency of the modu-
lated waveform was higher than the center
frequency.

¢, When the modulating waveform has a
negative amplitude the frequency of the modu-
lated waveform was lower than the center
frequency.

d. The amplitude of the modulated RF
carrier did not change throughout the modu-~
lation process.

77"




o
€A

e

-

CARRIER FREQ
{10 MEGAHERTZI

ANSWERS TO SUMMARY QUI1Z 2

1, a.4 b.5 ¢,1 d, 2 e, 3
2, frue

3. a

4, carrier

5, false
6, a
7. true
8. b
8. SSB is half that of AM
1

FREQUENCY DEVIATION is defined as the
‘difference between the instantaneous fre-
quency of the modulated wave and the
carrier frequencq. Sometimes this is called
amount of deviation. We can say it is
how far the carrier is caused to deviate
or change either above or below its center
frequency.

1n the ¥M transmitter the oscillator oscil~
lates at the center frequency when there is
no modulating signal from the modulator,
An intelligence signalfrom the modulator will
cause the oscillator to change frequency and
swing above and below the center frequency.
Maximum deviation of the oscillator frequency
will take place at the voltage peak of the
modulating signal,

The amount of deviation of the gscillator
is determined by the amplitude of the modu-
lating signal as shown in figure 27. The
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Figure 27. Deviation with Respect to
- Modulating Amplitude

modulating signal with a 2 V peak amplitude
is used to modulate a carrier signal of 10
MHz. As the modulating signal increases its
peak amplitude, the carrier oscillaior fre-
quency deviates from its center frequency to
a maximum frequency of 10,1 MHz. As the
modulating signal decreases inamplitude back
to zero, the oscillator deviationbecomes zero,
As the modulating signal changes toits maxi-
mum peak negative amplitude, the oscillator
frequency deviates belowits center frequency
to 9.9 MHz. As the modulating signal goes
from its maximum peak negative amplitude
ack to zero, the oscillator signal deviation
decreases to zero. A 4V peak amplitude
modulating signal causes the carrier to
deviate as previously explained, however, the
oscillator deviates from its center frequency
to 10.2 MHz and back to the center frequency
during the positive half cycle of the modu-
lating signal. During the negative half cycle
of the modulating signal, the oscillator
will deviate from the center frequency to
9.8 MHz and back to its center frequency.

Look once more at figure 27 and see that
the maximum amount the oscillator deviated
from its center frequency using the 2V peak
amplitude signal was 100 kHz,

10,1 MHz
10 MHz
.1 MHz {100 kHz)

Maximum oscillator frequency
Oscillator center frequency
Maximum deviation

When the 4V peak amplitude signal is used,
the maximum amount of deviation from center
frequency is 200 k¥Hz. From this analysis we
can conclude that maximum frequency devia-
tion of the oscillator signal from its center
frequency is determined by the peak ampli-
tude of the modulating signal.

The frequency of the modulating signal
determines the frequency deviation of the
oscillator above and below the center
frequency.

In figure 28 the frequency of the audio
signal determines the rate of carrier frequency
deviation. Figure 28A shows a highfrequency
audio signal used to modulate the RF carrier
and figure 28B shows the same carrier
modulated with a low frequency audio signal.
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Figure 28. Rate of Frequency Deviation

You can now see that the modulating signal
in figure 28A is twice the frequency of
28B. Also note that the frequency of devia-
tion is directly proportional to the frequency
of the modulating signal. As the frequency of
the modulating signal is increased the rate
of deviatton will also increase. From this
We can state that the rate of frequency
deviation is directly proportional to the
frequency of the modulating signal.

QUICK QUIZ 17

1. In FM when the amplitude of the
modulating signal increases:

the amount of deviation increases
the rate of deviation increases
the amount of deviation decreases
the rate of deviation decreases

2. In FM when the frequency of the modu-~
lating signal increases:

the amount of deviation increases
the rate of deviation increases
the amount of deviation decreases
the rate of deviation decreases

When modulation takes place in FM an
infinite number of sidebands are generated,
however, all of them are not important.
In FM a sideband must contain at least one
percent of the total transmitted power to be
classified as a significant sideband. The
number of significant sidebands determines
the bandwidth of the iransmitted signal. The
number of significant sidebands is determined
by the modulation index (MI).

The modulation index is a ratio of the
Irequency deviation (amount) to the modu-
lating signal frequency (rte) causing the
deviation, The formula for modulation index
is:

f
d
MI = —
m
where:

[, = frequency deviation (amount)
l:in = frequency of the modulating signal {rate)

For example, let’s say we are using the 1
V modulating signal and the frequency of the
signal is 15 kHz. The 1 V modulating signal
caused the oscillator Irequency to deviate




ANSWERS TO QUICK QUIZ 17

1. a 2. b

30 kHz from the osecillator center

frequency.
30 kHz

M= o5 = 2

We see the MI is 2

A Qquestion now is how do we use the
modulation index to determine the number of
significant sidebands? The chart in figure
29 lists the number of significant sidebands
contained in the modulated waveform when
the modulation index is known. For modu-
lation index of 2, there would be 8 significant
sidebands, 4 USB and 4 LSB signals, in the
transmitted spectrum.

Now, let's take a look at our transmitted
spectrum, Figure 30 illustrates the frequency-
modulated output spectrum for a modulation
index of 2. The center frequency is the same
frequency as the unmodulated carrier. The

SIGNIFICANT
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29, Modulation Index Chart
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Figure 30. Spectrum Distribution for a
Modulation Index of 2"

frequency of the first sideband pair is
respectively higher and lower than the center
frequency by the amount of the modulating
frequency. The second set of sidebands have
frequencies respec: vely higher and lower than
the center frequency by an amount of two .
times the modulating frequency. The third
set is three times and the fourth set is
four times the modulating frequency.

Look again at figure 30, and note that the
BW of the transmitted FM signal is 120
kHz. In FM, increasing the frequency or
amplitude of the modulating signal increases
the BW of the transmitted signal. Another way
of determining BW is by this formula:
BW = Number of significant sidebands X
rate of modulation, In the previous example
there are 4 significant sidebands and the
rate of modulation is 15 kHz. Therefore,
8 X 15 kHz = BW of 120 kHz.

QUICK QUIZ 18

1. Define significant sideband.

2. The amount of deviation is 75 kHz and the
rate of deviation is 15 kHz. What is
the BW? (Use figure
29, Modulation Index Chart)

3. In FM, what determines the amount of
space between the sidebands?
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Figure 31. Reactance Tube Modulator (Inductive Reactanca)

A common circuit used infrequency modu-
lation is the reactance tube modulator. Look
at the basic circuit (figure 31A), and notice
the arrangement of R and C in the circuit.
This is a phase shifting network and the
heart of the reactance tube circuit. The resist-
ance of R is much larger than the capacitive
reactance of C. This causes the circuitto
act resistively to the oscillator tank circuit.

Now let’s examine the effects of this
arrangement:

a, The tank voltage (E¢) will be the reference
vector as shown in figure 31B.

b. Since the tank is in parallel with the
RC network, the curremt in the network
(In) will be nearly in phase with the tank
voltage. (Remember that the network is
primarily resistive.)

c. Network current (In) will develop a
voltage across C that lags the current I by
90°, The voltage developed across C is the
grid voltage (Eg) for the reactance tube,

d. Grid voltage (Eg} and plate current (Ip)
are in phase, and bhoth lag E; by 90°.

¢, Since the tube iz in parallel with the
tank, the plate voltage, Ep, of the tube is in
phase with the tank voltage, E;. Since Ip
lags Ep by 90°, the tank sees the reactance

tube circuit as an inductor placed in parallel
with the tank.

Now, let’s see what happens when an
audio signal voltage ig fed to the input jack.
On the positive alternation, the reactance
tube current will increase, and the inductive
reactance reflected to the tank decreases
(figure 32). When the inductive reactance
decreases the resonant frequency of the tank
increases.

B+

REP4=1966

Figure 32. Reactance Tube Modulator With
Positive-Going Input




ANSWERS TO QUICK QUIZ 18

1. A SB that contains 1% or more of the
total power,

2. 240 kHz

3. The modulating frequency.

When the audio input goes negative, cur-
rent decreases. The inductive reactance then
increases and the tank frequency decreases
(figure 33).

Now, let’s take a look at a circuit that
serves as a capacitive reactance insteadof an
inductive reactance. To do this the phase
shifting network is changed, as shown in
figure 34. Note that the capacitor has been
placed between the plate and grid and the
resistor 13 between grid and ground. Another
change has heen made to the circuit that
does not show in the diagram -- the capaci-
tive reactance is now much greater than the
resistance. The circuit will now act in the
following manner,

a, Tank voltage will againbe the reference
vector.

REPG=1967

Figure 33. Reactance Tube Modulator with
Negative-Going Input

610

RLPA=1968

Figure 34, Reactance Tube Modulator
{Capacitive Reactance)

b, Since the RC network is now capacitive,
the network current will lead tank voltage
by nearly 90°.

c. Voltage across the resistor will be in
phase with network current and lead tank
voltage by nearly 90°. This voltage is {elt
on the grid (Eg). (Tand voltage is the
voltage across the capacitor which lags net-
work current by 90°.)

d, 8ince plate current and grid voltage
are in phase, plate current will lead plate
voltage by 90°,

e. Plate voltage (Ep) will be in phase with
tank voltage since the tank and tube are
connected in parallel.

You can see by this vectorial analysis
that I, leads E, by 90°. The circuit is
therefore, acting capacitively, and reflects a
capacitive reactance to the tank. This cir-
cuit does not act the same as the inductive
circuit, because inductive and capacitive
reactances differ:

xL=211’fL

1
and Xc=2Hic

In the capacitive circuit, a positive voltage
from the intelligence source will cause the
output frequency to decrease, while a nega-
tive voltage will increase output frequency.
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QUICK QUIZ 19

1. The reactance tube modulator is a cir~
cuit where the modulating signal varies the
reactance of an oscillator tank circuit. True/
False

2. The output frequency of the reactance
tube modulator varies at a rate determined
by the of the audio output.

3. The output frequency deviates from
center to one extreme depending upon

the of the audio input signal.

Another FM modulator that is widely used
in transistorized circuitry employs avoltage
variable capacitor, called a VARACTOR.
The varactor is simply a diode, or PN
junction, designed to have a certain amount
of capacitance across the junction. Figure
35 shows the schematic symbol and a dia-
gram of a varactor in a simple oscillator
circuit. (This is not a working circuit, but
merely a simplified illustration.) The capaci=-
tance of a varactor, as with all capacitors,
is determined by the area of the capacitor
plates and the distance between the plates.
The depletion region in the varactor deter-
mines the distance (dielectric) between the P
and N elements {plates).

In all PN junctions when reverse bias is
varied, we change the thickness of the
depletion region, and therefore, the capaci-
tance changes, The varactor is designed
so the change in capacitance is linear with a
change in the applied voltage. Proper circuit
design prevents the application of forward
bias.

Notice the simplicity of operation of the
circuit in figure 36. An audio signa) applied
to the input results in the fllowing action:

a. On the positive alternation, reverse
bias increases and the dielectric {depeltion
retion) width inereases. This decrenses
capacitance, which increases the frequency
of the oscillator.

SCHEMATIC
SruagL

YHPLIFIED ORCUIT

Figure 35. Varactor Symbol and Schematic

b. On the negative alternation of the audio
signal, the reverse bias decreases, resulting
in an oscillator frequency decrease.

QUICK QUIZ 20

\. In the varactor FM modulator, the intelli-
gence signal causes the oscillator frequency to

vary by changing the
on the varactor.

2. The output frequency of the varactor M
modulator varies at a rate determined by

the — 0 of the audio input.

3. The amount of deviation in the varactor
FM modulator is determined by the

of the audio.

REP4-19583

Figure 36. Varactor FM  Modulator




ANSWERS TO QUICK QUIZ 18

I. true
2. frequency
3. amplitude

ANSWERS TO QUICK QUIZ 20

1. bias
2. {requency
3. amplitude

PHASE MODULATION

In FM, the transmitter oscillator changes
frequency above and below the center fre-
quency as the modulating signal is applied.
In phase modulation (PM), the transmitter
oscillator frequency s not changed during
the modulation process. In fact the PM
systemn usually employs a crystal oscil-
lator and the phase of the output is caused
to change.

Phase moudulation implies that the phase
angle of a carrier is varied in accordance
with the modulating audio voltage, whereas
the current amplitude of the resulting phase
modulated wave is maintained constant.

When a phase-modulated wave is seenon
an oscilloscope, it looks like a frequency-
modulated wave; that is, the phase-modulated
wave varies in frequency and has a constant
current amplitude. Thus, as in a frequency-
modulated wave the power in the phasge-
modulated wave does not change.

A PM wave is produced by shiiting the
phase of the carrier with respect to the
modulating voltage while keeping the ampli-
tude of the carrier constant. A transmitter
utilizing phase modulation uses phase-shifting
circuits following the oscillator that slows
down or speeds up the frequency of the
carrier.

Figure 37A illustrates the unmodulated RF
carrier. The amplitude and frequency of the
carrier are constant.

30
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Figure 37. The Phase-Modulated Wave

Figure 37B illustrates a sine-wave audioc
voltage which modulates the carrier. During
time interval A to B no modulating voltage
is applied to the carrier. During time
interval B to C the single sine-wave of
audio voltage modulates the carrier.

Figure 37C shows the phase shifting of the
carrier to the resulting phase-modulated wave.
The unmodulated carrier is shown as a thin-
line. The thin line wave is used as the refer-
ence wave to show the phase shifting of the
carrier to the resulting phase-modulated wave.
The resulting phase-modulated wave ig repre-
sented by the heavy-line wave in figure 37.

In figure 37D we see the resulting phase
modulated waveform. This waveform is the
output waveform of the phase modulator.
Note that in the time intervat from A to B,
when the carrier is not modulated, the output
of the modulator is the carrier frequency
(Fe). In the time interval from B to C,
the carrier is modulated and the resulting
output waveform of the modulator is
seen to be varying in frequency.

239




Note that when the carrier is modulated
by the positive half cycle o the modulating
gignal In figure 37B (0° to 180°), the phase
of the modulated wave in figure 37C leads
the phase of the original reference carrier.
Likewise, when the carrier is modulated by
the negative half cycle of the modulating
voltage in figure 378 (180° to 360°) the phase
of the modulated wave in figure 27C lags
the phase of the original reference carrier.

The rate at which a phase-modulated wave
shifts from one phase to another is propor-
tional to the frequency of the modulating
voltage, The higher the frequency, the more
rapidly the phase of the modulated wave
shifts,

The number of degrees through which the
phase of the carrier is shiftedis proportional
to the amplitude of the modulating voltage.
The greater the amplitude of the modulating
voltage, the greater the number of degrees
through which the phase-modulated carrieris
shifted during modulation.

When an RF carrier is phase modulated,
we generate sidebands. The sidebands pro-
duced in phase-modulation are spaced on
either side of the carrier signal by an amount
equal to the meodulating signal frequency.
The amplitude of the modulating signal deter-
mines the number of significant sidebands in
phase-modulation. Increasing the amplitude
of the modulating signal increases the number
of significant sidebands,

A

gl

l l |
r‘y_.lﬂ'ﬂ kHz ——————of

v BwW

SPECTRUM FOR CARRIER MODULATED
WITH A 10 kHz SIGNAL

Increasing the frequency of the modulating
signal while leaving the amplitude constant

will not increase the number of significant
sidebands.

Figure 38A shows the spectrum for a
carrier modulated with a 10 kHz signal.
Figure 38B shows the spectrums for acarrier
modulated with a SkHz signal. Both modulating
Signals had the same amplitude. Note that
there are 10 significant sidebands in each
spectrum. Also note that only the BW of the
transmitted spectrum changes as the frequency
changes. In PM, increasing the frequency or
amplitude of the modulating signal increases
the BW of the transmitted signal.

QUICK QUIZ 21

1., In phase modulation the phase of the
carrier is varied in accordance with ampli-
tude and frequency of the intelligence signal.
True/False

2. In phase modulation the frequency of the
carrier oacillator is caused to shift, resulting
in a phase shifted signal. True/False

3. What determines the spacing of the side-
bands in phase modulation?

fo— 50 kHz —~——af
BW

SPECTRUM FOR CARRIER MODULATED
WITH A 5 kHz SIGNAL

REP4-1298

Figure 38, PM Spectrum




ANSWERS TO QUICK QUIZ 21

1. true
2. false
3. The frequency of the intelligence signal.

SUMMARY QUIZ 3
1, Two types of angle modulation are:

a, frequency and phase modulation

b. f{frequency and amplitude modulation

¢, amplitude and phase

d. heterodyning and frequency modu-
lation

2., Match the terms and definiticns:
carrier
heterodyne
modulation
- —_— intelligence signal

€, ——01 sidebands

An electrical wave or impulse that con-
veys an idea or expression.

‘An assigned reference frequency.

Frequency bands on either side of the
carrier containing the frequencies pro-
duced by modulation.

The process of mixing two or more
frequencies ..in a non-linear
impedance resulting in the production
of new irequencies.

An intelligence signal changing either
the amplitude, frequency, or phase of
a basic sine wave,

3, In an amplitude modulation spectrum,
the spacing of the sidebands is determined
by:

a, the amplitude of the modulating fre-
quency.

b, the frequency of the modulating fre-
quency,

¢. The Bessel Function.

d. the amplitude and frequency of the
carrier.

4, When a carrier is amplitude modulated
with a composite wave consisting of five
frequencies, the spectrum will contain
LSE f{requencies and vsB
frequencies.
5. In AM, when the amplitude of the modu-
lating signal equals the amplitude of the
carrier, the % of modulation is:
a, zero
b. 100%
c. 50%
d. f{ine

6. In single sideband transmission, the output
of the transmitter contains

a. the carrier and the USBfrequencies.

b. the carrier, modulating signal and
sideband frequencies.

c. either USB or LSB frequencies only
but not both.

d. both USB and 1LSB frequencies,

7. In S3SB, the output of the balanced modu-
lator contains the:

a. USB and LSB frequencies only.
b, Carrier and LSB frequencies,
Carrier and USB frequencies.

One SB {requency.
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ANSWERS TO QUICK QUIZ 19

1. true
2. frequency
3. amplitude

ANSWERS TO QUICK QUIZ 20

1. bias
2. {frequency
3. amplitude

PHASE MODULATION

In FM, the transmitter oscillator changes
frequency above and below the center fre-
gquency as the modulating signal is applied.
In phase modulation (PM}, the transmitter
oscillator frequency s not changed during
the modulation process. In fact the PM
system usually employs a crystal oscil-
lator and the phase of the output is caused
to change.

Phase modulation implies that the phase
angle of a carrier is varied in accordance
with the modulating audio voltage, whereas
the current amplitude of the resulting phass
modulated wave is maintained constant.

When a phase-modulated wave is seen on
an oscilloscope, it looks like a frequency-
modulated wave; that is, the phase-modulated
wave varies in frequency and has a constant
current 2mplitude, Thus, as in a frequency-
modulated wave the power in the phase-
modulated wave does not change.

A PM wave is produced by shifting the
phase’ of the carrier with respect to the
modulating voltage while keeping the ampli~
tude of the carrier constant. A transmitter
utilizing phase modulation uses phase-shifting
circuits following the oscillator that slows
down or Speeds up the frequency of the
carrier.

Figure 37A illustrates the unmodulated RF
carrier. The amplitude and frequency of the
carrier are constant.
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Figure 37, The Phase~Modulated Wave
Figure 37B illustrates a sine~-wave audio
voltage which modulates the carrier. During
time interval A to B no modulating voltage
is applied to the carrier. During time
interval B to C the single sine-wave of

audio voltage modulates the carrier.

Figure 37C shows the phase shifting of the
carrier tothe resulting phase-modulated wave,
The unmodulated carrier ig shown as a thin-
line, The thin line wave Is used as the refer-
ence wave to show the phase shifting of the
carrier tothe resulting phase-modulated wave,
The resulting phase-modulated wave is repre-
gented by the heavy-line wave in figure 37.

in tigure 37D we see the resulting phase
modulated waveform. This waveform is the
output waveform of the phase modulator.
Note that in the time interval from A to B,
when the carrier is not modulated, the output
of the modulator is the carrier frequency
{Fe). In the time interval from B to C,
the carrier is modulated and the resulting
output waveform of the modulator is
seen-to be varying in frequency.
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ANSWERS TO QUICK QU1Z 21

1, true
2. false
3. The frequency of the intelligence signal.

SUMMARY QUI1Z 3
1. Two types of angle modulation are;

a. frequency and phase modulation

b, frequency and amplitude modulation

c. amplitude and phase

d. heterodyning and frequency modu-
lation

2. Match the terms and definitions:
a, carrier
b. = heterodyne
c. modulation
d. intelligence signal

€. —u— sidebands

W W N w owm B O o B IO W W W W W owm om

An electrical wave or impulse that con-
veys an idea or expression.

An assigned reference frequency.

Frequency bands on either side of the
carrier contalning the frequencies pro~
duced by modulation.

The process of mixing two or more
frequencies ..in a  non-linear
impedance resulting in the production
of new frequencies,

An iutelligence signal changing either
the amplitude, frequency, or phase of
a basic sine wave.

