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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 courses was to make curriculum materials
developed by the military more accessible to vocational
educators in the civilian setting.

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



The National Center
Mission Statement

The National Center for Research in
Vocational Education's mission is to increase
the ability of diverse agencies, institutions,
and organizations to solve educational prob-
lems relating to individual career planning,
preparation, and progression. The National
Center fulfills its mission by:

Generating knowledge through research

Developing educational programs and
products

Evaluating individual program needs
and outcomes

Installing educational programs and
products

Operating information systems and
services

Conducting leadership development and
training programs

FOR FURTHER INFORMATION ABOUT
Military Curriculum Materials

WRITE OR CALL
Program Information Office
The National Center for Research in Vocational

Education
The Ohio State University

4 1960 Kenny Road. Columbus, Ohio 43210
Telephone: 614/486-3655 or Toll Free 800/

848.4815 within the continental U.S.
(except Ohio)
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Military
Curriculum Materials
Dissemination Is . e

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

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

Access to military curriculum materials is
provided through a "Joint Memorandum of
Understanding" between the 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 dissemination.

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

Project Staff:

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

Shirley A. Chase, Ph.D.
Project Director
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What Materials
Are Available?

One hundred twenty courses on microfiche
(thirteen in paper form) and descriptions of
each have been provided to the vocational
Curriculum Coordination Centers and other
instructional materials agencies for dissemi-
nation.

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

The 120 courses represent the following
sixteen vocational subject areas:

Agriculture
Aviation
Building &
Construction
Trades

Clerical
Occupations

Communications
Drafting
Electronics
Engine Mechanics

Food Service
Health
Heating & Air
Conditioning

Machine Shop
Management &
Supervision

Meteorology &
Navigation

Photography
Public Service

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

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 directli or refer
you to an instructional materials agency
closer to you.

CURRICULUM COORDINATION CENTERS

EAST CENTRAL
Rebecca S. Douglass

Director
100 North First Street
Springfield, IL 62777
217/782-0769

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
60912924562

NORTHWEST
William Daniels
Director
Building 17
Airdustrial Park
Olympia, WA 98504
206/753.0879

SOUTHEAST
James F. Shill, Ph.D.
Director
Mississippi State University

Drawer DX
Mississippi State, MS 39762
6011325-2510

WESTERN
Lawrence F. H. Zane, Ph.D.
Director
1776 University Ave.
Honolulu, HI 96822
8081948-7834
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Cowl, Description

This black is the second of len blocks providing training in electronic princliales, use of basic test equipment, safety preCtICes. circuit analysis, soldering,
digital techniques, mIcrOwave principlet and troubleshooting basic circuits. A Prerequisite to this blOck Is Block 1-0C CirCults. Mock IIAC Circuits
contains nine Modules Coveting 44 hours of instruction on frequency spectrum, capacitors, magnetism, reactance, transformers, relays, and e lett to.
mechanical devices. The module topics and respective hours follow:

Module 11
Module 12
Module 13
Module 14
Module IS
Module 16
Module 17
Module 10
Module 19

AC Composition end Frequency Spectrum 17 hours)
Capacitors end CaPeci live Fleactonce 10 hours)
Magentism 14 figural
inductors and inductive Fleactence (5 hours)
Tramiel, Mere (4 hours(
Alleys (3 hOursi
Microphones end Speakers (3 hours)
Meter Movement, end Circuits i5 hOurs)
Motors end Generators 17 hours)

This block contains both teacher and student materials, Printed instructor mararials include a plan of instruction detailing the units of instruction.
duration of the lessons, criterion objectives, and support materials needed. Student materials include a student text used for all the modules; nine
guidance packages containing objectives, assignments, and review exercises for each module: and two programmed texts on AC computation and
frequency spectrum and transformers, A digest of modules 11-19 for students who have background in these topics and need only a review of the
major points of instruction is also Provided.

This material is designed for self- or grouppaced instruction to be used with the remaining nine blocks. Most of the materials can be adapted for
individualized instruction. Some additional military manuals and commercially produced texts are recommended for reference, but are not provided.
Audiovisuals suggested for use with the entire course consist of 143 vIdeotapes which are not provided.

CDSlens ova weapon toxAmeri- !los
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DEPARTMENT OF THE AIR FORCE
USAF Sch of Applied Aerosp Sci (ATC)
Keesler Air Force Base, Mississippi 39534

FOREWORD

PLAN OP INSTRUCTION 3AQR30020.1
6 November 1975

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 3A030020-1, Elec-
tronic Principles (Modular Self-Paced) in terms of criterion objectives
and teaching steps presented by nodules of instruction and shows duration,
correlation with the training standard, and support materials and
guidance. When separated into modules of instruction, it becomes Part I
of the lesson plan. This POI wars developed undo!' the provisions of
ATCR 50-5, Instructional System Development, and ATCR 52-7, Plans of
Instruction and Lesson Plans.

2. COURSE DESIGN/DESCRIPTION. The instructional design for this course
is Modular Scheduling and Self-Pacing; however, this P01 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, 307XX, 309XX 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 only in :hose
modules needed to complement the training program in the equipment phase.
Related training includes traffic safety, commander's calls/briefings and
end of course appointments.

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

4. REFERENCES. This plan of instruction is based on Course Training
Standard KE52-3A030020-1, 27 June 1975 and Course Chart 3AQR30020-1,
27 June 1975.

FOR TEE COMMANDER

1/PI ,

Commander
Tech Tng GA Prov, 3395th

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

i
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couRse COW; ENT 2 DURATION

. ..... (Rout.)

I AL to;:putdtion rreottenv Spectrum (Nodule 11)

a, Given 4 waw.t.c.:t., that represents alternatirq; current,
dentifv its chatacLeriaUcs in terns of cycle; period; alternation
amplitude, ,TS:4a Neas: W

(1) Define alternating .rreat

12) Label i sire wave to show dias

(a)

(b% ptrloc

(r'; alternation ipositiv, lad ney.ative half cycles)

td) peak-to-peal. 4npIttvde

h. Given .:tner tue effective, averai:e, peak, or peak-to-peak
8is, wave voltage and formulas, conpte the other values. CTS; 4a

Dofine aernce. 7.-ak and pea-to-peak
of A sine wavt.t.

t%) S.flee: act' tale of .:te <le Jove values and show use

set:, fel !he OLI 4

IRMS) AC voltage to OC

Lven a p;,7cr14! trequene. 4e4..trum,1

raymn.s 4. v4v4eT, radio. 4uOto. and microwave
W
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3

PLAN OF INSTRUCTION/LESSON PLAN PART I (Continuation Shoot)
.I.MMI=. 1.1=0

COURSE CONTVNT
WO. -me

(1) Explain hew frquencies are grouped for electronic applications.

(2) identify ranges and general use of each group.

n. fivi.?A either t1i freluency, period, or wavelength of a ofn wave and
CormulAs, cempute the wher values. CTS: 4c(1),(2),(3)4l111 Meas: W

(1) Show relationships of time, frequency and wavelength.

(2) identify or derive formulas for coipu :ing unknown values.

SUPPORT MA11:::1ALS AND CUMANCE

Student Instructional Materials
KEP- CP -tI, AC Computation and Frequency Spectrum
tw.p-57-11, AC Circuits
KEP-t07

Ci;tipitiLI_A and
Aqdio Visual Aids
TVK-30-200, Utfinition of Analysis of A.

FlegLency Spectrum
VK-10-7U5, Wcveform Anilysis

Me*hods
7liscussion (5 hrs) and/or Programmed Self instruction

Ast,ianmet:t ? hrsi

..uldaoce

and KEr Give siudcnts pracilc in selecting or deriving
f....rmuia for iinding the uut:nown value. Be ..:specially watchful for

f rowers nt ten. Many students will correctly handle the =the-
. Matll,12 Wiil have trouhle wir:1 the placement af the decimal point.

obic,:Llves time.

PI &f: etc itss/RUCTIrM
1

N-
3AR20020-.

15
°ATP:

1 6 November 1975
a. woa a . . - a a

DAGE.40.
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PLAN OF INSTRUCTIOWLESSON PLAN PART I,---------. ...
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a, From a trontp of s tat emero. , t the ones which describe
the physical character{ s..ics of a flapat.1 UN: 4a ;leas: 41

1) Basic _apat i'.or root. tor.

(2) Types of :orcabl

ea) Rotor.stator -apacito,

0,1 corpression (apacitor

rV; ' .)1 fixe.1 aetr:'

a) 1.1. crroi tic

t' b ) Pap+, r

c

C (I) r
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SIGN ATI.IPE

i 0
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1
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vq..Fs .- .tt,"*Jt:',70. `10.

------
**GC NO.

1.1c:R3Ci12.0-;
zhArt.

] 6 goveri,vr 1975 23..............
.: . 4 a , , .1*. .17 MA't , I. ANC'. -7::. 44. !c. 72, v... w>4 WILL seATC ':'''''' 133 ,..AF:.

16



PLAN OF INSTRUCTION/LESSON PLAN PART I (Continuation Shim)

COURSE CONTENT

(3) Total capacitance

(a) Series

(b) Parallel

(c) Series-parallel

C. From a group of statements, select the one which describes the phase
relationship of current and voltage in a capacitor, CTS: 4a Meas: W

(1) Phase relationship for direct current

(2) Phase relationship for alternating current

d. Given a list of statements, select the ones which describe the effect
of varying frequency and capacitance on capacitive reactance. CTS: 4d Meas:

(1) Define "capacitive reactance."

(2) Factors affecting capacitive reactance.

(a) Frequency

(b) Capacitance

e. Civen the signal frequency, formulas, and the value of three capacitors
in a series-parallel configuration, compute the total capacitance and total
capacitive reactance. CTS: 4d Meas: W

(1) Calculate total capacitance in series-parallel.

(2) Calculate total capacitive reactance

(a) series

(b) parallel

(c) series-parallel

SUPPORT MATERIALS AND GUIDANCE

Student Instructional Materials
KEP-CP-12, Capacitors and Capacitive Reactance
KEP-ST-TT
KEP-I07
KEP-110

Audio Visual Aids
TVK 30-255, Capacitors and Capacitive Reactance

PLAN OF INSTRUCTION NO.
3AQR30020-1

DATE
6 November 1975

PAGE24NO.

.



PLAN OF INSTRUCTION/LESSON PLAN PART 1 (Continuation Shoot)
NM.

COURSE CONTENT

Trairit
AC inductor and Capacitive Trainer 5967 (1)

Sind:-Squara Wave Generatur. 4864 (1)

%tit:muter (1)
;letor Panel 4568 (1)

TraininA Methods,
Discussion (4 hrs) and/or Programmed Self Instruction

Pertnrmance (1 hr)
CTT Assignment (1 hr)

Multiple Instructor Requirements
Equipment (2)

instructional Guidance
Issue KEP-GP-12. Supervise performance of laborsturk cx..rciss

This exercise

surports objective 2d. insure that all safety prectIceS'are followed. Assign

ot:ictives to be covered during CTT time.

I PLAN :::, 1313TWUCSZON NO
34R3002 -i

[SATE
6 November 1975

PACCNO.
25

Avc FOAM 133A ATC tweak: 3.02C7 114F0ILcr!: ATC ibqktat 337A. MAIA 73, AND 770A. AUC 72. WHICH WILL WE
APR !3 USED. . . _ . .
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PLAN OF INSTRUCTION/LESSON PLAN PART I

NAME OF INSTRUCTOR COURSE

Electronic Principles
BLOCK HUNGER

IT

BLOCK TITLE

AC Circuits

1 COURSE CONTENT 2 DURATION
mow.)---

3. Magnetism (Module 13)

a. Given a list of statements about magnetism, select the one
which describes poles; magnetic field; flux density; permanent
magnet; retentivity; permeability; reluctance; electromagnet;
magnetic induction. CTS: llf Meas: W

(1) Define "Magnetism."

(2) Magnets

(a) Natural

(b) Artifical

1 Permanent

. 2 Temporary

(3) Magnetism terms

(a) Retentivity

(b) Reluctance

(c) Permeability

(4) Magnetic field

(a) Characteristics of flux lines

(b) Law of magnetic attraction and repulsion

(c) Magnetic poles

4
(3/1)

SUPERVISOR APPROVAL OF LESSON PLAN (PART RI
SIGNATURE DATE SIGNATURE DATE

PLAN OF INSTRUCTION NO.

a.
3AQR30020-1

I DATE "AV NO.

ATC FORM
133APR 7S

REFL ACES ATC FORMS 337, MAR 73, ANO no, AUG 72. WHICH wIl.. BE
ATC Kcesier G-1029_ USED. . r
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PLAN OF INSTRUCTION/LESSON PLAN PART I (Continuation Shoo)

COURSE CONTENT

(5) Theories of magnetism

(a) Weber's Theory

(b) Domain Theory

(6) Electromagnetism

(a) Define "Electromagnet."

(b) Left hand thumb rule

1 Straight wire

2 Coil of wire

(c) Factors determining strength of electromagnet

(d) Define "Saturation."

(7) List requirements for a magnetic inductor.

SUPPORT MATERIALS AND GUIDANCE

Student Instructional Materials
KEP-GP-13, Magnetism
KEP-ST-II
KEP-107
KEP-110

Audio Visual Aids
TVK-30-165, Magnetism

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

Instructional Guidance
Issue KEP-GP-13. There are many new terms introduced in this lesson. Insure
that students understand their meaning and relationship to the subject of
magnetism. Assign objectives to be accomplished during CTT time.

20
PLAN OF INSTRUCTION NO.

3AQR30020-1
OATS
6 November 1975

PAGE NO.

28



PLAN OF INSTRUCTION/LESSON PLAN PART I

N MAL Of HOY RUG TOR 1

OLOCK tlitr
AC CirCuito

COURSK YITI.11

Electronic Principles
1-----

EILOCK NUPACIER

It

COURSE CONTENT 2
OURATION

(News)

4. Inductors and Inductive Reactance (Module 14)

a. From a group of statements, select the ones which describe

the physical characteristics of an inductor. CTS: 4a Meas: W

(1) Define "Inductance."

(2) Define "counter-electromotive force."

(3) Requirements for induction.

(4) Factors that determine inductance.

b. From a group of statements. select the ones which describe
the electrical characteristics o! an inductor. CTS: 4a Meas: W

(1) Total inductance.

(a) Series

(b) Parallel

(c) Series-parallel

r. From a group of statements, select the one which describes
the phase relationship of current and voltage in an inductor. CTS:

CTS: 4a ,.;eas: W

ti) Enductor current and voltage

(a) Variabte dtrert current power source.

1 First instant

2 After first instant

.5.

(4/1)

SUPERVISOR APPROVAL OF LESSON PLAN (PART II)
DATE SIGNATURE

. DATErSIGNATURE

PL AN Or INSTRUCTIGN NO.
3A0R30020-1

I (D ATE

6 November 1975
PAGE No.

29

ATC "A" 133 %Tr IC.-011er 6-1.7%
REPLACES AT:. FORMS 327 MAR 73. ANO 770, AuG 72, tv14:Cht WILL BE

APR 75 USED.
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PLAN OF INSTRUCTION/LESSON PLAN PART I (Continuation Shoat)

COURSE CONTENT,.,,11
=m1MMINI.

(b) Alternating current power source.

d. Civen a list of statements, select the ones which describe the effect
of varying frequency and inductance on inductive reactance. CTS: 4d Meas: W

(I) Define inductive reactance.

(2) Show how inductive reactance is affected by changes in

(a) frequency.

(b) inductance.

e. Given the signal frequency, formulas, and the value of three inductors
in a series-parallel configuration, compute the total inductance and the total
inductive reactance. CTS: 4d Meas: W

(1) Compute total inductance in

(a) series.

(b) parallel.

(c) series-parallel.

(2) Compute total inductance reactance in

(a) series.

(b) parallel.

(c) series-parallel

J. Measurement and Critique (Part 1 of 2 Parts)

a, Me4surement test

b. Test Critique

1

SUPPORT MATERIALS AND GUIDANCE

I Student Instructional Materials
KEP-CP-14, Inductors and Inductive Reactance
KEP-ST-1I
KEP-107
KU-110

; Audio Visual Aids
ITVK-30-253, Tnductance and Inductive Reactance
Tvi(-10-20 ;, Inductance

PLAN co INSTRUCTION NO.

3AQR300204

22

GATE
6 November 1975

PAGE NO.
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PLAN OF INSTRUCT1ON/LESSON PLAN PART I (Continuation Shoot)

COURSE CONTENT

Training Equipment
AC Inductor and Capacitive Trainer 5967 (1)
Slue-Square Wave Generator 4864 (1)
AC Meter Panel 4568 (1)
Multimeter AN/PSM-6 (1)

Training Methods
Discussion (3 hra) and/or Programmed Self Instruction
Laboratory (1 hr)
CTT Assignment (1 hr)

Multiple Instructor Requirements
Equipment and Safety (2)

Instructional Guidance
Issue KEP-GP-14. Monitor laboratory exercise to insure correct use of equipment
and safety practices. Inform students that a measurement test must be taken
covering modules 11 through 14. 'Assign objectives to be accomplished outside

of classroom during CTT time.

FLAN OF INSTRUCTION NO.

3AQR30020-1
DATE PAGE NO.
6 November 1975 31

a Taft FORM I REPLACES Arc 'opus 337A, MAR 73, AND 770A. AUG 72. WHICH WILL Beli& ATE heexki 4-42(



PLAN OF 1NSTRUCTION/LESSON PLAN PART I

40.14 OF INSt NUL 3011 COURSE TITLE

Electronic Principles
..LOCK NUMOER

il
BLOCK TITLE

AC (:ireuitm

I COURSE CONTENT Z
DURATION
mow.)

Ii, Tranaformers (Module 15)

a. Given a schematic diagram of a transformer with a resis-
tive load, turns ratio, primary input voltage, and formulas,
determine the output voltage; the reflected impedance; the phase
relationships between secondary and primary voltages. CTS: 4h(3)
Meas: W

(1) Explain electromagnetic induction in terms of

(a) mutual inductance

(b) flux linkage

(c) coefficient of coupling

(2) Transormer action.

(a) Turns ratio.

1 3tep-up.

2 Step-down.

lb) Primary and secondary power.

(c) Reflected impedance.

(d) Phase shifts across transformers.

1 06

2 1800

4
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PLAN OF INSTRUCTION /LESSON PLAN PART I (Continuotion Slow)

COURSE CONTENT.411.-4.. 81111 01111
b, Prom their schematic representation, identify air core, iron core,

auto, and multiple winding transformers. CTS: 4h(3) Meas: W

(1) Describe auto, power, audio and RP transformers in terms of

(a) physical characteristics

(b) electrical characteristics

(c) schematic symbols

c. From a list of statements, select the procedures for checking open and
shorted transformers. CTS: 4h(3) Meas: W

(1) Ohmmeter checks for

(a) open winding

(b) shorted winding

SUPPORT MATERIALS AND GUIDANCE

Student Instructional Materials
KEP-GP-15, Transformers
KEP-ST-II
KEP-107
KEP-110
KEP-PT-15, Transformers

Audio Visual Aids
TVK-30-254, Transformers

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

Instructional Guidance
Issue KEP- CP -15. Assign objectives to be accomplished during CTT time.
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PLAN OF INSTRUCTION/LESSON PLAN PART I

N *me or INS T RUC TOP COURSE TITLE

Electronic Principles
BLOCK NUMOEP

T I

I:MOCK TITLE

AC Circuits

COURSE CONTENT 2
DURATION

(Howe)

7. Relays (Module 16)

a. Given a group of statements, select the one that describes
the operation of a relay. CTS: lla Meas: W

(1) Describe electromagnetic relay

(a) Construction

(b) Operation

b. Given a relay schematic with or without coil current,
determine which contacts will be open and which will be closed.
CTS: lla Nees: W

(1) Schematic diagram

(a) Single pole single throw (SPST) relay

1 Normally open contacts (NO)

2 Normally closed contacts (NC)

(b) Single pole double throw (SPDT) relay

(2) Electrical states of a relay

(a) De-energized.

(b) Energized.

3

(2/1)
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PLAN OF INSTRUCTION/LESSON PLAN PART I (Continuation Shoot)

COURSE CONTENT

SUPPORT MATERIALS AND GUIDANCE

Student Instructional MaterIqls
KEP-GP-I6, Relays
KEP-ST-II
KEP-I07
KEP-I10

Audio Visual Aids
TVK-30-166, Relays and Vibrators

Training_Methods
Discussion (2 hrs) and/or Programmed Self Instruction
CTT Assignment (I hr)

Instructional Guidance
Issue KEP-GP-I6. Assign objective to be covered during CTT time.

27

PLAN OF INSTRUETiON NO. ] DATE PAGE Ma.
3AQR30020-1 6 November 1975 36



,--
PLAN OF INSTRUCTION/LESSON PLAN PART I

NAME OR 'MINIX TOR

....._-.........

COURSE TITLE

Electro is rinciples
OLOCK WUNDER

It

ISLOCX TITLE

AC Circuits

1 COURSE CONTENT

Speakers (Module

of statements,
speaker. CTS: lid

loudspeaker

Construction

Operation

speaker

Definition

Construction

Operation

of statements,select
microphcne. CTS:

17)

select

Ild

2 DURATION

H. Microphones and

a. Given a group
the operation of a

(I) Define

(2) Earphones

(a)

(b)

(3) Dynamic

(a)

(b)

(c)

b. Given a group
the operation of a

the one
Meas: W

the one
Meas:

that describes

.

teat c.escribes

W

3
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PLAN OF INSTRUCTION/LESSON PLAN PART I (Continuation Shoot)

ralmr,x/m.

COURSE CONTENT

SUPPORT MATERIALS AND GU/DANCE

Student Instructional Materials
KEP-GP-17, Microphones and Speakers
KEP-ST-/I
KEP-107
KEP-110

Training Methods
Discussion (2 hrs) and/or Programmed Self instruction
CTT Assignment (1 hr)

Instructional Guidance
Issue KEP-GP -17. Assign objectives to be accomplished during CTT time.
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PLAN OF INSTRUCTION/LESSON PLAN PART I

NAME OI INSTRUCTOR COURSE TITLE

Electronic Principlos
BLOCK NUMBER

It

BLOCK TITLE

AC Circuits

COURSE CONTENT.
9. Meter Movements and Circuits (Module

a. From a group of statements related
select the one which describes the function
the moving coil; the spiral spring; the

CTS: 2d Meas: W

(1) Moving coil meter

(a) Characteristics

(b) Component parts

(c) Operation

(d) Schematic symbol

(e) Meter sensitivity

b. From a group of statements related
the one which describes the function of
multiplier resistor; the ohms zero adjust
Meas: W

(1) Ammeter operation

(a) Shunt resistor

(b) Circuit connection

(c) Meter sensitivity

(2) Voltmeter operation

(a) tultiplier resistor

2
DURATION

(flour.)