3. In an amplitude modulation spectrum,
the spacing of the sidebands is determined
by:

a, the amplitude of the modulating fre-
quency.

b, the frequency of the modulating fre-
quency.

c. ‘The Bessel Function.

d¢. the amplitude and frequency of the
carrier.

4. When a carrier is amplitude modulated
with a composite wave consisting of five
frequencies, the spectrum will contain

LSB frequencies and USB

frequendies.

5. In AM, when the amplitude of the modu-
lating signal equals the amplitude of the
carrier, the % of modulation is:

a. zero

b, 100%

c. 50%

d. fine

6. In single sideband transmission, the output
of the transmitter contains

a. the carrier and the USB frequencies.

b, the carrier, modulating signal and
sideband frequencies.

¢, either USE or LSBE frequencies only
but not both.

d. both USB and LSB frequencies.

7. In SSB, the output of the balanced modu-
lator contains the:

a, USB and LSB frequencies only.
b, Carrier and LSB frequencies.
Carrier and USB frequencies,

One SB frequency.




8. In pulse modulation, when a carrier is
modulated by a square wave, sidebands are
generated that correspond to;

a. The odd and even harmonics.

b, The fundamental frequency and each
odd harmonic.

c. The fundamental {requency and each
even harmonic.

d. The fundamental frequency only,
9. In FM, rate of modulation is deter-

mined by the amplitude of the modulating
signal, True/False

10. In FM, how many sidebands are generated

when modulation occurs?

11. In FM, the amount of {requency devia-

_tion is determined by the

of the modulating frequency.

12, In the FM oscillator, the frequency of
the oscillator is caused to shift in accord-
ance with the rate and amount of the

signal.

13. In phase modulation, the phase of the
carvier is caused to shift after it leaves
the oscillator. True/False

14. In phase modulation, the amount of shift
is determined by the frequency of the intelli-
gence signal. True/False

15. In amplitude, frequencyand phase modu-
lation} the sideband spacing is determined by:

a. Rate and amount of the modulating
signal,

b. Frequency of the modulating signal
only.

c. Amplitude of the
signal only.

d., None of the above .

modulating




ANSWERS TO SUMMARY QUIZ 3

1'
2.

3.
4,
5-
6.
7.

a
a=-2 ¢=5 e-3
b=-4 d-1

b

five, five

b

¢

a

8, b

9, false

10. infinite number

11, amplitude

12, intelligence or audio
13. true

14. false

15, b
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PROGRAMMED INSTRUCTION FACKAGE

MODULE 65 - DEMODULATION

This program will take you through the subject one step at a time. Each area will teach you
a small bit of information. At the end of each short area, there arz questions io be anywered.
The answers to the questions are on the top of the next even numbered page.

Read the text carefully, answer the Quick Quiz and then check your work. Do not move on
until you are sure you know the subject completely. If you need kelp, consult your instructor.

OBJECTIVES:
1. Given a list of statements about demodulation, select the one that describes:

a. AM

b, sideband
¢. pulse

d. phase

e. FM

Given schematic diagrams of AM demodulators, match each with:

a. diode detector.

b. grid leak detector.

¢. plate detector.

d. infinite-impedance detector.

Given a list of statements, match each with the schematic of:

a. Foster-Seeley discriminator.
b, ratio detector.
¢, quadrature detector.

DEMODULATION

One of the many things that take place in a radio receiver is the demodulation of the radio
wave that has been picked up by the antenna. Actually, demodulation is the process of repro-
ducing the intelligence from the modulated wave. You recently found that the modulated wave
leaving the transmitter did not contain the original intelligence signal as a separate frequency.
The intelligence was represented by the spacing between the carrier and the sideband fre-
quencies. In order to reproduce the intelligence in the receiver, the carrier and sideband fre-
quencies must be heterodyned together. The difference frequency developed by this action will
be a reproduction of the original intelligence.

The requirements that must be met for demodulation to take place are as follows:

a. The demodulater input circuit must be sensitive to the type of mudulation that was used
in the transmitter. For example, if the frequency of the carrier was varied in the transmitter,
then the demodulator input circuit must be sensitive to frequency changes.

b. Both the carrier and sideband frequencies must be present.

c¢. Nonlinearity must be present so that heterodyning can take place.

d. A f{ilter must be used at the output of the demodulator to remove all of the unwanted

frequencies.

1
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QUICK QUIZ 1

1. The modulated wave leaving the transmitter does not contain the intelligence frequency.
True; False

2. The purpose of demodulation is to heterodyne the carrier and intelligence frequencies.
True/False

3. If the carrier is absent, demodulation cannot take place. True/False

4, The purpose of the filter i5 to remove the intelligence frequency. True/False

Check your answers at the top of the next even numbered page.

AM Demodulation

There are Several types of AM demodulators that are used to reproduce the intelligence
from an amplitude modulated wave. These circuits are often called AM Detectors.

DIODE DETECTOR CIRCIT

A i

U~ J 7
8
YOL TAGE INPUT WAVEFORM

I

Ll ﬂnn:ﬂﬂ .

DIODE CURRENT WITHOUT CAPACITOR C2

Figure 1. Digde Detector Circuit and Waveforms
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The diode detector shown in figure 1A is one of the maore common types. The input tank cir-
cuit iS made up of L2 and Cl and is tuned to the carrier frequency. The bandwidth of this tank
circuit is wide enough to pass all of the sideband frequencies. When these [requenctes are
applied to the nonlinear vacuum tube, heterodyning takes place. Capacitor C2 supplies the
filtering action to take out all of the unwanted frequencies. Resistor, R, develops the low fre-
quencies, which will be a reproduction of the intelligence. Assume that we have a 455 kHz
carrier modulated with a 5 kHz signhal. The composite wave coming in will consist of three
frequencies, a 455 kHz carrier, a lower sideband of 450 kHz, and the upper sideband of 460
kHz. This composite waveform is fed to the detector input as showu in figure 1B. Current
flows through the diode only when the plate is positive with respect to the cathode. AS a result
of this nonlinear action, the output waveform will be a series of RF pulses as shown in figure
1C. Since the carrier and sideband frequencies have been heterodyned together, the output
waveform now contains other frequencies in addition to those found at the input. These are:

a, 905 kHz, the sum of the carrier (455 kHz) and the LSB {450 kHz).

b. 915 kHz, the sum of the carrier (455 kHz) and the USB (460- kHz).

c¢. 5 kHz, the difference between carrier (455 kHz) and the two sideband frequencies.
All of these frequencies are fed to the filter network consisting of R and C2. The filter is
designed to offer a path of low impedance to high frequencies. This will cause the 450, 455,

460, 905, and 915 kHz signals to be passed to ground. This filter also offers a high impedance
to low frequencies so the 5 kHz is reproduced across R and is present at the output.

QUICK QUIZ 2

1. Infigure 1, the vacuum tube serves as;
a. an infinite impedance. ¢. a constant resistance.
b. a nonlinear impedance. d. an AM Modulator.

2. If an AM wave is fed to a diode detector and consisted of a 455 kHz carrier, a LSB of
445 kHz and an USB of 465 kHz, what will the demodulated intelligence frequency be?

3. Infigure 1, the tank circuit consisting of L2 and C1 is tuned to:
a. the USB frequency. ¢. the carrier frequency.
b. the LSB frequency. d. the intelligence frequency.

4. Another common name for an AM Demodulator is

Check your answers at the top of the next even numbered page.

Grid Leak Detector

Figure 2 shows another AM democdulator called the Grid Leak Detector. It functions in much
the same way as the diode detector except that since we are using a triode, amplification will
take place.
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ANSWZRS TO QUICK QUIZ 1

True

False
. True
. False

ANSWERS TO QUICK QUIZ 2

1. a nonlinear impedance. 3. the carrier frequency.
2. 10kHz 4, AM Detector

No_al
”UU UU“

INPUT SIGNALS

GRID CIRCUIT WAVEFORMS

N\
v/\\

TIME =—————

REP4-1869

Figure 2. Grid~Leak Detector, Schematic and Waveforms
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The input tank circuit is sensitive to amplitude changes the same as in the diode detector
and is tuned to the carrier frequency. When an input wave appears across the tank circuit,
the grid leak capacitor charges very fast through the tube from cathode to control grid on the
positive half cycles. On the negative half cycles, the grid capacitor discharges very slowly
through the large resistor R1. This forms the bias that develops the grid waveform as shown in
figure 2, This grid waveform contalns the carrier, USB and LSB frequencies as well as their
sum and difference frequencies. This waveform is thenamplified by the triode tube and filtered
in the plate circuit. C3 and L3 filter out the high frequencies while the low frequencies are
developed across the plate load resistor R2 and coupled through C4 to the next stage. In the
grid leak detector, the impedance is low because grid current must flow to allow the hetero-
dyning action to take place within the grid circuit.

QUICK QUIZ 3
1. Heterodyning is not needed in the grid leak detcctor. True/False
2. When the input signal goes positive,

a, current flows from cathode to control grid.

b, current flows from Rl to the cathode.

¢. current flows from plate to cathode.

d, the current stops flowing in the circuit.

In the grid leak detector, bias is developed by

a. current from cathode to plate.

b, capacitor discharge from grid to plate.

¢. capacitor discharge through the grid resistor.

d. current flow from cathode to control grid.

4, The grid w-raveform contains only the demodulated waveform. True/ False

Plate detector

The plate detector is showu in figure 3. This circuit has a high input impedance because the
grid current does not flow during the entire input cycle of the RF signal.

The circuit made up of L2 and C, reacts to amplitude changes and takes care of the first
of the requirements for demodulation. Heterodyning takes place in the triode tube because the
cathode self bias resistor is large enough to insure that the stage is biased very close to cut
off. The cathode by-pass capacitor Cl is large and holds the voltage across R steady even at
the lowest audio frequencies. The filtering action is taken care of by the network of C2 and L3.
Figure 3B shows the waveforms that are found in the plate detector. On the positive half
cycle of the input RF signal, the plate voltage goes down due to the increase in the voltage
drop across the plate load resistor R2 and filter choke L3, Filter capacitor C2 discharges
through the conducting tube, The voltage drop across R2 and L3 is small so the drop in plate




ANSWERS TC QUICK QUIZ 3

1. False 2. a 3. ¢

m

T
INPUT U§ L2

(LR

Figure 3. Plate Detector Schematic and Waveforms

voltage is very small. When the input RF signal goes negative, the plate current goes down and
the plate voltage goes up. C2 now charges through L3 and R2, The quick voltage changes
are resisted by R2 and L13. Therefore, the voltage change across the filter capacitor C2
which is felt at the output will be at an audio {intelligence) rate.

QUICK QUIZ 4

1. Filtering action that reproduces the intelligence is accomplished by
a. Rl andCl c. L3 and R2
b. C2and L3 d. LZand C

2. Bias is formed by

a. R!oandCl c¢. cathode to grid resistance

b. L2and C




3. In the plate detector, the input signal amplitude develops the tube bias. True/False
4, When the input signal goes negative, the plate voltage increases. True/False

Check your answers at the top of the next even numbered page.

Infinite Impedance Detector

The Infinite Impedance Detector is shown in figure 4. It looks very much like the plate detector.
However, you should notice that the output is now taken from the cathode. Essentially, the
infinite impedance detector is a cathode follower with a cathode bypass capacitor to filter out
the high frequencies and to develop the low frequencies.

REP4-1871

Figure 4. Infinite Impedance Detector.

The input tank circuit responds to input amplitude changes to fill the first demodulator
requirement. The tube serves as the nonlinear impedance to produce heterodyning. Rl and C2
take care of the filtering. The input impedance for this circuit is very high. Therefore the grid
voltage stays negative even when the input signal is very high. C3 and R2 in the plate circuit
act as an RF bypass filter and prevent the RF changes from entering the B+ power supply.

QUICK QUIZ 5
1. The infinite impedance detector is essentially
a. an amplifier. c. a low impedance circuit.
b. a cathode follower. . d. agrid leak filter.
The grid is negative only when the input signal is negative. True/False
C2 develops the low frequencies and filters the high frequencies. True/False
C2 and R2 are required to develop the output signal. True/False

Check your answers at the top of the next even numbered page.
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ANSWERS TO QUICK QUIZ 4

1. b 2. a 3, True 4, True

ANSWERS TO QUICK QUIZ §

1. b 2, Falsz 3. True 4, False

Single Sidemand

You will remember that when you studied single sideband transmission, the carrier and
intelligence were heterodyned to develop the USB and LSB, Then the carrier was suppressed
and one sideband was filtered out so that the only frequency that was transmitted was the
remaining sideband. We also found previously, that the intelligence signal was not transmitted
but was represented by the space between the carrier and sidebands in the transmitted wave,
Since the reference (carrier) frequency is not transmitted, the signal arrviving at the receiver
is useless by itself. Thereiore, we willi re-establish the same carrier frequency within the
receiver to hetercdyne with the incoming sideband frequency.

| AF
=" quTrut

I
e 1}]
SIGNAL
INPUT

o B+

REP4-1872
Figure 5. Product Detector Schematic

Figure 5 shows a product detector circuit used to demodulate single sideband waves, V1
is the demodulator that provides the nonlinearity for heterodyning and is sensitive to amplitude
changes. V2 is a crystal controlled oscillator tuned to the same frequency as the transmitter
carrier. The oscillator signal and input sideband frequencies are heterodyned in V1. In the
plate circuit of V1 will be found the composite wave consisting of the oscillator signal, input
signal, and their sum and difference frequencies., R and C filter out the high frequencies and
develop the low frequencies which will be the audio intelligence,




QUICK QUIZ 6
1. The crystal controlled Oscillator V2 is used to
a. heterodyne with the carrier frequency,
b. tune the receiver,
¢. provide a reference frequency for demodulation.
d. provide a modulated output.
Filtering is accomplished by
a. the parallel tank in the plate circuit of V1.
b. Rand C
¢. the RT network at the input to Vi.

3. The signal at the input to the demodulator consists of the carrier and only one sideband.

True/False

4, V1 is sensitive to amplitude changes and provides nonlinearity. True/False

Check vour answers at the top of the next even numbered page.

Pulse

Pulse demodulation is a process of reproducing a pulse from a pulse modulated RF waveform.
A typical pulse detector is shown in figure 6. You may notice that the pulse demodulator is
essentially a diode detector with a few modifications,

R1

-

REP4-1873
Figure 6. Pulse Detector

You should recall that in a pulse modulated wave there were many upper and lower side-
band frequencies. This caused the transmitted wave to have an extremely wide bandwidth.
Therefore, in order to accurately reproduce the pulse, the input circuit to the demodulator
must also bave a very wide bandwidth. As in the diode detector, V1 is the required nonlinear
device, L2 and C2 is the filter, and the puise signal is developed across R2. Cl, L1, and R1

9
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ANSWERS TO QUICK QUIZ 6

1. ¢ 2. b 3. False 4, True

have been added to widen the bandwidth of the circuit. This insures proper reproduction of the
original pulse that was used in the modulation process,

:QU{CK Quiz ?
1. A wide bandwidth is necessary to reproduce a pulse. True/False
2, The filter requirement is accomplished by

a. ClandLl

b, CZ2and L2

¢. Neither of the above, not required.

Check your answers at the top cf the next even numbered page.

SUMMARY QUIZ 1
1. Name the four requirements for demodulation.

2. In an AM demodulator, ifthe input wave consisted of a 455 kHz carrier, a lower SB of 440
kHz and an upper SB of 470 kHz, what would be the intelligence fregquency?

3, In an AM detec.or that uses an input tank circuit, the center frequency of the circuit will
be tuned to

a. the carrier frequency. ¢, the sum frequency.

b. the intelligence frequency. d. the LSB frequency.

The output from a grid leak detector is from the plate circuit, True/False
An infinite impedance detector is essentially a

a. low impedance device. ¢. grid modulator.

b, filter input circuit. d. cathode follower.
Whichof the following ls a requirement for single sideband demodulation?
a. An input filter. c. Frequency multipliers.

b. Reference fiequency insertion. d. An output from the cathode clrcuit.

10
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Match the four schematics of demodulators to the following:
7 e Grid leak detector.
8. Diode detector.
9, —_ Infinite impedance detector

10. Plate detector.




ANSWERS TO QUICK QUIZ 7

1. True 2. b

ANSWERS TO SUMMARY QU7 1

1. a. Circuit sepsitive to type of modulation used.

b, Nonlinearity

c. Filtering

d. Carrier and sideband frequencies must be present.
15 kHz

a
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FM Demodulation

In Frequency Modulation you learned that during the process of modulation the varying ampl-
tude of the intelligence signal caused the carrier to shift above and below its center fre-
quency. In order to demodulate the FM signal, the demodulator must contain a circuit that can
sense these frequency changes and convert them into amnplitude (voltage) changes, The circuit
in the FM receiver that can reproduce the intelligence from the FM wave is called the Fre-
quency Discriminator or FM Detector. The requirements for FM demodulation are:

an input circuit that converts frequency variations into amplitude variations.

a
b. a nonlinear impedance to be used in the heterodyning process.

a filter to remove the unwanted frequencies.

a load to develop the output signal.

QUICK QUIZ 8
1. Two commonliy used names for an FM demodulator are:
a. b.

2. The first requirement for FM demodulation is that the input circuit must convert

variations into variations.

3. The other three requirements for FM demodulation are:

a. C.

Chieck your answers at the top of the next even numbered page.
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Foster-Seeley Discriminator’

The Foster-Seeley discriminator shown in figure 7 has all of the requirements for FM
demodulation. The input tank circuit, L2, L3, L4, and C1 converts frequency variations into
voltage variations. Diodes V1 and V2 are the nonlinear impedances necessary for heterodyning.
The RF filtering is taken care of by C2 and C3. Load resistors R]1 and R2 develop the output
intelligence signal.

L2

{

r
(I ELE!

+

REP4~1874

Figure 7. Foster-Seeley Discriminator

The Foster-Seeley discriminator i3 a phase shift circuit. Whan a varying frequency is applied
to Ll the resulting phase shift across the transformer causes more or less voltage to be
induced into the secondary windings consisting of L2 and L3. For example, when the carrier
frequency is fed to Ll, and equal amount of voltage is induced into L2 and L3, This causes
V1l and V2 to conduct an equal amount. Current flows from the top of L2, through Vi, R1,
L4 and back to thebottom of L2. This drops a negative voltage across R1. At the same time
current flows from the bottom of L3 through V2, R2, and L4 to the top of L3. This causes a
positive voltage to be dropped across R2. Notice that the output is taken across both output
resistors. If the same amount of current flows through both resistors and they are of equal
value, they will drop the same amount of voltage. So, when the input signal is the carrier fre-
quency, there is zero volts out. When the input frequency goes above the carrier frequency,
more voltage is induced into L2 znd less into L3. V1 now conducts harder and V2 conducts
less. This resuits in a large negative voltage drop across Rl and a small positive voltage
dropped across R2, The algekraic sum at the output is a negative DC. Wh=n the input frequency
goes below the carrier frequency, more voltage is induced into L3 and less into L2. This
causes V2 to conduct hard and V1 to conduct less., Tae algebraic sum at the output is now
positive, As a summary of this action we could say, if the input frequency swings above the
carrier reference, the DC output goes negative. When the input frequency swings below the
carrier reference, the DC output goes positive, also the farther the input frequency swings
above the carrier reference, the more current flows in the circuit and the higher the DC
voltage that is dropped across the load resistors. In this manner the changing frequency is
converted into a chapging DC voltage which is a replica of the original intelligence.

There is ¢ne feature of the Foster-Seeley discriminator that must be considered. The design
of the circuit will permit any amplitude changes at the input to cause amplitude changes in the
output. This means that amplitude changes caused by noise will be heard in the output. This
disadvantage can be eliminated by preceeding the discriminator with a limiter. This clips the
noise am¢litude variations and leaves the varying frequency.
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ANSWERS TO QUICK QUIZ 8
1. a. Frequency discriminator. b. FM detector.
2. {frequency, voltage

3. a. Nonlinear impedance b, Filier c¢. Load

QUICK QUIZ 9

1. 1If the input to the Foster-Seeley is the carrier frequency, what is the output?
2. Wlere is the outpl_lt taken from the Foster-Seeley?

3. Which compenents filter out the unwanted frequencies ?

-

4, When the input frequencr goes above the carrier reference, what happens to the current
through V27?

Check your answers at the top of the next even numbered page.

Ratic Detector
The ratio detector, shown in Iiguré 8, is very similar to the Foster-Seeley discriminator,
You should notice that the input circuit composed of L1, L2, L3, and C1 are exactly the same.

You should also notice that diodes V1 and V2 are now connected in series. The output in this
circuit is taken across only 2 part of the load giving it the name, ratio detector.

T

Ro OUTPUT
L

YYM

J‘ >
— |

i
Figure 8. Ratio Detector

C3

S

The input circuit operates the same as in the Foster~Seeley, converting frequency changes
into voltage changes. The resulting voltages cause a voltage drop across the two load resistors
at the output. Whan the input consists ofthe carrier frequency, there will be current through V1
and a voltage drop across the output resistor R, . This will he the reference rather than zero
volts as in the Faster-Seeley. As the lnput Irequency increases and decreases, the voltage
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will vary across the output resistor. Sharpincreases in amplitude such as that caused by noise,
is compensated for by capacitor C4. Since C4 is a large capacitor, it works with R, to form
a long time constant. Sharp increases are absorbed by the capacitor because it takes a long
time to charge, since the circuit is not effected by sudden amplitude changes, it does not need
to be proceeded by a limiter. The features that help in identifying the ratio detector are as

follows:
a. The diodes are connected in series.

b. The output is taken across only half the load.