18)

to meter
of the

pointer;

to multimeters,
the shunt

resistor.

movements
permanent magnet;

the scale.

select
resister; the

CTS: 2d

5

(4/1)
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PLAN OF 1NSTRUCTION/LESSON PLAN PART $ (Continuation Shoo)

COURSE CONTENT

(b) Circuit connection

(c) Meter sensitivity

(3) Ohmmeter operation

(a) Ohm's zero adjust

(b) Circuit connection

(c) Ohmmeter scale

SUPPORT MATERIALS AND GUIDANCE

Student Instructional Materials
KEP-GP-18, Meter Movements and Circuits
KEP-ST-II
KEP-107
KEP-110

Audio Visual Aids
LFK 0-30-6, Basic Meter Movements
I.FK 0-30-7, Amp Meters
LFK 0-30-8, Volt Meters
LFK 0-30-9, Ohm Meters

Training Methods
Discussion (4 hrs) and/or Programmed Self Instruction
CTT Assignments (1 hr)

Instructional Guidance
Issue KEP-GP-18. Assign objectives to be accomplished during CTT time.
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PLAN OF INSTRUCTION/LESSON PLAN PART I

NAME or IN51 Nut ton

iiioci-Numue ii piaci(
I 1

T

I AC Circuits

COURSE TITLE

Electronic Princi.les
I TL C"--"."

COURSE CONTENT 2 DURATION
Oftwu)

10. Motors and Generators (Module 19) 7

(6/1)

a. Given a list of statements about motors and generators,
select the one which identifies the purpose of the field coil;
the armature; the rotor; the brushes; the slip rings; the commutato r;
the pole pieces. CTS: llb Meas: W

(1) Basic Generator concepts.

(a) Requirements for magnetic induction

(b) Direction of current flow

(c) Magnitude of induced voltage

(d) Components of AC generator

(e) Components of DC generator

(2) Using a pictorial diagram, identify the basic
components and state their purpose.

b. Given a group of statements, select the ones that describe
the operation of a motor. CTS: 1lb Meas: W

(1) Define motor.

(2) Explain force exerted between magnetic fields.

(3) Define torque.

(4) Define counter-electromotive force.

(5) Show two phase and three phase motor operation.

(6) Explain differences in AC and DC

SUPERVISOR APPROVAL OF LESSON PLAN (PART II)
SIGNATURE DATE SIGNATURE DATE
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PLAN OF INSTRUCTION/LESSON PLAN PART I (Continuation Sheet)

COURSE CONTENT

c. Given a group of statements, select the ones that describe the
operation of a generator. CTS: 11h ('teas: W

(1) Compare the operation of a generator with the operation of a motor.

SUPPORT MATERIALS AND GUIDANCE

Student Instructional Materials
KEP-GP-19, Motors and Generators
KEP-ST-II
KEP-107
KEP-110

Audio Visual Aids
TVK 30-201, AC Generators
TVK 30-202, DC Generators
TVK 30-703, DC Motors
TVK 30-704, AC Motors

Training Methods
Discussion (6 hrs) and/or Programmed Self Instruction
CTT Assignment (1 hr)

11. Related Training (identified in course chart) 2

12. Measurement and Critique (Part 2 of 2 Parts) 1

a, Measurement test

b. Test critique

Instructional Guidance
Issue KEP- CP -19. Assign objectives to be accomplished during CTT time. Inform
students that Part 2 of the measurement test cowers modules 15 through 19.
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MODULE II

AC COMPUTATION AND FREQUENCY
SPECTRUM

In previous lessons, you studied current
which flows in one direction only. Now,
you are ready to take up current which
alternately flows in two directions.

ALTERNATING CURRENT (AC).

Alternating current is the term applied
to current which periodically reverses its
direction.

The sine wave is the most common AC
waveform. In fact, the sine wave is so widely
used that when we think of AC, we auto-
matically think of the sine wave. Household

36



AC is a sine wave. Let us examine an
AC Hint: wave using the figure.

EFFECT in VA.LUV,

AVERAG} VALUE

Notice that the horizontal line divides the
sine wave into two equal parts -- one above
the line and the other below It. The portion
above the line represents the POSITIVE
ALTERNATION and the portion belowthe line
represents the NEGATIVE ALTERNATION.
The sine wave continuously changes amplitude
and periodically reverses direction. Notice
that the wave reaches its maximum swing
from zero at 90° and 270°. Each of these
points is called the PEAK of the sine wave.
When we speak of the PEAK AMPLITUDE
of a sine wave, we mean the maximum swing,
or the height of one of the alternations at
its peak. These terms apply to either cur-
rent orvoltage and are important to remember
because you will be using them throughout
your electronics career.

Next, let us take the term: PEAK-to-
PEAK. This term, as you can see in the
figure, represents the difference in value
between the positive and negative peaks of
the wave. Of course, this is equal to twice
the peak value: Epk_pk = 2 Epk for a
sine wave.

Another useful value for the sine wave is
the EFFECTIVE value. The effective value
of a sine wave is the amount which produces
the same heating effect as an equal amount
of DC. Since the heating effect of current is
proportional to the square of the current,
we can calculate the effective value by
squaring the instantaneous values of all the
points on the sine wave, taking the average

13

of these values, and extracting the square
root. The effective value is, thus, the root
of the mean (average) square of these values.
This value IS known as the ROOT-MEAN
SQUARE, or rmS value. When we speak
of household voltage as having a value of
110 volts, we mean that it has an effective
or rms value of 110 volts. Unless other-
wise stated, AC voltage or current is
expressed an the effective value.

A sine wave with a peak amplitude of 1
volt has an effective value of .707 volts.
This means that a sine wave of voltage whose
peak value is 1 volt will have the same
heating effect as .707 volts of DC. To find
the effective value of a sine wave, multiply
the peak value by .707.

Eeff = .707 Epk

The reciprocal of .707 is 1.414. There-
fore, to find the peak value of a sine wave
multiply the effective by 1.414:

Epk = 1.414 Eeff

Another sine wave value that is important
to know is the AVERAGE value. This is the
average of the instantaneous values of all
points in a SINGLE alternation. (The average
of a complete sine wave is zero).

Refer to the figure; the AVERAGE height
.sf a single alternation is .637 times the
peak value. In other words, Eave = .637 Epic.
The relationship between the average and
effective values can be determined mathe-
matically and is shown in the following
formula:

Eave = .9 Eeff

The reciprocal of .9 is 1.11. Therefore,
the effective voltage is 1.11 times the
average voltage:

37
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CONVERT FROM TO GEt

RMS
EFFECTIVE AVERAGE PEAK

PEAK TO
PEAK

RMS
EFFECTIVE 0.900 1.414 2.828

AVERAGE 1.110 1.570 3.141

FAX

.

0.707 0.637

_

2.000

PEAK TO
PEAK

13.354 0.318 0.500
.

The voltage relationships of a sine wave
are su.nmarized in the chart above.

Alternating current periodically reverses
direction. We call two consecutive alterna-
tions, one positive and one negative, a
CYCLE. We often refer to the positive and
negative alternations as HALF-CYCLES. In
describing the sine wave, we could say
that during the positiv e half-cycle it rises
from zero to maximum positive and then
returns to zero, and that during the negative
half-cycle it drops to a maximum negative
value and then returns to zero.

Alternations of AC do not happen instan-
taneously, they take TIME. The term PERIOD
is used to define the time of one cycle of
alternating current. Another term having the
same meaning as time and period is
DURATION. The DURATION of one cycle
is one-sixtieth of a second, or, liOne cycle
has a PERIOD of one-sixtieth of a second;"
or "One- sixtieth of a second is the TIME of
one cycle," All three terms have the same
meaning.

14

gaf

Alternating currents commonly used in air-
craft have a period of one four-hundredth
of a second. This means that one cycle takes
one four-hundredth of a second and in one
second there are four hundred complete
cycles. The number of cycles in one second
brings up a new term - FREQUENCY. The
frequency of an AC is the number of cycles
that occur in one second. This brings us
to another term - HERTZ. HERTZ is a UNIT
OF FREQUENCY EQUAL TO ONE CYCLE
PER SECOND. Instead of saying sixty cycles
per second, we will say sixty Hertz (Hz).

1
Id .4Eatt

twO.liat2

..mp =1,

As you can see in the figure, there is a
definite relationship between the period of an
alternating current and the frequency ci the
current. Sine wave B has a period that is
one-half the period of sine wave A, and a
frequency that is twice the frequency of
sine wave A. As the period for one cycle
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becomes shorter, the frequency increases or
as the frequency increases, the period of one
cycle becomes shorter.

410

Frequencies are classified as to their usage.
See the figure above.

Wavelength is the distance traveled by a
wave during the period of one cycle and is
measured in meters. Wavelength involves two
factors: speed and time. Speed is the rate
of movement or, velocity. Electromagnetic
waves move away from a source ata velocity
of 300 million meters per second. Time is
the period of one cycle and is determined
by the frequency of the wave. This is
expressed by the relationship:

t 1
=. T

The symbol for wavelength is the Greek
letter Lambda (X ). It is equal to VELOCITY
(V) times TIME (t) The formula is:

A LI Vt

Substituting frequency for time, the wave-
length may also be expressed as:

V
f

MODULE 12

CAPACITORS AND CAPACITIVE
REACTANCE

Capacitance is present any time two con-
ductors are separated by an insulator. A

?MD WO UN, 'Mt

capacitor consists of two conducting plates
separated by a dielectric (insulator). The
physical properties of a capacitor that effect
its values of capacitance include: (1) the
plate surface area (2) spacing between the
plates; (3) dielectric constant of the insulator.
Their relationship can be shown by the formula:

kA
C=

D

C = capacitance

k -z dielectric constant

D = dielectric thickness (separation
between the plates)

A = plate area

In addition to its measure of capacity,
every capacitor has a working voltage rating
which is determined by the type of dielectric
and its thickness. The working voltage of a
capacitor refers to the maximum DC voltage
values which can be applied to the capacitor
continuously. A capacitor marked 800V DC
should be expected to withstand a continuous
application of 600V DC without damage. If
working with AC voltage, the peak voltage
value must be considered. Any combination
of AC and DC voltages must not exceed
the voltage rating.

In many circuits, capacitors are con-
nected in series, parallel, or series-
parallel. To determine the capacitatice of a
circuit, we must be familiar with the rules
for calculating the total capacitance for the
three common circuit configurations.

15
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SERIES Series equivalent of CI and C2

For two Or more Capacitors wired in series,
as shown, the total capacitance is smaller
than any of the individual capacitanceS, The
total capacitance can be calculated with the
formula:

1

1
t

C2 C3

---I (---1 (I E--
Cl C2 C3

REP4-974

PARALLEL

For capacitors wired in parallel, total
capacitance can be calculated with the formula..

CT = CI + C2 C3I.

i I i
TC1 TC2 TC3

,REP4-9 7

SERIES- PARALLEL

In series-parallel circuits, total capacitance
can be calculated by dividing the series-
parallel network into simple series or parallel
circuits and solving each independently. Then,
combine the independent solutions (equivalent
circuits) using the rule for series circuits.

CI C2
33F1 (6 RF

_ J . Capacitive reactance is the

REP4-978

On by a
So 4[ capacitor to the flow of alternating current.

1

s .

C3 1. _J._
I
t 1 The two factors which govern capacitive

0

Et p.F

-7- T 7C:F

reactance are frequency of the applied volt-
1 Lib age and the value of the capacitance in the

circuit. Their relationship is shown by the
REP4-976 formula:

1

Cta -
1 1

Cl + -Fi

Parallel equivalent of C3 and C4

Ctbtb C3 + C4

Total capacitance of Cta and Ctb (in series)

1

Ct 1 1

Cta Ctb

0---I
C

0-

I
T c tb

REP4977

A capacitor in an AC circuit causes a
phase difference, between voltage and current.
The figure represents the AC waveform of
both current and voltage in a purely capaci-
tive, idealized circuit. Notice that current
and voltage are 90° out of phase. Current
leads voltage by 90°.

40
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X
C

gmmor.
2 ir fC

X A capacitive reactance

2ir n 6.26

f = frequency of the applied voltage

C = capacitance in the circuit.

Total capacitive reactance canbe computed
for any circuit once total capacitance has
been determined.

MODULE 13

MAGNETISM

Magnetism, like electricity, is an invisible
force which has been known to man for cen-
turies and yet no one knows the full
details as to what causes it. Magnetism can
be described as the property of a material
that enables it to attract ferrous material
as well as other magnetic material such as
iron, steel, nickel, and cobalt. Magnets can
be classified into two general types, tempo-
rary and permanent. A temporary magnet will
have magnetic qualities for only a short
time while a permanent magnet will hold its
magnetic strength for a very long period,
practically indefinately. A magnet will have
two poles, a NORTH POLE and a SOUTH
POLE. Imaginary lines called magnetic lines
of force leave the north pole, and enter
the south pole as shown in Figure 1.

-

A

The number of lines would indicate the
strength of this MAGNETIC FIELD. By
reshaping the bar magnet of Figure lA to
the horseshoe shaped magnet in Figure 1B,
the magnetic field is more concentrated.
The ends of the bar form the poles, every
magnet will have a north pole and a south
pole. When the number of magnetic lines is
expressed in terms of unit area it is called
FLUX DENSITY.

Some materials can pass magnetic lines of
force easier than others. The ease with
which these lines are passed is called
PERMEABILITY. An alloy called permaloy
has a much greater permeability than iron.
The ability of a material to resist the mag-
netic lines is called RELUCTANCE and is
similar to electrical resistance.

One method of making a temporary magnet
is to wrap a piece of material, called a
core, with a conductor and pass an electric
Current through it. This would be called an
ELECTROMAGNET and is shown in Figure
2.

COIL

CORE-6.

I I-01-
Figure 2

The current passing through the conductor
is called the MAGNETIZING FORCE. When
the current is removed the core material
will retain some of the magnetic force.

Figure 1

17
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Different types of core material will be
able to retain the magnetic force for dif-
ferent periods of time. The ability to retain
the magnetic force is called RETENTIVITY.
The amount of magnetic force left is called
RESIDUAL MAGNETISM.

Another method of magnetizing an un-
magnetized bar of magnetic material is by
MAGNETIC INDUCTION. This can be
accomplished by stroking the unmagnetized
bar with a magnet.

MODULE 14

INDUCTORS AND INDUCTIVE
REACTANCE

Inductance is the property of a circuit
which opposes any change in current flow.

An inductor is basically a coil of wire.
There are four physical factors which affect
the inductance of a single-layer coil. They
include: (1) the number of turns in the
coil, (2) the diameter of the coil, (3) the
coil length, and (4) the type of material used
for the core.

Their relationship can be shown by a
formula:

L N
2mA

1

L = Inductance

N = Number of turns

A = Cross-Sectional area of the core

A = Permeability of the core material

1 = Length of the coil

The unit of Inductance (L) of a coil is the
henry (H). A coil which develops a CEMF of
one volt when the current is changing at the
rate of one ampere per second has an
inductance of one henry.

18

33
An inductor in an AC circuit causes a

phase difference between current and voltage.

The figure represents the AC waveform of
both current and voltage in a purely inductive,
idealized circuit. Notice that current and
voltage are 90 out of phase. Current lags
the voltage by DO°. (See figure below).

Inductive reactance is the opposition an
inductor offers to the flow of alternating
current. The two factors which govern
inductive reactance are frequency of the
applied EMF and the value of the inductance
in the circuit. Their relationship can be shown
by the formula:

XL = 2.1rfL

X
L

1: Inductive reactance

2ir = 6.28

f = frequency of the applied EMF

L = Inductance in the circuit

In many circuits, inductors occur in series,
parallel, and series-parallel configurations.
To determine the total inductance of a
circuit, we must calculate inductance for the
three common circuit configurations.

SERIES

For two or more inductors wired inseries,
as shown, the total inductance for the circuit
below can be calculated with the formula:

42
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Lt LI * L2 + L3 + . . .

L1 L2 L3--(11111_11Trt----Crrn-
REIN-991

PARALLEL

For two or more inductors wired in parallel,
as shown, total inductance can be calculated
with the formula:

Ll L2 L3 +

REP4-t#92

SERIES-PARALLEL

In series-parallel circuits, total inductance
can be calculated by reducing the series-
parallel network to simple series and parallel
circuits and then solving the resulting
equivalent circuit.

Series Equivalent of LI and L2 = Lt

Ll + L2

Parallel Equivalent of L3, L4 and L5

a

= L
tb 1 + 1 + 1

L3 L4 L5

1

Total Inductance: Lt Lt
a Series Equivalent

+ L.
tb Parallel Equivalent

REP4 -993

L5

Total circuit inductive reactance can be
computed after total circuit inductance has
been found.

Symbols for inductors in electronic circuit
diagrams are:

Alf

REP4-994

"A" has an air core, "B" has a fixed
magnetic core, and "C" has a variable
magnetic core.

Inductor Losses

There are three types of power loss in
inductors: Copper, hysteresis, and eddy
current losses. Copper loss can be reduced
by increasing the size of the conductor.
Hysteresis loss can be reduced by using
high permeability material for the core.
Eddy current loss can be reduced by lami-
nating the core.
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MODULE 15

TRANSFORMERS

A transformer is a device that transfers
electrical energy from one circuit to another
by electromagnetic induction.

Transformer schematic symbols above are
drawn in reference to the construction.

Air-core transformers are commonly used
in circuits carrying radio-frequency energy.

Iron-core transformers are commonly used
in audio and power circuits.

Multiple secondary winding types are com-
monly used in power supply circuits.

Auto-transformers are used where we do
not need the electrical isolation of separately
insulated primary and secondary windings.

A transformer can be connected to step-
up or step-down voltage. The turns ratio
of the primary to secondary will determine
its use in the circuit.

The behavior of ideal transformers can be
calculated from the following set of basic
equations:

Voltage-Turns
relationship

Voltage-Current
relationship

Current-Turns
relationship

Impedance-Turns
relationship

Ep Np

E Ns s

E l
._2 - A.
E Is p

N I

N I
P . e
s p

4zs ,N
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Impedance-Voltage
relationship

Impedance-Current
relationship

Conservation of Energy
relationship

Ppri
=

Psec

From the schematic representation you can
determine the phase relationship between
secondary and primary voltage. The sense
dots in the schematic indicate the ends of
the windings which have the same polarity
at the same instant of time.

The phase of the output voltage can be
reversed by reversing the direction of one
of the windings, or simply by reversing the
leads to one of the windings. Where it is
necessary to keep track of the phase relation-
ship in a circuit, we mark one end of each
winding with a sense dot.

An ohmmeter can be used to determine
whether a transformer is open or shorted
by comparing the resistance of the
windings to a known specification,
The best way to check a transformer
is to apply the rated input voltage
and compare the measured output
voltage to its specification.
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MODULE 16

RE LAYS

A relay is an electromechanical device.
Relays are made in many forms or sizes
and used in many types of control circuits.
All electromagnetic relays operate on the
principle that a piece of soft iron called an
armature is attracted to the pole of an
electromagnet when the pole becomes ener-
gized. This armature can engage one or
more switch contacts. These switch con-
tacts can be arranged in various configura-
tions such as: Single pole single throw
(SPST), Double pole double throw (DPDT),
Single pole double throw (SPDT), and many
other combinations.

Normally open contacts (NO) and normally
closed contacts (NC) refer to contact condi-
tions when the relay is de-energized.

CONTACTS N3

0------r0--A

it
SPST 1

A

CONTACI1 2C

.--------1-,

i 11

SPST '
B

1 .....,r.
2

CONTACTS I & 2NC

CONTACTS 2 & 3 NO

REP41025

Figure 16-1

Figure 16-4 shows all relays in the de-
energized condition with the contacts open or
closed as indicated. When energized the
normally open contacts will close and the
normally closed contacts will open.

MODULE 17

MICROPHONES AND SPEAKERS

In order to hear any reproduced sound
such as music or speech from a radio,
TV, or stereo, a loudspeaker is used. A
speaker converts electrical signals to sound
waves. The speaker uses a cone shaped
diaphragm which vibrates at the applied
audio rate and produces the sound waves.
All electrodynamic speakers employ the
principle of the interaction of two magnetic
fields, one produced by either a permanent
magnet or an electromagnet, the other by
the audio signal applied to a coil. See
figure 1.

Figure 1

The coil (called a voice coil) is attached
to the cone so that the cone will move back
and forth according to the applied audio
frequency or AC signal. The cone is held in
place by a flexible device called a
spider.
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A headset, earpiece or earphone also applies
the same principle. Instead of a cone shaped
diaphragm, it may use a flat metal disk.

A microphone is the device used toconvert
sound waves to an electrical signal or audio
frequency, which is then amplified to the
desired level required for the specific appli-
cation. Most types will use a diaphragm.
The diaphragm, in turn, is fastened to some
type of transducer which will generate the
AC signal at the same frequency as the sound
waves impressed on the diaphragm.

MODULE 18

METER MOVEMENTS AND CIRCUITS

You already have a good understanding of
electromagnetism. Three classes of meter
movements applying this principle are:
moving- coil, moving-iron, and dynamometer.
The most common meter movement is the
moving coil and is often referred to as the
d'Arsonval movement. See figure I.

The principle of operation is as follows:
Current flow through the moving (moveable)
coil will cause a magnetic field which will
interact with the magnetic field of the per-
manent magnet, causing a torque on the coil.
The pointer is fastened to the moving coil
and will indicate a certain reading on the
calibrated scale. If more current passes
through the coil, the pointer will deflect
further until full scale deflection (FSD)
is reached. Deflection is directly propor-
tional to current flow. The sensitivity of any
meter is dependent on the amount of current
required for FSD.

The same meter movement can be used as
an ammeter, voltmeter, or ohmmeter depend-
ing on how it is connected with other com-
ponents. By proper switching any one of
these three functions can be used. This
type of meter is called a multimeter. The
scales that could be used are shown in figure
2. Note that the same linear scale can be
used for milliamperes or volts. The ohm-
meter scale is inverse and non-linear.
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37
In order to extend the range of the meter

used for measuring a higher current a meter
Shunt resistor is used. This allows some of
the current (Is) to bypass the meter move-
ment and go through the shunt resistor (Rs).
The current going through the meter move-
ment should never exceed the current re-
quired for FSD (Im), but it will always be
proportional to the current through the shunt
resistor.