¢. The circuit does not need to be preceeded by a limiter,

QUICK QUIZ 10
The input circuit to the Ratio Detector is the same as that in the Foster-Seeley. True/False
Which components remove the unwanted frequencies?
What is the function of V1 and V3?
What is the purpose of C4?

Check your answers at the top of the next even numbered page.

Quadrature Detector

Thae Quadrature Detector i s shown in figure 9. This detector uses a completely different
principle that those just covered. The tube is self limiting and therefore it is not effected by
sharp amplitude changes such as those made by noise. For this reason, it does not have to be

preceeded by a limiter,

In this tube, a focusing device forms a shield around the cathode. Tue shield has a narrow
slot that allows the electron beam to pass. This is indicated by the cross shaped cathode symbel,
The limiter grid acts like a gate, when the gate is open the electrons will flow through it
toward the sc¢reen grid. The screen grid refocuses the beam toward the guadrature grid. The
quadrature grid also acts as a gate and can either pass or block the flow of electrons., In this
tube either the limiter or quadrature grid is able to cut off the flow of plate current. Plate
current will only flow when both gates are open. Now look at the circuit at the top of figure 9,
Note that the screen grid has been removed since it is not needed in this explanation, The
input signal will be like the one as shown in figure 9c¢.

When the current passes the limiter grid it has a waveshape as in figure 9d. Note that this
is a square wave, The electron beamn will induce a current into the quadrature grid that will
develop a voltage across the high @ tank circuit, The tank now begins to oscillate but is shifted
in phase by 90°, This is shown in figure 8E. Since the quadrature grid has the same conduction
and cutoff levels as the limiter grid, the wave will be cut to a square wave. “»e figure 9F.
Both grids must be positive at the same time in order to have plate current & can see in
figure 9G, where the current waves are overlapped, how much time current a : :aliy flows for
each cycle of the input signal. The time plate current a<i' .dly flows is sh: n in figure 9H.
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ANS'WERS TO QUICK QU1Z 9

1. Zero volis

2. Across load resistors R1 and R2
C2 and C3

Decreases

ANSWERS TO QUICK QUIZ 10
1. True

2. C2and C3

Nonlinear impedances to provide heterodyning of the gsidebands and carrier.

A large capacitance used to absorb sharp increases in amplitude such as noise.
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Figure 9, Quadrature Detector
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The frequency of this pulse is the same as that found at the input to the limiter grid. Now lets
see whut happens when there is a change in frequency at the input. If the frequency goes dowa,
the voltage across the quadrature tank also goes down in frequency. This allows both gates to
. be open for a longer time so plate current will flow longer. Note the overlap of the two signals
A and wide plate current wave shape in figure 9J. When the input frequency goes up, just
the opposite will take place. The two grid signals move more out of phase, the time the two gates
are open at the same time becomes shorter. Now plate current will flow for a less time. This
can be seen in figure. 91, The filter capacitor in the output plate circuit will eliminate the
unwinted frequencies, The charge on the capacitor will follow the varying plate current which
is a reproduction of the original intelligence. This can be seen by the dotted line in figure 9K.

QUICK QUIZ 11
1. The limiter and quadrature grids must be positive at the same time in order to have plate
current, True/False

2. When the input frequency goes up, the time that plate current flows will go down. True/
False

3. At the carries frequency, the quadrature tank oscillates 30° out of phase with the input
signal. True/False

4, The quadrature detector must be proceeded by a limiter to clip the noise pulses, True/
Fals=

Check your answers at the top of the next even numbered page.

Phase Demodulation

Phase demodulation is the process of reproducing the intelligence from a phase modulated
wave. You +will recall that when the carrier was pnase moduiated we caused its phase to be
shifted. How far it was shifted was determined by the voltage amplitude of the intelligence
signal. Now we must change the shifting phase back into voltage amplitude changes. Figure
10 shows a modified quadrature detector that is used as a phase detector. The {irst thing
we must do in this process is to know what the phase of the original signal was before it was
shifted. We can do this by using a frequency from a master oscillator that is set to the same
frequency as the carrier in the transmitter. The new carrier is fed to one grid and the phase
mod:lated input signal to the other grid. The circuit now operates as before with the two
grids acting as gates to control current flow. In figure 10 it is shown that when the phase of the
two signals are farther apart, the two gates are open at the same time for a lesser period and
the plate current pulse is narrow. When the two signals are close to, or of the same phase, the
two gates are open longer at the same time and the plate current pulse is wider. The capacitor
in the plate circuit filters out the unwanted frequencies and the varying change is a replica
of the original inteiligence signal.

QUICK QUIZ 12

1. Phase demodulation means to reproduce the original intelligence from the phase modulated
wave. True/False

2. It is not necessary to kmnow the original carrier frequency during phase demodulation.
True/False .

3. When the input and reference frequencies are of the same phase, the plate wave shape is
wide. True/False

-
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ANSWERS TO QUICK QUIZ 11

1. True 2. True 3. True 4, False

ANSWERS TO QUICK QUIZ 12

1. True 2. False 3. True
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PHASE DEMODULATION REP4-1879

Figure 10. Phase (Quadrature) Detector
SUMMARY QUIZ 2
1. Name the four requirements ior.' frequency demodulation.
a.

b‘




4,

Frequency demodulation can be described as:

a. converting frequency changes into voltage amplitude changes.

b. converting phase changes into frequency changes.

converting voltage amplitude changes into frequency changes.

converting voltage amplitude changes into phase changes.

During the demodulation process which of the following statements are true?

4. The USBs are heterodyned with the LSBs.

b. The carrier is heterodyned with the Sidebands.

The USBs are added to the LSBs.

The USBs are subtracted {rom the LSBs.

In the Foster-Seeley discriminator, changes in the amplitude of the input signal does not

effect the output. True/False

MATCH THE STATEMENTS TO THE NAME OF THE CIRCUIT IN QUESTIONS 5, 6 and 7.

5.

7.

Foster-Seeley Discriminator

Ratio Detector

—— Quadrature Detector

The tubes conduct in Series.

Must be preceeded by a limiter to prevent
noise in the output.

Operates as if it contained two gates which
must be open at the same time to allow
current flow.




MATCH THE SCHEMATIC DIAGRAMS OF DEMODULATORS WITH THE NAMES IN QUESTIONS
8, 9, and 10.

Foster-Seeley
Ratio Detector

Quadrature Detector
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ANSWERS FOR SUMMARY QUIZ 2

1. a. an input circult that converts frequency changes to voltage amplitude changes.

b. Nonlinearity

Filter

Load
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OVERVIEW

DEMODULATION

1. SCOPE: The material presented in this module covers the purpose and methods of demodu-
lation. You will study the various circuits used to demodulate; amplitude, single sideband,
pulse, phase and frequency modulated signals.

2. OBJECTIVES: Upon completion of this module you should be able to satisfy the following
objectives: -

c.

Given a list of statements about demodulation, select the one that deseribes:
(1) AM

(2} sideband

(3) pulse

(4) phase

{9) FM

Given schematic diagr- ms of AM demodulators, match each with:
(1) diode detector

(2) gridleak detector

(3) plate detector

(4} infinite-impedance detector

Given a list of statements mateh each with the schematic of:

(1} Foster-Seeley discriminator

(2} ratio detector

{3) quadrature detector

AT THIS POINT, YOU MAY TAKE THE MODULE SELF CHECK. IF YOU DECIDE NOT TO

TAKE THE MODULE SELF CHEECK, TURN TO THE NEXT PAGE AND PREVIEW THE LIST

OF RESOURCES. DO NOT HESITATE TO CONSULT YOUR INSTRUCTOR IF YOU HAVE ANY
QUESTIONS.




LI3T OF QEsOURCES
DEMODULATION

To satisfy the objectives of this module, you may choose, according to your training,
experience, and preferences, any or all of the following:

READING MATERIALS:
Digest

Adjunct Guide with Student Text

SELECT ONE OF THE RESOURCES AND BEGIN YOUR STUDY OR TAKE THE
MODULE SELP-CHECK,

CONSULT YOUR INSTRUCTOR IF YOU REQUIRE ASSISTANCE,
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DEMODULATION

One of the functions of a radio receiver is to demodulate the radio wave picked up by the
receiving antenna. Demodulation ig the process of extracting the signal intelligence from a
modulated carrier wave. The requirements for demodulationare:non-linearity must be present
to cause heterodyning; the original RF carrier signal must be pregent at the input of the demodu~
lator to heterodyne with the sideband signals to reproduce the original intelligence gignal;
filtering is required to eliminate the unwanted RF after the intelligence is produced, The filtar
circuit i$ made up of components which shunt the RF to ground while retaining the desired
frequencies.

AM demodulation is the process of extracting the signal intelligence from an AM carrier.
An AM RF signal can be demodulated by several types of demodulators. The circuit for de~
modulating an AM signal is called a detector. Covered in this module are the diode, grid-leak,
infinite impedance, single sideband, and pulse detectors.

The diode detector is the simplest cirecuit. Current flows through the diode when the plate
is positive with respect to the cathode. The non-linearity of the diode causes a heterodyne
action between the RF carrier and the sidebands. The resulting frequencies will include the
sum of the carrier and lower sideband, sum of the carrier and upper sideband, and the dif-
ference between the carrier and sideband signals.

The grid-leak detector functions like the diode detector combined with a triode tube. The
grid of the tube will function as the detector plate. The triode section then provides amplification
of the detected signal. The grid-leak bias provides the non-linearity for heterodyne action.
Input impedance is low because grid current must flow to perform the heterodyning.

The plate detector has a high input impedance because grid current does not fiow during the
entire input cycle of RF variations of the input. Detection occurs within the triode tube because
the cathode self-bias resistorislarge enoughtoinsure the stage will be biased at approximately

cutoff.

The infinite impedance detector resembles the plate detector with the exception that the load
resistor is located in the cathode. This arrangement makes the infinite~impedance detector-

essentially a cathode follower. Input impedance is extremely high.

The signle sideband demodulator introduces a frequency to replace the suppressed carrier
so that heterodyning may take place. The carrier signal must be at least ten times the amplitude
of the sidebands to prevent distortion.

A pulse demodulator is essentially an amplitude detector with a very wide bandwidth.

FM demodulators studied in this module are Foster-Seeley discriminator, ratio detector,
and quadrature detector. In order to demodulate the FM signal the demodulator stage must be a
circuit which c¢an sense frequency variations and convert these to voltage changes. The
requirements for FM demodulation are: the input circuit to the demodulator must change fre-
quency variations into amplitude variations; a non-linear impedance is necessary to heterodyne
the carrier and sidebands,

The Foster-Seeley is a phase-shift type discriminator because demodulation depends on the
phase-shift cbtalned across 2 transformer sSecondaries. A tuned circuit acts resistively as
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long as it is resonant. If the input signal is shifted above or below the resonant frequency of the
tank circuit the circuit will be inductive or capacitive and the secondary will no longer be in
phase. The resulting output voltage will either increaseor decrease. Thus the frequency varia-
tions are changed into smplitude variations. A limitation of the Foster-Seeley is that any ampli-
tude variations attheinput resultinnoiseor distortion in the output. For this reason the circuit
must have an amplitude limiter stage preceding it.

The ratio detector is similar to the Foster-Seeley, but has the advantage of not requiring a
limiter stage.

An FM demoduiator employing a completely different principle is the quadrature detector,
This demodulator is seli-limiting and does not require a separate limiter. A gated beam tube
is used in which the limiter gridandthe quadrature grid must both be positive for plate current
to flow. The incoming RF signal is connected to the limiter grid and the quadrature grid is
connected to a high Q tank circuit which is resonant to the incoming center f1:3uency. The
tank circuit will determine the phase of the quadrature grid voltage. Since both grids must be
positive for plate current to flow, the amount of plate conduction will depend upon the phase
relationship of the signal on the limiter gridto the resonant frequency applied to the guadrature
grid, When the incoming signal frequency increases and decreases around the center frequency
the average current will vary proportionally. Thus frequency variations are converted to amp-
litude variations,

Phase demodulation is the processof extracting the signal intelligence from a phase modulated
waveform. An FM discriminator can sometimes be used for phase demodulation, However,
a true reproduction can be obtained only with added processing of the signal. A phase demodu-
lator is similar to the quadrature demodulator except that the reference is not provided by the
tuned circuit, but from a separate reference signal.

YOU MAY STUDY ANOTHER RESQURCE OR TAKE THE MODULE SELF-CHECK.
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ADJUNCT GUIDE
DEMODULATION
INSTRUCTIONS:
Study the referenced materials as directed,

Return to this guide and answer the questions.

Check your answers against the answers at the top of the next even numbered page following
the questions.

If you experience any difficulty, contact your instructor.

Begin the program.

A. Turn to Student Text, Volume IX, Chapter 3 and read paragraphs 3-1 through 3-8, Return
to this page and answer the following questions,

1, The modulated waveform at the transmitter does not contain the signal.

Filtering is required at {he output of an AM demodulator to reject the:
a, intermediate frequencies,
b, audio frequencies.

—¢. unwanted radio frequencies.

d, noise frequencies.

The original RF earrier signal must be present at the input of the demodulator to:

present a linear load for the detector.

develop the signal for detection.
heterodyne with the sidebands and develop the intelligence signal.

heterodyne with the original intelligence signal and sidebands in order to
separate the intelligence.

CONFIRM YOUR ANS'ERS ON THE NEXT EVEN NUMBERED PAGE.

B. Turn to Student Text, Volume IX, Chapter 3 and read paragraphs 3-9 thru 3-33. Return
to this page and answer the following questions.
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ANSWERS TO A:

1. original intelligence
2. ¢

3. ¢

If you missed ANY questions, review the material before you continue.

1. Match the following detectors with the statements,

a, Diode detector 1. Input impedance is high because grid cur-

rent does not flow during the entire cycle.
— b, Grid-leak datector

2. Current flows during the half cycle the plate

¢. Plate detector 13 positive with respect to cathode,
d. Infinite-impedance detector 3. The capacitor in the output detects the
RF.

4. Input impedance is low because grid cur-
rent must flow to perform the heterodyne
action, —_

5. The circuit is essentially a cathode follower,

2, Because the capacitor and resistor in the output of the diode detector have a

time constant, the voltage across the capacitor will vary at the

frequency.
3. The triode section of a grid leak detector:
a. detects the RF signal
b, deteets the audio signal
c¢. amplifies the detocted signal
d. acts as the eathode of the detector

4, Before detection of a SSB signal can take place, the signal

must be restored in the receiver.
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5. The detector used in pulse demodulation is essentially a/an

detector,
6. The bandwidth of the pul: demodulator must be wide because:

a. of the high amplitude of the modulating signal.

b. of the large frequency deviation of the carrier.

¢. of the many sidebands.

d. there is more intelligence informationinthe pulse wave system per unit of time.

CONFIEM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE,

C. Tura to Student Text, Volume IX, Chapter 3 and read paragraphs 3-34 thru 3=-57. Return
to this page and answer the following questions.

1. The FM receiver must be able to sense variations and convert
them into voltage changes,

2 The Foster-Sheeley digoriminator depends uponthe shift obtained across
the transformer secondary.

3. Answer the following statements as True or False.

a. The Foster-Seeley discriminator is not amplitude sensitive.

b. The Foster-Seeley transformer voltages ars both in-phase with EP at resonance.

¢. The output voltage amplitude of the Foster-Seeley discriminator varies
inversely with the input frequency deviation.

4. The detector is similar to the Foster-Seeley but does not require a
limiter stage.

5. In the vector analysis of the ratio detector we are concerned with:

a. the primary voltage compared to the transformer secondary voltage.

b, the current in the transformer secondary.

¢. the voltage phase on the primary.

d. amplitude variations applied to the diodes,

CONFIREM YOUR ANS¥ERS ON THE NEXT EVEN NUMBERED PAGE.
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ANSWERS TO B;

c
carrier
amplitude

c

I you missed ANY questions, review the material before you continue,

ANSWERS TO C:
1. frequency
2. phase
a, False
b, False
¢, False
4, ratio
5. d

If you missed ANY questions, review the material before you continue,
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D. Turn to Student Text, Volume IX, Chapter 3, and read paragraphs 3-58 thru 3-74. Return
to this page and answer the following guestions.

1. The quadrature detector is:
—_a, BSelf limiting
b, Self exciting

—c. BSelf cancelling

—__d. B5elf generating

Plate current can flow in the guadrature detector when:

—___a. both the limiter and quadrature grids are open.

___b. the limiter grid is open and the quadrature grid is closed.

€. the limiter grid is closed and the quadrature grid is open.

d. both the limiter and quadrature grids are closed.

The gquadrature grid in a phase detector is excited by:

the plate supply voltage
a reterence signal from the transmitter.
grid return voltage.

self induction from the current returned to the screen.

CONFIRM YOUR ANSVERS ON THE NEXT EVEN NUMBERED PAGE.
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ANSWERS TO D:

YOU MAY STUDY ANOTHER RESOURCE OR TAKE THE MODULE SELF-CHECK,
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MODULE SELF-CHECK
DEMODULATION
QUESTIONS:

1. The requirements of AM demodulation are:

a. linearity and filtering.

b. non-linearity and registance.
heterodyning and filtering.

d. linearity and heterodyning.

2, The input to an AM demodulator contains the following frequencies: 1490 kHz, 1488 kHz,
1492 kHz. What will be the frequency out from this demodulator?

5000 Hz
2000 Hz
200 kHz
1 kHz

Filtering is required in the AM demodulator output because:
high audio frequencies must te eliminated,
noise must be removed from the output.
RF must be removed from the audio signal.
the power ripple must be minimized,
The grid of the grid-leak detector tube will function as:
the detector plate,
part of the RF suppressor,
the detector cathode
d. part of the filter circuit.
For S3B demodulation to take place:
______a., the transmitter must supply a reference signal.
b, the other sideband must be restored in the receiver.
¢. the receiver restores the missing carrier frequency.

d. 2 balanced demodulator must be used,

11




MODULE SELF-CHECK
6, The bandwidth of the pulse demodulator must be wide because
a, of the high amplitude of the modulating signal.
b. of the large frequency deviation of the carrier.
of many sidebands.
there is more intelligence information in the pulse wave system per unit of
time,
Select the statement which best describes the following terms:

a, AM 1. A demodulator essentially c¢he same as an amplitude type but
requires a very large bandwidth,

The original RF carrier signal must be present at the input of the
demodulator to heterodyne with the sidebandand signals to reproduce
the original inteiligence.

Demodulation is accomplished by a modified FM detector.
An oscillator must be used to furnish the carrier signal.
Amplitude demodulation is accompiished with a ratio detector.

Frequency variations must be changed into amplifude variations.

The requirements fo. FM demodulation are:
linear impedance, frequency to amplitude eonversion, filtering.
frequency to amplitude conversion, non-linear impedance, filtering.
amplitude to frequency conversion, filtering, resistive load.
frequency variation to amplitude conversion, discrimination, and a load
resistance.
The tank circuit of the Foster-Seeley acts in what manner at resonance ?
resistive,
capacitive.
inductive or capacttive, depending upon the construction or’,the circuit.

o

can not be determined without knowing circuit values.

12 283




MODULE SELF-CHECK
10. The quadrature tube consists of:
a. Cathode, limiter grid, accelerator grid, quadrature grid, plate.
b. cathode, accelerator grid, screengrid, quadrature grid, plate.
¢. cathode, screen grid, quadrature grid, selector grid, plate.
d. cathode, limiter grid, screen grid, quadrature grid, plate.

1i. The phase detector is excited by a reference from the

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE.
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MCDULE SELF-CHECK

ANSWERS TO MODULE SELF-CHECK

transmitter.

HAVE YOU ANSWERED ALL OF THE QUESTIONS CORRECTLY? IF NOT, REVIEW
THE MATERIAL OR STUDY ANOTHER RESOURCE UNTIL YOU CAN ANSWER ALL
QUESTIONS CORRECTLY. IF YOU HAVE, CONSULT YOUR INSTRUCTOR FOR FURTHER
INSTRUCTION, -
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OVERVIEW
TRANSMISSION LINES

1. SCOPE: The material discussed in this module will cover the theory of transmission
lines, five types of lines, losses of energy on the lines, and the gereration of standing waves
and how they effect the lines operation. Some material will be presented on special line
devices.

2. OBJECTIVES. Upon completion of this module you shouldbe able to satisfy the following
objectives: .

a. Given a list of statements about transmission lines, match each with a diagram of

(1) open two wire.

(2) twisted pair.

{3) twin lead. .
{4} flexible coaxial cable.
(5) rigid coaxial cable.

b. From a list of statements concarning transmission lines, match each with the terms

{1} traveling wave.
(2) incident wave.
(3) reflected wave,
(4) nonresonant line,
(5) resonant line.
(6) standing wave.
(7} standing wave ratio.
(8} voltage node.
(9) voltage loop.
(10) current node.
{11) current loop.

¢, Given a list of statements about transmissicn lines, select the one which describes

(1) physical length.

(2) electrical length.

(3) characteristic impedance.
(4) cutoff frequency.

d. Given a group of terms concerning transmission lines, match each with the illustration

of

(1} delta matching.
(2) stub matching.
(3} matching transformer.