To determine the value of Rs, use Ohm's
Law in this manner:

where

IR =I
111

R
III

,Is Rs

I
s

= It - I
m

.

Example: Im = 1 mA, Rm = 100 ohms,
and It = 10 mA. Find the value of Rs Rs
= 11.1 ohms.

When used as a voltmeter the current
through the meter must again be limited
to the FSD value. Adding a resistor in
series with the meter movement will limit
the current for the voltage being measured.
This series resistor is called a multiplier
resistor (Rx). The value of Rx can be
determined by:

where

Rx = Rt - Rm'

Ea
Rt = In:

Example: Using the same meter movement
of 1 mA FSD, Rx would have to be 99.9
k ohms to extend the voltmeter range to
100 volts.

To use this same meter movement as an
ohmmeter a dry cell could be used as a volt-
age source. Two resistors are now used in
series with the meter. One of the resistors
is variable and is adjusted for FSD with the
test leads of the ohmmeter shorted together.
This compensates for the drop in voltage as
the dry cell ages. The value of these
resistors can be determined by applying
Ohm's Law.
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Figure 1

Figure 2
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MODULE 19

MOTORS AND GENERATORS
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Figure 1

Two more devices that use electromagne-
tism are the generator and motor. The
generator converts mechanical energy to
electrical energy while the motor reverses
this action.

Let us consider the generator action first.
One or more conductors moving within a
magnetic field, so as to CUT these lines,

N

COMMUTATOR

EXTERNAL LOAD

11. DC GENERATOR

will produce an EMF. The conductors are
wound on an armature or rotor. The ends
of each loop connect either to two slip rings
in an AC generator or to the segmer.ts of a
commutator in the DC generator. Some
mechanical power source must turn this
armature. Brushes make contact with the
revolving slip rings or commutator and con-
nect the armature to the load device. See
figure 1.

The magnetic field can be provided by an
electromagnet or by a permanent magnet.

0

I 1 --BP
I 1 t

I 1

1 1

t

0° 90° 180°

Figure 2
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Pole pieces are used to concentrate the
magnetic lines. The pole pieces and the
armature core provide a low reluctance path.

With a single coil for the armature winding,
a complete cycle of AC will be produced for
each revolution. See figure 2. As the coil
rotates from 0° it cuts the magnetic lines
of force inducing an EMF in the coil. This
EMF causes current to flow through the
conductor, slip rings, brushes, and load. At
the 90° position the conductor cuts the most
lines per unit of time and thus maximum
voltage Is induced. At the 180° point the
conductors move parallel to the magnetic
lines and the output voltage will be zero.
At 270° the output is maximum negative.
At 360° point, the cycle will start over.
Maximum amplitude is directly proportional
to the speed of rotation and the strength
of the magnetic field.

Now that the operation of the AC generator
is understood, let's make a minor change
to produce a DC output.

Applying the left-hand rule we can see
that the direction of current flow in the
conductor changes as coil rotates. This
reversal takes place at the 0° and 180°
positions. By a switching action this reversal
of current through the load can be elimi-
nated by replacing the two slip rings with a
commutator. For a single loop armature
winding a two segment commutator is used.
U the armature winding has two loops then
a four segment commutator would be used.
one end of each loop is connected to a
segment. Two brushes are used to make
contact with the rotating commutator just as
in the AC generator.

All motors operate on the interaction of
magnetic fields. A force is exerted bet; een
a stator field and the field of the armature
which is free to rotate. The amount and
direction of this force will determine motor
speed and direction of rotation. Speed is
also a function of frequency and the number
.of pole pairs in the AC motor,
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Chapter 1

ALTERNATING CURRENT

1-1. In previous lessons, you studied current
which flows in one direction only. Now, you
are ready to take up current which alternately
flows in two directions. ALTERNATING
CURRENT (AC). Let us start by defining
alternating current.

1-2. Alternating current is the term applied
to current which periodically reverses its
direction.

1-3. As you know, current supplied by a
battery is direct current. This means, of
course, that the current flows in one direction
only. Therefore, it is UNIDIRECTIONAL.
Alternating current, on the other hand, is
BIDIRECTIONAL. That is, the electrons flow
first in one direction and then in the opposite
direction. If we were able to continuously
reverse the polarity of a battery, we would
have bidirectional, and thus alternating
current.

1-4. Graphii representations of how volt-
age and current changes in amplitude and
direction over a period of time, are called
waveforms. Figure 1-1 shows various wave-
forms of alternating current, A special type
of alternating current waveform is sym-
metrical. A waveform is symmetrical when
the second half of the waveform is the mirror
image of the first half of the waveform, but
with reversed polarity. In figure 1-1, the
square, circular, and sinewave waveforms
are symmetrical.
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Figure 1-1. Alternating Current

1-5. The sine wave is the most common
AC waveform. In fact, the sine wave is so
widely used that when we think of AC, we
automatically think of the sine wave. House-
hold AC is a sine wave.

1-6. The shape of the sine wave is a plot
of points generated when a radius line of a
circle rotates through 360" (figure 1-2). The
points are determined by the distance from
the arrow of the radius to the horizontal
(0' .. 180') reference line as the radius
rotates counterclockwise through 360°. You
can see that this distance is continually
changing, Therefore, to describe the sine
wave of alternating current, we must add the
following to the previous definition.

1-7. Alternating current is CONTINUOUSLY
changing in amplitude and periodically revers-
ing direction.

1-8. Starting at zero, the line wave increases
to a maximum amplitude in one direction and
then decreases to zero. It then increases to a
maximum amplitude in the opposite direction
and again decreases to zero, The sine wave
of voltage or current is thus CONTINUOUSLY
CHANGING IN AMPLITUDE and periodically
reversing direction.

1-9, The sine wave of figure 1-2 is pro-
duced by plotting the sine values of a vector
rotated through 360°. Therefore, it is called a
SINE WAVE. The form or shape of the sine
wave can represent either alternating voltage

tie
100°

1-1

3

WAa.-!Am
IiiiiiiiilaWIF
I I= M I M 0 W

Figure 1-2. Sine Wave Generation
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or alternating current. Let us examine
an AC sine wave in greater detail, urtng
figure 1-3.

110. Notice that the horizontal line divides
the sine wave into two equal parts -- one
above the line and the other below it. The
portion above the line represents the POSI-
TIVE ALTERNATION and the portion below
the line represents the NEGATIVE ALTER-
NATION. Notice that the wave reaches its
maximum swing from zero at 90° and 270g.
Each of these points is called the PEAK of
the sine wave. When we speak of the PEAK
AMPLITUDE of a sine wave, we mean the
maximum swing, or the height of one of the
alternations at its peak. These terms apply
to either current or voltage and are important
to remember because you will be using them
throughout your electronics career.

1-11. Next, let us take the term; PEAK-
TO-PEAK. This term, as you can see in
figure 1-3, represents the difference in
value between the positive and negative peaks
of the wave. Of course, this is equal to
twice the peak value: Epic-pk x 2 Epk for a
sine wave.

1-12. Another useful value for the sine wave
is the EFFECTIVE value. The effective value
of a sine wave is the amount of current or
voltage that produces the same heating effect
as an equal amount of direct current or volt-
age. Since the heating effect (power) is pro-
portional to the square of the current, or
voltage, we can calculate the effective value
by squaring the instantaneous values of all the
points on the sine wave, taking the average
of these values, and extracting the square
root. The effective value is, thus, the root
of the mean (average) square of these values.
This value is IcnOvm as the ROOT-MEAN-
SQUARE, or RMS value. When we speak of
household voltage as having the value of 110
volts, we mean that it has an effective or
RMS value of 110 volts. Unless otherwise
stated, AC voltage or current is expressed
as the effective value.

1-13. Suppose we have a sine wave with a
peak amplitude of 1 volt. The square root of
the average of the squares of the values of
this sine wave is .707. This means that a

Figure 1-3. Sine Wave Labeling

sine wave of voltage whose peak value is 1
volt will have the same heating effect as
.707 volts of DC. To find the effective value
of a sine wave, multiply .707 times the
peak value;

1-2

E = .707Eeff pk

1-14. For example, if a sine wave has a
peak amplitude of 10 volts, the effective
voltage Is 7.07 volts (.'707 x 10 : 7.07).

1-15. The reciprocal of .707 is 1.414. The re-
fore, if you know the effective value of a sine
wave, you can find the peak value by multi-
plying the effective value by 1.414:

Epk a 1.414 Eeff

1-16. Another sine wave value that Is
important to know is the AVERAGE value.
This is the average of the instantaneous
values of all points in a SINGLE alternation.

1-17. Refer to figure 1-3; the AVERAGE
height of a single alternation is .637 times
the peak value. In other words, Eave
.637 Epk. The relationship between the
average, peak, and effective values is shown
in the following formula:

Eave a .637 Epk = .9 Eeff
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1-18. As you can see, average voltage is
equal to .637 of the peak voltage and .0 of
the effective voltage. The reciprocal of .0
is 1.11. Therefore, the effective voltage is
1/11 times the average voltage.

Reif 1.11 Eave

1-10. Now, let us identify some additional
sine wave terms, using figure 1-9.

1-20. As stated before, alternating cur-
rent periodically reverses direction. We
call two consecutive alternations, one posi-
tive and one negative, a CYCLE. The posi-
tive and negative alternations are HALF.
CYCLES. The positive half-cycle rises from
zero to maximum positive and then returns
to zero. The negative half-cycle rises from
zero to a maximum negative value and then
returns to zero.

1-21. The alternations of AC do not
!moan Instantaneously. They take TIME.
For example, household current takes one-
sixtieth of a second for a single cycle. The
term PERIOD is used to define the time
of one cycle of alternating current. Another
term having the same meaning as time
and period is DURATION. Let us see how
each of these terms could be used when
speaking of household current. We could
say, "The DURATION of one cycle
is one-sixtieth of a second"; or "One cycle
has a PERIOD of one-sixtieth of a second";
or "One-sixtieth of a second is the TIME

Figure 1-4. Sine Wave

4,

of one cycle." As you can see, all three
terms can be used in each of the statements
without changing the meaning.

1 -33. Alternating currents bayo° nods othe r
than one-sixtieth of a second. The' current
commonly used in aircraft has a periodof one
four-hundredth of a second. This means that
one cycle takes one four-hundredth of a second
and in one second there are four hundred
cycles. The difference in the number of cycles
in one second between aircraft current and
household current brings up a new term
FREQUENCY. The frequency of any ACiathe
number of cycles that occur in une second.
This brings us to another term HERTZ.
HERTZ is a UNIT OF FREQUENCY EQUAL
TO ONE CYCLE PER SECOND. Instead of
saying sixty cycles per second, we will say
sixty hertz. Hertz is abbreviated Hz.

1-23. As you can see in figure 1-5, there
is a definite relationship between the period
of an alternating current and the frequency
of the current. Notice that sine wave B has a
period that is one-half the period of sine
wave A, and the frequency of B is twice the
frequency of sine wave A. It is important to
remember that, as the period of time for
one cycle becomes sberter, the frequency
increases or as frequency increases, the
period of one cycle decreases.

1-24. In electronics, sixty hertz (60 Hz)and
four hundred hertz (400 Hz) are relatively
low frequencies. When we talk of frequencies

1-3
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in the thousands or miilions, it becomes
awkward and cumbersome to use cycles as
a standard measuring term, Therefore, when
we speak of frequencies in the thousands,
we use the term KILOHERTZ (kHz), and
when we speak of frequencies in the millions,
we use the term MEGAHERTZ (MHz). You
no doubt have heard these terms on radio
and television when the announcer identifies
the station. When you studied powers of 10,
you learned that the term KILO means
thousand and that the term MEGA stands
for million. Therefore, kilohertz means a
thousand hertz and megahertz means a.
million hertz.

1-25. When we speak of a frequency of 10
kilohertz, we mean that there are 10,000
cycles per second. When we speak of a fre-
quency of 600 megahertz, we are speaking
of 600,000,000 cycles per second.

1-26. Since the period of a cycle becomes
smaller as the frequency increases, we not
only need new terms for very high values,
but we also need new terms for very small
values. Therefore, we use the prefixes MILLI
and MICRO when we talk of a thousandth
or millionth part of something. When we talk
of a thousandth of a second, we say MILLI-
SECOND (ms). We use MICROSECOND (0s)
when we talk of a millionth of a second.

1-27. Now, let us go back to the sine wave
and take up a few more points. An AC
sine wave is a pictorial presentation of
alternating current. It shows the direction
of current by raising above, and dropping
below, the zero reference line. The current
reverses direction at the zero reference line
at the beginning of each half-cycle. There
are two CURRENT REVERSALS in
each cycle. We can find the number of
current reversals in an AC signal by multi-
plying the frequency by two. A sixty-hertz
current has one-hundred-twenty-current
reversals per second (60 x 2 --: 120).

1-4

4
1-28, Phase Relationship,

149. Sine waves are voltages or currents
that vary with time, It is possible to have
two sine waves that have the same
frequency, but reach their positive peaks
at different times.

140. Figure 1-6 shows three sine waves,
Notice that wave A and wave B move together.
That is, they start at zero, rise to maximum
at ninety degrees, return to zero at one-
hundred-eighty degrees and repeats the same
action in the negative half-cycle. Because
the two sine waves go through all parts of
the cycle together, they are in-phase. The
sine waves may represent voltage or cur-
rent. The voltage may be in-phase or a
current may be in-phase with a voltage.

1-31. An OUT-OF-PHASE relationship
exists any time that the waves do not move
together. This out-of-phase relationship can
be seen by comparing sine wave A and sine
wave C in figure 1-6. As you can see, the
sine wave C is maximum negative when the
sine wave A is zero (at the start of its
positive half-cycle). Wave C reaches zero
when wave A goes maximum positive and
reaches maximum positive ninety degrees
later when wave A is zero. When describing
this relationship, we say that wave C LAGS
wave A by ninety degrees. It is also said
that wave A leads wave C by ninety degrees.

1-32. Deleted.

1-33. Deleted.

1-34. Frequency Classification.

1-35. A rainbow is produced when sun light
is separated into many frequencies by indi-
vidual rain drops. Some of these frequencies
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are seen as the colors - violet, blue, green,
yellow, orange, and red. The frequencies
immediately above the visible spectrum are
called ultraviolet and the frequencies imme-
diately below the visible spectrum are called
infrared. Since all visible rays exist between
the ultraviolet and infrared frequencies, we
refer to the visible light frequencies as a
group. That is, they differ from other ire-

.... quencies in a special way. We find other
frequencies arranged into groups in a simi-
lar manner. You have no doubt heard of
x-rays, cosmic rays, alpha rays, beta rays,
gamma rays, and microwaves. Figure 1-7
shows the range of frequencies making up
the frequency spectrum.

1-36. Refer to figure 1-7 to see how the
frequencies used in electronics are grouped.
Notice that DIRECT CURRENT (DC) has
zero frequency (no alternations). Frequencies

IV

between 0 Hz and about 2,500 Hz are classi-
fied as POWER FREQUENCIES. The fre-
quencies between 20 Hz and 300 Gliz are
classified into twobroadgroups called AUDIO
FREQUENCIES and RADIO FREQUENCIES.
The audio frequency group includes
all frequencies that, when converted to
mechanical vibrations, can be detected by
the human ear. The frequencies above the
audio range, when converted to electrical
vibrations, are classified as radio frequen-
cies because they are used for radio-wave
transmission.

1-37. POWER FREQUENCIES. Power fre-
quencies range from 0 Hz (DC) to almost 3
kHz and overlap a portion of the audio fre-
quency range. DC is usedas the power source
for electronic amplifiers. The mosi. common
AC power frequencies are 60 Hz and 400 Hz.
Of course, these two frequencies are not
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Figure 1-7. Frequency Spectrum
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the only ones produced by power sources.
In the United States 80 Hz is the common
household power frequency. Many countries
of the world use 50 Hz. Aircraft and ships
use 400 Hz as a power frequency to save
space and weight. Smaller components are
used with the higher frequency.

1-38. AUDIO FREQUENC IES. 'For the time
being, let us concentrate on the audio fre-
quencies. These are the frequencies between
20 Hz and 20 kHz. We can hear these fre-
quencies and we can distinguish between
them. For example, if you hit two keys on a
piano, you can detect the tone of each key.
The tone with the higher pitch has the
greater frequency. U we produce tones of
higher and higher frequency, the pitch of the
tones becomes higher and higher until we
can no longer hear them. The exact point
in the audio range of frequencies where
tones can no longer be heard is not the
same for all individuals. Therefore, the
upper limit of the audio frequency range
is an arbitrary figure of 20 kHz.

1-39. RADIO FREQUENCIES. The fre-
quencies between 20 kHz and 300 GHz are
classified as radio frequencies. Since dif-
ferent frequencies within this wide range
produce different effects in transmission,
they are subdivided into bands for con-
venience of study and reference. The bottom
portion of figure 1-7 shows how the fre-
quency spectrum is divided into bands.

1-40. Notice that the lower frequencies,
those below 30 kHz, are classified in the
VERY-LOW FREQUENCY (VLF) band. This
band includes some of the audio frequencies.
All of the bands have an upper limit which
is ten times the value of their lower limit.
The next band above the VLF is the LOW-
FREQUENCY (LF) band which includes the
frequencies between 30 kHz and 300 kHz.
Frequencies between 300 kHz and 3 MHz
are in the MEDIUM-FREQUENCY (MF)
band. This is the band which includes the
commercial radio broadcasting frequencies
(535 kHz to 1650 kHz). The rest of the
spectrum is considered high frequency and
is divided into HIGH-FREQUENCY (HF),
VERY-HIGH FREQUENCY (VHF), ULTRA-

HIGH FREQUENCY (UHF), SUPER-HIGH
FREQUENCY (SHF), and EXTREMELY..
HIGH FREQUENCY (EHF) bands. You have
no doubt heard of VHF and UHF in con-
nection with television. Most airborne radars
operate in the SHF range. The term MICRO-
WAVE is loosely applied to frequencies
above 1000 MHz.

1-41. Frequency Calculation.

1-42. You learned that the most common
AC waveform is the sine wave. We defined
frequency as the number of cycles which
occur every second, so a wave which occurs
sixty times every second is defined as a
frequency of 60 hertz.

1-43. Wave motion is abundant in nature.
You are familiar with waves on the surface
of water. Sound consists of waves which can
be transmitted through a physical medium.
Earlier we spoke of light waves, and how
they form a rainbow.

1-44. Many times when you were making up
your bed, you flipped the end of the blanket
to smooth out the wrinkles. You probably
noticed that when you did this, you created
a wave in the blanket that started at your
fingers and moved down to the bed. U
you cannot remember doing this, try it.
Notice that you can control the wave by the
arm movement you use. This is illustrated
in figure 1-8. When the arm movement is
slower, a longer wave is developed, as shown
in the upper illustration. Notice in the lower
illustration, when the arm movement is
faster, a shorter wave is created. By com-
paring these two waves, you can see that
the longer wave covers more distance than
the shorter one. The top wave obviously was
the greater length, or, using a new term:
its WAVELENGTH is longer. Thus, you can
see that wavelength means the actual physical
length of the wave.

1-6

1-45. At this point, distinguish between
WAVELENGTH and WAVE AMPLITUDE. A
sound, for example, may be a fixed tone
(wavelength) but it may be loud or soft
(amplitude)57
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Figure 1-8. Wave Motion

1-46. Now, let's look at wavelength from
another point of view. Wavelength can also
mean the distance that the front part of the
wave will travel beyond a certain point by
the time the end of the wave reaches this
point. As you can see in figure 1-8, U we
use C as our reference point, the leading part
of the top wave will be at point D when the
trailing edge of the wave reaches the reference
point. This is represented by the dotted line
and represents one wavelength.

1.47. ff the elements of the upper and lower
waves of figure 1-8 travel at the same speed,
then two waves of the lower illustration will
pass point C in the same time that it takes one
wave in the upper Illustration to pass the same
point. Since wavelength is the distance traveled
during the period of one wave, the wavelength
Of the lower waves is only one-half of the
wavelength of the upper wave. As you can see,
the WAVELENGTH involves two factors;
speed and frequency. Speed is the rate of
movement, or velocity. Frequency is based
on how often the waves occur in a given period
of time. In the electronics frequency spectrum,
the time reference for frequency is one
second.

1-48. In electronics, the term WAVE-
LENGTH is defined as the distance an electro-
magnetic wave travels in the time of one
cycle. EleCtrOMagItetiCIVaveS are radio waves
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which travel through space. Electromagnetic
waves move away from a source at a constant
velocity of 300 MILLION METERS PER
SECOND. The wavelength is measured in
meters and the period of the wave in seconds.
Let's see how these units are placed in a
formula.

1-49. First, the symbol for the wavelength
is the Greek letter lambda ()1). Lambda is
equal to velocity (V) times the time (t) of
one cycle, and we have the formula:

X r. yt

1-50. Since the velocity of electromagnetic
waves through space is 300 million meters
per' second, we substitute 300,000,000 for V:

k .1 300,000,000 x t

k z 300 x 106 x t

The formula for wavelength gives the num-
ber of meters that a wave will travel
during the time of one cycle. ff the fre-
quency of the wave is one Hz, the wave
will travel 300 x 106 meters in one cycle.

1-51. Let's take a moment to consider
the relationship of time required for one
cycle and frequency. The time of one cycle
varies inversely with the frequency. A

1-7
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frequency of one thousand Hz will require
One, thousandth of a second for one cycle.
In other words, if we have one thousand
cycles in One second, the time of one cycle
is one thousandth of a second. We discussed
this with 60 hertz, where the time of one
cycle is one-sixtieth of a second, We can
thus derive a formula:

f t
where f is the frequency in Hz and t is the
time in seconds required for one cycle of
that frequency. We can solve this equation
for t to find that:

t 1

1-52. Now, since the factors are the same,
we can substitute I for t in the wave-
length formula:

300 x 1082 300 x 108 x or simply:

1-53. Now, we'll work a problem to see
how to use this formula. Given a frequency
of 3000 hertz solve for wavelength. Substi-
tuting in the formula, we have:

x (300 x 106) 1300 x 1261

3000 13 x 101

(300 x 106)x 10 3 100 x 103
3

This gives us 100,000 meters or 100 kilo-
meters as the wavelength.

1-54. U the frequency of an AC is 30,000
MHz, we would find the wavelength by sub-
stituting in the formula as follows:

X
1300 x 1081 x 1081 1 x 10-2

(mow x ion x 10101

This gives us .01 meter as the wavelength.

1-55. We can use the formula: A 2

300 x 106 to find the frequency of an AC
if wJ know its wavelength. We must first

convert the formula statementbySoiving fort.
The formula becomes:

f 2
300 x106-X-

1-56. To find the frequency of an AC whose
wavelength is 1000 meters, we substitute this
value in the formula and get:

(300 x 109 boo x DP) a
f 300 x 10 Hz

1000 1

Il x 1031

1-51. Let's do another. Suppose we want to
know the frequency of an AC whose wave-
length is .05 meters. Now, substituting in
the formula, we get:

300 x 106 - 300 x 106
f 60 x 108 Hz

.05 5 x 10-2

This gives us a frequency of 6,000,000,000
Hz. This is the same as writing 6000 MHz
or 6 gigahertz (6 GHz).

1-58. There is a definite relationship be-
tween wavelength, frequency, and time period
of a cycle. You can find the time period U
you know either the wavelength or the fre-
quency. Figure 1-9 shows the relationship
of these units of measure.

1-59. As you can see, figure 1-9 shows an
AC with a frequency of five Hz. The period
of one cycle is one-fifth of a second. Notice
that the relationship of the wavelength to the
distance traveled in one second is the same
as the relationship of the period to one
second.

1 SECOND

S CYCLES

1/5 SEC PE ptOD

wAvELENGIII

100.000.1100 PETERS
. .

sv

Figure 1-9. Relationship of Frequency,
Wavelength, and Period
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1030. When frequency is high, you will find
it simpler to express frequency, period, and
wavelength using standard prefixes. As you

... know, millions of cycles per second are
expressed as MHz. When the frequency is in
megahertz (MHz), the time for one cycle is
in millionths of a second, expressed as
microseconds (&a).

1-61. Let's use this fact to find the period
of an AC whose frequency is 20 MHz. Sub-
stituting, we have

t _1
f

t 1 1

P-8 20 MHz 20 *C15 °

1-62. This same principle can be used in
solving for f in terms of t inthe formula:

1f z t

1-63. When the period is in microseconds
(µS), the frequency is in megahertz (MHz).

1-64. Suppose you want to know the fre-
quency of an AC whose period is fifty micro-
seconds. You have

fMilz 1 i .02 MHz50 ps 50

This value can also be expressed as 20 kHz.

1-65. Notice that in the above example
we expressed 50 microseconds as 50, and
obtained 0.02. By using megahertz and micro-
seconds in your calculations, you can save
time and eliminate the excessive uses of zero.
You can also use:

and

!kHz
2

1

t
MS

1

tms '
kHz

- -_--

9

1-66. The important thing to remember
from this lesson is that if either the wave-
length, frequency, or period of an AC is
known, you can find the other two values. If
either the wavelength or period is known,
you can find the frequency by dividing the
wavelength into three hundred million or the
period into one second. If the frequency is
known, you can find the wavelength by divid-
ing three hundred million by the frequency
or your can find the period by dividing one
second by the frequency. If you know the
wavelength, you can find the period by divid-
ing the wavelength by three hundred million.

1-9
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Chapter 2

CAPACITORS AND CAPACITIVE REACTANCE

2-1. This chapter introduces CAPACI-
TANCE, which opposes a change in voltage.
Like resistance, capacitance is a useful
property of electronic circuits. Capacitance
is present anytime two conductors are sep-
arated by an insulator. Thus it is possible
for a circuit to have random or stray capa-
citance between its components and their
wiring. This stray capacitance, called DIS-
TRIBUTED CAPACITANCE, is discussed in
later lessons. In this lesson, we will discuss
LUMPED CAPACITANCE and the elements
that affect it. Lumped capacitance is defined
as a concentration of capacitance at a given
point in a circuit.

2-2. The Capacitor.

2.3. A capacitor is a lumped capacitance. It
consists of two conducting surfaces, called
plates, which are separated by a non -

~' conductor (insulator) called the dielectric.

2-4. The dielectric between the two plates
may be vacuum, air, waxed paper, ceramic,

11. CONDUCTORal
INSULATOR

A.

5-3

glass, or any other nonconducting (insulating)
material through which electrons will not
easily pass.

2-5. Figure 2-1A shows the construction of a
capacitor. Figure 2-1B shows the schematic
symbol. This symbol represents the two
plates with their connecting leads and the
dielectric. The connecting leads are repre-
sented by the two horizontal lines, the plates
by the two dark vertical lines (one of which is
curved), and the dielectric by the space sep-
arating the two dark lines.

2.6. A capacitor stores energy between its
plates. To understand how this energy is
stored and what happens withinthe capacitor,
we use the principles of electrostatics.

2.7. The Electrostatic Field. You already
know that bodies having unlike charges attract
each other and bodies having like charges
repel each other. A, body that is deficient in
electrons is positively charged, while a
body that has an excess of electrons is
negatively charged. Each charged body has
an electrostatic field and will exert a force
of repulsion or attraction when placed near
another charged body.

H E
Figure 2-1. Capacitor Pictorial and

Schematic Symbol

2-1
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Figure 2-2. Electrostatic Fields

2-8. The electrostatic lines of force that
represent the static field, as shown in fig-
ure 2-2A, extend from the positively charged
body to the negatively charged body. The
closer the charged bodies are to each
other the stronger the force is between
them. The farther apart they move, the
weaker the force becomes. The strength of
this force of repulstion or attraction is
inversely proportional to the distance between
the charged bodies.

2-9. The illustration iii figure 2-2B shows
two charged metal plates, one negative, the
other positive, and the electrostatic field
between them. The field is represented by
the arrows and extends inthe directicnshown
by the arrows. If an electron is planed in
the center of the electrostatic field, it would
be repelled by the negative plate. Why?
Because an electron carries a negative
charge and like charges repel each other.
On the other hand, it would be attracted by

2-2

I
PLATES

DIELECTRIC

1404-647

Figure 2-3. Uncharged Capacitor

the positive plate. Therefore, a force is
applied to an electron placed in an electro-
static field in a direction opposite to the
direction of the electrostatic field. This force
is the energy stored in the electrostatic
field.

2-10. Figure 2-3 shows a capacitor in an
uncharged condition. No electrostatic field
exists between the two plates of the capa-
citor. As there is no charge on the plates,
the atoms that make up the plates are in
their normal state. By this we mean the
atoms have neither gained nor lost electrons.
For this discussion assume the dielectric is
vacuum which has no atoms.

2-11. In figure 2-4, we apply a voltage tothe
capacitor and charge it. The positive post
of the battery has a deficiency of electrons
and the negative post an excess of electrons.
Prior to the closing of the switch in figure
2-4 there was no way for the negatively
charged post to rid itself of its excess

T

SWITCH

dr"-- + I +

ELECTRON FLOW

REP4 -648

Figure 2-4. Capacitor Charging
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electrons. As well, there was no way for
the positively charged post to gain electrons.

2 -12. At the instant the switch is closed,
two actions occur at the same time. One
is that the excess electrons in the negative
post of the battery move toward Plate A of
the capacitor. The other action is that
electrons from Plate B move towardthe posi-
tive post of the battery. The movement of
electrons is caused by the electrostatic
forces of the charged posts of the battery.
These forces repel electrons from the nega-
tive post down the conductor toward Plate A
and attract electrons out of the conductor
from Plate B. As Plate A and its conductor
are now part of the negative post electrically,
the charge is distributing itself over the
new area. This is also the cue with the
positive post, Plate B, and the other
conductor.

2-13. At the first instant there is maximum
movement of electrons (current flow) in the
two conductors. Why? Neither plate of the
capacitor is charged, thus there is no static
charge to oppose the movement of electrons
to and from the plates. There is no difference
in potential between the plates and no voltage
across the capacitor. With maximum current
flow and no voltage across the capacitor,
the capacitor is EFFECTIVELY a short.
Actually there is no current flow through
the capacitor, but because electrons are
leaving and entering the battery posts there
is an appearance of current flow.

2-14. As electrons reach Plate A, it begini
to receive a negative charge. At the same
time Plate B looses electrons and begins
to receive a positive charge. Forevery elec-
tron that Plate A gains, Plate B loses an
electron. Since there is a vacuum between
the two plates, the gained electrons On Plate
A cannot cross to Plate B.

2-15. As there is now. a charge on each of
the capacitor's plates, there is a difference
of potential between the plates. The capacitor
now has a voltage across It

2-16. The voltage across the capacitor
opposes the movement of electrons from the

battery. Thus, as the capacitor charges, the
movement of electrons from the battery
becomes steadily lees.

2-i?. When the charges on the capacitor's
plates equal the charges on the battery's
posts, the capacitor is fully CHARGED. All
electron movement stops and the difference
in potential across the capacitor is equal to
the applied voltage (the voltage of the bat-
tery). Thus, once the capacitor is charged,
it blocks the flow of DC and becomes an
EFFECTIVE open.

2-111. Summarizing then; when voltage is
applied to a capacitor, it is at the first
instant an EFFECTIVE short with maximum
current flow and no voltage across the capa-
citor. As the capacitor charges, current
flow steadily decreases and the voltage across
the capacitor steadily increases. When the
capacitor is fully CHARGED, current stops
and the voltage across the capacitor equals
the applied voltage.

2-19. In figure 2-5, we opened the switch
after the capacitor was fully charged. There
is no way for Plate A of the capacitor
to get rid of its excess electrons or for
Plate B to gain electrons. Thus, the capa-
citor remains fully charged. We have wising:,
stored in the electrostatic field of the capa-
citor. In effect, the capacitor is like a
battery with a voltage equal to that of the
battery that charged it.

Eo

-T
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Figure 2-6. Capacitor Discharging

2»20. By altering the circuit (as shown in
figure 2-6), a way is provided that allows
the excess electrons in Plate A to move to
Plate B which has a deficiency of elec-
trons. Since the two charged plates are now
connected by a conductor they will neutralize
themselves. Specifically Plate A will give
up its excess electrons to Plate B and both
plates will lose their charge. Remember,
the electrons gained by Plate A were equal
in number to the electrons lost by Plate B.
This process of neutralizing the charged
plates of the capacitor is known as DIS-
CHARGE. When the two plates are neu-
tralized, the capacitor is fully DISCHARGED.
A word of caution'. Because a capacitor stores
and retains energy in its electrostatic field
NEVER work with a capacitor until you have
fully discharged it.

2-21. What happens when thI dielectric is
not a vacuum? Figure 2-7 shows another
capacitor in an uncharged condition. In this
capacitor we are using a dielectric othe r
than vacuum. The atoms that make up the
dielectric are in their normal or neutral
state. By this we mean that the electrons
of each atom are revolving around their
nucleus in normal orbital paths. Figure
2-7 shows only three atoms (greatly enlarged)
of the millions that make up the dielectric
material. The plates are uncharged and NO
electrostatic field exists.

2-22. In figure 2-8, we apply a voltage to
the capacitor. At the first instance the
switch is closed there is maximum current
flow and no voltage across the capacitor.
The capacitor is an EFFECTIVE short.

PLATES ;:/l...11:; 41---
*--- ''''' '' DIELECTRIC

IA
RtP4 -647

Figure 2-7. Uncharged Capacitor with
Dielectric

2-23. Not only do the capacitor plates
charge, but as the negative charge builds
up on Plate A, due to gained electrons, it
repels the electrons in the dielectric atoms.
This causes the orbits of the electrons to
become distorted as shown in figure 2-8.

Further distortion is caused by the attrac-
tion of the positive charge on Plate B. This
distortion of the electron orbits is known as
orbital stress. Orbital stress stores energy
much in the same manner as a stretched
rubber band. As the charges on the capaci-
tor plates steadily increases, the orbital
stress on the electrons of the dielectric
atoms steadily increases. Thus, this capa-
citor stores energy not only in the electro-
static charges on its plates, but also in the

SWITCH
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----. L.4121de
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Figure 2-8. Orbital Stress
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Table 2.1

DIELECTRIC FACTORS

DIELECTRIC MATERIAL DIELECTRIC
CONSTANT (I'

DIELECTRIC STRENGTH
(volts pet .001 Inch)

AIR 1.0 80

FIBER CS 50

BAKELITE 6.0 500

GLASS 1.2 200

MICA 6.0 2000

CASTOR OIL 1.7 380

PAPER

111 besswolted 3.1 1800

RI porallined 2.2 1200

This rating is determined by the electrical
strength of the dielectric material. The
dielectric strength tells you how much voltage
may be applied to a given thickness of
dielectric material. Every material (even an
insulator) will conduct current U a suf-
ficiently high voltage is applied to it. This
voltage is called the breakdown voltage. The
working voltage rating of a capacitor refers
to the maximum DC value or maximum AC
value of voltage that can be applied to the
capacitor continuously. A capacitor marked
600 WVDC or 600 VDC should withstand the
continuous application of 600 VDC or 600
V PEAK AC without damage to the capacitor.

2-40. Table 2-1 gives the dielectric strength
of some dielectric materials that are one
thousandth of an inch thick. Note that the
dielectric constant and dielectric strength
do not directly correlate. For example the
dielectric constant for both mica and bake-
lite is six but their dielectric strengths are
different. For mica it is 2000 and for bake-
lite it is 500. Therefore, increasing the
capacitance of a capacitor by using a die-
lectric with a larger dielectric constant will
not always increase the capacitor's working
voltage rating.

2-41- Total Capacitance.

2-.42. To determine total capacitance in a
circuit, you must follow the rules for cal-
culating the capacitance of capacitors con-
nected in series, parallel, or series-parallel.

2-7
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2-43. Series. To understand how total capa-
citance is computed in a series capacitive
circuit, it is necessary to apply what we have
learned about the capacitor. In figure 2-11A,
the circuit has two capacitors connected in
series. Plate B of capacitor Cl and Plate
C of capacitor C2 are connected together by
a conductor. As both of these plates are
conductors; plate B of CI, plate C of C2 and
the conductor combine to form one con -
ductor. Since any point along a conductor
is electrically the same, the circuit can be
redrawn as shown in figure 3-11B. Both
capacitors become EFFECTIVELY one capa-
citor with plate A of Cl and Plate D of C2
as its plates and the combined dielectrics of
both Cl and C2 as its dielectric. Since
increasing the dielectric thickness of a

CI C2

A B C D
--_-----1 (--__-----

A

A B

C D
C2

I

Figure 2-11. Series Equivalent Circuit
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Figure 2-12. Series Capacitors

capacitor decreases its capacitance, the
total capacitance of the two series capa-
citors will be lees than the capacitance value
of either capacitor.

2-44. The formulas for total capacitancein a
series circuit are:

Ct a 1 1
1 For any number

Cl
+ -2 + a+ etc. of capacitors.

C
NCt For any number of capa-

citors of equal value where
C equals the value of one

capacitor and N equals the
number of capacitors.

CI x C2
Ct Cl + C2 For two capacitors.

2 -45. Figure 2-12 shows a series capacitive
circuit. In solving for total capacitance in
this circuit, we will show two methods, each
using a different formula.

Method A:
Ct t N

C = -113AFCt 2

Ct 5 F

Method B:, C = Cl x C2
t Cl + C2

Ct
lOgrx 10gF

t 10 gF+10 AF

2 -8

SSS

01.11M

C3
12mT

Figure 2-13. Three Component
Series Circuit

100 pF
C2 20 g F

Ct 5 F

2-46. Figure 2-13 shows another series cir-
cuit. To solve for total capacitance in this
circuit, two methods will be used again. One
using a single formula, the other using two
formulas.

1

Method A: C $2tl I
Cl

+C2 +Q

Ct 1 1 1

20 ILF 30 ILF
4.

12µF

1

1
Ct - 3 2 5

60 IL F + 60 IL F + 60 IL F

Ct = 10
60 IL F

60µF
Ct

= 10

1

Ct 6 F

Method B: First find the value of Ce:

Cl C2
Ce Cl + C2

20 IL F x 30 IL FC ae 20 ILF +30 ILF

67
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Figure 2-9, Stored Charge

orbital stress on the electrons of its die-
lectric atoms. Using a dielectric (insulator)
other than a vacuum increases the amount of
energy stored. Air is one exception. Although
air does have atoms, it does not increase the
ability of the capacitor to store energy.

2.24, When the capacitor is fully charged
the orbital stress on the electrons of the
dielectric atoms is maximum. Current flow
has stopped and the difference in potential
across the capacitor is equal to the applied
voltage.

2-25. Thus, the charging action of this
capacitor is the same as the capacitor with a
vacuum dielectric. However, a capacitor with
a dielectric other than a vacuum or air will
store more electrons.

2-26. in figure 2-9, we open the switch in
the circuit after the capacitor is fully charged.
As there is no way for the charges on the
capacitor plates to neutralize themselves, the
capacitor remains fully Charged. This results
in the orbital stress remaining atits greatest
point as the orbital stress is caused by the
charges on the capacitor plates.

2-27. A path to discharge the capacitor is
provided in figure 2-10. The excess electrons
move from Plate A to Plate B, neutralizing
the charges on the plate. This discharge
current will be greater than for a vacuum
dielectric due to the extra energy stored as
orbital stress.

2-28. Summarizing: Regardless of the type
of dielectric, current does _not flow through

AXP4..649

Figure 2-10. Discharge Path

it. (There is, of course, some extremely
minute amount of electron movement through
the dielectric but it is so small as to be
insignificant. If this leakage of electrons
becomes significant, the the capacitor is bad.)
At the first instant, a capacitor is an EFFEC-
TIVE short with maximum current flow Lathe
circuit and no voltage across the capacitor.
During Charge of the capacitor, current flow
in the circuit steadily decreases and voltage
across the capacitor steadily increases. A
fully charged capacitor is an EFFECTIVE
open with no current flow in the circuit and
applied voltage across the capacitor. By
changing the type of dielectric, the ability of
the capacitor to store electrons may be
increased.

2-20. Capacitance.

2-30. Knowing what a capacitor is and how it
stores energy, we now turn to the question
"How do we measure the ability of a capa-
citor to store energy and what do we call
this measure?'

2-31. Capacitance may be defined as the
measure of the ability of two, conducting sur-
faces, that are separated by a nonconductor,
to store electrical energy. Therefore, the
measure of the ability of a capacitor to store
electrical energy is the capacitance of the
capacitor. The symbol for capacitance is C.

2-32. The unit of measure for capacitance
is the FARAD. A Farad is defined as the
ability of a capacitor to store one coulomb
(8.28 x 1018 electrons) with a difference of
potential of one volt across the capacitor.

2-5
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The symbol for a farad is P. Most mpg
citors in Common use are much smaller in
value. Generally their capacitance is meas-
ured in millionths of a farad. A millionth of
a farad is called a microfarad (1 x WO
farads) and its symbol is j P. A million-
millionth of a farad is called a picofarad
(1 x 1042 farads) and its symbol is pP.

2.33. The amount of charge storedina capa-
citor is directly proportional to the strength
of the applied voltage and the CAPACITY
of the capacitor. This can be expressed as
Q CE where Q is the charge and E is the
applied voltage. When this formula is trans-
posed, the value of capacitance can be found

Gby the formula C s r . Or in other words

the capacitance (capacity) of a capacitor will
determine the ratio of the amount of charge
to the applied voltage.

244. Capacitance is determined by the phy-
sical factors of a capacitor. These factors
are the area of the plates, the type of
dielectric material, and the dielectric thick-
ness or distance between the plates. Capa-
citance is equal to the ratio of the dielec-
tric constant of the dielectric material and
plate area to the dielectric thickness. This
can be shown by the formula: C =11.-A

d

where: k is the dielectric constant.

A is the plate area.

d is the dielectric thickness.

C is the capacitance.

This formula must be multiplied by another
constant to satisfy engineering requirements.
However, the additional constant is not
required for this course.

2-35. The capacitance of a capacitor is
directly proportional to its plate area. As
plate area increases, capacitance increases
or as plate area 'decreases, capacitance
decreases, Why? The number of atoms in a
conductor is dependent on the size of the
conductor. In turn, the number of atoms
determines the number of free electrons in

2-6

the conductor that are available to enter
and leave the plates. As the number of free
electrons increase, the plates will accept a
larger charge. When free electrons decrease
in number, the plate will accept a smaller
charge.

2 -36. The capacitance of a capacitor is
directly proportional to the dielectric con-
stant. As the dielectric constant increases,
capacitance increases. If the dielectric
constant decreases, capacitance decreases.
When we discussed how a capacitor stores
energy, you learned that by using a dielec-
tric other than vacuum the capacitor could
store more energy. Different dielectric
materials present different quantities of elec-
trons to the electrostatic field. This means
that there are different amounts of energy
stored as orbital stress. Vacuum is the
standard for the dielectric constant and is
assigned a numerical value of one. All
other dielectric materials are compared
with a vacuum dielectric and assigned a
numerical value for their dielectric constant.
This numerical value indicates by how much
the dielectric material increases the capa-
citor's ability to store energy when com-
pared to a vacuum dielectric.

2-37. Table 2-1 gives the dielectric constant
value of some common materials. Looking
at the table, you will see that the use of air
instead of vacuum as the dielectric does NOT
increase the capacitor's ability to store
energy.

2-38. The capacitance of a capacitor is
inversely proportional to the dielectric
thickness or distance between the plates.
When the distance between the plates
increases, the forces of attraction and repul-
sion (created by charged plates) decrease.
This causes the amount of charge to decrease.
As distance between the plate decreases,
the forces of attraction and repulstion
increase and the amount of charge increases.
Thus, as dielectric thickness increases,
capacitance decreases. As dielectric thick-
ness decreases, capacitance increases.

2-39. In addition to its capacitance value,
every capacitor has a working voltage rating.
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TOTAL PLATE AREA COMBINES

Cl C2 C3 ci 12 C3

A B

RSP4-652

Figure 2-14. Parallel Equivalent Circuit

Ce 50 j.i v

C =I2µ F

Now use Ce
and C3 to determine Ct:

C at N

C
!12µF

t 2

Ct OMF

2-47. Parallel. To determine how we com-
pute total capacitance for a parallel capaci-
tive circuit, we again apply what we have
learned about the capacitor. In figure 2-I4A,
there are three capacitors connected in
parallel. The top plate of all three capaci-
tors are connected together by conductors.
As the plates are also conclugtors, the three
plates and the conductors combine to form
one conductor. The bottom plate of all three
capacitors are connected together and com-
bined to form one conductor. Since any point
along a conductor is electrically the same,
the circuit can be redrawn as shown in
figure 2-148. The three capacitors become
EFFECTIVELY one capacitor. Notice that the
thickness of the dielectric material remains
the same. All we have changed is the effec-
tive area of the capacitor plates. As plate
surface area and capacitance are directly
proportional, the total capacitance will be
the sum of the capacitance values for the

2-9
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three capacitors. Thus total capacitance for
a parallel capacitive circuit can be found
by using the formula; Ct II CI I. C2 + C3 +
etc.