AT THIS POINT, YOU MAY TAKE THE MODULE SELF-CHECX. IF YOU DECIDE
NOT TO TAKE THE MODULE SELF-CHECK, TURN TO THE NEXT PAGE AND
PREVIEW THE LIST OF RESOURCES. DO NOT HESITATE TO CONSULT YOUR
INSTRUCTOR IF YOU HAVE ANY QUESTIONS,




LIST OF RESCURCES
TRANSMISSION LINES

To satisiy the objectives of this module, you may choose, according to your training,
experience, and preferences, any or all of the following:

READING MATERIALS:
Digest

Adjunct Guide with Student Text

AUDIC-VISUALS:
TV Lesson, Resonant Lines, TVK-30-614

TV Lesson. Transmission Lines, TVK-30-613

SELECT ONE OF THE RESOURCES AND BEGIN YOUR STUDY OR TAKE THE
MCDULE SELF-CHECK.

CONSULT YOUR INSTRUCTOR IF YOU REQUIRE ASSISTANCE.
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DIGEST
TRANSMISSION LINES

Transmission lines carry electromagnetic energy from a source to a load. All
transmission lines have electrical characteristics of inductance and capacitance. These
values of inductance and capacitance determine the characteristic impedance and cutoff
frequency of the line. CHARACTERISTIC IMPEDANCE is the opposition to an AC signal while
CUTOFF FREQUENCY is the highest freguency that will travel down the line without being
attenuated. Five basic types of transmission lines are twisted pair, twin lead, open two-wire,
flexible coaxial cable, and rigid coaxial cable. Physical length of a transmission line is
measured in meters, centimeters, inches, feet, etc., andelectrical length is measured in wave-
lengths. WAVELENGTH is defined as being the distance energy travels down the lire in one
cycle of the input frequency. Nonresonant lines have a maximum transfer of power, and all
the energy isabsorbedby the load. Whenthere is a mismatch of impedance, some of the energy
is reflected back tothe source. The sum of the reflected waves and incident waves are standing
waves, The minimum points of the standing waves are called NODES and the maximum points
are LOOPS. The greater the voltage difference between the loups and nodes, the greater
the standing wave ratio. A line that has standing waves is called a RESONANT LINE, There
is a standing wave of voltage and one of current. The impedance of a transmission line
increases as the leads are separated. DELTA MATCHING is a form of impedance matching
by spreading the leads. STUB MATCHING is connecting a load to some portion of a quarter-

wave matching stdb. The quarter-wave matching stub is used to match the line impedance

to the load impedance, It acts like a transformer to match two unlike impedances.

YOU MAY STUDY ANOTHER RESOURCE OR TAKE THE MODULE SELF-CHECK.




ADJUNCT GUIDE
TRANSMISSION LINES
INSTRUCTIONS:

Study the referenced materials as directed.
Return to this guide and answer the questions.

Check your answers against the answers at the top of the next even numbered page
following the questions.

If you experience any difficulty, contact your instructor.

Begin the program.

The reason for studying this material is to develop an understanding of the basic facts
about transmission lines.

A. Turn t0 Student Text Volume IX and read paragraphs 4-1 through 4-18. Return to this
page and answer the following questions.

What 15 a transmission line?

a. A conductor or series of conductors used to develop an electromagnetic wave.

b. A conductor or series of conductors used to carry energy from a source to a load.

c. A line used to transfer mechanical energy from a source to a load.

d. The line of sight transmission of an electromagnetic wave in space.

2. From the list of statements concerning transmission line losses, match each with the
termas.

. Copper (1) Electromagnetic energy not collapsing
back into the conductor.
. Skin effect (2) Heat loss in the dielectric.
(3) Power loss due to the resistance of the
. Radiation line.
(4)-High frequency currents tend to move
. Capacitive only on the surface of the conductor.

Which TWO losses are resistive losses?
a. Copper. ¢. Radiation.

b. Skin effect. d. Capacitive.

As the frequency of the energy on a transmission line is increased, the radiation loss
a. decreases. ¢. increases.

b. remains the same.

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE.
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B. Turn to Student Text Volume IX and read paragraphs 4-19 through 4-32. Return to
this page and answer the following questions.

1. Identify the following types of transmission lines by inserting the letter under the
correct drawing.

a. Open two-wire.
. Twisted pair.
. Rigid coaxial cable.
. Twin lead.

. Flexible coaxial cable.

a. Radiation. . Skin effect.

What is the major loss for twisted pair?

b. Copper. . Dielectric.
KR What is the major loss for twin lead?

a. Dielectric. ) . Copper.

b. Skin effect. . Radiation.

4, What is the major loss for open two-wire?
a. Dielectric. . Copper.

b. Skin effect. - Radiation.
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ANSWZERS TO A:

1. b

22.3 bh. 4 e 1 d 2
3, aand b

4, ¢

If you missed ANY questions. review the material before you continue.

B. (Continued)
5. Which transmission line has the smallest losses and is used for high frequency, high
power applications?

a. Open two.wire, ¢. Twisted pair.

b. Rigid coaxal cable. d. Twin lead.

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE.

C.  Turn to Student Text Volume IX and read paragraphs 4-33 through 4-44. Return to this
page and respond to the following statements/questions.

Characteristic impedance of a transmission line is determined by

a. series inductance and series capacitance.

- b. series inductance and shunt capacitance.

¢. shunt inductance and shunt capacitance.

d. shunt inductance and series capacitance.

2. What happens to the Zg of a line if the length of the line is doubled?

a. Remains the same. ¢. Reduces by one-half.

b. Doubles. d. Reduces by a square of the original
value.

e

3. Compute the value of 2, if the unit of inductance is 4 millihenrys and capacitance is
5 picofarads, NOTE: Zo = -\( L/C.

What happens to the value of 2, if the capacitive value increases?
a. Increases. ¢. Remains the same.

b, Decreases.

5. What happens to the value of Z, if the inductive value increases?

a, Increases. c. Remains the same.

b. Decreases.
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6. Cutoff frequency is the frequency that will pass down a
transmission line without attenuation.

7.  What would be the relative values of X1 and X abeve cutoff frequency?

a. XL small, XC small. ¢, XL large, XC small.

large.

b. XL small, X

large. d. XL large, X

C ——

_— C
CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE.

D. Turn to Student Text Volume IX and read paragraphs 4-45 through 4-61. Return to
this page and answer the following questions.

The physical length of a transmission line is measured in
a. number of wavelengths on the line. - c. the distance energy travels in one

cycle.
. Linear ineuasure, d, even multiples of 1 lambda.

The electrical length of a transmission line is measured in

a. number of wavelengths on the line. ¢. the distance energy travels in one
cycle,
b. linear measure. d. even multiples of 1 lamhbia.

3, What happens to the velocity of energy moving on the transmission line if the capacitive
value of the line is increased?

a., Increases. ¢. Remains the same.

b. Decreases,

4, H a 600MHz signal is traveling down a transmission line at 300,000,000 meters per

second, what is the wavelength?

5. What is the electrical length of this line?

600 MHz

E-—.LOO Meters ——}

6. What happens to electrical length if physical length remains the same but the freauency
is increased?

a. Increases. ¢. Remains the same.

b. Decreases.
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ANSWERS TO B:

If you missed ANY questions, review the material before you continue.

ANSWERS TO C:
1.b 2. a 3, 28.28kohms 4. b 5.a 6. highest 7. ¢

If you missed ANY questions, review the material before you continue.

D. (Continued)
yi What happens to electrical length if the physical length is reduced?

a. Increases. ¢. Remains the same.

b. Decreases.

CONFIEM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE.

E. Turn to Student Text Volume IX and read paragraphs 4-62 through 4-94.

page and answer the following questions.
A nonresonant transmission line is a transmission line with

a. standing waves. ¢. incident waves.

b. reflected waves. d. all of the above.

2. A resonant transmission line is a line with

a. standing waves. €. incident waves.

b. reflected waves. d. all of the above.

3. Energy moving on the line as incident or reflected waves are called

Return to this

waves.,

4, List six types of terminations that will cause standing waves. (Sequence not important.)

a. d.

b.

c.

Voltage is reflected (in phase, out of phase) from an open.

Voltage is reflected (in phase, out of phase} from a short.
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Current is reflected (in phase, out of phase) from an open.
J
Current is reflected (in phase, out of phase) from a short.

The standing wave of voltage is the result of incident wave of voltage and the

of voltage.

10. On the diagram, identify the pointsof
a voltage LOOPF and a voltage NODE.

11. Whnat is the termination? 12, What is the termination?

L]
- ¥

|+ INCRE Rty E - IMCREASING

?

f/) P CFratasing 1. DECAEASND
o &

13. What reactive properties occur 1/4 of a wavelength from an open termination?

a. Parallel resonance ¢. Capacitive

b. Series resonance d. Inductive

14. Wnat reactive properties occur 3/8 of a wavelength from a shorted termination?
a. Parallel resonance ¢. Capacitive

b. Series resonance d. Inductive

15. Using the diagram. determine what reactive propertieswillbe reflected to the generator,

» Open
5.25 meters long

- Short shorted
300 MHz termination

- Inductive

. Capacitive :

16. If the transmission lines have a Zo of 1000 obhms and Ry is 50 ohms,

what is the SWR?

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE.
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ANSWERS TO D.
1.b 2.a 3. b 4 Smeters 5. 200 6.a 7T.b

Ii you missed ANY questions, review the materiz) before you continue.

ANSWERS TO E:
l.¢ 2. d 3. traveling

4. open, short, capacitive, inductive, Ry, greater than Zg, RI, smaller than Zg
5. 1n phase 6. out of phase 7. out of phase 8. in phase 9. reflected

10. T \/

E Loor

L
5

11. inductive 12. capacitive 13. b 14, ¢ 15.a 16. 20to 1l

Ii you missed ANY questions, review the material before you continue.

F. 'Turn to Student Text Volume IX and read paragraphs 4-95 through 4-106. Return to

this page and answer the following questions.

1. How long physically is a quarter-wave transformer used at 300 MHz?

2. What would be the Z; of a quarter-wave transformer used to match a 5000-ohm line with

a 100-ohm load? Zy = V Zo X RL

3. What is the purpose of using a delta match?

a. Maximum reflections. ¢. Maximum transfer of power.

b. Maximum standing waves. d. Maximum SWR.

4, From the list of terms, match each with the diagrams.

a. Matching transformer b. Delta match ¢. Stub match

10

5 3 LOAD
| | - : Ve
237
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The stub match and the matching transformer match Iimpedances because of

impedances.

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE.
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ANSWERS TO F:

1. .25 meters

2. 707 ohms

3. ¢

4a. 3 b.1 ¢ 2
9. reflected

If you missed ANY questions, review the material before you continue.

YOU MAY STUDY ANOTHER RESOURCE OR TAKE THE MODULE SELF-CHECK.
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MODULE SELF-CHECK
TRANSMISSION LINES
QUESTIONS:

| From the list of statements about transmission lines, matck the statement with the
correct diagram.

a. An inner conductor and an outer concentric conductor or braided wire separated by
polyethlene plastic or similar insulation.

. Two conductors separated by means of spacers or spreaders.
. Two conductors molded into the edges of a polyetaylene plastic ribbon.
. Two insulated conductors twisted together to form a flexible line.

. A center conductor placed inside of a rigid metal tube.

=)

L

List the major loss by each type of line.

a. Twisted pair

b. Twin lead

¢. Open two-wire

d. Flexible coaxial

e. Rigid coaxlal




MCODULE SELF-CHECK
3. From a3 list of statements about transmission lines, select the one which describes

a. physical length. (1) The opposition to alternating currentdue

to the inductance and capacitance of the line.

b. electrical length.

- (2) The length of the line measured in a
¢. characteristic impedance. linear measure.

d. cutoff frequency. (3) The length of the line measured in
feet or inches only.

(4) The opposition to direct current due to
the resistance of the line.

(5) The highest frequency that will pass down
the line without attenuation.

(6) The lowest frequency that will passdown
the line.

(7) The length of the line measured in
number of wavelengths.

(8) The distance on the line that energy
travels in one ¢ycle.

4, Compute the electrical length of this
line,
100 MHz

1.5 meters long

5. Compute Zg, if the line hag aunit of inductance of 2 millihenrys and a unit capacitance
of 8 picofarads. Zo = o L/C.

6. What would be the physical length of a line in meters, if the signal applied is 100 MHz

and the electrical length is 5 wavelengths long?

7. From the list of statements concerning transmission lines, match the statement with the
correct term.

a. Traveling wave (1) The resultant wave of the incident wave
and the reflected wave.
b. Incident wave (2} A transmission line with standing waves.
B (3) The point on the standing wave that
c. Reflected wave indicates maximum current.
{(4) A line having only an incident wave.
d. Nonresonant line (5) The point on the standing wave that
indicates minimum voltage.
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e. Resonant line

f. Standing wave

g. Standing wave ratic
h. Voltage node

i. Voltage loop

}. Current node

K. Current loop

MODULE SELF-CHECK

(6} The point on the standing wave that
indicates maximum voltage.

(7) The relationship of impedance of the
line to the impedance of the load.

(8) The enetrgy moving on a transmission
line.

(9) Theenergy moving from the load toward -

the source.

(10) The point on the standing wave that
indicates minimum current.

(11) The energy moving from the source
to the load.

8. Compute the SWR if the line impedance is 50 ohms and the load impedance is 300 ochms.

9. From a group of terms concerning transmission lines, match the term with the correct

illustration.
a. Artificial line
b. Delta matching

¢. Infinite line

(L (2)

d. Matching transformer

e. Stub matching

f. Line balanced converter

LoaD

(3)

10. The delta match is used to match the load impedance to the impedance of

a. flexible coaxial cable.

b. twisted pair,

c. twin lead or open two-wire,

d. rigid ccaxial cable,

CONFIRM YOUR ANSWERS ON TH NEXT EVEN NUMBERED PAGE.

15
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MODULE SELF-CHECK

ANSWERS TO MODULE SELF-CHECK:

la, 4 b 3 e.2 d.1 e §

2a. dielectric b, dielectric e¢. radiation d. dielectric e. copper
3. 2 b.7 e 1 4.5

4, i/2 wavelengm

S, 15.8114kohms

8. 15 meters

7a. 8 b, il e¢. 9 d.4 e 2 .1

8, 6todl

9. (b (e @a

10, ¢

HAVE YOU ANSWERED ALL OF THE QUESTIONS CORRECTLY? IF NOT, REVIEW
THE MATERIAL OR STUDY ANOTHER RESOURCE UNTIL YOU CAN ANSWER
ALL QUESTIONS CORRECTLY. IF YOU HAVE, CONSULT YOUR INSTRUCTOR
FOR FURTHER GUIDANCE.
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Radar Principles Branch
Keesler Air Force DBase, Mississippi

ATC GP 3AQR3X020-X
KEP-GP-67
October 1975

ELECTRONIC PRINCIPLES (MODULAR SELF-PACED)

MODULE 67

ANTENNAS

This Guidance Package is designed to guide you through this module of the Electronic
Principles Course. This Guidance Package contains specific information, including references
to other resources you may study, enabling you to satisfy the learning cbjectives,

CONTENTS

TITLE

Overview

List of Resources
Adjunect Guide
Module Self=-Check
Answers

OVERVIEW

1. SCOPE: The purpose of this module is to
develop your understanding of the principles
of antenna operation. Various types of antenna
arrays, their radiation patterns and polari-
zation will be discussed.

2, OBJECTIVES: Upon completion of this
module you should be able to satisfy the
following objectives:

a. From a list of statements describing
antenna polarization, select the one that
describes

(1) circular polarization,
(2) horizontal polarization.
(3) vertical polarization.

b. From a list of statements on antenna
wavelengths, select the one that describes:

(1) half=-wave.
{2} quarter-wave.

PAGE

¢, From a list of statements about the
elements of a directional antenna, select the
one that describes the function of

(1) driven element.
(2) reflector.
(3) directors,

d. Given a list of statements concerning
antenna arrays, match each with the following
terms:

(1) Broadside array.
(2) End-fire array.
(3) Cardioid array.
(4) Collinear array.

LIST OF RESOURCES

To satisfy the objectives of this module,
you may choose, according to your training,
experience, and preferences, any or all of the
following:

Supersedes Guidance Package, KEP-GP-67, 1 July 1974,




READING MATERIALS:

Digest
Adjunct Guide with Student Text, Volume IX

AUDIO VISUALS:

TVK 30-661, Antennas

VTF 1-54014A, Antenna Fundamentals -
Propagation

VTF 1-5401B, Antenna Fundamentals -
Directivity

VTF 1-5401C, Antenna Fundamentals -
Bandwidth

AT THIS POINT,
THROUGH PREVIOUS EXPERIENCE OR

TRAINING YOU ARE FAMILIAR WITH

THIS SUBJECT, YOU MAY TAKE THE
MODULE SELF-CHECK.

CONSULT YOUR INSTRUCTOR 1F YOU

NEED HELP,

ADJUNCT GUIDE
INSTRUCTIONS:
Study the referenced materials as directed.

Return to this guide and answer the

questions.

CONFIRM YOUR ANSWERS AT THE BACK
OF THIS GUIDANCE PACKAGE.

Contact your instructor if you experience
any difficulty.

Begin the program.

Studying this material will help to develop
an understanding of how an antenna converts
electrical energy into an electromagnetic field
and how the antenna radiates energy.

A. Turn to Student Text, Volume IX and
read paragraphs 5-1 through 5-13. Return to
this page and answer the following questions.

1IF YOU FEEL THAT

1. An antenna 1s used to radiate or collect

energy.

2. An electromagnetic wave moves through

space at (approximately)

3. List two fields that are contained in an
electromagnetic wave.

a.

b,

4, In figure 1, current flows toward point
(A) (B).

HEPG=2034

Figure 1

5. In figure 2, current will flow toward

point (A) (B).

REP¢=2034

Figure 2
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6. In figure 3, which of the following circuits
does the source see:

Inductive
Capacitive
Parallel resonant (resistive)

d. Series resonant (resistive)

Figure 3

7. In figure 4, the standing waves are shown
on a {quarter-wave} (half-wave) (fullwave)
antenna.

REP3=2035

Figure 4

CONFIRM YOUR ANSWERS

B. Turn to Student Text, Volume IX and read
paragraphs 5-14 through 5-29. Return to this
page and answer the following questions.

1. The portion of the electromagnetic field
that completely collapses when the voltage and
current reverse, is the

a., radiation field.

b. induction field.

2, The electric and magnetic fields on an
antenna are (in-phase) {90° out-of-phase) (180°
out-of-phase),

3., The field that varies inversely with the
distance radiated from the antenna is the

a. radiation field.

b, induction

4, The ease with which radiationoccurs from
a transmitting antenna varies (directly,
indirectly) with the frequency.

9. Which of the following fields is used as
the reference in determining antenna
polarization?

~— 4, H
a—— b, E

¢. Radiation

Induction

e — d.

6, If the E field is perpendicular to the
surface of the earth, the antenna is:

— B4

horizontally polarized.

b. vertically polarized.

¢. circularly polarized.

7. For maximum transfer of energy the trans-
mitting and receiving antenna should
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8. When is circular polarization necessary?

CONFIRM YOUR ANSWERS

C. Turn to Student Text, Volume IX and
read paragraphs 5-30 through 5-35, Return to
this page and answer the following questions.

1. The basic dipole antenna is (1/4) (1/2)
(1) wave length long.

2. To electrically shorten an antenna we

can add series
a, capacitance.

b. inductance.

C. Tresistance,

3. Which factor determines the physicsl
length of a simple dipole antenna?

a. Power

b, Bandwidth
c. Frequency
d. Directivity

4, An antenna that uses an image as the other

quarterwave section is the
antenna.

CONFIRM YOUR ANSWERS

D. Turn \to Student Text, Volume IX and read paragraphs 5-36 through 5-54, Return to this

page and answer the iollowing queations.

1.
Broadside array
End-Fire array
Cardioid array

Collinear array

20
describes the function of the:

a, Driven element.
b, Reflector.

Directors,

—_— C.

From the list of statements concerning antenna arrays, match each with the following terms:

1, Two or more half-wave elements placed
one-half wavelength apart, parallel, and excited
in phase at the centers.

2. Two half-wave elements placed end-to-end
and excited in phase at the centers.

3, Two or more half-wave elements placed
one~half wavelength apart, parallel, and excited
180° out of phase at the centers,

4, Two half-wave elements placed one-fourth
wavelength apart, parallel, and excited 90°
out of phase at the centers.

From the list of statements about the elements of a parasitic array, select the one that

1. An element that causes maximum energy
radiation in the direction toward the driven
element,

2. An element placed so that it will produce
maximum radiation from the driven element
toward itself,

3. The element of the array that is connected
to the source or load.

3. Adding more elements to an end-fire antenna will (increase){decrease) directivity.
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4. From the diagram, identify the array.
® H
] 1

TN A . ©
== KD

Ao e —— — TOP VIEW — TWO ELEMENTS

REIMFORCEMENT

SOLID RADIATION PATTERN

REP4-202)
END VIEW - FOUR ELEMENTS

5. From the diagram identify the array.

@ ) (Y NS M

REIHFORCE

—

\

FED °
QUT OF PHASE

27 FERG=3022

CONFIRM YOUR ANSWERS.

-9
W
o
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MODULE SELF-CHECK

1. From the list of statements Jdescribing antenna polarization, select the one that describes:

+—— a. Circular polarization 1. An electromagnetic wave whose E-field is
parallel to the surface of the earth.

b. Horizontal polarization

2. An electromagnetic wave that rotates through
e ¢. Vertical polarization 360 degrees for each cycle of the RF signal.

L}

3. An electromagnetic wave that has its E-
field perpendicular to the surface of the earth.

2. What is the electrical length of a bhasic 7. In a broadside array, the elements are
dipole antenna? fed

— . a. in-phase.

3. A grounded quarter-wave antenna is b. 180 degrees out of phase

electrically
long.

wave length 90 degrees out of phase.

d. 45 degrees out of phase.
4, To electrically lengthen an antenna

is added 8. In a end-fire array, the elements are

in series. fed

5. Which element is connected tothegenera-
tor in a parasitic array?

in-phase.

———-. 180 degrees out of phase.
am———r 4. Driven.

90 degrees out of phase,

b. Reflector.

45 degrees out of phase,

¢. Director.

In a cardiod array, the elements are 9. In a collinear array, the elements are
fed

a. in-phase.

a, in-phase,

b. 180 degrees out of phase. b. 180 degrees out of phase.

c. 90 degrees out of phase —— €. 90 degrees out of phase.

d. 45 degrees ou of phase. d. 45 degrees out of phase.



10. The antenna element that causes maxi-
murn radiation going from the driver toward
the parasitic element is called the

a, driver.

b. director.
¢. reflector.
11. If a dipole has its elements perpen-
dicular to the ground, what is the polarization?
——— a, Circular.

b. Horizontal.
Vertical.

— O

12. An antenna element that causes maximum
energy radiation from itselftoward the driven
element is

driver.

—_a.
b. director.
reflector.

— .

CONFIEM YOUR ANSWERS







ANSWERS TO A - ADJUNCT GUIDE ANSWERS TO D -~ ADJUNCT GUIDE
1. electromagnetic 1. a,. 1
2. the speed of light b, 3
3. E;B c. 4
4, B d. 2
5. A 2. a, 3
6. d b, 1
7. half-wave c. 2
3. increase
| If you missed ANY questions, review 4. Broadside
the material before you continue. 5. End-fire
It you missed ANY questions, review
ANSWERS TO B - ADJUNCT GUIDE the material before vou continue.
1. b
2. 90° out of phase ANSWERS TQ MODULE SELF-CHECK
3. a
4. directly 1, a. 2
5. b h, 1
6. b c. 3
7. have the same polarization or lie 2. 1/2 wavelength
in the same plane. 3. 1/2 wavelength
. 8. when the plane of energy is not fixed 4, inductance or an inductor
; and a resultant loss inenergy trans- 5. a
} fer can occur. 6. ¢
; 7. a
If you missed ANY questions, review the 8. b
| material before you continue. | 9, a
i 4 1. b
. 11. ¢
ANSWERS TO C - ADJUNCT GUIDE . 12, ¢
1. 1/2
;2. a HAVE YOU ANSWERED ALL OF THE
“ 3. ¢ QUESTIONS CORRECTLY? IF NOT,
' 4. Marconi REVIEW THE MATERIAL OR STUDY
ANOTHER RESOURCE UNTIL YOU CAN
If you missed ANY questions, review ANSWER ALL QUESTIONS CORRECTLY.
the material before you continue. iF You HAVE, CONSULT YOUR
INSTRUCTOR FOR FURTHER GUIDANCE.
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Radar Principles Branch
Keesler AFB, Mississippi

ATC GP 3AQR3X020-X
KEP-GP-68
October 1975

ELECTRONIC PRINCIPLES (MODULAR SELF- PACED)

MODULE 68

AM SYSTEMS

This Guidance Package is designed to guide you through this module of the Electronic
Principles Course. This Guidance Package contains specific information, including references
to other resources you may study, enabling you to satisfy the learning objectives.

CONTENTS

TITLE

Overview

List of Resources
Adjunct Guide
Module Sel{-Check
Answers

OVERVIEW

1. SCOPE: This module contains material
oh a basic AM communications system. It
includes the requirements for transmitter
frequency stability, receiver sensitivity and
distortion, the block diagrams of a trans-
mitter and receiver with a description of
each block, and the schematic dizgram of
a transmitter and receiver with the description
of signal and current paths,

2. OBJECTIVES: Upon completion of this
module you should be able to satisfy the
following objectives:

a. Given a list of statements of trans-
mitter characteristics, select the statement
that describes frequency stabilization.

b. Given a list of statements of the
foilowing receiver characteristics, select the
statements which describe

(1) sensitivity.
{2) selectivity.

1
1

¢. From a list of statements, select the
statements that identify the causes of

{1) second harmonic distortion.
(2) bandpass distortion.

(3) cochannel interference.

d. Given a labeled block diagram of alist
of statements that describe each block of an
AM transmitter, match each block witn the
proper statements.

e. Given a labeled block diagram and a
list of statements that describe each block
of a single conversion AM receiver, match
each block with the proper statement.

f. Given a schematic diagram of an AM
transmitter, trace

(1) the RF and intelligence signal flow
from origin to output.

(2) direct current paths through each
stage in a closed loop.

Supersedes Guidance Package KEP-GP-68, 1 June 1974,
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g. Given a gchematic diagram of a super-
heterodyne AM receiver, trace

(1) the signal flow from origin to
output,

(2) direct current path through each
stage in a closed loop.

LIST OF RESOURCES
To satisfy the objectives of this module,
you may choose, according to your training,
experience, and preferences, any or all of
the following:
READING MATERIALS:

Digest
Adjunct Guide with Student Text, Volume IX

AUDIO VISUALS:

TVK-30-609, Introduction to Receivers
AT THIS POINT, IF YOU FEEL THAT
THROUGH PREVIOUS EXPERIENCE OR
TRAINING YOU ARE FAMILIAR WITH
THIS SUBJECT, YOU MAY TAKE THE
MODULE SELF-CHECK.

CONSULT YOUR INSTRUCTOR IF YOU
NEED HELP.

ADJUNCT GUIDE
INSTRUCTIONS:

Study the referenced materials as directed.

Return to this guide and answer the
questions.

CONFIRM YOUR ANSWERSE AT THE
BACK OF THIS GUIDANCE PACKAGE.

Contact your instructor if you experience
any difficulty.

Begin the program.
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Radio communications play a very important
part in the mission of the United States
Air Force, You may be involvedinthe opera-
tion and maintenance of some of these
systems. The material presented in this
module will assist in developing an under-
standing of the principles of an Amplitude
Modulated System.

A. Turn to Student Text, Volume IX and
read paragraphs 6-1 through 6-16. Return to
this page and answer the following questions.

I. An oscillator and an antenna can produce
an electromagnetic wave which canbe radiated
into space. (TRUENFALSE)

2. Figure 1 illustrates a basic transmitter.
What is the function of the buffer?

a, Eliminate undesirable sideband
frequencies.

b. Increase the bandwidth of the
transmitted signal.

¢. Prevent theantenna{rom affecting
oscillator frequency.

d. Produce newirequencies through
the process of heterodyning.

REP4=1277

POWER
SUPPLY

BUFFER
AMPLIFIER

OSCILLATOR

Figure 1

3. The ability of a receiver to reproduce
the intelligence of a very weak signal is a
function of receiver




l. The RF OSC is used to produce the

4, Name the function of each section of
the receiver illustrated in figure 2,

a. modulated carrier.

unmodulated sidebands

————.b;

modulated carrier and sidebands,

e —— c‘

unmoduiated carrier.

--n—\—-dc

2. The MULTIPLIER is used to increase the

———. a. power level of the carrier.

the carrier in

i
]
E b. frequency of

AF EO)))) multiples of the carrier.
AMP
frequency of the carrier by any

c'
desired amount,

DET

L1 L2

d. firequency of the carrier by
¢ N heterodyning action,

R pep—————— R

. ——

e ek W ————

REP4~1271

3. The AUDIO AMP is used

Figure 2

5. The ability of a receiver to select and —_— a. to amplify the audio so that if is
reproduce 2 desired signal from several large enough to drive the MODULATOR to —_
closely spaced stations or from interfering cut off and saturation.

frequencies is determined by receiver

b, as a very narrowband amplifier,
to amplify the current from the microphone.

CONFIRM YOUR ANSWERS ¢, as ap amplifier to increase the
signal amplitude to a sufficient amplitude
to drive the MODULATOR.

d. to convert the audio sounds into
electromagnetic energy.

B. Turn to Student Text, Volume IX and
read paragraphs 6-17 through 6-40, Returnto
this page and answer the following questions:

NOTE;: In answering questions 1 through
§, refer to figure 3 of the Adjunct Guide or 4, The MODULATOR is used to

ST-IX, figure 6-5.
a., provide the nonlinearity for
modulation.
o | & Ll rar e e | |
(MU, IPLAE b, provide the power for the side-
bands.
D“I ey H"'ODUL‘TOEi c. provide isolation for the
REP4= 1796 oscillator.

Figure 3, AM Transmitter e @, produce the stdebands,
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5. The RF POWER AMP is used to

a, provide the nonlinearity {for ‘

modulation.

b. provide the power for the side-
bands.

c. produce changes in carrier

frequency.
d. amplify the audio signal.
6. The ANTENNA is used to convert
a. RF signals into sound waves,

b. RF signals into electromagnetic
waves.

c. electromagnetic
sound waves,

waves into

d. RPF signals into avdio signals,

7. Figure 4 illustrates the modulating
gsection of a transmitter. Determine the

and the

carrier power Pe

sideband power Pgy,

oUTPUT

PA :
10% EFFICIENT Pe =
Psb =

WMOOULATOR
40% EFFICIENT

MDDULATOR SUPPLIES
250W TO PA

TOTAL INPYUT TO
T T~ reta

100% HODULATIONK
‘PDHER s;.‘rm."r -

Figure 4

PA
POWER SUPPLY
50w

REP4=1797

8, If amplification occurs after modulation,
the sidehands receive more amplification
tha+ the carrier. (TRUE)}(FALSE)

9., Changing the
oscillator

load on the carrier

a. is desirable.
h. 1is undesirable.
¢, cannot be avoided.

10. The stage in which modulation occurs
is (linear){nonlinear}.

CONFIRM YOUR ANSWERS




RF VOLTAGE AMP

RADIO FREQUENCY SECTION
AUDIO YOLTAGE AMP

RF POWER AMP

=

j\m@i

%"? HEATER VOLTAGE

= POWER SUPPLY — — "= REP4-1798

Figure 5

C. Turn to Student Text, Volume IX and
read paragraphs 6-41 chrough 6-44. Return
to this page and answer the following
questions.

NOTE: Use figure 5 in answering questions
1 through 10.

1. A DC path of current through the RF
oscillator 1s from ground through T1,

R Vi, L

R

2. RF oscillations are coupled from T1 and
Cl through C to the grid of
v ' « RF is coupled from the plate

of V2 through C and C ,
amplified by V3 and developed in the tank

eircuit consisting of ¢ —0— ———H4— and

T — {primary) and coupled to the
antenna.
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3. The DC path of current in the audio voltage
amplifier is from ground through R

v ;and R , to B+,

4. The DC path for cur-ent from the RF and
AF stages is from B+ (top of R16), R .

L s V

5. A path of DC in the RF power amplifier

is from through R s V

T {(primary), L and T

(secondary), to B+.

6. Two paths for DC in the RF voltage ampli-
fier stage are from ground through R5to: the
plate of V2, L , to B+; and the
of V2, R , to B+,

7. Two paths for DC in the audio power
amplifier stage are from ground through R13;
to the plate of V5, T s 10 B

and to the screen grid of V5, R , to
B,

8. The signal coupled to the antenna consists
of a

a. 8ideband only.
b. modulated audio.
¢. carrier and audio.

d. carrier and sidebands.
9. In figure 5, mudulation is accomplished
by varying the of v

10. The percent of modulation of the trans-
mitter (figure 5) will (increase)}(decrease)

if the wiper arm of RO is moved toward
ground.

CONFIRM YOUR ANSWERS

D. Turn to Student Text, Volume IX apd
read paragraphs 6-45 through 6-77. Return
to this page and answer the following
questions,

NOTE: Use figure 6 in answering questions
1 through 8.

and T4 secondary to ground.

ANTENNA FREJUENCY

CONVERIER PETECTOR

‘ o Ao PamER
b AUDEN

RERI-178Y

Figure &
1. The RF AMPreduces interference caused
by
a, mirror frequencies,
b. <¢o-channel signals.
¢, image frequencies.

2. Name the two basic types of frequency
conversion stages used in a superheterodyne
receiver.

3. An oscillator is part of the frequency
conversion stage called a

4, The local oscillator may be tuned above
or below the desired incoming RF (TRUE)
(FALSE)

5. What is the image frequency for 1500
kHz if the oscillator is tuned below the
desired RF and the IF is 455 xHz?

6. All superheterodyne receivers use an
intermediate frequency of 455 kHz. (TRUE)
(FALSE)

7. The IF amplifier tank jis adjusted to
ditferent stations. (TRUE)}{FALSE)
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ANTENNA

FREQUENCY
CONVERTER

DETECTOR

POWER
AWP
(AUDIO)

]

REP4-1799

Figure 6. (Repeated)

8. From the labeled block diagram and the list of statements that describe each block of
a single conversion AM receiver, match each block with the proper statement.

BLOCK

IF AMP

AUDIO AMP

ANTENNA

DETECTOR

POWER AMP

RF AMP

N——
—
—
S——
ety
A —

FREQUENCY CONVERTER

CONFIRM YOUR ANSWERS

STATEMENT

1. The stage that amplifies the small AC
voltages induced into the antenna.

2. The stage that changes the incoming radio
frequencies to intermediate frequencies.

3. The stage that primarily determines the
selectivity of the receiver.

4, The stage that converts the electromagnetic
waves into voltage and current.

5. The stage where the sidebands are hetero-
dyned against the carrier.

6. The stage that produces the power to drive
a gpeaker.

7. The stage that amplifies the audio signal
from the detector.

E. Turn to Student Text, Volume IX read
paragraphs 6-78 through 6-85. Return to
this page and answer the following questions.

1. Elimination of outer sidebands results
in distortion.

2. Distortion caused by heterodyning the
sidebands against each other is
distortion.

3. Reception of more than one signal of the

same f{requency is called

4., Square law distortion is a direct result
of second harmonic distortion. (TRUE}(FALSE)

5. Adding second harmonics to a signal will
alter its shape. (TRUE){FALSE}
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68, Cochannel interference may be reduced
by using directional antennas. (TRUE)
(FALSE)

7. Bandpass distortion may be reduced by
reducing the bandwidth of the IF amplifier.
(TRUE)(FALSE)

8. The fidelity of a square law detector is
poor compared to a linear detector. (TRUE}
(FALSE)

CONFIRM YOUR ANSWERS

A3
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F. Turn to Student Text, Volume IX and
read paragraphs 6-86 through 6-103. Return

to this
questions,

page and answer the following

NOTE: Use figure 7 in answering questions
1 through 20. (Figure 6-16 of ST-IX)

1. Which signal is present in the col-
lector circuit of Q1047

—
bo
c.

d.

Modulated IF.
RF,

Audio.

IF.

2. The amplified RF is coupled to the

base of Q102 by L102.
base of Q101 by C103.
collector of Q102 by T101.
collector of Q104 by C119.

3. Capacitors C101, C106 and C110 are

a’
—— bI

c-

4, Which
to Q1017

b0

c.

main tuning capacitors.
trimmer capacitors.

padder capacitors.

signal is coupled from the antenna

Selected RF.
IF.
Modulated IF.

Amplitude modulated audio.

5. The amplified IF is coupled to

a.

A ——
———

Q102 by Ti02.
Qi04 by T103.
CR10I by T102.

Q101 by Ri01.

6. The audio is first amplified by
and then, and in push pull.

7. Which signal is coupled from CR101
to the base of Q1047

a. RF.
—— b, IF.
Modulated RF.
Audio.

—_—— .

—_— .

B, The signal developed in the tuned circuit
of L103, C110 and C102C is
a. modulated RF.
b. meodulated IF.
¢. unmodulated RF.
9, The amplified audio at the collector of
Q104 is coupled to the base of @105 and Q106
through
R115 and R116.
C119, R115 and R116.
C119, €120 and CR102.
T103.

10. The
developed across R113.

signal is

11. As the RF signal strength increases,
the AVC voltage becomes (more) (less)
positive.

i2. Moving the wiper of R113 away from
ground, increases the signal voltage applied
to Q104 and increases the audio out. (TRUE)
(FALSE)

13. The DC paths in the IF amplifier are
from ground through R , emitter-
base of Q@ , T101 secondary,
R e— . andR to Voi; and
from ground through R110, emitter-collector

of Q103, R , R

y 0 Voo
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Figure 7. (Repeated)

14, The DC paths in the RF amplitier, Q101,
are from ground through ,

emitter~-hase of Q101, and
to the AVC voltage, and from ground through

R102, emitter-collector of Q101 and

and _ _________ to Vee:

15. A path for current in the audio ampli-
fier, Q104, is from ground, through emitter-

collector of Q104, and primary,
, o VCC‘

16. The DC paths in the audio power ampli-

fier stage, Q105, are from

through R s emitter-base of

QI05, T and R
to Voo, and from ground through RI117,

emitter-collector of Q105, T
to

17. The DC paths in the power amplitier
stage, Ql106, ars from ground through

R , emitter~-base of Q1086,

T ————— and R to Ve,
and from ground through R118, emitter-

collector of Q106, T ’
to
18. The DC paths in the frequency converter,

Q102, are from ground through K s
emitter-base of Ql02, L '

R and R115 to V¢, and from
ground through R104, emitter-collector of

@102, R and L ——— (in

parallel}, through T
R— toVgg.

19, The forward bias network for Q104 is
from ground throughthe emitter-base junction

of Q104, R , T

R , to

CONFIRM YOUR ANSWERS
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MODULE SELF-CHECK
1. From the list of statements, select the statements that identify the causes of

a, second harmonic distortion. 1. Distortion caused by another station on the
same channel as the one desired.
b. bandpass distortion.
2. Distortion caused by heterodyning the side-
¢. cochannel interference. bands.
3. Distortion caused by the elimination of some
of the desired sidebands prior to demodulation.

2. From the listof statements of transmitter 4, From the list of statements of receiver
characteristics, select the statement that characteristics, select the statermnent that
describes frequency STABILIZATION. describes SELECTIVITY.

a. reproduce the intellizence signal.

—— a. The ability of a receiver to
select and reproduce a desired signal from
several closely spaced stations.

b. maintain the operating frequency.
¢. produce the desiréd power out.

d. convert audio signals into RF b, Ratio of the IF output voltage to
signals, the input signal voltage of the frequency
" converter.

3. From the list of statements of receiver
characteristics, select the statement that
describes SENSITIVITY.

¢. The ability of a receiver to
reproduce the original modulating signal.

a. The ability of a receiver to
select and reproduce a desired signal from d. The ability of a receiver to
among several closely spaced stations. reproduce the intelligence of a very weak

b. Ratio of the IF output voltage to signal.,

the input signal voltage of the frequency

converter. 5. Direct modulation of anoscillator usually

¢. The ability of a receiver to causes frequency instability, (TRUE){FALSE)
reproduce the original modulating signal.

d. The ability of a receiver to 6. Variations in load impedance on an LC

reproduce the intelligence of a very weak
signal.

oscillator will not cause frequency changes.
(TRUE)(FALSE)
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7. From the labeled block diagram and a list of statements that describe each block of an
AM transmitter, match each block with the proper statements. Refer to figure 1 or ST-IX,

tigure 6-5.
BLOCK
a. RF OSC

am—— b, RF AMP

RF POWER AMP

AUDIO AMP

MODULATOR

ANTENNA

Refer to figure 2 for questions 8 and 9.

8. Trace the RF and intelligence signals
from origin to output. For each stage, in
turn, name the type of input and output
signals and the next stage. (Flgure 6-7 in
ST-IX)

v i audio

input
output

next stage

V5 input

output
next stage
input

output

next stage

v input

output

next stage

inputs
&

output
next stage Antenna

9. Trace the direct current paths from
ground through each stage. Place the com-
ponent number in the blanks, in turn.

STATEMENT

1. The stage that converts RF currents into
electromagnetic energy.

2. The stage that produces the carrier.

3. The stage in which the sidebands are
produced.

4. The stage that amplifies the signal applied
to the modulator,

5. The stage that produces the power for the
sidebands.

6. The stage that is used as an isolator,
frequency multiplier or amplifier.

Vi. T s R
v s L and
R , to B+.

V2. R , v , to
screen grid, R to B+;
also through v , to plate,
and L , 10 B,

v3. R , V ,
T , L
and T s 1o Be.

V4. R ,V
and R , 10 B+,

V5. R y V '
to screen grid, and R ,
to B+, also through V
to plate and T , 10 B+,

V6. R » R s
L » V ’
T — (power transformer-

secondary) to.ground.

13
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10. Use figure 3 or figure 6-8 in ST-IX and the list of statements that describe each block of
an AM receiver, match each block with the proper statement.

BLOCK STATEMENT
ANTENNA 1. The stage that determines the receivers
selectivity and major portion of the receivers
RF AMP gain prior to demodulation.