2-49. Figure 2-15 shows a parallel capaci-
tive circuit. To solve for total capacitance,
simply add the capacitance values of the
capacitors as shown.

Ct = + C2 + C3

a 50 j.cF + 10 F + 15µF

a 75AF

2-50. Series-Parallel. Nowthatyouknowhow
to find total capacitance both in series and
parallel circuits, these knowledgee can be
combined to solve for Ct in series-parallel
circuits. You should study the circuit to
determine which part of the circuit should
be solved first. Normally the parallel part
would be solved first.

,.., Pl r,
SOpf 10

ReP4+56.1

Figure 2-15. Three Component Parallel
Circuit
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1010 100F
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C4
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Figure 2.16. Series-Parallel Circuit

2-51. Figure 2-16 shows a series-parallel
circuit. To solve for total capacitance, use
the following procedure:

First solve for the equivalent capacitance
of the parallel network.

C
0

= C3 + C4

= 50 4- 5uF
= 10 IA F

Now solve for Ct. Since Ce, Cl, and C2
are each equal to 10 IA F, use the formula:

C
Ct = ri

10 IA F
3

= 3.3 u F

2-52. Figure 2-17 shows another series-
parallel circuit. To solve for total capaci-
tance in this circuit, first solve for the
equivalent capacitance of the parallel
network.

Cel = C3 + C4

= 8 IA F + 4 IA F

= 12 IA F

Now combine Cl and C2. As Cl and C2 are
equal to each other, solve for their equiva-
lent capacitance using the formula:

C
Ce2 * N

8 A F
2

= 4 u F

2-10

FT
C.

C

002

ft it's (or ±
:35 vrT

Figure 2-17. Equivalent Capacitance

Ce
1

x C
02C =t Col + Ce2

12uFx 4uF
12MF+4MF

2
48 x 10 -12

16 + 10-6

= 3 x 104 Farads

= 3 IA F

2-53. Figure 2-18 shows a final example of
a series-parallel circuit. Solve for total
capacitance.

In this circuit one of the branches in the
parallel network has two capacitors in se ries.
Therefore, the equivalent capacitance of C4
and C5 is solved first.

0 C2

_F71.0BF 30 l°olalI...it..

T
6 AO T CS 8,eir

H
C3 J_ = Cel

Figure 2-18. Complex Series-Parallel
Circuit
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VARIABLE
D

VOLTAGE
SOURCE

A

Figure 2-19. DC Voltage-Current Relationships

C4 x C5
Ce

1

(24 x 10-6) x x 10-6)

(24 x 104) + (8x lee)

192 x 1042

32 x le'
= 8 x 104 farads

= 8µF

Now solve for the equivalent capacitance of
the parallel branch.

Ce2 = C3 + Cel

Ce2 =80F+60F

Ce2 = 12µF

Next determine total capacitance by using
the formula:

C -t 1 1 1

Cl + C2 + Ce
2

1

I
1 1 1

20nF+30AF 12mF

2-11

1

TIME

Itell4 -654

3 2 5
80pF+80gF+.80pF

80µF
10

elAF

(.03

2-54. Hp to this point, the capacitor has had
only a DC voltage appliedto it. In the material
that follows, an AC voltage will be applied
to the capacitor. When a constant DC voltage
is applied to a capacitor, the capacitor
charges to the value of applied voltage and
current flow in the circuit stops. However,
when an AC voltage is applied to a capacitor,
current will not only continue to flow in the
circuit but change direction as well. Keep in
mind that current does NOT actually flow
through a capacitor. Current APPEARS to
flow through it because electrons are entering
one plate and leaving the other plate.

2-55. In determining how it is possible to
have current in an AC capacitive circuit, a
variable DC voltage source will be used to
begin the explanation. Figure 2-19A shows a
capacitor connected to a variable DC voltage
source. The graph in figure 2-19E shows the
amplitude relationship that exists between
applied voltage and the voltage across the
capacitor with respect to time. It also shows
the current charging and discharging the
capacitor and the direction in which it flows.
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Figure 2-20. AC Voltage-Qtrrent Relationships

2-56. Between times TO and T1 of figure
2 -192, both voltage and current are zero.
At time T1, voltage (Ea) starts increasing
at a steady rate to time T3. From T1 to
T2 current increases from zero to maximum
current (IC) and a charge (voltage EC)
begins to build up on the capacitor's plates.
However, the current remains at maximum
value even with the charge being developed
on the capacitor plates. The reason for this
is that Ea is constantly increasing at a
steady rate. The capacitor continually sees
a new voltage that it must charge up to.
At time T3 the applied voltage reaches
maximum value and remains there until time
T5. Between time T3 and time T4 the capa-
citor completes its charge to Ea and current
decreases from its maximum value to zero.
Thus at time T4, Ea and EC are equal and
current is zero. Ea, EC, and lc remain at
these values until time T5. NOTE: The time
period (T1 to T2) between the time voltage
is applied to the capacitor and the time the
capacitor starts to charge has been greatly
expanded.

2-57. At time T5, applied voltage (Ea)begins
to decrease at a steady rate from time T5
to time T7. From T5 to T6 the discharge
current increases from zero to maximum
in a direction that is now opposite to what
it was when the capacitor was charging. At
time T6, the capacitor voltage (EC) starts
to decrease at a steady rate. The discharge
current (fc) remains at a constantvalue until
time TI, even though the capacitor voltage
is decreasing. Why? Because the applied
voltage (Ea) is constantly decreasing at a
steady rate, the capacitor continually sees
a new voltage it must discharge to. After

2-12

the applied voltage reaches zero volts at time
T7, the capacitor completes its discharge to
zero volts at time T8. ruling the time from
T7 to T8, lc decreases from its maxi-
mum value to zero. At time T8; Ea, EC,
and lc are all zero.

2-58. The reason that current can How inthe
opposite direction at time T5 is based on
electrostatic principles. When the applied
voltage is decreased at time T5, the capa-
citor is charged to the maximum value of
Ea. The DC source voltage becomes less
than the voltage across the capacitor. The
electrons charging plate A will move back
toward the negative terminal of the DC
source. Similarly electrons will move out of
the positive terminal of the DCsource toward
plate B of the capacitor. Thus it can be
stated that when applied voltage is decreased,
current now will reverse and the capacitor
will discharge. This discharge will continue
until the charge on the capacitor is again
equal to Ea.

2-59. When a varying voltage is applied to a
capacitor, the following statement applies.
With a voltage increase (voltage rise), the
capacitor charges and with a voltage dee' waSe
(voltage fall), the capacitor discharges.

2-60. Now we will apply an AC voltage to a
capacitor. Figure 2-20A shows an ACvoltage
source connected to a capacitor. The graph
in figure 2-20B shows the phase, time, and
amplitude relationships between applied volt-
age (Ea), the voltage across the capacitor
(EC), and the current (lc) charging and
discharging the capacitor.
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241. For this explanation, the minute time
difference between Ea and EC will not be
expanded. Thus, the variations in Ea and EC
will be considered to occur at the same time.
The graph in figure 220B assumes applied
voltage to be at the start of its positive
half -cycle (positive alternation).

2-62. At the instant voltage is applied (Time
T1), maximum current flows because there is
no charge on the capacitor. Between T1 and
T2, applied voltage increases to maximum at
a sinusoidal rate (a rate equal to the rate
of change in sine values). Ea and EC then,
will be increasing at a constantly decreasing
rate of change . 1c will decrease from
maximum at time T1 to zero at time T2.
Since the rate of increase for Ea is con-
stantly decreasing the capacitor sees con-
stantly less of a difference between Ea
and EC that it must charge to. This means
less and less charging current is required
and IC will gradually decrease to zero.

2-63. At time 12, then, Ea and EC are maxi-
mum and lc is zero. Ea and EC are at 90
degrees as they are at their ma:dmum posi-
tive alternation value. IC is at 180 degrees
as it is at the end of its positive alterna-
tion. Thus lc is leading Ea and EC by 90
degrees.

2-04. Between time T2 and time T3, Ea
decreases to zero. When Ea starts
decreasing, the capacitor will start to dis-
charge and current flows in the opposite
direction. As explained earlier, when applied
voltage decreases, the capacitor discharges.
Since Ea is decreasing at a constantly
increasing rate of change, Ecalsodecreases
at a constantly increasing rate of change. As
Ea and EC decrease, 1c will be increasing.
Why? Since Ea is decreasing at a steadily
increasing rate of change, the capacitor sees
a steadily increasing difference between Ea
and EC that it must discharge to.This causes
the discharge current to increase. The die«
charge current is maximum as Ea reaches
zero.

2-65. At time 73, then, Ea and EC are at
zero and lc is at maximum value. Ea and
EC are at 180 degrees, which is the end of

2.13
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their positive alternation and the start of
their negative alternation. 1c is at 270 degrees
as it is at the maximum value of its negative
alternation. lc is leading Ea and EC by
90 degrees.

246. Also at time T3, the polarity of the
AC voltage reverses and E begins its neg-
ative alternation. Between time T3 and time
T4, Ea increases at a constantly decreasing
rate of change. When Ea starts oi easing
at time T3, maximum current wilk flow. The
direction of this current flow will be the
same as that of the discharge current between
times T2 and T3. This is dee to Ea reversing
its polarity as it begins its negative alterna-
tion at time T3. Between time T3 and time
T4, 1c decreases to zero as Ea and EC
increase to maximum.

2-67. At time T4, then, Ea and EC are at
the maximum value of their negative alter-
nations and lc is at zero. lc is still leading
Ea and EC by 90 degrees.

2-66. Also at time T4, La starts decreasing
which causes the capacitor to start dis-
charging and current flow to reverse. Between
time T4 and time 75, Ea and EC decrease
to zero and IC increases to maximum.

2-69. At time T5, Ea and EC are zero and
lc Is at the maximum value of its positive
alternation. 1C is leading Ea and EC by
90 degrees.

2-70. After time T5 the second cycle of AC
voltage is applied to the capacitor. The
charge and discharge action of the capacitor
is the same as it was for the first cycle.
Two cycles of the AC sine wave voltage are
shown so that you can readily see that both
current and voltage vary in a sine wave
pattern.

2-71. Summary: When an AC sine wave
voltage is applied toa pure capacitive circuit,
the following statements apply.

a. A sine wave voltage will be developed
across the capacitor that is equal to and in
phase with Ea.



b. A sine wave of curretit willbe developed
in the circuit by the charge and discharge of
the capacitor that leads Ea and EC by
00 degrees.

c. When E and E
C are at the maximuni

value of therr positive and negative alter-
nations, current in the circuit is zero.

d. When Ea and EC are zero (as they move
from positive to negative alternations and
negative to positive alternations), current
in the circuit is maximum.

e. Even though no current flows through
the capacitor, a continuous sine wave of cur-
rent appears to flow through the circuit due
to electrons entering and leaving the capa-
citor plates as the capacitor charges and
discharges.

2-72. As noted previously, when a constant
DC voltage is applied to a capacitor, the
capacitor charges and current flow stops.
A capacitor offers infinite opposition to
current flow in a circuit with a constant DC
voltage applied. But this is not the case when
an AC voltage is applied to a capacitor. With
an AC voltage applied, a continuous alter-
nating current flows in the circuit as the
capacitor charges and discharges. The
amount of current flow is determined by the
amount of opposition offered to current flow.
What is this opposition, what determines it,
and how is the amount of opposition
determined?

2-73. Capacitive Reactance.

2-74. Capacitive reactance is defined as the
opposition offered by a capacitor to the flow
of an alternating current. The symbol for
capacitive reactance is "Xc" and its unit
of measurement is the ohm. tie term CAPA-
CITIVE REACTANCE is used with capacitors
so the amount of opposition offered by a
capacitor is not confused with the resistance
of a resistor. Capacitive reactance is deter-
mined by the physical construction of the
capacitor and by the applied frequency.

2-75. The first of the two factors that deter-
mine the capacitive reactance of a capacitor

2-14

is its capacitance value. As you know, capa-
citance is the measure of the ability of a
capacitor to store electrical energy. Capa-
citance is determined by the physical con-
struction of the capacitor and is NOT affected
by the type of voltage applied to the capa-
citor. The greater the capacitance of a
capacitor, the more energy it can store. To
store the energy, electrons must move into
one plate of the capacitor and out of the
other. Since capacitance is greater, more
electrons are required to charge the capa-
citor. Thus as capacitance increases, the
amount of charging current increases. As
capacitive reactance is opposition to current
flow, it must decrease as capacitance andthe
charging current increase. Capacitive
reactance is inversely proportional to capa-
citance. Capacitive reactance decreases as
capacitance increases.

2-78. The second factor that determines the
capacitive reactance of a capacitor is the
frequency of the AC voltage applied to it.
Figure 2-21 is used to aid in explaining this
fact. In figure 2-21A, a capacitor is con-
nected in series with an AC voltage source.
Two cycles of an AC voltage (as shown in
figure 2-21B) is applied to the capacitor.
Keep in mind that a capacitor stores energy
when it charges and releases energy when
it discharges. Remember that electron move-
ment (current flow) is necessary for the
charge and discharge of a capacitor.

2-77. In figure 2-21B, each cycle of the AC
voltage represents a specific amount of time

since t s1 . In the previous discussion onf
AC capacitive circuits you learned that a
capacitor charges both on the positive and
negative alternation of the applied AC voltage.
As the amount of energy stored in a capa-
citor is equal to its capacitance times the
voltage applied (Q = CE), you can readily
see that this amount of energy is stored two
times in one cycle of the applied voltage.

2-78. Energy is stored during the time repre-
sented by the width of the shaded area in
each alternation. The amount of energy stored
is represented by the amplitude of the shaded
area. Thus (in figure 2-21 B) during the

75



time of two cycles, the capacitor has stored
energy four timeS.

2-79. In figure 2-21C the frequency of the
applied voltage is doubled. Since frequency
has doubled, the time for one cycle of the
AC voltage has de crease d by half. This means
then that the time to charge the capacitor
has also decreased by one half. As capaci-
tance and the AC amplitude remained the
same , the amount of charge OW has not
changed. Since there are now four cycles of
the AC voltage in the same time period as
the previous two cycles, the capacitor stores
energy eight times in the same time period.
This means that the current had tollow more
often. Although the same amount of current
flows to charge the capacitor each time in
both figire 2-2113 and 2-21C, it flows twice
as many times in figure 2-21 C. Therefore, the
average value of current flow in the circuit
increased. Since current flow increased,
the opposition to current flow had to decrease.
Thus as frequency increases, capacitive
reactance decreases.

2-80. In figure 2-21D the frequency of the
applied voltage is one half that of the voltage

A

C

2F

applied in figure 2 -21B. Again capacitance
and the amplitude of the applied voltage
remain the same. With one half the fre-
quency, both the time for one cycle and the
time to charge the capacitor have doubled.
With one cycle of the AC voltage in the
same time period as the two cycles in figure
2 -21B, the capacitor stores energy only
two times in the same amount of time. Since
current flowed only one half as many times
to charge the capacitor, the average value
of current flow decreased. As current flow
decreased, the opposition to current flow had
to increase. Thus as frequency decreases,
capacitive reactance increases. Capacitive
reactance is inversely proportional to
frequency.

2-81. To develop the formula for capacitive
reactance, an additional factor is taken into
account. That factor is the time rate for
the change of charge an the capacitor. This
time rate represents the varying current
that charges the capacitor as the applied
voltage varies and it is equal to 1/2r.

Thus the formula for capacitive reactance
is:

B

Figure 2-21. Capacitive Reactance

2-15
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Nhere:

X
C capacitive reactance In ohms

2"rr a 6.28

f a frequency in hertz

C = capacitance in farads

2-82. The basic formula for capacitive reac-
tance may be further simplified by taking
the reciprocal of 27r as follows:

Ix a ___
C 2 r fC

x - I Ix_
C 6.28 fC

X =
.159--

C fC

Also by transposing this formula you can
solve for either frequency or capacitance, if
the other two quantities are known. The
transposed formulas are:

.159

XCC

C .159
f XC

2-83. The next four examples will show the
relationship between frequency, capacitance,
and capacitive reactance as the exact amount
of capacitive reactance is computed.

EXAMPLE I:

Solve for capacitive reactance when the fre-
quency is 6 kHz and the capacitor value is
.05 g F.

.159X 4 = --
C fC

.159
6 kffzx.05iir

2-16

..

a
.3 x 10-3

O .53 x ie

.169

(6 x I03) x (.05 x 10.1)

.159

530 ohms.

EXAMPLE 2:

Solve for capacitive reactance when the capa-
citor value is .05 g F and the frequency is
30 kHz.

.159
X

A
C fC

.159
a 30 kHz x .05 ga

.159

(30 x 103) x (.05 x 10-6)

.159__
1.5 x I0

O .106 x 103

= 106 ohms.

From the first two examples you can see
that as the frequency increased (with capa-
citance remaining the same), the capacitive
reactance decreased.

EXAMPLE 3:

Solve for capacitive reactance when the fre-
quency is I kHz and the capacitor value is
.5 g F.

.159X =---
C fC

.159
IkHzx.5Ar

77

.159

(1 x I03) x (.5 x le')

0
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.159.
.5 x 10

.316 x 103

318 ohms

EXAMPLE 4:

Solve for capacitive reactance when the free
gummy is 1 kHz and the capacitor value is
.005 g F.

x .159
C fC

.159
1 kllz x .005 pi F

a .159

(1 x to3) x cm x tee)

CI C2

Figure 2-22 . Simple Series Circuit

6q

2-86. The first method will find total capa-
citance and then, use total capacitance to
find total capacitive reactance. As this is a
series circuit:

CI x C2
Ct CI + C2

a (10 X 1041) X (15 X 1e6)

(10 x 10-6) + (15 x le,)

.159

.005 x 10-3 = 150 x 10-12

25 + 10-6
31.6 x 103

6 x 10-6 farads
= 31.8 k ohms

In examples 3 and 4 you can see that as
the capacitance decreased (with frequency
remaining the same), the capacitive reactance
increased. In solving for capacitive
reactance, you can see that Jrc is inversely
proportional to changes in frequency or
capacitance.

2-84. A method for determining the total
capacitive reactance (Xa) of series, parallel,
and series-parallel AC capacitive circuits
must be developed next. What you have
learned about capacitors and capacitance will
be applied.

2-85. Series Capacitors. Figure 2-22 shows
two capacitors connected in series with a 1
kHz AC voltage source. Using the informa-
tion given, two different methods will be used
to find Xct. Also a formula for Xa in a
series capacitive circuit will be developed.

= 6 g F

Next total capacitance is used in the capa-
citive reactance formula.

.159
X

Ct
*

fCt

.159

(1 x 103),(16 x 106)

.159

6 x le3

* .0265 x 10

= 26.5 ohms

Using the second method, the value of capa-
citive reactance for each capacitor will be
found and then added. Thus for CI:

2-17
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.159 .159
XCI w RUT x to ) x (to x to )

.159a
0 X 0

a .0159 x 103

a 15.9 ohms.

For C2:

.159XC2 =

.159

(I x I03) x (15 x I0-6)

.159

15 x I0

= 10.6 ohms.

Then for the total capacitive reactance add
XCI and X .

C2

= 15.9 + 10.6

= 26.5 ohms

2-87. The value of total reactance using
the second method is the same as that in
the first method. Therefore, the rule for
series capacitive circuits is: Total capaci-
tive reactance in a series capacitive circuit
is equal to the sum of the capacitive reac-

As X
.159

tances in the circuit, and the formula is: Ct fCt

X
Ct

XCl + X + X + .159
C2 C3

2-88. You learned earlier that when capaci (15.9 x '03) x x 10.6
)

tors are connected in series, total capa-
citance decreases. Next you learned that .159capacitance and capactive reactance are
inversely proportional. By combining these 79.5x
two facts, you can readily see that as capa-
citors are added in series, total capacitance = .002 x 103
decreases and total capacitive reactance
increases. In addition, the rule for total = 2 ohms.

79

15.9 Ws

RMP4560

C2

4 oF

Figure 2-23. Simple Parallel Circuit

capacitive reactance follows the basic rule
for series circuits - total opposition in a
aeries circuit is equal to the sum of the
individual oppositions.

2-89. Parallel Capacitors. Figure 2-23
shows two capacitors connected in parallel
with a 15.9 kHz AC voltage source. Two
different methods will be used to find total
capacitive reactance with the information
given. As well, a formula for total capacitive
reactance in a parallel capacitive circuit will
be developed.

2-90. In the first method, total capacitance
will be determined andthen, total capacitance
will be used tofindtotal capacitive reactance.

Ct CI + C2

=I AF + 4 gF

= 5 g F

Next this value of total capacitance is
entered into the capacitive reactance
formula:

2-18



In the second method, the value of capacitive
reactance for each capacitor will be found
first.

.159
1CC1

.159

(15.9 x 103) x (1 x 10.6)

.159

15.9 x 10-3

An.. le
= 10 ohms.

.159
C2 f(C2)

.159

(15.9x103)x(4xl06)

.159 x 10
0

83.8 x 103

= .0025 x 103

= 2.5 ohms.

As this is a parallel circuit, a basic rule
of parallel circuits is applied. This rule is
Total opposition in a parallel circuit is equal
to the reciprocal of the sum of the recipro-
cals of the individual oppositions in the cir-
cuit. Restating this rule: Total capacitive
reactance in a parallel circuit is equal to the
reciprocal of the sum of the reciprocals of
the individual capacitive reactances in the
circuit. The formula:

X
C

- 1

1 1 1
For any

t ....
X + + +X. X number

Cl C2 C3

X x XCl C2
X 0

Ct XCl + X
C2

For two

V .
N
00.111

Ct
For equal values.

Thus the last part of the second approach is:

XCt XCl + X
C2

X x XCl C2

10 x 2.5
10 + 2.5

25
mi 12.5

2 ohms.

Therefore, either method gives the same
value of total capacitive reactance. When
capacitors are connected in parallel, total
capacitance increases. Capacitance and capa-
citive reactance are inversely proportional.
By combining these two facts, you can readily
see that as capacitors are added in parallel,
total capacitance increases and total capa-
citive reactance decreases.