FREQUENCY CONVERTER 2. Intercepts the electromagnetc wave and
converts it into RF currents.

3. The stage that produces the power to drive
Detector the final transmitter stage.

Audio AMP 4, The stage that reproduces the intelligence
signal from the modulated IF signal.

r——. d. IF AMP

POWER AMP
5, The stage that heterodynes 2 local signal
with the RF to produce the IF.

6. The stage that amplifies the audio taken
from the detector output.

7. The stage that selects and amplifies the
desired RF signails.

11. Use figure 6-16 of KEP~-ST-IX and trace 103 input

the signal flow from origin to output. For cutput
each stage, in turn, name the type of input
and output and the next stage. next stage

Q10 input _RF input

output « . ... .o .o output

next stage .. next stage

input ——0M — input

output — output

next stage next stage




Q105 & Q106 input

output

next stage . Speaker .

12. Use figure 6-16 of KEP-ST-IX and trace
the circuit current paths from ground through
each stage. Place the component number inthe
blanks, in turn.

Ql0l. R » emitter-bage of

Q s R

R R

r

R s R

, to Ve, also,

emitter-collector

¥

L

r

: to Voo

R » emitter-base of

Q » L

R

to, ; also, R

emitter-collector of @

L and R

{in parallel), then T

R s tO .

» emitter-base of,

R
Q y T
R

' R

221

to ; also,

, emitter-collector,

T

r

R

¥

Ql04. Emitter-base ground, of Q

24 T

¥

primary, R » o Voo

also, emitter-collector of Q

T s R , to Ve

Ql05. R , emitter-base of

Q » T

R , tO :

» @mitter-collector

s T , to

emitter-base of

r

to Vge, also,

¥

R
Q » T ’
R
R

. emitter-collector

of @ » T

to Ve

CONFIRM YOUR ANSWERS




ANSWERS TO A - ADJUNCT GUIDE

True

c

sensitivity

a. Reception

b. Selection

c. Detection

d. Amplification

e. Reproduction
5. selectivity

1f you missed ANY questions, review
the material before you continue.

ANSWERS TO B - ADJUNCT GUIDE

Pe =350W
Pgh =175 W
False

b

nonlinear

If you missed ANY questions, review the
material before you continue.

ANSWERS TO D - ADJUNCT GUIDE

1. ¢
2. mixer
converter (order not important)
converter
True
590 kHz
False
False
3

.

I?
4
5

If you missed ANY questions, review
the material before you continue.

ANSWERS TO E - ADJUNCT GUIDE
bandpass

2nd harmonic

cochannel interference

True

True

True

False

True

»

@ -1 3D W o b -

If you missed ANY questions, review
the material before you continue.

10.

ANSWERS TO C - ADJUNCT GUIDE
1. R2, L1,R3

2. C3,vez Cs,Cl10, C12, T2

3. R10, V4, R11

4, R15, L6, V6

5. ground, R8, V3, T2 (primary),
L5, T3 {secondary).

L2; screen grid, R6

T3; R14

d

plate voltage, V3

decrease

If you missed ANY questions, review
the material before you continue.

ANSWERS T O F - ADJUNCT GUIDE

»

104; Q105 and Q106

oo fLHop oo

»

10. audio

11. less

12. True

13. R110; Q103; R109; R107; R115
and T102; R107; R115

14. R102; R101; R106
and L102; R115
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|
|

L

13.
16.

11.

18,

19,

T103: R115

ground; R117; T103 secondary;

R116 and T104 primary; Voo

R118; T103 secondary;

R116 and T104 primary; Voo

R104, L102 secondary; R103 and
R105; L103, TI101 primary;,; R115
R114; T103 primary; R115, veoc

1f you missed ANY questions, review the
material before you continue.

ANSWERS TO MODULE SELF-CHECK

1,

V4 input - audio output - amplified
audio next stage - V5 (modulator)

V5 input - audio output - amplfied
audio next stage - V3 (RF power
amplifier)

V1 input - tank frequency output -
amplified carrier next stage - V2
{RF voltage amplifier)

V2 input - carrier output - amplified
carrier next stage - V3 (RF power
amplifier)

V3 inputs - carrier & audio output -
modulated RF wave next stage -
antenna

V1 - T1, R2, V1, L1, and R3
v2 - R5, V2, R6; also, V2, L2.
V3 - R8, V3, T2, L5 and T3.

V4 - R10, V4, and R11.
V5 - R13, V5, Rl4; also, V5, T3.
V6 - R16, R15, L6, V6, T4

g.
Q101 - input - RF output - RF next
stage - Q102 (Frequency Converter)

Q102 - input - RF output - IF next
stage - Q103 (IF Amplifier)

Q103 - input - IF output - amplified
IF next stage - CRI101 (Detector)

CR101 - input - IF output - audio
next stage - Q104 (Audio Amplifier)

Q104 - input ~ audio output - ampli-
fied audio next stage - Q105 & Q106
{Audio Power Amplifier)

Q105 & Q106 - input - audio output -
amplified audio next stage - Speaker

QL01. R102, Q101, R101, R106, R108,
R108, R107 and R115; also, R102, Q101,
L102 and R115

Q102. R104, Q102, L102,R103, R103,

R115, to Vcc; also, R104, Q102, 1103
and R105 then T101, R115, to Vcc.

Q103. R110, Q103, T101, R109, R107,
RI115, to V¢ ; also, R110, Q103, T102,
R107, R115 to V¢c.

Q104. Q104, R114, T103, R115; also,
Q104, T103, R115.

Q105. RI117, @105, T103, R116, to
Vec; also, R117, Q105, T104,to Ve

Ql06. RI118, Q106, T103, RI116, to
Vco; also, R118, Q106, T104

HAVE YOU ANSWERED ALL OF THE
QUESTIONS CORRECTLY? IF NOT REVIEW
THE MATERIAL. OR STUDY ANOTHER
RESOURCE UNTIL. YOU CAN ANSWER
ALL QUESTIONS CORRECTLY. IF YOU
HAVE, CONSULT YOUR INSTRUCTOR
FOR FURTHER INSTRUCTION.
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Radar Principles Branch
Keesler Air Force Base, Mississippi

ATC GP JAQRIX020-X
KEP.GP-70
February 1976

ELECTRONIC PRINCIPLES (MODULAR SELF-PACED)

MODULE 70

SINGLE SIDEBAND SYSTEMS

This Guidance Package {is designed to guide you through this module of the Electronic
Principles Course. This Guidance Package contains specific information, including references
to other resources you may study, enabling you to satisfy the learning objectives.

CONTENTS

Title

Overview

List of Resources
Adjunct Guide
Module Selfi-Check

Answers
OVERVIEW

1. SCOPE: This module contains material
on the basicsof a single sideband communica-~
tions system and includes the following: the
block diagrams of a transmitter and receiver
with a description of signal and currentpaths.

2. OBJECTIVES: Upon completion of this
module you should be able to satisfy the
following objectives.

a. Given a labeled block diagram and a
list of staternents that describes each block
of a single sideband transmitter, match
each block with the proper statement.

b. Given a labeled block diagram and a
list of statements that describes each block
of a single sideband receiver, match each
block with the proper statement.

¢. Given a schematic diagram of a single
sideband transmitter, trace

(1) the RF and intelligence signal flow
from origin to output.

1

(2) direct current path through each
stage in a closed loop.

d. Given a schematic diagram of a single
sideband receiver, trace
(1) the signal flow from origin to output.
{2) direct current path through each
stage in a closed loop.

LIST OF RESOURCES

To satisfy the objectives of this module
you may choose, according to your training,
expertence, and preferences, any or all of
the following.

READING MATERIALS:

Digest
Adjunct Guide with Student Text, Volume IX

AUDIOVISUAL AIDS:

TV Lesson, Introduction to Single Sideband,
TVK-30.611

Supersedes Guidance Package KEP-GP-70, 1 August 1975: stock on hand will be used.
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AT THIS POINT, IF YOU FEEL THAT
THROUGH PREVIOUS EXPERIENCE OR
TRAINING YOU ARE FAMILIAR WITH
THIS SUBJECT, YOU MAY TAKE THE
MODULE SELF-CHECK.

CONSULT YOUR INSTRUCTOR IF YOU
NEED HELP.

ADJUNCT GUIDE

INSTRUCTIONS:

Study the referenced materialsasdirected.

Return to this guide and apswer the
questions,

Confirm your answers with the answers
at the back of this Guidance Package.

Contact your instructor if you experience

any difficulty.

Begin the program.

The material presented in this module will
assist you in understanding the operation of
a single sideband communication system.

A. Turn to Student Text, Volume IX, and
read paragraphs 6-125through 6-145. Return
to this page and answer the following
questions.

1, 8ingle sideband transmitters suppress
one set of sidebands and the carrier. (True)
(False)

2. The bandwidth of a SSB system comparec
to AM is

the same.

twice as wide.

one half.

__d. much wider.

3. An AM transmitter is modulated with a
tone at 100 percent modulation. Which of
the foliowing divisions of intelligence power
are produced in one sldeband?

___a. 1/6 total power
____b. 1/4 total power
____¢. 1/3total power
____d. 1/8 total power
4, 8SB has better performance because of
wider bandwidth.
reduction in selective fading.
Iower signal to noise ratio.
d. the simplicity of the demodulator.

5. SSB transmitters are more efficient

due to elimination of the




AUDIO BALANCED
AMPLIFIER MODUL STOR FILTER

| ’ l

CARRIER

REP4-1838
Figure 1. Single Sideband Transmitter Block Diagram

NOTE: Use figure 1l in answering questions 10. The filter eliminates
6 through 12.

6. Which stage eliminates the carrier in a . both sets of sidebands.
SSB transmitter?

Filter the carrier.

Mixer . one set of sidebands.

Balanced modulator .
power supply ripple.

Driver

7. The carrier oscillator in a 858 trans-
mitter does not require a high degree of . .
stability. (True) (False) 11. What is the function of the mixer?

8. i t to th dulat
The input to the balanced modulator is a. Produce harmonics of the

a. audio ai.d modulated carrier. sideband.

b. audic and an unmodulated b. Raise the frequency of the
carrier. sideband.

¢. DC and a modulated carrier.
¢. Increase the frequency swing of
d. DC and audio. the sidebands.
9. The output of the balanced modulator is

the d. Lower the frequency of the

sideband.

a. upper and lower sidebands and
the carrier.

b. upper sidebands and the carrier.
12. From the labeled block diagram and the
¢. lower sidebands and the carrier. list of statements that describe each block
of a single sideband transmitter, match

d. upper and lower sidebands. each with the proper statement,




BLOCKS
Power Amplifier

Carrier Oscillator

Mixer

Audio Amplifier

Driver

Balanced Modulator

Filter

Qscillator

STATEMENTS

{1) The stage that develops the
RF carrier.

(2} The stage that passes the de-
gired sidebands.

(3) The stage where the sidebands
are produced and the carrier eliminated.

(4) The stage that amplifies the
audio.

(5) The stage that produces the
power to be radiated.

(6) The stage that raises the fre-
quency level of the sideband.

(7} The intermediate amplifier.

(8) The stage that produces an RF
signal.

CONFIRM YOUR ANSWERS.

B. Turn to Student Text, Volume IX, and
read paragraphs 6-146 through 6-149.Return
to this page and answer the Ilollowing
questions.

1. A conventional AM broadcast receiver
can receive and demodulate SSB. (True)
(False)

2. The bandwidth of an 8SB receiver com-
pared to an AM receiver is

-—b. twlce as wide.

¢. half as wide.

3. The product demodulator has two signal

inputs. They are the

and the

2y
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AUDIO
AMPLIFLER

REP4-1841

Figure 2, SSB Receiver Block Diagram

4, From the labeled block diagram (figure
2) of an SSB recelver, match each block
with the proper statement.

a. Frequency Converter
Audio Amplifler
RF Amplifier
Product Demodulator or Detector
Power Amplifier
Osclllator
IF Amplifier

(1} The stage that primarily determines
recelver selectivity.

(2) The stage that produces the power
to drive the speaker.

(3) The stage that produces audio.

(4) The stage that primarily determines
the recelver sensitivity.

(5) The stage that produces a carrier
signal.

{8} The stage that converts the incoming
RF to IF,

(7) The stage that amplifies the signal
from the demodulator.

CONFIRM YQUR ANSWERS,

C. Turn to Student Text, Volume IX, and
read paragraphs 6-130through 6-1583. Return
to this page and answer the following
questions.

NOTE: Use figure 3 in answering questions
1 through 22 (figure 6-26 in KEP-ST-IX).

1. The paths of direct current in the mixer

are from ground through R , Q )
and R110 to Voo. Also from ground through

R » @ , and T106 to V.
2, The paths of direct current in the audio
ampiifier are from groun¢ through R102,

Q in parallel with R , then through

R and T102 to Vpo- Also from ground

through R102, Q and T to Vee-
3. The direct current paths in the carrier
oscillator are from ground through R10%,
emitter base of Q102 in parallel with R104,
then through R103 to V. Also fromground
through R105, emitter collector of Q102,
and primary of T103 to Vog. (True) {False)

4, The direct current paths in Q103 are
from Vo through R108, RFC101, collector
emitter of Q103, C108 to ground. Also from
Voc through R108, bage emitter of Q103
and C108 to ground. (True} (False)

5. The direct current in the plate circuit of
the driver is from ground through R113,

v , and RF¢. to B+.
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Figure 3. SSB Transmitter Schematic

6. The path of screen current in the power
amplifier is from ground through R____,
V102 and R to B+.

7. The direct current in the plate circuit
of V102 is from through R_____,
V102 and RFC___ to B+,

8. The screen current path for V101 is
from through R_____, V101 and
R___ toB+

9. The audio signal is coupled through

C101, developed across R10l, and applied
to the base of Ql01. (True) (False)

10. The amplified audic is coupled to the
base of Q102, {True) (False)

11. The carrier oscillations are coupled
through T102 intoc CR10l. {(True) (False)

12. The carrier is coupled out of the
balanced modulator through T104 to the
filter. {True) (False)

13. The audio is coupled into the balanced
modulator through T102. (True) (False)

14. The carrier oscillator signzl is coupled
into the balanced modulator through T103.
(True) {False)

15. The only output through T104 is the
upper and lower sidebands. (True) (False)

16. The filter passes the desired sidebands
to T105. (True) (False)




17, The oscillations from the collectdr of
Q103 are applied to the

a. collector of Q104.

b. emitter of Ql04.

——erae
p——

¢. base of Q104.

——

d. control grid of V101.

18, The desired sideband from Ti0§ is
coupled to the

a. base of QI03.

b collector of Ql04.

____c. baseof QL04.

_d. collector of Ql03.

e ]

19. The output signal of the driveris coupled
to the grid of the power amplifier. {True)
{False)

20. The output of the mixer Q is
coupled to the grid of V .

21, The power amplifier recejves its signal
from the driver into its plate circuit by
coupling through RFCi02 and RFC103. (True)
{False)

22, The output of V102 is coupled to the
antenna. {True) (False)

CONFIRM YOUR ANSWERS.

D. Turn to Stedent Text, Volume IX, and
read paragraphs 6-154through 6-155. Return
to this page and answer the following
questions.

NOTE: Use figure 4 in answering questions
1 through 20 (figure 6-27 in KE P~-ST-IX),

1. The RF signal ig coupled to the base of
@101, the

a. RF ampiifier.

b. frequency converter.

o t. IF amplifier.
d. limiter.
2. The amplified RF from the RF amplifier
is coupled to

a. the base of Q102 by L102,
b. the base of QL02 by R103,

¢, the collector of Q102 by T101
and R105.

____d. the collector of Q104 by C119.
3. What type signal is present in the col-
lector circuit of Q1047

a. Modulated IF
b. RF
c,

d IF

4, What signal is coupled through C109 to
the emitter of Q1027

a. Modulated IF
b RF

¢, Unmodulated IF

d. Local oscillator

5. What signals are coupled from the col-
lector of Q102 to the base of QL1037

a. RF
IF
Modulated RF

Audio
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REFERENCE
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Figure 4. SSB Receiver Schematic
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8. The signal coupled through C125 to the
demodulator 15 the

a. upper sideband frequency.

b. lower sideband frequency.

¢. carrier frequency.

d. audio signal.

7. The IF is applied to the hase of Ql07.
{True) (False)

8. The signal developed across R113 is the

a. modulated IF.

b. carrier.

¢. sideband.

d. audio.

9., The amplified audio in the collector of

Q104 1is coupled to the bhase of QL05 and
Q106 through

a. RI115 and R116.

b, C118, R115 and R116.
c. Ti0a.

d. C119, C120 and CR102,

10. The DC paths in Q106 are from

and R through emitter base

of Q106 through T and R116 to V.

Also from and R through
emitter collector of Q108 and T to
Ve

1l. The. DC paths in the IF amplifier are

from ground through R , T101,

_—Q

R , R y R , to Voo, also from

ground through R , Q , T102, and

R

R , to VCC‘

12. The forward bias network for the carrier
oscillator ts fromground through L1035, C130,
R124, and RFCI07 to Voc. (True) (False)

13. The collector path of direct current in
Q108 is from ground, part of L10§, R125,
emitter collector of Q108 and RFC107 to
Vce. (True) (False)

14. The DC paths for Q102 are from ground

through R , emitter base of Q102

L » and R103 to Ve, also from ground

through R , emitter collector of Q102

R , and L
Vee.

in parallel then T101 to
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1% The forward bias network for Ql04 is
from ground through the emitter bage junction
of Q104, Cl18, R113, R112, and R123 to
Vee. (True) (False)

16. The correct DC paths {nthe RF amplifier
are from ground through R , emitter
base of Q____ , R101 andR_____ to apositive
voltage, also from ground through R

emitter collector of QI0l and L
Vee-

17. The DC paths in the circuit of Q105 are
from ground through R , emitter base of
QL05, T and R116 to Vo, also from

ground through R117,

of Q105 and T104 to V.

18. The collector load of Q104 is

19. The DC paths for Q107 are from ground
through R , emitter base of Qi07,
secondary of T in parallel with R121,

then through R to , also from

.ground through R , emitter collector of

QL07, L and R to Ve

20. A path of direct current in the carrier
oscillator 1is from ground through L105,
R125, amitter collector of Q108 and RFC101
to Vog. (True) (False)

CONFIRM YOUR ANSWERS.

YOU MAY STUDY ANOTEER RESOURCE
OR TAKE THE MODULE SELF-CHECK.

MODULE SELF-CHECK

QUESTIONS:

1. A SSB system is less subject to noise
because it

a. has a wider bandwidth.

b. produces less noise in the

transmitter.

¢. has a narrower bandwidth.

is in a noise free spectrum.

—_—.

2. A SSB system is less subjectto selective
fading. {True) (False)

3. The beneflts of the 3SB system arise
Primarily from the higher overall efficiency
of generation and use of sideband power.
(True) (False)
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POWER
FILTER AMPLIFIER

AUDIO BALANCED |
AMPLIFIER MODULATOR

‘f

CARRIER
OSCILLATOR

OSCILLATOR

l I

DRIVER

REP4~1838

Figure 1. Single Sideband Transmitter

4. From the labeled block dlagram infigure
1 and the Ust of statements that describe
each block of a single sideband transmitter,
match each with the proper statement.

BLOCKS

Carrier Oscillator

Filter

Driver

Oscillator

Balanced Modulator

g. Power Amplifier

h. Audio Amplifier

STATEMENTS

(1) The stage that produces the side-
bands and eliminates the carrier.

(2) The stage that amplifies the audio to
the level necessary to drive the balanced
modulator.

(3) The stage that produces the RF
carrier.

(4) The stage that produces the power
to be radiated by the antenna,

(5) The stage in which heterodyning
occurs to raige the frequency level of the
desired sideband.

(6) The stage that passes only the de-
sired sideband.

(7) An Intermediate amplifier used to
develop a signal large enough to drive the
power amplifier.

(8) The stage that produces the RF
signal used to heterodyne with the sideband
to produce the desired frequency level.
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RF
AMPLIFIER

l

POWER
AMPLIFIER

OSCILLATOR
{AUDIO)

| J

FREQUENCY

CONVERTER IF AMPLIFIER

PRODUCT

AUDID
DEMODUL ATOR AMPLIFIER

Figure 2. Block

5, From the labeled block diagram shown
in figure 2, and the list of statements that
describe each block of a single sideband
receiver, mateh each block with the proper
Statement.

BLOCKS

IF Amplifier

Power Amplifier {(Audio)

Frequency Converter

Audio Amplifier

Oscillator

RF Amplifier

Product Demodulator or Detector

REP4-1841

Diagram SSB Receiver

STATEMENTS

{1) The nonlinear stage that produces
the audio.

(2) The stage that produces the signal
to heterodyne with the sideband to produce
the intelligence.

(3) The stage that amplifies the audioso
that it is large enough to drive the power
amplifier.

{4) The tuned amplifier that amplifies
the desired signal from the frequency
converter.

(5} The output stage.

(6) The stage that produces the IF.

{7) The stage that selects the desired
incoming frequency, amplifies it, and couples
it to the frequency converter.




CARRIER
OSCILLATOR

DSCILLATOR
R108

FILTER

;nuz CRT01 — 104

] R AL ANCED
MODULATOR

AMPLIFIER

DRIVER

C120 powes

AMPLIFIER

Figure 3, SSB Transmitter Schematic

8. Using figure 3, the schematic diagram
of a single sideband transmitter, trace the
RF and intelllgence signals from origin to
output. List each stage In turn, name the
type of input and output signals, and the
next stage.