2-19
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2.91. Figure 2-24 shows four capacitors
connected in series-parallel with an AC
voltage source. Here the values of capa-
citive reactance are given for each capa-
citor. In this example, we need only apply
the series and parallel total capacitive
reactance formulas.

2-92. First, the effective capacitive reac-
tance of the parallel network will be
determined.

Figure 2-24. Simple Series-Parallel Circuit



X
C3

x X
C4

XC
e XC3 4 EN

(8 x 103) x (24 x 10)

(8 x 103) +(24 x 10)

192 x 106a
32 x 103

6 x 103 ohms

= 6 k ohms

As Xc, is in series with the reactances of
Cl ani C2, we may solve for total capa-
citive reactance with the series formula.

X X + X + XCt Cl C2 C
e

2 12 kfil + 18 Ica +Oki)

= 36 ict1

2-93. As you have seen throughout this lesson
the rules for voltage, opposition, and cur-
rent in series, parallel, and series-parallel
circuits apply to capacitive circuits just as
they apply to resistive circuits. Therefore,
the following formulas (stated in capacitive
terms) for series and parallel capacitive
circuits may also be used in addition to
those covered in the preceding material.

Series: Ea = ECl + E
C2

+ E
C3

+ .. .

It = I = l = l =

Parallel: Ea
EC1 EC2 EC3

It = IC 4. la + 1c3 +

244. Since the capacitive reactance is
another type opposition to current flow,
Ohm's law formulas also apply. Stated in
capacitive terms, they are:

EC
lec

220

Rapt -657

Figure 2-25. Rotor-Stator Capacitor

E
X

C
=
is

C

EC

IC Tc.

2-95. Classes and Types of Capacitors.

2-96. Capacitors are divided into two gen-
eral classes, variable and fixed.

2-97. Variable Capacitors. The capacitance
value of capacitors in this class vary when
a mechanical adjustment is made. The
mechanical adjustment causes either plate
area or dielectric thickness to change. This
causes a change in the capacitance value.
The following capacitors are two examples
of variable capacitors.

a. The first type of variable capacitor is
the rotor-stator capacitor, figure 2-25. You
are probably familiar with this type because
many radios use a rotor-stator capacitor
to tune in stations. As the rotor turns,
it causes the plates to mesh, varying the
effective plate area and consequently
the amount of capacitance. The rotor-stator
capacitor normally has alr for its dielectric.

b. The second type of variable capacitor
is the compression capacitor. This type is
shown in figure 2-26. The compression capa-
citor consists of plates separated with a
mica dielectric. The capacitance is varied
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Figure 2-28. Compression Capacitor

by changing the distance between the plates,
thus changing dielectric titian's& Tightening
the screw causes the distance to decrease.
Loosening the screw causes the distance
to increase. An Interesting point to note is
that when the plates are completely com-
pressed, the dielectric is only the mica.
However, as the plates move further apart,
the dielectric is a combination of mica and
air.

2-98. Fixed Capacitors. Fixed capacitors
have a fixed value of capacitance. They are
generally named by the type of dielectric
each uses.

The following capacitors are examples of
fixed capacitors.

a. Electrolytic. The electrolytic capa-
citor's basic construction is shown in figure

IN,

2-27. The metal container is the negative
terminal, the electrolyte is the negative
plate, and a film of oxide on the positive
plate acts as the dielectric. (Note: In this
mist the capacitor type is NOT named for
the type of dielectric used). The basic
electrolytic capacitor has a definite polarity
and is used only in DC circuits. It the
polarity of the voltage were reversed, the
oxide coating(dielectric) on the positive plate
would break down and current would flow
through the capacitor.

NOTE: Electrolytic capacitors can be
constructed for AC operation by connecting
two units back to back. The plates of such
a capacitor have previously formed oxide
films. The AC electrolytic capacitor is
designed to present an insulating dielectric
to both polarities. This capacitor Is a
special type of electrolytic capacitor and Is

POSITIVE PLATE
or (ALUMINUM)

ALUMINUM
CAN

OXIDE FILM
(DIELECTRIC)

SCHEMATIC SYMBOL

ELECTROLYTE
(NEG PLATE)

Figure 2-27. Electrolytic Capacitor
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used only to satisfy special circuit
requirements.

b. Paper Capacitors. Paper capacitors
are in common use because of their low
cost and small size. The dielectric material
is usually waxed paper which is a porous
material; therefore, paper capacitors
are seldom used above 600 volts. The plates
are long flat strips of tin foil and the paper
is placed between them as the dielectric.
Ail three are roiled together into a cylinder,
as illustrated in figure 2-38. When roiled
in this fashion, one plate has two active
surfaces. The active area for calculation
purposes, therefore, is twice the area of
one plate. The completed cylinder is usually
placed in a metal or cardboard container
and sealed with wax, or pitch, to keep out
the moisture. The outside foil is normally
connected to the ground side of the circuit
in order to create an electrostatic shield
around the capacitor. The outside foil con-
nection is normally indicated by a single
color band at one end of the capacitor or
by the work NEGATIVE at one end of the
capacitor. On some capacitors, both the color
band and the word NEGATIVE are used.

c. Oil Capacitors. Capacitors designed for
large capacitance values used at high oper-
ating voltages are often oil-impregnated. The
oil capacitor is similar in construction to the
paper type. Although oil (by itself) has a
lower dielectric strength than the waxed
paper used in paper capacitors, paper impreg-
nated with oil has a much higher dielectric
strength. The oil capacitor operates at a
lower temperature than ordinary page r capa.
citors. They are designed for use in high
power circuits and are commonly used in
transmitter circuits.

d. Mica. Mica capacitors have capaci-
tance values between 5 and 50,000 picofarada
(pF) and are used in circuits subjected to
voltages up to 15,000 volts. These low capa-
citance components are used in high-fre-
quency circuits. The high breakdown volt-
age of mica allows the high-frequency, high-
voltage capacitors to be small in size
compared to the same capacity and break-
down voltage of a paper capacitor. Physically
alternate layers of tin foil (or aluminum
foil) and mica are molded in a bakelite or
plastic case. The finished product is durable
and compact in design.

SCHEMATIC
SYMBOL

Figure 2-28. Paper Capacitor
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Figure 2-29. Ceramic Capacitors

e. Ceramic Capacitors. With the develop-
ment of higher frequencies used in com-
munications and television, there came a
need for small capacitors with a high dielec-
tric strength. The ceramic capacitor was
designed to fill these needs. Ceramic capa-
citors range from 3.3 pF to 0.1 la and
can be used in low -power high-voltage cir-
cuits (up to 30,000 wits). They are exten-
sively used in television high-voltage power
supplies. The construction is quite simple:
A hollow ceramic cylinder is coated inside
and out with silver paint. Contacts to the
coatings are placed at each end of the
cylinder. The silver conductors are separated
from each other by the ceramic cylinder.
The ceramic capacitor is quite small
physically. art because of their size, shape,
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and coloring, they are sometimes mistaken
for resistors. Some typical shapes are
shown in figure 2-29.

2-99. Capacitor Color Code.

2-100. The capacitance value and voltage
rating may be stamped on the body of the
capacitor, but sometimes values are indi-
cated by color codes. Because there are so
many shapes and sizes of capacitors, no one
standard system has been adopted. Your
ELECTRONIC HANDBOOK gives you
a breakdown of some of the more commonly
used systems. Usually, when you find it
necessary to replace a capacitor in a piece
of equipment, your best reference will be the
equipment technical order.



Chapter 3

INDUCTORS AND INDUCTIVE REACTANCE

3.1. In this chapter the effects of inductance
in an electrical circuit will be explained. In
order to understand this property of an
inductor the following subjects will be discus-
sed; Magnetism, Electromagnetism, Induc-
tors and Inductive Reactance,

3.2, Magnetism.

3.3. Magnetism, like electricity, is another
invisible force which has been known to man
for many centuries. No one knows the full
details as to what causes magnetism, but we
can see how it works and what it does.

3-4. Magnetism is generally defined as that
property of material that enables it to attract
ferrous material. Magnetic materials, such
as: Iron, steel, nickel and cobalt, that con-
tain such properties are used for magnets.
3-5. There are naturalmagnetsitndartificial
magnets. Natural magnets are foundin nature
and possess the property of attraction. For
practical applications natural magnets are of
little use except for the earth itself whose
magnetic field directs magnetic compasses,
which are widely used. It is possible to
produce more powerful artificial magnets.
3-6. Magnets produced from magnetic mate-
rials are called ARTIFICIAL MAGNETS.
They are usually classified as PERMANENT
or TEMPORARY, depending on their ability
to retain their magnetic properties after the
magnetizing force has been removed.

3.7. The ability to retain magnetism is
called the RETENTIVITY of the material.
This depends on: (1) how ouch opposition a
material offers to magnetic lines of force
(RELUCTANCE), and (2) the ease with which
magnetic lines of force distribute themselves
throughout the material (PERMEABILITY).A
permanent magnet would be produce0 from
material having high retentivity. Atemporary
magnet would be produced from material
having low retentivity. RESIDUAL MAGNE-
TISM is the magnetism left after the mag-
netizing force has been removed. A material
which has a high retentivity have more
residual magnetism.

3-6. MAGNETIC FIELD.

3-9. A concept called LINES OF FLUX or
LINES OF FORCE is used to explain the
things a magnet does. These are imaginary
lines; you cannot see them. They represent
magnetic force. The lines of flux Around a
magnet make up a pattern called a magnetic
field. The effects of this force pattern can
be shown by placing a sheet of glass on a
magnet lying on a flat surface. Filings
sprinkled on the glass will settle in a pat-
tern of lines called flux lines or lines of
force. This pattern is shown in figure 3 -1.

3-10. LINES OF FORCE. To further des-
cribe and work with magnetic fields, lines
represent the force existing in the area
surrounding a magnet (refer to figure 3-2.)
These lines, called MAGNETIC LINES OF
FORCE, are invisible; but the iron filings
(figure 3-1) illustrate their pattern in the
magnetic field. The magnetic lines of force
are assumed to emanate from the north
pole of a magnet, pus through the sur-
rounding space, and enter the south pole.
Within the magnet they pass from the south
pole to the north pole, thus completing a
closed loop.

3-1
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3-11. When two magnetic poles are brought
. close together, the mutual attraction or
repulsion of the poles produces a more
complicated pattern than that of a single
magnet. These magnetic lines of force can
be plotted by placing a compass at various
points throughout the magnetic field, or they
can be roughly illustrated by the use of
iron filings as before. A diagram of mag-
netic poles placed close together is shown
in figure 3-3.

3-12. Although magnetic lines of force are
invisible, a simplified explanation of many
magnetic phenomena can be explained by
assuming the magnetic lines have certain
real properties. The lines of force can be
compared with rubber bands which stretch
outward when a force is exerted upon them
and contract when the !creels removed.
The characteristics of magnetic lines of force
can be described as follows: They

a. are continuous and always form closed
loops.

b. never cross one another.

c. tend to shorten themselves. There-
fore, the magnetic lines of force existing
between two unlike poles cause the poles
to be pulled together,

d. pass through all materials, both mag-
netic and nonmagnetic.

e. always enter or leave a magnetic
material at right angles to the surface.

3-13. MAGNETIC POLE& The magnetic
force surrounding a magnet is not uniform.
There exists a great concentration of force
at the ends of a magnet and a very weak
force at the center. Proof of this can be
obtained by using iron filings (figure 3-1). It
is found that many filings will cling to the
ends of the magnet while very few adhere
to the center. The two ends, which are the
regions of concentrated lines of force, are
called the POLES of the magnet. Magnets
have two magnetic poles and both poles have
equal magnetic strength.

314. U a bar magnet is suspended freely
on a string, as shown in figure 3-4, it will
align itself in a north and south direction.
When this experiment is repeated, the same
pole of the magnet will always swing toward
the north pole of the earth. Therefore, it is
called the north-seeking pole or simply the
north pole. The other pole of the magnet is
the south-seeking pole or the south pole.

3-15. A practical use of the directional
characteristic of the magnet is the compass, a
device in which a freely rotating magnetized
needle indicator points toward the north pole.
The realization that the poles of a suspended
magnet always move to a definite position
gives an indication that the opposite poles
of a magnet have opposite magnetic polarity.
The north pole of a magnet will always be
attracted to the south pole of another magnet
and will always be repelled by the north pole.
The law for magnetic poles is: LIKE POLES
REPEL, UNLIKE POLES ATTRACT. Fig-
ure 3-3 shows the patterns of the lines.of
force when the poles are placed near each
other.

3-16. Theories of Magnetism.

3-17. There are two popular theories of
magnetism, WEBER's THEORY and the
DOMAIN THEORY. WEBER's THEORY con-
siders the molecular magnets disarranged
as in figure 3-5. This causes eachmolecular
magnet to neutralize each other making the
material unmagnetized. If all the molecular
magnets were made to align themselves so
that each added to each other as in figure
3-5, the materialbecomesmagnetized.MAG-
NETIC INDUCTION is a method of mag-
netizing a bar of iron by stroking it with a
magnet as shown in figure 3-5. Support
for the WEBER THEORY is indicated when a
bar magnet is divided in half, each is
magnetized in the same direction as the
original magnet. If this process is repeated
many times each individual magnet will
have a north and south pole in the same
direction as the original bar magnet, figure
3-6.

3-2
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Figure 3-2. Lines of Force
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Figure 3-3. Attraction and Repulsion
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Figure 3-4. Compass Action
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Figure 3-5. Magnetizing by Induction
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Figure 3-6. Weber Theory

3-18. The DOMAIN THEORY is based an
the electron spin principle. It assumes that
the electron not only deveiopes an electric
field but also a magnetic field, as it spins
in its orbit. U an atom has equal numbers
of electrons spining in opposite directions,
the magnetic fields surrounding the elec-
trons cancel one another, and the atom is
demagnetized. U more electrons spin in
one direction than another, however, the
atom is magnetized.

3 -19. When a number of magnetized atoms
are grouped together, there is an inter-
action between their magnetic forces. The
small magnetic force of the field surround-
ing the atom affects adjacent atoms, thus
producing a small group of atoms with
parallel magnetic fields. This group of mag-

netic atoms is known as a DOMAIN.

3 -3
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Throughout a domain there is an intense
magnetic field without the influence of any
external magnetic field. Since about 10 mil-
lion tiny domains can be contained in one
cubic millimeter, it is apparent that map
netic material is made up of a large number
of domains. The domains in any substance
are always magnetized to saturation, but
usually randomly orientated throughout a
material. Thus, the strong magnetic field
of each domain is neutralized by opposing
magnetic forces of other domains. When an
external field is applied to a magnetic sub-
stance, the domains will line up with the
external field. Since the domains themselves
are naturally magnetized to saturation, the
magnetic strength of a magnetized material
is determined by the number of domains
aligned by the magnetizing force. This theory
of magnetism is known as the DOMAIN
THEORY.

3-20. Electromagnetism.

3-21. Electromagnetism plays an important
role in electronics. Before exploring the idea
of electromagnetism, let's first define the
term electromagnet: An electromagnet is an
electrically excited magnet capable of exert-
ing mechanical force. Present day examples
of electromagnets include the starter solenoid
on an automobile, electromechanical input-
output devices used with computers, and the
simple door bell. There are many more.
Each of these particular devices operate on
the principle of a current carrying conductor
wrapped around a soft iron core.

3-22. By experimenting -we can prove the
existence of a magnetic field surrounding a
conductor carrying DC. Figure 3-7 illustrates
the procedure used. Note that a straight
piece of wire is passed through a hole in a
piece of glass and connected to a source of
DC through a rheostat and switch. By sprin-
kling iron filings over the glass and then
tapping it gently, the filings will arrange
themselves in circles about the wire. If two
magnetic compasses are placed on the glass,
the compass needles will point in the direction
of the magnetic lines of force. In this experi-
ment the magnetic lines of force are traveling
in a counterclockwise direction. The result

17

Figure 3-7. Electromagnetic Field
(Counterclockwise)

of this experiment shows that a magnetic
field does exist about a current carrying
conductor and that the field also has
direction.

3-23. If the battery Is reversed, as shown in
figure 3-41, the direction of the current in
the circuit is reversed, the direction of both
compass needles will change by 180°, indi-
cating that the direction of the magnetic
field is now clockwise about the wire.

3-24. Thus, a change in the direction of
current produces a change in the direction
of the magnetic field. The important point
to remember with respect -to the above
experiment is that whenever an electric
current is flowing, a magnetic field exists.

3-25. When the wire carrying the electric
current is straight, the magnetic field about
each point on the axis of the wire is cir-
cular. Figure 3-9 shows this circular field
about several such points in the wire.

3-4
...

NEP4-739
Figure 3-8. Electromagnetic Field

(Clockwise)
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Figure 3-9. Magnetic Field Around

a Wire

3-26. The easiest way to find the direction
of the magnetic field about a straight wire
carrying an electric current is by the LEFT-
HAND THUMB RULE for conductors.

3-27. if you grasp the wire by your left
hand so that your thumb points in the direc-
tion of the -flow of electrons, your fingers
curled about the wire will point in the direc-
tion of the magnetic field. Figure 3-10
shows the left-hand thumb rule for finding
the relation between the direction of the
magnetic field and the current in the con-
ducting wire.

3-28. Figure 3-11A shows a cross-eection
of the wire and the magnetic field, and
represents the way the field would appear
if you looked at the end of the wire with
current flowing away from you. The cross
in the center of the wire is used to indicate
that current is flowing away from you into

OtP4 -742

Figure 3-10. Left Hand Rule

the paper. You can find the direction of
the magnetic field in such a diagram by
placing your left thumb perpendicular to
the paper and pointing toward it. The
fingers of your left hand will then be in
the direction of the field.

3-29. Figure 3-11B shows a cross -
section of the magnetic field about a wire
in which the current is flowing out of the
paper. Notice that the direction of the
fields is the reverse of that of figure 3-11A.
if you grasp the wire by your left hand
so that your thumb is pointing directly
upward from the paper, your fingers will
point in the direction of the field. The dot
in the center of the wire is used to indi-
cate the current is flowing out of the paper
toward you.
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Figure 3-11A. Wire and Magnetic Field
(Current Into Paper)
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3-30. Taking the straight wire shown in
figure 3-9 and forming it into a loop as in
figure 3-12, the left-hand thumb rule will
show that the magnetic lines around the wire
enter one face of the loop and all come out
of other face. With current flowing in it, the
loop of wire acts like a short bar magnet.
The face of the loop that the lines enter is
the south pole and the face that they leave
is the north pole.

3-31. If you wind several loops to form a
coil as shown in figure 3-13, a more power-
ful magnetic field will be created. Inside
the coil, the lines are concentrated to, form a
very powerful field while outside the coil,
they are spread out.

3-32. A coil like that of figure 3-13 with
current flowing in it is an electromagnet
and it is equivalent to a bar magnet. Its
magnetic field has the same shape as the
field of a bar magnet and it obeys the same
laws of magnetism that a bar magnet obeys.
That is, the unlike poles of two coils attract
each other and the like poles repel. If the
coil is free to rotate in a horizontal plane
and Is placed in a magnetic field, it will
rotate, as will a compass needle, to take
position such that the lines inside the coil
are parallel to the lines of the field. The
easiest way to find the north pole of a
current carrying coil is by using the LEFT-
HAND THUMB RULE.

-9 /

Figure 3-13. Magnetic Field
of a Coil

3-33. If you grasp the coil by your left
hand so as to allow your fingers to point
in the direction of current flow, your thumb
will point toward the north pole. In figure
3-13, the magnetic lines of force are leav-
ing the north pole of the coil and entering
at the south pole.

3-34. The strength of electromagnets may
be increased by increasing the magnetizing
force. MAGNETIZING FORCE for an elec-
tromagnet is the amount of current through
the c. it times the number of turns of the
coil. More current will set up more lines
of force and thus, make a more powerful
magnetic field. Also, the more turns of wire
wrapped around the core, the stronger the
field. A field of a given strength can be
produced by using many turns of wire carry-
ing a small current or by using few turns

NZP4-744

Figure 3-12. Magnetic Field
of a Loop
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of wire carrying larger current. Thus, an
electric-current of 2 amperes flowing in a
coil of 6,000 turns will produce the same
number of lines as a current of 20 amperes
flowing in a coil of 500 turns. The product
of the number of turns in a coil and the
amperes flowing in the coil is called the
ampere-turns of the coil. Two coils with
the same number of ampere-turns will, if
their cores are identical, produce magnetic
fields of the same strength. The same pro-
duct of amperes and turns gives the same
effect, no matter what the separate values
of current and turns may be.

3-35. ff you place a bar of iron or soft
steel in the magnetic field of a coil (see
figure 3-14), the bar will become magne-
tized. The bar has so much less reluctance
than air, that thousands of additional magnetic
lines are produced by the same current. The
characteristic of magnetic lines to shorten
themselves causes the bar to be pulled into
the coil until the bar is centered in the coil,
where the field is most intense. The bar
becomes magnetized by the field of the coil
in such a way as to be attracted into the coil.

3-36. 1f, in a given coil containing an iron
core, the current is continually increased, a
point is reached where furt...ir increases in
current do not produce corresponding in-
creases in the number of lines of flux. When
this point is reached, the core is said to be

SATURATED. Sometimes, the current in the
coil is deliberately made so large that
saturation of the core takes place. The mag-
netic field, in any electromagnet, is con-
centrated in the interior of the coil. The
number of magnetic lines will be dependent
on the permeability (u) of the core material.
The number of magnetic lines per unit of
area is called flux density. By increasing
the magnetizing force (H), flux density (B)
will also increase. This can be expressed
as B

3-37. Inductance and Inducting Voltage.

3-36. Inductance. The property of a cir-
cuit which opposes any change in current
flow is called INDUCTANCE. All circuits
have inductance. The opposition, however,
lakes place only when there is a change
in current flow. INDUCTANCE does NOT
oppose current flow, only a CHANGE in
current flow. Where current is constantly
changing, as in an AC circuit, opposition
caused by inductance is always present.
The symbol for inductance is the capital
letter "L".

3-39. Inductance opposes a change in cur-
rent flow. This opposition is due to counter
EMF (CEMF). Counter EMF is an opposing
induced voltage caused by self inductance.
The requirements for an induced voltage
are: a magnetic field, a conductor, and
relative motion.

'77circrin
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Figure 3-14. Magnetic Core
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Figure 3-15. Magnetic Fields for Alternating Current

3-40. In figure 3-15A we have a conductor
with an alternating current applied from the
generator. At time TO, in figure 3-15B, the
current waveform is at zero, representing
no current flow in the conductor, and there
is no magnetic field. From TO to T1 the
current is increasing and is flowing from
A to B in the conductor shown in figure
3-15A. This increase in current flow pro-
duces an expanding (or moving) magnetic
field around the conductor. This magnetic
field (shown in figure 3-15C) cuts the con-
ductor as the field expands. We now have a
conductor, a magnetic field, and the rela-
tive motion necessary for induction.

3-41. When the current decreases from
maximum to zero (during the interval T1
to T2, figure 3-15B), the magnetic field
collapses and cuts the conductor in the
opposite direction. We again have a conduc-
tor, a magnetic field, and relative motion.
The same sequence of events occurs during
the interval T2 and T4, except that the
current in the conductor (figure 3-15A)flows
from B to A and produces an opposite
polarity of magnetic field. In all cases,
the induced voltage opposes the change in
current amplitude or direction.

3-8
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3-42. To increase the property of induc-
tance, the conductor is formed into a loop
or coil. In figure 3-16, we have a con-
ductor which forms 2-1/2 loops or turns.
Current flow through one loop produces a
magnetic field that encircles the loop in
the direction shown (figure 3-16A). As cur-
rent increases, the magnetic field expands
and cuts all loops (figure 3-16B). The cur-
rent in every loop affects all other loops.
The field cutting other loops has the effect
of increasing the opposition to a current
change. There are four physical factors
which affect the inductance of a single-
layer coil. They include: (a) the number
of turns in the coil, (b) the diameter of the
coil, (c) the coil length, and (d) the type of
material used for the core.

3-43. First, let us see how the number of
turns affects the inductance of a coil. Figure
3-17 shows two coils. Coil A has two turns,
and coil B has four turns. On coil A, the
field set up by one loop cuts one other loop.
On coil B, the field set up by one loop cuts
three other loops. Doubling the number of
turns in the coil will produce a field twice
as strong using the same current. A field
twice as strong cutting twice the number of
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Figure 3-16. Inductance
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turns will induce four times the voltage. The
inductance then Varies as the square of the

number of turns.

3-44. The second factor is the coildiameter.

In figure 3-18 you can see that coil B has

twice the diameter of coil A. Recall that

magnetic lines repel each other; the greater

cross-sectional area of coil B, therefore,

provides an easier path for the magnetic

flux than the cross-sectional area of coil A.

Again, this has the effect of increasing the

strength of the magnetic field and, in turn,

increasing the inductance of the coil. The

inductance of a coil increases directly as

the cross-sectional area of the core in-
--.

creases. Recall the formula for the area

of a circle: A W r3. Doubling the

radius of a coil, therefore, increases the

inductance by a factor of four.

MSP4747

L

A.

B.

NIZA4-748

Figure 3-17. Inductance Factor (Turns) Figure 3-18. Inductance Factor (Diameter)
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3-45. The third (actor that affects the
inductance of a coil is the length of the coil.
Figure 3 -19 shows the examples of coil
spacings. Coil A has three turns, rather
widely spaced making a relatively long
coil. A coil of this type has few flux linkages,
due to the apace between each turn, and
therefore, low inductance. Coil B has closely
spaced, turns making a relatively short coil.
This close spacing increases the flux linkage,
increasing the inductance of the coil. Doubling
the length of a coil halves its inductance.

3-46. The fourth physical factor is the type
of core material used with the coil. Figure
3-20 shows two coils: coll A with an air

WIDELY SPACED

CLOSELY WOUND

NEP4749

Figure 3-19. Inductance Factor
(Coil Length)

AP

core, and coil B with a soft iron core. The
magnetic core of coil 0 is a better path for
magnetic lines of force than the nonmag-
netic core of coil A. The magnetic core's
high permeability has less reluctance to the
magnetic flux, resulting in more magnetic
lines of force. This increase in the mag-
netic field increases the number of lines of
force cutting each loop of the coil, thus
increasing the inductance of the coil.

3-47. The unit of inductance (L) of a coil
is the henry (11). A coil which de7elopes a
CEMF of one volt when the current is chang-
ing at the rate of one ampere per second
has an inductance of one henry. For the
single-layer coil, we can develop an expres-
sion which shows the relationship of the
four physical factors which approximates
the Inductance:

3-10

A. AIR CORE

B. SOFT IRON CORE

Figure 3-20. Inductance Factor
(Core Material)
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Where:

L Inductance

N Number of turns

A Cross-sectional area of the core

s : Permeability of the core material-

L Length of the coil

k Constant

3-48. An additional factor to increase
inductance is to layer -wind the coil. Figure
3-21 shows a coil using close spacing and
wound in layers. This has the effect of
obtaining maximum flux linkage. Thus, the
layer-wound coil has larger inductance
values than the same size single-layer coil.

3-49. Total Inductance.

....-

3-51. Figure 322 illustrates three coils
(A, B, and C) connected in series In an AC
circuit. Coil A introduces a certain amount
of inductance, coil B adds to this inductance,
and finally coil C adds to the total of A and B.
In order to find the total inductance in a
series circuit, you must add the inductance
of all the coils. The formula for total
inductance of coils connected in series is:

Lt "- LI + L2 + L3 + + Ln

Let us substitute the following values _of
inductance in figure 3-22: A 12 henries;
B 7 henries: and C 3 henries.

Lt : LI + L2 + L3-

Lc 12 H+ 7 H+ 3 H
3 -50. Many times you will come across
circuits with several inductors in them.
These inductors may be connected either Lt r., 22 H
in series or in parallel. The rules for com-
puting the total inductance in a series or
parallel inductance circuit are similar to
the series or parallel resistance circuit.

LAYER WOUND

NSP4 -751

Figure 3-21. Inductance Factor
(Layer Winding)

3-11

D5

NSP4 -752

Figure 3-22. Series Circuit
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3 -52. Now let us see what happens when
we have three coils in parallel as shown in
figure 3 -23. The coils X, Y, and Z provide
three paths for current. The current that
goes through coil X is opposed only by the
inductance of coil X. The same is true of
the current going through coil Y and coil Z.
The formula for computing the total induct-
ance of a parallel circuit, therefore, is as
follows:

L 1t 1 4. 1 4. 1 4.

Ll L2 L3

Now, let us substitute some values for X,
Y, and Z of figure 3-23 as follows:

X 8 henries

Y 16 henries

Z z 16 henries

L -t 1 I 1

Ll L2 L3 +

1

1

Le 1 1 1

811 4. 16H + 16H

Lt 4
16H

Lt a 4 H

3-53. The series and parallel methods of
calculating equivalent inductance can be
applied to any series-parallel circuit con-
taining inductors. Wnen solving for total

Figure 3 -23. Parallel Circuit

inductance in a series-parallel circuit, com-
pute the equivalent inductance for the paral-
lel inductances and then for series inductors.
After each equivalent has been calculated
solve the resulting circuit by substituting
the equivalent inductances in the circuit.

3-54. Notice that the formulas for com-
puting total inductance of inductors con-
nected in series and parallel resemble the
formulas for resistors connected in series
and parallel. An important thing to keep in
mind, however, is that these formulas apply
providing the flux linkages of one coil do
not cut any other coil.

3-55. Inductive Reactance.

3-56. We have mentioned that an inductor
opposes a change in current flow. Knowing
this fact, you can see that an inductor has
very little effect on direct current. A sine
wave of alternating current, however, is
continually changing. This means that the
magnetic field in an AC circuit is con-
tinually changing, generating a CEMF which
is continually opposing the change in current.
In oro%r to understand the effects of an
inductor circuit, we'll analyze the
effects of .4 inductor in a circuit with a
variable current source.

3-57. In figure 3-24A, we have an inductor
connected to a variable current source. The
graph in figure 3-248 shows the relationship
that exists between the current (I) through
and the voltage (E) developed across an
inductor with respect to time. The solid
line represents the current and the dotted
line represents the voltage. This magnetic
field expands and collapses.

3-58. From TO to T1, both current and
voltage are zero. When current flow increases
at a linear rate, as from T1 to T2, it pro-
duces a magnetic field which expands at a

3-12
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Figure 3-24. DC Voltage-Current
Relationship

linear rate. This linear change in magnetic
field induces a fixed voltage (E) across the
inductor. With no change in current, as from
T2 to T3, there is no change in magnetic
field, and thus no voltage is induced. The
induced voltage (E) equals zero whenever
there is no relative motion between the
magnetic Reid and conductors.

3-59. When current flow decreases at a
linear rate, as from T3 to T5, the magnetic
field collapses at a linear rate. This linear
change in flux induces a constant voltage
which is opposing the current decrease.
Notice the polarity of the induced voltage
caused by the collapsing field, from T3 to
T5, is reversed from the polarity of volt-
age developed by the expanding field, from
Tl to T2.
3-60. Also note that the rate of change of
current determines the amount of induced
voitage. From Tl to T2, the rate of change
is twice as fast as from T3 to T5. Current
increased from 0 to 2 in one unit of time
(Tl to T2), but it decreased from 2 to 0 in
two units of time (T3 to T5). Therefore,
the voltage developed from Tl to T2 is
twice the amplitude (+4 units) as from T3
to T5 (-2 units).

341. Now lot's apply a sine wave of alter-
nating current to the inductor to see what
happens. Refer to figure 3-25. At time TO, if
the sine wave of 'current has the same initial
rate of change as shown at Tl in figure 3-24,
the voltage induced will be equal to that
developed at Tl (+4 units). As the rate of
change of current gradually increases, from
TO to Tl, the voltage induced decreases.
At Tl, the current stops increasing. At this
time, we have a zero rate of change and the
induced voltage will be zero. As the current
flow decreases (Tl to T2), its magnetic field
collapses and the polarity of the voltage
induced across the inductor reverses. Notice
that at Tl, with zero rate of change, E a 0.
As the rate of change of current decreases
to minimum at T2, where even the direction
of current flow changes, E 2 maximum with
reversed polarity from TO (-4 units).

3-62. Assume that current flow through the
coil is from B to A, during time TO to T2.
The current through the coil forms an elec-
tromagnet which has one polarity. During the
next half-cycle (T2 to T4), current flows
from A to B and the electromagnet formed
by the current has the opposite polarity.
The electromagnet's polarity depends on
current and has no relation to the voltage
induced by the changing current.

3-13
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3-63. In all cases, the AMPLITUDE of the
induced voltage is determined by the rate of
change of current flow. The POLARITY of
the induced voltage is determined by two
factors: the direction of current flow and
whether it is increasing or decreasing. The
induced voltage opposes any change in cur-
rent flow. If current is increasing, induced
voltage opposes the increase; if current is
decreasing, induced voltage opposes the de-
crease. Of special interest is the factthat for
the sine wave of current, there is a sine
wave of voltage. Refer to figure 3-26. Maxi-
mum CEMF is produced at the first instant
AC is applied to a coil. Anytime the current
is going from zero (0) to some other value
at the maximum rate of change, CEMF is
maximum. During this time the inductor
appears as an open. An open has maximum
voltage across it. When the CEMF is over-
come current begins to flow through the coil.
Effectively, this happens in a purelyinductive
circuit and because of this, we say that cur-
rent lefts the applied voltage across an
induce by 90°.

3 -b4 The inductor reacts to the changing
current by producing CEMF. This CEMF is
produced by the expanding magnetic field
which stores energy and the collapsing of
the magnetic field which restores the energy
back to the circuit. Because the energy is
restored back to the circuit the inductor
dissipates NO power. The opposition an
inductor offers is called REACTANCE. The
symbol for reactance is X. The reactance
of a coil is INDUCTIVE REACTANCE. The
symbol for inductive reactance is XL and is
define ' as the opposition to alternating cur-
rent flow offered by the inductance of a cir-
cuit, We can calculate the inductive reactance
of a circuit by using the formula:

XL rtriL
0 6.28 fL

EA
1

where X
L

- inductive reactance in ohms'

2 7r

f

L

6.28

frequency in hertz

inductance in henries

3-65. As you can see by the formula, there
are two variables which affect inductive
reactance. They are inductance and fre-
quency. You will find that since inductive
reactance is opposition to alternating current
flow, we use the same unit of measure as
we do for resistance.

3-66. Now let us look at two examples to
see how a change in frequency affects the
inductive reactance. U a frequency of 60
hertz is applied to an inductance of 8 henries,
as shown in figure 3-27, what is the inductive
reactance?

Solution:

XL

XL

XL

am fL

(6.28) x (60) x (8)

3014.4 ohms

3-67. Now let's take the same coil and
apply a frequency of 120 hertz as shown in
figure 3-27B.

Solution:

XL 6.28 ft.

X
L = (6.28) x (t20) x (8)

XI, = 6028.8 ohms

Figure 3-26. Phase Relstionship
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60 Hi

120 Hi

0 HENRIES

8 HENRIES

NO4-757

Figure 3-27. Inductive Reactance
(Frequency)

Notice that when the frequency applied to the
circuit increases, the inductive reactance
increases. XL 18 directly proportional to f.

3-68. Now let us look at two examples to
see how a change in inductance affects the
inductive reactance. Connect a coil with an
inductance of 3 henries in a circuit with a
frequency of 80 hertz, as shown in figure
3-28A, and compute the inductive reactance.

Solution:

XL

XL

XL

6.28 fL

go (648) x OW x (3)

1130.4 ohms

3-69. Now substitute a 6henry coil for
the 3-henry coil. The circuit now looks like
the one shown in figure 3-28B.

Solution:

XL

XL

XL

........

r 8.28 fL

2 (3.28) x (60) x (8)

z 228118 ohms

60 Hi II

60 Hi

3 HENRIES

6. HENRIES

NEP4 -758

Figure 3-28. Inductive Reactance
(inductance)

Notice, in this case, that we increased the
inductance of the coil which increased the
inductive reactance of the circuit. XL is
directly proportional to L.

3-70. In inductive circuits which contain
inductors in series, parallel, and series-
parallel, we solve for total reactance in
the same way as we solved for total resistance
in resistive circuits.

3-71. Types of Inductors.

3-72. Figure 3-29 shows the symbols for
several inductors: `A" has an air core,
"B" has a fixed magnetic core, and "C''
has a variable magnetic core. The air-core
inductor is often used in radio-frequency
(RF) circuits while the fixed magnetic core
inductor finds numerous applications in audio-
frequency (AF) and power circuits. The
variable magnetic core inductor is used in
both AF and RF circuits.

3-15
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Figure 3-29. inductor Symbols



3-73. In an earlier lesson, you learned that
power frequendies of 60 and 400 hertz are
within the range of audio frequencies. For
this reason, power and audio-frequency
inductors are similar in construction. The
main differences between the two are the
type of core material and the size of the
wire in the coil. The power inductor is
wound with larger wire to handle larger
amounts of current than the audio-frequency
inductor. Both have laminated cores, but
core losses are held to a minimum in the
audio inductor by using thinner laminations.

3-74. The RF inductor is used in circuits
having frequencies above 20,000 hertz. The
RF inductor normally has an alr core, but
may have a fixed or variable magnetic core.

3-75. Let's look at the physical character-
istics of the three types of inductors dicussed:

POWER - laminated iron core

- medium to large size

- large wire

AUDIO - laminated iron core

- small to medium size

- small wire

- special winding techniques

RF - air - or powdered-iron core

- small size

- few turns

- special winding styles

3-76. Inductor Losses.

3-77. Due to the physical and electrical
characteristics of a coil, when current is
applied there are power losses. Power loss
is defined as energy dissipated without
accomplishing work. There are three types
of power loss in an inductor: copper loss,
hysteresis loss, and eddy current loss.
Methods have been devised to reduce each
Of these losses.

3-78. The first of the three types of inductor
loss we will discuss is the copper loss. Cop-
per loss results from the resistance of the
conductor used to wind the coil. It is a heat
loss which can be reduced by increasing the
size of the conductor, or by using a material
Of lower resistance for the conductor. Nor-
mally, copper loss is reduced by increasing
the conductor size. The only conductor mate-
rial having less resistance than copper is
silver.
3-79. The second inductor loss is hysteresis
loss. As you know, the core of a coil is
magnetized whenever a current is flowing in
the coil. If AC is applied to the coil, the
core is magnetized first in one direction,
and then in the other direction. When a
material is magnetized, the molecuies of the
material align themselves with the magnetic
field. Every time the magnetic field reverses,
the molecules realign themselves. This con-
stant reversal of the molecules causes
molecular friction, thereby producing heat.
Hysteresis loss is reduced by using high
permeability material for the core. The
higher permeability material has less molec-
ular friction.

3-80. The third inductor loss is eddy cur-
rents. Eddy currents are currents which are
induced in the core of the inductor. You
remember our requirements for inducing a
voltage: a conductor, a magnetic field, and
relative motion. In this case, the core is
the conductor which is cut by the expanding
and collapsing fields of the coil, inducing
current in it. Eddy currents cause heat in
the core.

3-81. Eddy currents are reduced by lamin-
ating the core. A laminated core is one made
up of thin sheets of metal, electrically
insulated from one another as shown in
figure 3-30. The insulation does not oppose
the magnetic flux, but it does reduce the
eddy currents by limiting the paths for
current flow.

3 -B2. Often you will see inductors referred
to as CHOKES or CHOKE COILS. These
terms are very descriptive of the charac-
teristics of an inductor. In other words, an
inductor tends to choke or oppose any change
in current in a circuit.
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Figure 3-30. Core Construction

3-83. To better understand the two reac- it is well to compare some of their electrical
Live components, capacitors and inductors, characteristics (see figure 3-31).

V--

CAPACITANCE INDUCTANCE

The property that opposes a change
in voltage.

The property that opposes a change in
current.

Opposition (X f,) varies inversely
with frequency.

Opposition (XL) varies proportionally
with frequency.

Opposition (XC) varies inversely
with C.

Opposition (XL) varies proportionally
with L.

Capacitors in parallel, Ct becomes
larger.
F

Inductors in parallel, Lt becomes
smaller.

Capacitors in series, Ct becomes
smaller.

Inductors in series,.Lt becomes
larger.

Capacitor current leads E
C

by
90 degrees.

Inductor current lags EL by
90 degrees.

Large current flow to charge C
opposes voltage changes.

Large CEMF induced to oppose
changes.

1

Figure 3-31. Reactance Comparison
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Chapter 4

TRANSFORMERS

4-5. Another type of induction is MUTUAL
INDUCTION. Mutual induction is defined as
the action of inducing a voltage in one cir
cuit by varying the current in some other
circuit.

4 -1. Transformers are used in many dif
ferent types of circuits. Their use depends
on the circuit configuration. No matter how
the transformer Is used the basic principles
of electromagnetic induction are employed.

4-1. Electromagnetic Induction.

4-3, In the previous chapter, inductance
was discussed and explained. When current
flowed through a coil of wire, a CEMF was
produced as the magnetic field cut the turns
of the coil. This process of producing a
voltage, by an expanding or collapsing map
netic field, is called ELECTROMAGNETIC
INDUCTION. There are three requirements
for induction: a magnetic field, a conductor
and relative motion between the field and
conductor. Relative motion means that either:
the conductor is moving through the mag-
netic field; or the field is moving across
the conductor.

4-4. Let us discuss some of the other
terms that we will encounter in dealing with

.... inductance. Figure 4-1 shows only one con-
ductor, and the CEMF is induced in this
conductor. This is SELF-INDUCTION. Self-
induction is defined as the process by which
the magnetic field of a conductor Induces a
CEMF in the conductor Itself. The symbol
for self-induction is the same as the symbol
for inductance; that is the letter "11'.

A a

Figure 4-1. Self Induction

qs

4-0. In figure 4 -2, a second coil is placed
within the range of the expanding and col
lapsing field of the first coil. The moving
magnetic field around coil A cuts across
coil 13 inducing a voltage across coil Iii
which causes a current to flow in the volt-
meter. This effect between two inductances
is called MUTUAL INDUCTION and the
inductance shared by the two coils is called
their MUTUAL INDUCTANCE. Two circuits
so placed that energy is transferred by mag-
netic linkage and having no physical connec-
tion between coils, is said to be inductively
coupled. The symbol for mutual inductance
is the letter M and the unit of measure is
the henry (H).

4-'7. Each time the magnetic field builds
up or collapses, it cuts across coil B. Here
we have the three requirements for induc-
tion: a magnetic field, a conductor, and
relative motion. The Ouse relations of cur-
rent and voltage In the two windings are such
that the polarity of the voltage induced in
coil 13 will always set up a current, the
magnetic field of which will oppose or be
180 degrees out of phase with the inducing
field of coil A. If both coils A and Li are

4-1
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Figure 4-2. Mutual Induction



wound in the same direction on an iron core,
whenever the top of coil A is positive the top
of coil B will be negative. Normally this phase
reversal will take place.

4-8. The unit of measure for inductance is
the HENRY. A henry is defined as: The
inductance in a circuit which induces an EMF
of one volt when the current is changing at a
rate of one ampere per second. The symbol
for henry is H.

4-9. Closely associated with induction is
flux linkage. Flux linkage is defined as the
interlocking of magnetic lines of force; it is
the number of these flux linkages within a
coil that determines the inductance of a coil.

4-10. Figure 4-3 symbolizes flux linkage.
The coils shown in figure 4-3A have a smaller
amount of flux linkage than the coils shown in
figure 4-38. Notice that few lines of force
from coil 1 link coil 2 in figure 4-3A, while
many lines of force from coil 3 link coil 4
in figure 4-3B. The ratio of the number of
flux lines that cut a second coil to the total
number of flux lines that originate in -v.
first coil is called COEFFICIENT OF COUP-
LING. Coefficient of coupling is explained
later in this chapter.

4-11. A transformer is a device that trans-
fers electrical energy from one circuit to
another by electromagnetic induction. The
energy is always transferred without change
in frequency but usually involves changes in
voltage and current. Because transformers
work on the principle of induction, they must
use a changing current source to supply a
continuous output. A simple transformer
consists of coils of wire placed on some
type of core.

4-12. SCHEMATIC SYMBOL. A basic
transformer symbol looks like two coils as
shown in figure 4-4A. The winding that is
connected to the source is called the PRI-
MARY winding. The winding that supplies
energy to the load is called the SECONDARY
winding. A transformer may have several
secondary windings, figure 4-4B. Frequently,
additional connections are made to a trans-
former winding between the end connections.