Q input

output

next stage

output

next stage

inputs

outputs

next stage

Pllter

inputs

T167

(s

REP4=1842

output

next stage

output

next stage

inputs

output

next stage

input

output

next stage
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v input

output

next stage antenna

7. Using figure 3, the schematic diagram

35+

8. Using figure 4, the schematic dlagram
of a single sideband receiver, trace the
signal flow from origin to output. List each
stage In turn, name the type of input and
output, and the next stage (tigure §-27 in
KE P-ST-IX).

of a siugle sideband transmitter, and a list Q input
of stages, trace the direct current paths
from ground through each stage. Place the output
component number in the blanks in turn.
next stage
Q101 R y Q s R » and
T to Vggoi also R . Qe -input
Q ,and T to VCC' output
next stage
Q102 R y Q , and R to
; also R , Q , and Q input
T to . output
next stage
Q103 R y Q sand R to .
Voeo; &lso R v Q Q output
RFC ,and R to next stage
Q104 R y @ , and R to Q inputs &
Veeo; also R Q s oufput
and T to next stage
Viol R , ¥ s, RFC to Q input
B+, also R . v » and output
R to B+, next stage &
vio2 R . v » and RFC Q input
to ; also R , V. & Q. output
and R to next stage speaker




9. Using figure 4, the schematic dlagram
of a single sideband receiver and a list of
stages, trace the direct current paths from
ground through each stage. Place the com-
ponent number in the blanks in turn (figure
6-27 of Student Text).

QLo1 R, Q__ R R
R » R : R » and
R__ to Voo, also R ’
Q ,and L to Vee.

Q102 R , @ s L » and
R to ; also R_ |
Q , L and R
then T_____ to Ve

Q103 R____ |, Q ) T ,
R , and R to ;
also R , @ » T '
and R to

Q07 R , @ , T , and
R_____ to Veei also R .
Q s L , and R to
Vee.

Q108 L ) R ) Qe
R_____ and RFC to ;
also L y R 3 Q ’
and RFC to

Q104 Q , R ,and T 1o
Voo also @ and T to
Vcc.

Q105 R , @ , T , and
R to ; also R ,
Q_.___ ., and T to

Q108 R , @ , T , and
R to ; also R s
Q , and T to

CONFIRM YOUR ANSWERS,
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ANSWERS TO A: ANSWERS TQ C:
1. True
1. Rlll and Q104, R111 and Q104
Ql0l, R10l1 and R1i8, Ql01 and T102
True

carrler

c Falge

V101 and RFC102

R116 and R117

ground, R116 and RFC103

T o

ground, R113 and R114
9. True
10. False

11. False

a.
b.
c.
d.
e.
f.

g.
h,

0O W T e =W

12. False

If you missed ANY questions, review the 13. True
material before you continue.
14, True

ANSWERS TO B: 15. True
1, False 186.
c 17. B
sideband and carrier 18. ¢
19, True
20. Q104 and V101
21, False
E'- 22. True

If you missed ANY questions, review the If you missed ANY questions, review the
material before you continue. material before you continue,
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ANSWERS TO D: ANSWERS TC MODULE SELF-CHECK:

l, a c

2.

3‘

9’

10.

ground R118 and TI103; also g£round,

R118 and T104

11. R110, Q103, R109, R107 and R115; also

19.

20.

R110, Q103, R10%, and R115

False

. True

. R104, L102; algo R104, R105, and L103

False

. R102, Ql101, R106; also R102 and L102

R117 and T103; also emitter collector
T103 ;

R120, T102, R122 te Vo, also R120, and
L104 and R123

True

If you missed ANY questons, review the
materizl before you continue.

FRMeneoR
B 4N = D 3 O G

o o0 e
L e e

[a]
-
Ll I BT e T I -

bl

Filter

input - audio
output - amplified audio
next stage - CR101

output - carrier
next stage - CR101

inputs - audio and carrier

outputs - -upper and lower
sidebands

hext stage - filter

inputs - upper and lower
sidebands

outputs - either upper or lower
sidebands

next stage - Q104

output - RF oscillations
next stage - Q104

inputs - sideband and RF
oscillations

output - sideband raised to
higher frequency

next stage - V101




input - RF
output - amplifier RF
next stage - V102

input - RF
output - ainplified RF
next stage - antenna

R102, Q101, R118, T102; also
R102, Q101, and T102

R105, Q102, R103 to V; also
R105, Q102, and T103 to Vgg

R107, Q103, R108; also R107,
Q103, RFC10l1, and R109 to

Vee

Rill, Q104, and R110; also
R111, Q104, and T106 to Veq

R113, V101, and RFC102; also
R113, V101, and R114

R115, V102, and RFC103 to B+,
also R116, V102, and R117 to
B+

input - RF
output - amplified RF
next stage - Q102

ioput - RF
output - IF
next stage - Q103

input - IF
output - amplified IF
next stage - Q107

output - RF {carrier frequency)
next stage - Q107

inputs - RF carrier + IF
output - audio
next stage - Q104

input - audio
output - amplified audio
next stage - Q105 and Q106

input - audio
output - amplified audio
next gtage - speaker

R102, Q101, R101, R106, R108.
R109, and RI107; also R10Z,
QL01, and L102

R104, Q102, L102, and R103 to
Voo, also R104, Q102, L103,
and R105 then T101 to Ve

R110, Q103, T101, R108, and
R107 to Vog; also R110, Q103,

R120, Q107, T102, and R12Z;
also R120, Q107 L104, and
R123

L105, R125, Q108, R124, and
RFC107 to Vgg; also L105,
R125, QlL08, and RFC107 to

Vee

Q104, R1l4, and T103; also
Q104 and T103

R117, Q105, T103, and R116 to
Voo also RI117, Ql05, and
T104 to VCC

R118, Q108, T103, and R116 to
Vceo; also R118, Ql106, and
T104 to Voo

HAVE YOU ANSWERED ALL OF THE
QUESTIONS CORRECTLY? IF NOT,
REVIEW THE MATERIAL OR STUDY
ANOTHER RESOURCE UNTIL YOU CAN
ANSWER ALL QUESTIONS CORRECTLY.
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Radar Prineip!~ Branch
Keesler Air Force Base, Miasissippi

ATC GP 3AQR3IX020-X
KEP-GP-T1
1 August 1875

ELECTRONIC PRINCIPLES (MODULAR SELF- PACED)

MODULE 71

PULSE MODULATION SYSTEMS

This Guidance Package is designed to guide you through this module of the Electronic
Principles Course. This Guidance Package contains specific information, including references
to other resources you may study, enabling you to satisfy the learning objectives.

CONTENTS

Overview

List of Resources
Adjunct Guide
Module Self-Check
Answers

OVERVIEW

1. SCOPE: This module contains material
on the basics of a pulse modulated system
and includes the following: the block diagrams
of atransmitter and receiver with adescription
of each block, and the schematicdiagramofa
transmitter and receiver with a description
of signal and current paths.

2. OBJECTIVES: Upon completion of this
module you should be able to satisfy the
following objectives:

a, Given a labeledblock diagram and a list
of statements that describes each block of a
pulse transmitter, match each bloek with the
proper statement.

b. Given a labeledblock diagram and a list
of statements that describes each block of a
pulse receiver, match each block with the
proper Statement.

¢. Given a schematic diagram of a pulse
modulation’ transmitter, trace

Page

i

i

1
10
16

{1) the RF and Intelligence signal flow
from origin to output.

(2) direct current path through each
stage in a closed oop.

d. Given a schematic diagram of a pulse
modulation receiver, trace

(1) the signal flow from origintooutput.

(2) direct current path through each

stage in a closed loop.

LIST OF RESOURCES

To satisfy the objectives of this module,
you may choose, according to your training,
experience, and preferences, any or all of
the following:

READING MATERIALS:

Digest
Adjunct Guide with Student Text IX

Supersedes Guidance Package, KEP-GP-71, 1 June 1974,




AUDIO-VISUALS:

Television Lesson, TVK 30-952, Pulse
Amplitude Modulation

AT THIS POINT, IF YOU FEEL THAT
THROUGH PREVIOUS EXPERIENCE OR
TRAINING YOU ARE FAMILIAR WITH
THIS SUBJECT, YOU MAY TAKE THE
MODULE SELF-CHECK.

CONSULT YOUR INSTRUCTOR IF YOU
NEED HELP.

ADJUNCT GUIDE
INSTRUCTIONS:
Study the referenced materials as directed.

Return to this guide and answer the
questions.

Check your answers agalnst the answers
at the back of this Guidance Package.

Contact your instructor if you experience
any difficulty.

Begin the program.

202

The material presented in this module will
asgist you inunderstanding the use and opera-
tion of pulse modulated systems.

A. Turn to the Student Text, Volume IX,
and read paragraphs 6-156 through 6-184.
Return to this page and answer the following
questions,

1. Four forms of pulse modulation used in
time-division multiplexing are illustrated in
figure 1. Match each with the statement of
that type of modulation by placing the statement
number behind the flgure letter.

{1) A pulse whose amplitudeis fixed andits
position in reference to time is proportional
to the frequency of the modulating signal.

{(2) The number of pulses in each group
repregents the amplitude of the modulating
signal.

(3) A pulse whose amplitude is pro-
portional to the amplitude of the modulating
signal at the instant of sampling.

{(4) The pulse width or duration, of each
sample is proportional to the amplitude at
the point of sampling.

A
SINE WAVE NODUL A TION

0

UL UL
LU

o~ JULIIL

Nl

U
L
[

REP4-1848




6. From the labeled block diagram in figure 3 and the list of statements that describes each
block of a pulse transmitter, match each block with the proper statement.

pulse forming network {1) The stage that determines when the transmitted
pulse is developed.

timer (2) The stage used to charge the PFN to nearly

transmitter twice the supply voltage.

(3} The stage that supplies the DC power for the
power supply transmitter.

(4) The stape that determines the duration of the
transmitted burst of RF energy.

switch (5} The stage that discharges the PFN through the
pulse transformer.

{6) The stage that couples the rectangular pulse
into the osciliator stage.

charging choke and diode

pulse transformer

(7) The stage that produces the RF oscillations to
be radiated into space.

POWER SUPPLY

|

CHARGING CHOKE
AND
CHARGING DIOD

PULSE FORMING
NETWORK

f

SWITCH

MODULATOR UNIT SN p———

PULSE
TRANSFORMER

'

TRANSMITTER

[ FAORURN PRI PR I S S ——

[ e m———— - —

CONFIRM YOUR ANSWERS AT THE BACK OF THIS GUIDANCE PACKAGE.
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Figure 4. Pulse Modulated Transmitter

B. Turn to Student Text, Volume IX, and read
paragraphs 6-185 through 6-187. Return to
this page and answer the following questions.

NOTE: Use f{igure 4 in answering questions
1 through 8.

1. A path for direct current in the V106
circuit is from ground, through V106 to the

screen grid, RFC , and R

to B+.

2. The bias netwerk for V109 is {from the
negative power supply throughR

and R to ground.

3. The charge pathof the PFN is from ground

through T to C and

C — ., then through L.

and L @ o—m0 eV - .,

) and ) R —

v orV to ground.
4. The discharge of the PFN i3 from
C —————— and C through

T — . vV — ., L
and L ——— ., back

to C 3.ndc_—.

5. During the discharge of the PFN,a path
of current flowin V106 is from ground through
V106, T104, and T103 back toground. (TRUE/
FALSE)



6. A positive voltage pulse is applied to the
grid of V105 to

a. allow the PFN to charge.

e—— b. determine how long the PFN will
take to discharge.

determine when the PFN will

—_— C.

discharge.
d. cut V105 off.

7. Oscillations are produced in the plate
circuit of V106 during the

a. charge time of the PFN.

b. time that V104 conducts.
. ¢. discharge time of the PFN.

d. timer PW only.
8. The signal on the gridof V
to discharge through

causes the

T —— ., producing a positive voltage

pulse on the plate of V , allowing
RF oscillations to be coupled to the secondary
of T

CONFIRM YOUR ANSWERS AT THE BACK
OF THIS GUIDANCE PACKAGE.

C. Turn to Student Text, Volume IX, and read
paragraphs 6-188 through 6-196. Return to
this page and answer the following questions.

NOTE: Use [igure J in answering questions
1 through 4.

1. The narrower the PW, the narrower the
required bandwidth of the receiver. (TRUE/
FALSE)

2. The video amplifiers used in pulsed
receivers are very narrow band amplifiers.
(TRUE/FALSE)

3. Increasing the bandwidth beyond the
optimmum point reduces the signal-to-noise
ratio. (TRUE/FALSE)

RF
AMPLIFIER

DETECTOR

IF
AMPLIFIERS

VIQED

AMPLIFIERS

VIDEOD TO
AMPLIFIER | INDICATOR
{POWER}

REP4-1648
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YIOEQ
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To

YIDED
AMPE!%IER e INDICATOR

AMPLIFIERS

{POWER}

Figure 5,

REP4=1048

{(Repeated)

4. From the labeled block diagram and the list of statements that describes each block of a
pulse receiver, match each block with the proper statement.

a. Frequency converter

b. Video amplifier (power)
Detector
RF amplifier
IF amplifiers

Video amplifiers

CONFIRM YOUR ANSWERS AT THE BACK

(1) The nonlinear stage that produces the IF
frequencies.

(2) The stage that heterodynes the sidebands
against the carrier.

{3) The stage that couples the signal out of the
receiver.

(4) The stage that amplifies the video signal
from the detector.

{5) The stage that isolates the local oscillator
from the antenna and amplifies the received
RF signal.

{6) The stage that amplifies a select band of
frequencies to be applied to the detector.

OF THIS GUIDANCE PACKAGE.

D. Turn to Student Text, Volume IX and read
paragraphs 6-197 through 6-198. Return to
this page and answer the following questiona.

NOTE: Use the receiver schematic diagram in
figure 6 in answering questions 1 through 16.

l. The amplified RF from the RF amplifier
is coupled to

a. the base of Q102 by L102.
b. the base of Q102 by R103.

The collector of Q102 by T101 and

The collector of Q104 by Cl19.

What type signal is present in the col-
lector circuit of Q1047
2., Modulated IF
b. RF Carrier
¢. Video
d. IF
. What signal i3 developed in the tank cir-
cuit of L103, C102-C, and C1107?
a. Modulated IF
b. RF
Unmodulated IF

Local oscillatitions

360




FR HCY
HE amPL.FIER coﬁe‘i’ftrgn

|
ﬁ.
=
@
&
g
[/
@
2
a
=
=4
1]
=3
jas
L1
0
2
-
o
-

CRI e
Il
R1N? vIDED =M
AMPLIFIER
" = INDICATOR
CRI08 CR10

viDEQ POWER
AMPLIFIER

REFd-1450

il tﬁﬂlﬁl]ﬂ,mm‘ g
BEST Ayl '

361




VF AMPLIFIER
ch

F REQUENLY
CONVERTER

RF AMPLIFIER

=
12

= 1y
y A“PELIFI“ EE INDICATOR
i1
'—-]_-: — | woro POwER
Figure §. Pulse Modulated Recelver
\Repeated)
RIGREFILTED FROM s 362 |
BEST AVAILABLE CUFY




392

Electronic Principles Department ATC GP 3JAQR3IX020-X -
Keesler air Force Base, Mississippi KEP-GP-72
July 1974

TROUBLESHOOTING TECHNIQUES

This Guidance Package is designed to guide you through this module of the Electronic
Principles Course. It contains specific information, including references to other sources
you may study enabling you to satisfy the learning cbjectives,

CONTENTS
TITLE PAGE
Overview 1
List of Resources 2
Digest 3
Adjunct Guide 5
Self-Check 11
Critique 13

Supersedes KEP-GP-72, dated 1 January 1974 - existing stocks will be used.

F
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OVERVIEW
TROUBLESHOOTING TECHNIQUES

1. SCOPE: This module contains matertal on the following: schemattc diagram layout, the
troubleshooting steps used in electronic maintenance, and the purpose of each stage in a typical
AM radio receiver,

2. OBJECTIVES: Upon completion of this module you should be able to satisfy the following
objectives: )

a, Given a list of statemenis, select the one that describegs the layout of a radio receiver
schematic diagram.

b, Given a list of troubleshooting steps, arrange them in a logical sequence,

¢, Given a transistor receiver schematic diagram, indicate the frequencies used at each
point where a signal generator would be connected to align a receiver.

AT THIS POINT YOU MAY TAKE THE MODULE SELF-CHECK,

IF YOU DECIDE NOT TO TAKE THE MODULE SELF-CHECK, TURN TO THE NEXT
PAGE AND PREVIEW THE LIST OF RESOURCES, DO NOT HESITATE TO CONSULT
YOUR INSTRUCTOR IF YOU HAVE ANY QUESTIONS,
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LIST OF RESOURCES
TROUBLESHOOTING TECHNIQUES

To satisfy the objectives of this module, you may choose, according to your training,
experience, and preferences, any or all of the following:

READING MATERIALS:

Digest

Adjunct Guide with Student Text
AUDIO VISUALS:

TV Lesson, Troubleshooting Procedures, TVK-30-610

SELECT ONE OF THE RESOURCES AND BEGIN YOUR STUDY OR TAKE THE MODULE
SELF-CHECK.

CONSULT YOUR INSTRUCTOR IF YOU REQUIRE ASSISTANCE,
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DIGEST

TROUBLESHOOTING TECHNIQUES

4 schematic diagram is a plan or diagram of an electronic circuit using standard symbols,
Student Handout (SH)} 1X-1, Transistor Receiver, contalns a block diagram and a schematic
diagram of a tvpical radio receiver. Both diagrams are divided by dotted lines to show the
RF, IF, and Audio sections.

Troubleshocting requires a logical step-by-step procedure to isolate the problem. Basically,
these steps aye:

1, An Operational Check

2. Visual Check

3. The Half-Split Method

4. The Stageby-Stage Method
5. Component 1solation

The operatibna.l check is used to determine the section or stage of the system that is not
operating properly. Some of these checks may congist of meter readings, oscilloscope readings;
or power, frequency, signal to noise ratio, and percent of modulation checks.

The half-split method is used by dividing a complex system in half and determining which
half contains the malfunction. This process is repeated until the fault is isolated to a stage.

The stage-by-stage method is a process where each stage is checked in turn starting at the
output and working toward the input. An RF signal generator may be used to inject a signal
into the various stages while an oscilloscope may be used to monitor the output. When injecting
the signal into the RF section of the receiver in SH IX-1 a modulated 535 kHz to 1605 kHz signal
is used. In the IF section, a modulated 455 kHz signal is used. When injecting a signal into the
audio section it is most common to use a 400 Hz or 1000 Hz signal.

The component isolation step occurs when the trouble has been isolated to a stage. Voltage -
and resistance checks are then used to determine the faulty component.

The visual check iS made during any of the steps. Some of the things that can be determined
by this check are frayed insulaton, burnt components, evidence of arcing, broken leads or
smoke {rom overheated components,

Once the bad component is replaced, another operational check is needed, This insures that
all the troubles are cleared and the equipment is operating at peak performance.

Theoretical trouble shooting is alSoimportant. During the half-split or stage-by=-stage methods,
it is necessary to consult the block diagram, Here a knowledge of the purpose and operation
of each stage is required. When the trouble is isolated to a stage, the schematic diagram must
be used. When the voltage and resistance checks are made within the stage, a knowledge of
the purpose of each circuit component and its relationship to other components is necessary.
For evample, if a good signal were found on the base of amplitier Q105 and there was no output
from the collector, the trouble would be isolated to that stage. The tirst step in locating the
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I, T

DIGEST

defective component would be a voltage check. For example, if the collector was found to be at
v and zero volts on the emitter there should be two possible troubles. The transistor could be
bad or resistor R117 could be open, further resistance checks would isolate the bad component.

YOU MAY STUDY ANOTHER RESOURCE OR TAKE THE MODULE SELF-CHECK,
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ADJUNCT GUIDE
TROUBLESHOOTING TECHNIQUES
INSTRUCTIONS:
Study the reference materials as directed.
Return to this guide and answer the questions.

Check your answers agalnst the answers at the top of the next ever: numbered page following
the questions.

If you experience any difficulty, contact your instructor.
Begin the program,

A. Turn to Student Text, Volume IX, and read paragraphs 7-1 tarough 7-17, using Student
Handout, K EP-SH-IX-1. Return to this page and answer the following questions:

1. Normally, the signal input is on the side of the diagram and the output

signal is on the side.
2. Signal flow in the diagrams is from to

3. In an electronic schematic containing 50 resistors, Rl would be on the
and R50 would be on the

4, RBRadio receivers and transmitters are often divided into

accordance with the frequencies they contain.
5. Name the three basic sections according to frequency, found in a radio receiver.

a.

b.

c.

The IF amplifier section of our receiver is designed to operate at —

The detector extracts the signal from the

g8, The purpose of the AVC is to prevent the receiver from being
9. In the AVC circuit of our receiver, when a strong signal is recelved, the forward bias is
(increased) {decreased),

10. In this radio receiver, the converter oscillator is tuned kHz (above)

{below) the incoming RF frequency.

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE.
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ANSWERS TO A:
1. left - right
2. left - right
3. left - right
4. sections
5. a. RF
b. IF
&. AF
6. 455 kHz
7. audio, IF
8. overdriven
9. decreased
10. 455 kHz, above h
If you missed ANY questions, review the material before you continue.
i I

B.

Return to the Student Text, Volume IX, and read paragraphs 7-16 through 7-37. Return

to this page and answer the following questions.

I.

and

List three checks that may be made during the operational check:

a.

b,

C.

A logical way to troubleshoot is to start with the section near the

Two methods of troubleshooting are half-spiit and .

When the trouble is isolated to one stage, the next step involves making

checks.
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The lrst step after the initla]l operational check would be the o

Arrange the following troubleshooting steps in the proper order:

A, Component Isolation
B. Operatonal Check

C. Stage by stage method
D. Half Split

E, Visual Check
CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE.

C. Turn to Student Text, Volume IX, and read paragraphs 7-38 tarough 7-48, Return to this
page and use the receiver  schematic {-SH-IX-1) to answer the following questions,

1. There is no output from the RF section and all DC voltages are normal. Which of the fol-
lowing could be the trouble?

- 3, R102 open.
—— b. C101 short.

c. RI101 short.
———d. 105 open.

2., There is no output from the speaker and it is found that Q105 and Q106 have normal DC
voltages. All other stages have zero voits present, Which of the following could be the trouble ?

a. RIL15 open,
b, 107 open.
¢. Rill open,
d. C122 short.

3. The output is good from the center arm of the volume control but no output from audio
amplifier 104, All DC voltages are normal. Which of the following could be the trouble?

R114 open,
C118 open,
€120 short.

Emitter shorted to ground.
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ANSWERS TO B:
1. {Any three of the folowing)

a. Front panel meter readings

b. Built in oscilloscope readings

¢, Transmitter power and frequency readings
d. Receiver signal to nolie ratlo readings

. Audio distortion and percaent or modulation checks
output

stage-by-stage

voltage and resistance

“isual

(1)
(2)
(3)
(4)
(5)

If you missed ANY questions, review the material before you continue.

4, The output is distorted, collector of the IF amplifier Q103 is lower than normal, the
emitter 18 zero volts. Which of the following could be the trouble?

C115 short.
R107 open.
R110 open.
Primary T102 open.

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBE RED PAGE.
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ANSWERS TO C:

b

a

b

a

If you missed ANY questions, review the material before you continue.

YOU MAY STUDY ANOTHER RESOURCE OR TAKE THE MODULE SELF-CHECK.

393
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MODULE SELF-CHECK
TROUBLESHOCTING TECHNIQUES
Arrange the following list of troubleshooting steps in the logical order:

A, Stage-By-Stage Method

Visual Check

Operational Check

Component Isolation

Half-Split Method

What is the frequency of the IF amplifiers in our AM radio receiver?

Frequencies from the output of the detector circuit of our AM radio receiver are in the

frequency range.

4, In a schematic diagram, the lower numbered component parts are found on the
side of the drawing.

5. The RF f{requency range of our AM radio receiver is

kHz.

CONFIRM YOUR ANSWVERS ON THE NEXT EVEN NUMBERED PAGE.




MODULE SELF-CHECK

ANSWERS TO.MODULE SELF-C{ ECK:
1. (1) ¢©

2) B

(3) E

4) A

(s) D

455 kHz

audio

left

550 kHz to 1600 kHz.

HAVE YOU ANSWERED ALL OF THE QUESTIONS CORRECTLY? IF NOT, REVIEW THE
MATERIAL OR STUDY ANOTHER RESOURCE UNTIL YOU CAN ANSWER ALL QUESTIONS
CORRECTLY. IF YOU HAVE, CONSULT YOUR INSTRUCTOR FOR FURTHER GUIDANCE.
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Electronic Principles Department : ATC GP 3AQRIX020-X
' Keesgler Air Force Base, Mississippi KEP-GP-73
1 June 1974

ELECTRONIC PRINCIPLES
MODULE 73
This Guidance Package is designed to guide you through this module of the Electronic
Principles Course. This Guidance Package contains specific information, including references
to other resources you may study, enabling you to satisfy the learning objectives.
CONTENTS
TITLE
Overview
List of Resources

Laboratory Exercise
Critique

Supersedes Guidance Package KEP-GP-173, 1 Ja.nueiry 1974, which will be used until {he stock
is exhausted.
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OVERVIEW

RECEIVER TROUBLESHQOTING

1. SCOPE: The purpose of this module is to teach you practical troubleshooting. You will
troublestoot a transistor radio receiver uslig common test equipment. As a result of this
procedure, you will taolate various malfunctions.

2. OBJECTIVE: Given a transistor radic receiver, schematic diagram, and signal generator,
locate four out of five faulty components, )

TURN TO THE NEXT FAGE AND PREVIEW THE LIST OF RESOURCES, DO NOT HESITATE
TO CONSULT YOUR INSTRUCTOR IF YOU HAVE ANY QUESTIONS.




LIST OF RESOURCES
RECEIVER TROUBLE_:SHOOTING'

To satisfy the objectives of this module, you may choose according to your trainiug,
experience, and preference, any or all of the following:

READING MATERIAL:
None
LABORATORY EXERCISE:

73-1 Recelver Troubleshooting

TURN TO LAPORATORY EXERCISE 73-1 AND BEGIN, CONSULT YOUR INSTRUCTOR IF
YOU NEED ASSBISTANCE.
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LABORATORY EXERCISE
TRANSMIT AND RECEIVE SYSTEMS
RECEIVER TROUBLESHOOTING

OBJECTIVE:

Given a transistor radio receiver, schematic diagram, multimeter, oscilloacope, and a
signal generator, locate four out of five faulty components. ‘

EQUIPMENT:
Transistor Radio Recelver Trainer D-5575 with Headseta
Oacillogcope \
AN/PSM-6 Multimeter
RF Signal Generator DD-4867
REFERENCES:
Student Text Volume IX, Chapter 7
KEP -SH-2, Transistor Receiver
CAUTION: OBSERVE BOTH PERSONAL AND EQUIPMENT SAFETY RULES
AT ALL TIMES. REMOVE WATCHES AND RINGS.
The transistor receiver trainer has been designed for use in practical troukleshooting.
The compartment on the right side of the trainer contains nine switches. Each allows a specific
trouble to be inserted into the set.. YOUWILL NOT OPEN THIS DOOR AT ANY TIME. Troubles
will be inserted into the trainer by your instructor,
The following malfunctions Tre simulated by the switchea:
a. Open lead from the secondary at T104 to the headset jack.
b. Center tap open on T104 primary.
¢, Bias resistor, R116 open.
d. shorted Detector, CR101
e. Bottom of T101 secomiary open.
f. Emitter circutt of Q101 open.
g'. Bottom of L102 primary open.

h, Bias resistor, R103 open.

i, Emitter circult of Q104 open.




LABORATORY EXERCISE

PRELIMINARY INSTRUCTIONS:

OSCILLOSCOPE PREPARATION. Turn the oscilloscope ON and allow it to warm up,
You will be using cnly a single channel for ohaerving amplitude modulaied signals. It will not
be necessary for you to make voltage or frequency measurements with the oscilloscope during
this exercise.

MULTIMETER PREPARATION. Place the meter in a positon where you can eastly see
it in the rear of your work area. You will be making voltage readings on the 10 V and 2.5 vDC
voltage ranges.

RF SIGNAL GENERATOR PREPARATION. You will be using the RF Signal Generator
to inject audio, IF, and RF signals into the radic recetver during the troubleshooting process.
As you study the following information, carefully ohserve the control locations on your gen-
erator, as you will not be given detailed instructions later in the exercise.

1. Place the function switch in Standby and allow the set to warm up as you study the
instructions.

2. The generator has three operational conditions controlied by the function switch:

a. CW (Continuous Wave). A constant amplitude RF sitne wave is produced at a
frequency determined by the setting of the main tuning control.

h. MCW (Modulated Continuous Wave). An RF wave ar plitude modulated with a
400 Hz audio signal. - . .

c. AUD {Audic). A 400 Hertz audio frequency.
" 3, There are two output jacks on the generator;

a. The audic ocutput is located at the lower left. The 400 Hz signal is available at
this jack when the function switch is in the AUD posttion.

b, The RF output jack is located in the lower right side of the panel. The RF
frequency output is selected by the main tuning control when the function switch 1s in either
the CW or MCW positions.

4, The meter switch has two poattcna:

a. MOD - In this position the meter reads the percent of modulation and i3 con-
trolled by the modujation control at theleft side of the panel.

h. RF Carrier - In this position the meter reads the Carrter Level in microvolts
and 15 controlled by the Fine Attenuator control.

CAUTION: Place this' control in the RF Carrier Position for this exercise.

Always monitor the meter and DO NOT allow it to reach full scale deflection.
It should never exceed a Carrier Level of B. :
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' LABORATORY EXERCISE

5. The Step Attenuator switch controls the amplitude of the RF output signal, Place it in
the X10 k (fully CW) position as a starting point.

6. The range switch controls the frequency range of the main tuning control.
7. When troubleshooting with the RF generator, you will need an audio signal, 1¥ signal
(455 kHz MODULATED), and a modulated RF signal in the range from 550 kHz to 1600 kHz
(1.6 MHz). These will be obtained as follows:
a. Audio
- (1) Set the Function Switch to AUD
(2) Connect the generator probe to the Audio Qutput jack.
(3) Adjust the output amplitude by using the Modulation Control.
b. Modulated 455 kHz IF.
(1) Set the Function switch to MCW.,
(2) Set the Range switch to B.
(3) Adjust the main tuhing control to 455 kHz.
(4) Connect the generator probe to the RF output Jack.

NOTE: A capacitive probe must be used with this jack.

(5) Adjust the amplitude of the modulating signal by using the Modulation
Control. ‘

¢, Modulated RF.
(1) Set the function switch to MCW,

{2) Set the Range switch to either B or C depend!ng on the frequerny you
desire,

(3) Adjust the main  Tuning control to the frequenéy you desire.
(4) Connect the gonerator probe to the RF output jack.
NOTE: A capacitive probe must be used with this jack.

(5) Adjust the amplitude of the modulating signal by using the Modulation
Control.

NOTE: During the troubleshooting, refer to the above instructions for setting up the
signal generator.




LABORATORY EXERCISE

RADIO RECEIVER PREPARATION, Plug your transistor radio receiver trainer into a 60 Hz
AC outlet and turn the trainer on by turning the Volume control. Tune the recelver to a station
to insure that the trainer is working. On the left end there is an external antenna connection.
It may be necessary to touch thisterminal with your hand while tuning the receiver to a station,
If you are unable to obtain a station, call your instructor. Once you determine the receiver is
working, tune it so that no station is being recelved. DO NOT open the door at the right end at
any time, ’

When following the troubleshooting instructions, use the handout schematic diagram. Fol-
low the signal paths through the receiver and the paths for current flow through the stages.

PROCEDURE A:

1. This exercise is necessary to establish the exact normal voltages at the test points
on your trainer. The test points are labeled TP101 through TP113, Omit TP115 as it is an
audio frequency that is visible when using the oscilloscope.

2. Measure each voltage carefully with the PSM-6 Multimeter and record them on your
handout schematic in the spaces provided., Since these are very low voltages, some troubles
may cause only slight variations. Therefore, accuracy in your measurements are important.

3. When your measurements are complete, compare them with the following readings.
Since there is a difference between recelver trainers, yours may differ siightly. if you have a
great difference in readings, recheck your findings. If there is still a great difference, call
your instructor.

TP101 = +0.65 TP108 = +0.51
TP102 = +7.0 TP109 = +0.64
TP103 = +0.6 TP110 = +8.4
TP104 = +7.0 TP111 = +0.64
TP105 = +1.38 TP112 = +8.4
TP106 = +7.0 TP113 = +8.4

TP107 = +5.8

PROCEDURE B:

1. Remove all test leads from your trainer and have your instructor insert trouble
number 1.

2, Set up the signal generator as previously Instructed to produce an audio signal and
inject it into test point TP108. Do you hear the 400 Hz audio signal?

NOTE: When Injecting audio signals into test points, TP109, TP111, TP110, TP112, and

TP115 you WILL NOT hear an output in the headset, The amplitude of the audio signal from
the signal generator is not strong enough to drive the amplifiers and the headset, However,
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LABORATORY EXERCISE

you will observe the signal on your oscilloscope. During the troubleshooting procedures, you
should observe the audio output signal onthe o2cilloscope at TP119 and listen for it at the same
time in your headset. Adjust volts/Div control on the oscilloscope as needed to obtain a visual
presentation.

3. Place the oscilloscope probe in TP107. Is the audio signallpresent?

4. Place the oscilloscope probe in TP115. Is the audio signal present on the secondary of
T1047
5. Which of the following troubles could cause this trouble?
a. Open lead to the headset jack.
b. Open center tap on the primary of T104.
¢. Resistor R118 open. '
d. short CR101.
CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE.

PROCEDURE C:

1. Remove all test leads from your receiver and have your instructor clear trouble number
1 and insert trouble number 2,

2. Set up the signal generator to produce an audio signal and inject it into TP108. Do you
hear the ‘400 Hz tone in the headset?

3. Place the oscilloscope probe in TP107. Is the audio present?
4. Place the oscilloscope probe in TP115. Is the audio present?
5. Place the oscilloscope probe in TP110. s the audio present?

6, Make voltage measurements with !:.he multimeter and compare the normal voltages
with the actual voltages.

" TP109 and TP111 Normal = Actual =
TP110 and TP112 Normal = Actual =
7. Which of the following troubles could cause these indications?
a. An open lead from the secondary of T104 to the headset jack.
b. Open center tap on the primary of T104.
¢. Resistor R116 open.
d. Resistor R103 open.

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE.
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ANSWERS TO LAB PROCEDURE B:
1. No response required.

2, No

3. Yes

4. Yes

5. a. Open lead to the headset jack.

ANSWERS TO LAB PRGCEDURE C:

1. No response required.

2. No
3. Yes
4, No
5. No
6, TP109 and TP111 Normal = +0.64 Actual = +.65
TP110 and TP112 Normal = 4+8.4 Actual = zero —
7. b. Open center tap on the primary of T104.
PROCEDURE D:
1. Remove all test leads from your recelver and have your instructor clear trouble
number 2 and insert trouble number 3.
2, Set up the signal generator to produce an auwdic signal and Inject it into TP108. Do you
hear the 400 Hz tone in the headset?
3, Insert the oscilloscope probe into T‘PIO'?. Is the audio signal present?
4_1. Insert the oscilloscope probe into TP115, Is the audio signal present?
5. What are the voltages at TP109 and TP111? and .
6. Which of the following troubles could cause these indications?
a, CR101 shorted.
b. emitter circuit of Q104 open.
8 —
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LABORATORY EXERCISE
c. Open center tap of T104 primary open.

d. Resistor R116 open.
CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE.

PROCEDURE E:

1. Remove all test leads {rom your recelver and have your Insiructor clear trouble
number 3 and insert trouble number 4.

2. Set up the »signal generator to produce an audio signal and inject it into TP108. Do
you hear the 400 Hz tone in the headset?

3. Set up the signal generator to produce a modulated 455 kEz signal and inject it into
TP105. Set the VOLTS/Div control on the oacilloscope to 0.1 and connect the oscilloscope
probe to TP106. Do you see an output?

4. Place the oscilloacope probe into TP108. Is there a signal preseunt?

5. Which of the following troubles could cause these indications?
a. Resistor R103 open.
b. CR101 shorted.
¢. Bottom of T101 secondary open.
" d. Resistor R116 open.

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE.

PROCEDURE F:

1, Remove all test leads from your receiver and have your instructor clear trouble
number 4 and insert trouble number 5.

2, Set the signal generator to produce an andio aignal and insert it into TP108. Do you have
an audio output?

3. Set up the signal generator to produce a modulated 455 kHz and inject it into TP103.
Do you have an audio output?

4. Inject the signal into TP106. Do you have an audio output?
5. Inject the signal into TP105. Do you have an audio output?

6. Make the following voltage measurements with the multimeter and show the normal and
actual values:

TP105 Normal Actual
TP106 Normal Actual
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ANSWERS TO PROCEDURE D:
1, Neo regsponse required.

2. No

3.

4, No

5. Zero volts con both,

6. d. Resistor R116 open.

ANSWERS TO PROCEDURE E:
1. No response required.

2. Yes

3. Yes

4, No

5. b. CR101 shorted

7. Which of the following troubles could cause these indications:
a. Bottomn of T101 secondary open.
b. CR101 shorted.
¢. Reslstor R103 cpen.
d. Bottom of L102 primary cpen.

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE.

PROCEDURE G:

1, Remove all test leads from your receiver and have your instructor clear trouble
number 5 and insert trouble number 6, .

2. Set up the signal generator to produce an audio signal and inject it into TP108. Do you
have an output?

3. Set up the signal gemerator to produce a modulated 455 kH2z and inject it into TP105.
Do you have an output? .

409




p7

LABORATORY EXERCISE

3. Inject the modulated 455 kHz signal into TP103. Do you have an output?
NOTE: The modulation control on the signal generator may need to be turned clockwise,
4. Set up th;a signal generator to produce a modulated 900 kHz. Place the Step Attenuator
to x1 k and adjust the Fine Attenuator control to 8. Set the receiver tuning dial to 800 kHz
and inject the aignal into TP101, Do you have an output?
5. Which of the following troubles would cause these indications?
a. Bottom of T101 secondary open.
b. CR101 shorted.
¢. Emitter circuit of Q101 open.
d. Resjstor R116 open.

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE.

-

PROCEDURE H:

1. Remove all test leads from your receiver and have your instructor clear trouble
number 6 and insert trouble number 7.

2. Place the Step Attenuator to x10 k. Then set up the signal generator to produce an
audio frequency and inject it into TP108. Do you have an output?

3. Set up the signal generator to produce a modulated 45% kHz signal and mject it into
TP105. Do you have an output?

4. Inject the modulated 455 kHz signal into TP103. Do you have an output?
NOTE: The modulation control on the RF signal generator may need to be turned clockwise.

5. Set up the signal generator to produce a modulated 800 kHz signal. Set the Step Atten~
uator Switch to x1 k. Adjust the receiver tuning dial to 800 and inject the signal into TP101.
Do you have an output?

6. Make voltage measurements with the multimeter and compare the normal and actual
values:

TP101 Normal = Actual =

TP102 Normal = Actual =
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ANSWERS TO PROCEDURE F:
1. No response required.
2. Yes

No

No
TP105 Normal = +1.38  Actual = Zero volts
TPL06 Normal = +7.0 Actual = 7.7

7. a. bottom of T101 secondary open.

ANSWERS TO PROCEDURE G:
1. No rt;sponse required.
2. Yes

Yes

No

¢, Emitter cireuit of Q101 open,

7. Which of the following troubles would cause these indieations?
a. Resistor R103 open.
b. Bottom of T101 secondary cpen.
¢. Emitter circuit of Q104 open.
d, Bottom of L102 primary open.

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE.

PROCEDURE L

1. Remove all test leads from your receiver and have your imstructor clear trouble
number 7 and insert trouble number 8.
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2. Set up the signal generator to produce an audio frequency and Inject it into TP108.
Do you have an output?

3. Place the Step Attenuator Switch to 100. Set up the signal generator to produce a
modulated 455 kHz signal and inject it into TP105. Do you have an output?

4. Inject the modulated 455 kHz signal into TP104, Do you have an output?
§. Inject the modulated 455 kHz eignal into TP103. Do you have an output?

6. Make voltage measurements with the mulimeter and compare the normal and actual
voltages.

TP104 Normal = Actual =
TP103 Normal = Actual =

7. Which of the following troubles could cause these indications?
a. Emitter circuit of Q104 open,
b. Resistor R103 open.
¢ Bottom of 1.102 primary open.
d. Resigtor R116 open.

CONFRIM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE.

PROCEDURE J:

1. Remove all test leads from your receiver amd have your Instructor clear trouble
number 8 and insert trouble mumber 9.

2. Set up the signal generator to produce an audio frequency and inject it into TP108. Do
you have an output?

3. Inject the audio signal into TP107. (It may be necessary to turn the modulation control
CW on the generator.) Do you get an output?

4. Measure the voltage at TP107 ani compare it with the normal voltage.
TP107 Normal = Actual =

5. Which of the following troubles could cause these indications?
a. Resistor R116 open,
b. CR101 shorted.
c. Emitter circuit of Q104 open.
d. Center tap cpen on T104 primary.

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE.

13
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ANSWERS TO H:

1. No reaponse required
2. Yes

3. Yes

4. Yes

9. No

6. TP101 Normal = +0.65 Actual = +0.55
TP102 Normal = +7.0 Actual = Zero

7. d. Bottom of L102 primary open.

ANSWERS TO L

1. No response required
2. Yes

3. Yes

4. Yes

9. No

6. TP104 Normal = 7.0 Actual = +7.2
TP103 Norinal = +0.8 Actual = Zero

7. b, Resistor R103 open.

ANSWERS TO J:
1. No response required
2. No

3. Yes

4. TP107 Normal = 45,8  Actual = +7.4

5. ¢. Emitter circuit of Q104 open

CONSULT YOUR INSTRUCTOR FOR A PROGRESS CHECK.

14 w Ua$, GOVERNMENT PRINTING OFFICEs 1974+779-951/572
ATC 74-27002 .
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