4-2

A

Figure 4-3. Coefficient of Coupling

These additional connections are called taps,
figure 4-4C. A tap placed at the center of a
winding is called a center tap, figure 4-4D.
The SENSE DOTS ( ) shown in figure 4-4E
and 4-4F indicate the ends of the windings
which have the same polarity at the same
instant of time. If sense dots are not used, a
phase reversal of 180° is assumed.

NOTE. The phase of the output volt-
age may be reversed by reversing the
leads of the primary or secondary coil.

4-13. CORE. Just as an inductor has
either an iron core or an alr core, figure
4-5, a transformer usually has an alr core
or some form of an iron core. Figure 4-5
shows the schematic representation. The
windings are positioned so that the flux
lines of one inductor tuts the other induc-
tor. The alr core transformer is com-
monly used in circuits carrying radio-
frequency energy. Radio-frequency trans-
formers, also use powdered iron, brass, and
aluminum cores. Transformers used in
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Figure 4-4. Transformer Schematic Symbols

low-frequency circuits require a core of low-
reluctance magnetic material to concentrate
the field about the windings. This type of
transformer is called an iron-core trans-
former; audio and power transformers are
of the iron-core type.

4-14. Transformer Action. For principles
of transformer action, use the simplified
diagrams of figure 4-6. The transformer of
figure 4-6A consists of a 10-turn primary
winding and a 2-turn secondary winding. The
ratio of the number of turns in the primary
to the turns in the secondary is called the
TURNS RATIO. The turns ratio pertains to
the step-up or step-down ratio from primary
to secondary.

AIR 'CORE WIITER
CORE

I
Iii_
EWINDINGS

**ULTIMA
SECONDARYD E E D

A B C

Figure 4-5. Core Types
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4-15. U an AC input is applied to the pri-
mary winding and no load is connected to
the secondary winding, the primary acts as a
simple inductor. The current flowing in the
primary will depend on the amplitude of the
applied voltage and the inductive reactance
of the primary. This current produces a
magnetic field which cuts the primary and
secondary as It expands and collapses. This
produces a CEMF in the primary (self-
inductance), which nearly equals the applied
voltage; and induces a voltage in the second-
ary (mutual inductance). The amplitude of

4-3

I I 11

10 TURNS
PRIMARY

7 TURNS
SECONDARY

t'S...4,

A

0 TURNS
SECONDARY

P7

TURNS
RN1AR

Figure 4-6. Turns Ratio Comparison



the voltage induced into each turn of the
secondary will be identical to the CEMF
produced in each turn of the primary.

4-16. With 10 volts applied across ten
turns, there will be developed a counter
EMF of nearly i volt per turn. A 2-turn
secondary will then have an induced voltage
of 2 volts (1 volt per turn). Thus, a turns
ratio of 10 (primary) to 2 (secondary) has
produced a step-down In voltage, from 10
volts (primary) to 2 volts (secondary). Thus,
the transformer is described as being a
step-down transformer.

4-17. Figure 4-6B shows a transformer
with a step-up turns ratio of 1:4. An input
of 10 volts applied to the primary will pro-
duce 40 volts in the secondary. Notice that
the TURNS ratio equals the VOLTAGE ratio
in all cases.

We can express this as an equation:

Ns E
s

where:

Np 7. number of turns in the primary.

Ns = number of turns in the secondary.

E : voltage of the primary.

Es voltage of the secondary.

4-18. The extent to which magnetic lines of
the primary cut across the secondary is
expressed as a COEFFICIENT OF COU-
PLING. We assumed the transformers in
figure 4-6 had a coefficient of coupling of 1.
This means that all of the magnetic lines of
the primary link the secondary. That is,
100% of the flux lines produced by the pri-
mary winding cut the secondary winding. A
coefficient of coupling of .9 indicates that
90% of the flux lines produced by the pri-
mary cut the secondary. A coefficient of
coupling less than 1 reduces the voltage
induced in the secondary.

4-19. Up to now, our discussion of the
transformer action has been with no load on
the secondary, we considered induced volt-
age only. The polarity of the Induced voltage
can be determined by the use of the left-
hand rule. When a load is connected to the
secondary winding of a transformer, cur-
rent flows in the secondary. The magnetic
field produced by current in the secondary
interacts with the primary field. This inter-
action is truly mutual inductance, where both
primary and secondary currents induce volt-
ages. The magnetic field produced by second-
ary current is in direct opposition to the
primary magnetic field, and cancels some
of the primary field. This reduces primary
CEMF, and, as a result, primary current
increases. Therefore, as secondary current
increases primary current increases.

4-20. Total power available from a trans-
former secondary must come from the source
which supplied the primary. Remember, a
transformer does not generate power, it
merely transfers power from a primary
circuit to a secondary circuit. U the trans-
former is 100% efficient, total primary power
equals secondary power. Figure 4-7A shows a
100 (1, load connected to the secondary. The
transformer has a step-up turns ratio of
1:10. Ten volts applied to the primary will
produce 100 volts in the secondary. Current
through the 100s1 load will be 1 amp. Power
consumed in the load is (I x E = P) 100
watts. This power must come from the
source. The source must supply 10 amps
at 10 volts (I x E = P) or 100 watts. Notice
that we have a step-up in voltage (1:10)
and a step-down in current (10:1). Power
supplied to the LOAD comes from the
SOURCE, and we have no losses in the cou-
pling. This transformer is 100% efficient
because output power equals input power.

4-21. Refer to figure 4-7B. The trans-
former has a step-down turns ratio of 5:1.
Fifty volts applied to the primary will induce
10 volts in the secondary. U we use a 10S/
load connected to the secondary, we will
have 1 amp of current (Is _2-) and power

ns
consumed by the load is lOwatts = I x E).
Now the source must supply 10 watts of
power. With 50 volts, the current needed
to provide this power is:

4-4
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Figure 4-7. Reflected Impedance

I o P
P E

10 watts
I 50 volts

I 5 amp (0.2 amp)

4-22. Notice that we have a step-down in
voltage but a step-up in current. The cur-
rent is increased by the same ratio as the
voltage decrease. Again, our calculations
assume a 100% efficient transformer. To
our turns-voltage ratio

L'

N
_2

E we can
g

N Es s
add a current ratio:

Ns Es

where:

I current in the secondary.

I '1 current in the primary.

Recall the axiom which states that "quanti-
ties equal to the same thing, are equal to
each other." We can, therefore, use the above
equation in three forms:

Ns Es

E Is
Es Ip

= 8
Ns Ip

4-23. IMPEDANCE. In general, AC cir-
cuits corsist of resistance and reactance.
The lumped sum of these oppositions to AC
current is called IMPEDANCE (Z). Because
impedance is opposition to current flow,
impedance is measured in Ohms ( a ). As
the secondary impedance (Zs) changes, the
secondary current (Is) changes. As explained
earlier, a change in Is causes a change in
primary current (Ip). Ohm's law shows that
this effects primary impedance (Zp). Ep
IP x Zp. Therefore, a change in Zs will
cause a change in Zp. This action is called
REFLECTED impedance. The following for-
mulas show the inter-action between the
source and the load:

P 7,
182

Zs I 2
Z E 22 -P_
Zs Est

N2
Zs

r.2.

4-24. Practical transformers, although
highly efficient, are not perfect devices.
They range from 80 to 98 percent efficient.
Primary power must be slightly greater

4-5
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than secondary power to offset the decrease
in efficiency. The losses associated with
transformers are the same as the losses
for inductors. Efficiency can be computed
by dividing transformer output power by
input power.

4-25. Types of Transformers. in general,
we have four types of transformers: auto-
transformers, power transformers, audio
transformers, and RF transformers.

4-26. The autotrosformer is a special
type of transform dr. By definition, it is a
transformer with a single winding (elec-
trically) which is tapped. The whole winding
may be used hs the primary and part as a
secondary (step-down) or part of the winding
may be used as the primary and all of the
winding used as the secondary (step-up).
Figure 4-8 shows the symbol and several
possible connections. Notice, in all cases,
that a complete DC circuit exists between
primary and secondary.

4-27. Autotransformers may be used in
power circuits, audio circuits, or RF cir-
cuits. Figure 4-8 shows the symbol for
power and audio autotransformers. The sym-
bol for an RF autotransformer is the same
except that it often has an air, core.

4-28. Power transformers are often con-
structed with two or more secondary wind-
ings. Thus, one transformer can provide
several voltage level outputs. The schematic
in figure 4-9 is an example of a typical
power transformer. The secondaries pro-
vide a wide selection of voltages and cur-
rents. Power transformers are designed to
operate on the common power line fre-
quencies (50 to 1600 Hz) and to handle
relatively large amounts of power.

PRIMARY SECONDARY

STE LP 7ITEP nowt+
2-3

1-3 .
I

t-2
2-3

L 2-3
1-*
1-; I

2

Figure 4-8. Autotransformer

4-6

Figure 4-0. Power Transformer

4-29. The audio transformer resembles a
power transformer in appearance; however,
it has several internal refinements. The
core material is carefully selected and
special techniques are used to fabricate the
windings. Audio transformers are designed
to operate over the audio range of 20-20,000
Hz. Audio transformers are available with
multiple primaries and/or secondaries.

4-30. The RF transformer is used for fre-
quencies above the audio range. The symbol
for an air-core RF transformer is shown
in figure 4-10.

Figure 4-10. RF Transformer

4-31. Troubleshooting Transformers. There
are times, when you are troubleshooting a
system, that you may want to check a trans-
former for opens or shorts, or you may
want to determine whether a transformer
steps up or steps down the voltage. Let's
first see how to check a transformer for
an open or short.

4-32. An open winding in a transformer
is located by connecting an ohmmeter, as
shown in figure 4-11A--the ohmmeter reads
infinity. The reading on a good winding
should be the resistance of the winding.
Both the primary and secondary windings
may be checked in this manner. (Observe
that, when using the ohmmeter, no power
is applied and the circuit component is
isolated.)
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Figure 4-11. Transformer Malfunctions Figure 4-12, Power Transformer

4-33. The ohmmeter may also be used to
check for a shorted winding, as shown in
figure 4-118. However, this method is not
always accurate. For example, Suppose a
transformer winding has 500 turns and a
resistance of 2 ohms and 5 turns were shorted
out. This would reduce the resistance of the
winding to 1.98 ohms-not enough difference
to be read on an ohmmeter. The best way to
check the transformer for shorted windings
is to apply the rated input voltage to the
primary and measure the output voltage of
the secondary. U the output voltage is low,
you can assume that the transformer has
some shorted windings.

4-34. Earlier in this lesson we learned that
the turns ratio determined whether the volt-
age was stepped-up or stepped-down and by
what amount. Let's look at figure 4-12. The
primary has 110 volts applied, one secondary
has a 5 volt output while the other secondary
has a 330 volt output. Assuming a coefficient
of coupling of 1.0, the turns would be 22 to 1
for the 5 volt secondary and 1 to 3 for the
330 volt secondary. Let's further assume
that the transformer has a 220 turn primary,
10 turn (5 volt) secondary. The 5 volt wind-
ing, since it has the least number of turns,
will have the smallest resistance, and the
330 volt secondary (with 660 turns) will have
the largest resistance. This shows how you
can use resistance readings to determine
whether a transformer has a step-up or
step-down turns ratio. In a step-down trans-
former, the resistance of the secondary wail
be less than that of the primary. In a step-up
transformer, the secondary will have the
higher resistance.

4-35. Another way to determine whether a
transformer has a step-up or step-down
turns ratio is to apply a voltage to the

19Y

primary and measure the output of the
secondary. When checking a transformer
in this manner, be sure that you do not
apply voltages that exceed the rating of the
transformer or of the meter. Figure 4-.13A
shows a transformer with a 10 volt input
and a 50 volt output. This indicates that
the transformer has a step-up ratio of 1
to 5. Figure 4 -13 B shows a transformer
with 10 volts applied to the primary and a
voltmeter reading of 2 volts across the
secondary, indicating a 5 to 1 step-down
transformer.

4-7

108

1

A

B

Figure 4-13. Step-up and Step-down
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Chapter 5

ELECTROMECHANICAL DEVICES

5-.1. Electromechanical devices are devices
that use electromagnetism to operate. One of
the simplest devices that falls in this group
is the relay. Relays use the magnetic effect
produced when a current is applied to a coil
to attract an iron bar. This iron bar opens or
closes other circuits. The electromechanical
devices which will be explained in this chapter
are: relays, microphones, speakers, meter
movements, motors, and generators.

5-2. Electromagnetic Relay.

5-3. While relays are made in many dif-
ferent sizes and shapes and are used for many
different purposes, all electromagnetic relays
operate on the principle that iron is attracted
to a pole of an electromagnet. A relay consists
essentially of a coil with 'an iron core and
movable iron bar. When current flows in the
coil, electromagnetism pulls the movable bar
toward the core. The movement of the bar
opens or closes a circuit. The relay is usually
referred toss a remote control switch because
it can control the operation of other circuits
without being in the same area.

5-4. Figure 5-1 shows a basic relay and
relay circuit. The relay itself consists of five
main parts: core, coil, armature, contacts,
and spring. When switch S is closed, current
flows through the coil and causes a strong
magnetic field to be set up around the coil, This

CORE

RELAY
CIRCUIT

COIL

*1001
CONTACTS

4--- ARMATURE

SPRING

LAMP CIRCUIT

RZP4-1992

Figure 5-1. Relay Circuit
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magnetic field pulls the armature toward the
core of the coil, causing the contact points to
close; this completes a path for current in the
lamp circuit. Closing the relay circuit controls
the lamp circuit, and the lamp glows. When
switch S is opened, the field about the electo-
magnet collapses; the spring pulls the artna-
ture contacts apart andthe lamp circuit opens.

5-5. Electromagnetic relays may be repre-
sented by a schematic diagram, rather than
the pictorial illustration of mechanical com-
ponents used in figure 5-1. Figure 5-2A shows
a single pole, single throw (SPST) relay with
the contacts in the normally open (N.0.}posi-
tion. When current flows through the coil, the
contacts close. Figure 5-2B shows a SPST
relay with the contacts normally closed (N. C }
When current flows through the coil, the con-
tacts open. Figure 5 -2 C shows a single pole,
double throw (SPOT) relay. This type of relay
is used to transfer a circuit function from
one condition to another condition.

5-6. Note the relays shown in figure 5-2
are in the deenergized position; no current
is flowing through the coil. in all schematic
diagrams the relays are deenergized unless
otherwise stated.

5-1

5-7. Relay Circuits.

SPST N.O.
A

SPST N,C.
B

1

SPOT

C

Figure 5-2. Relay Symbols



5-8. Holding Relay. Figure 5-3 shows a
holding relay circuit. The closing of switch
S2 will permit current to flow in coil C. The
contact arm (which contains iron) will be
attracted toward the upper end of the elec-
tromagnet, thus closing the circuit at A. This
permits a complete path for current in coil
C and in the lamp circuit. The lamp will glow.
Now opening the switch S2 will not open the
coil or lamp circuit. In order to do this,
switch SI must be opened. This is the action
of a HOLDING RELAY.

5-9. Remote Control or Starting Relay. A
common use of the relay is in an automobile
starter circuit. The ignition switch on the
instrument panel activates a relay which,
upon closing, permits high current to flow
in the starter motor circuit. The starter
armature rotates and by a gear arrangement
rotates the crankshaft. Figure 5-4 shows the
switching arrangement.

5-10. When the ignition switch closes the
relay coil circuit, current flows in the coil.
The many turns of wire that form the coil
offer enough resistance to limit the current
to a fraction of an ampere even though the
coil is connected directly across the battery.
This current causes an electromagnetic force
which pulls the iron bar B toward the coil
and closes the starter motor circuit. Note
that the conductors in this circuit are short,
heavy cables. The large size of the cables

and their short length decreases the 12R loss.
The expense and weight of a starter circuit
which routes the heavy current through the
switch on the instrument panel is prohibi-
tive. A small current in the relay coil circuit
can control a very large current in the starter
circuit.

Figure 5-3. Holding Relay

HEAVY CAM

IGNITION
SWITCH

12V

SMALL WIRE

'RELAY

J

Figure 5-4. Starter Relay

5-11. Overload Relay. Another application
of an electromagnetic relay is its use as a
protective device, similar to a fuse..Refer
to figure 5-5. When switch S is closed,
current flows through the relay coil and
load resistor (RL). Let us assume normal
circuit current is 10 mA. Let us also assume
the relay requires 20 mA of current to flow
through the coil before it will energize.
Suppose the load resistor partially shorts
out causing the circuit current to exceed
20 mA. As soon as 20 mA of current flows
through the relay coil, the relay will ener-
gize and interrupt the path for current.
Once energized, the latch will lock in the
open position. After the trouble has been
corrected, the reset button can be pushed
to unlock the armature. It then returns to
its N.C. position. The action of the relay
described here is that of an OVERLOAD
relay with manual reset. Mcre elaborate
overload relay circuits often use an auto-
matic reset feature.

5-12. In electronic systems many differ-
ent types of relays are used. Not all of
them, by any means, are employed for
remote control switching. Regardless of
their purpose, the principle of operation is
the same: A current through a coil creates

LATCH

IL RESET
BUTTON

Figure 5-5. Overload Relay
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Figure 5-6. Permanent Magnet Speaker

an electromagnet which causes the move-
ment of an iron bar. This movement of the
bar causes another circuit to close or open.

5-13. Care of Relays. A relay should be
inspected and checked thoroughly and fre-
quently to insure troublefree operation.
Make a visual check of the contacts using
a magnifying glass. If the inspection reveals
an oxide coating or .carbon deposit, use a
relay burnishing tool to wipe the contacts
clean. Never file the contacts. Check arma-
ture spring tension. A weak spring or
improper adjustment of spring tension could
cause the relay to chatter. Check the relay
coil for signs of overheating. A partially
shorted coil could cause chatter, hum, or
reduced magnetic pulling power. An open
coil would result in the relay's failure to
energize. When in doubt as to the electrical
continuity of the coil, check its resistance
with an ohmmeter and compare measured
reading against the manufacturer's speci-
fied value. Following good preventive main-
tenance techniques will assure relay
reliability.

5-14. Loudspeakers.

5-15. The loudspeaker is a device which
converts electrical energy to sound energy
(sound waves). They will be found in radios,
televisions, stereos, public address sys-
tems, and other places. Loudspeakers of
various types and with different design
characteristics are used in a variety of
applications.

/4s3
SOFT IRON CORE

Figure 5-7. Electromagnetic Speaker

5-16. Dynamic Loudspeaker. The speaker
most commonly used in present day radio
receivers and phonographs is the permanent -
magnet dynamic (or moving coil) speaker.
The permanent-magnet dynamic speaker is
referred to as a PM speaker.

5-17. The dynamic speaker in figure 5-6

uses a small coil, called the voice coil,
wound on a cylinder of bakelite or fiber
material. The voice coil is mounted so that
it is able to move back and forth. The voice
coil is centered around the pole piece by a
very flexible, springy material called a
spider. The spider is also attached directly
to the paper cone. Audio frequency varia-
tions of current passing through the voice
coil produce a varying magnetic field whim
interacts with the magnetic field of the
speaker magnet. The interaction of the mag-
netic fields cause motion of the voice coil.
Since the speaker cone is directly connected
to the voice coil, its motion corresponds to
that of the voice coil. This movement will
disturb the air and produce sound waves
directly related to the audio signals applied
to the voice coil.

5-18. The electromagnetic dynamic loud-
speaker is the same as the permanent-
magnet dynamic loudspeaker except the
permanent-magnet is replaced with an elec-
tromagnet (field coil), as shown in figure
5-7.

5-19. To achieve good tonal quality the
loudspeaker must have a good frequency

5-3
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response. it must reproduce all frequencies
in the audio range. Some of the factors which
affect the frequency response are the cone
size, material, shape, and enclosure.

5-20. Earphones. The operation of the ear-
phone causes a diaphragm of metal, paper,
or fiber to vibrate at an audio frequency
rate and produce sound. The earphone shown
in figure 5 -8 shows how a diaphragm is made
to vibrate. The phone comprises a horseshoe-
shaped permanent magnet with two pole
pieces as shown in figure 5-6A. Two coils,
a vibrating metal diaphragm, and an enclo-
sure complete the earphone. A cross-
sectional view is shown in figure 5-6B.

5-21. With no current in the coils, the
magnetic field between the poles holds the

N S

A. Permanent Magnet with Pole Pieces

DIAPHRAGM

COILS

AUDIO
INPUT

B. Basic Design of Earphone

Figure 5 -8. Earphone

5-4
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Metal diaphragm in the position shown by the
solid line. Shen current passes through
the coils, it causes a magnetic field which
aids or opposes the magnetic field of the
permanent magnet. This increase or
decrease in the magnetic field varies the
tension on the diaphragm. An alternating
current applied to the coils causes the
diaphragm to vibrate at the frequency of
the applied current and gene rate a sound wave.

5-22. Microphones.

5-23. There are many different types of
microphones, but all have certain character-
istics in common. They are electro-acoustic
transducers that convert soundenergy (sound
waves) into electrical energy.

5-24. The type of microphones or electro-
acoustic transducers that will be discussed
are the carbon microphone, the capacitor
microphone, the crystal microphone, dy-
namic microphone, and the velocity ebbon
microphone.

5-25. Carbon Microphones. The carbon
microphone operates on the principle of vary-
ing the resistance of granules of powdered
carbon by varying the pressure on them.
Shen the granules are compressed (close
together), the electrical resistance de-
creases. The sound waves strike a metal
diaphragm, causing it to vibrate at an audio
rate. The diaphragm is attached to a metal
pin, as shown in figure 5-9A. This pin comes
in contact with the carbon granules
and causes them to alternately come closer
together and farther apart. This varying
resistance causes the current to increase
and decrease at an audio rate, as shown in
figure 5-9B.

5-26. The frequency response for the carbon
microphone is poor. The response is good
for the reproduction of the human voice,
but is too limited for good reproduction of
music. The carbon microphone is inexpensive
rugged, and highly reliable.

5-27. Capacitor Microphones. The capacitor
microphone consists of a metal backing
plate, with a thin metal diaphragm set close
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Figure 5-9. Carbon Microphone

to it, as shown in figure The backing

plate and the diaphragm form the plates of

a capacitor. The sound waves cause the dia-

phragm to vibrate, varying the distance
between it and the plate. These changes in

spacing cause changes in the capacitance.
This changing capacitance is placed in a
series circuit and causes the current to

change through the resistor, as shown in

figure 5-108.

5-28. The capacitor microphone has excel-
lent frequency response andgiveshigh quality
reproduction to speech and music. However,
it is extremely delicate and can be easily
damaged by mechanical shock or high-
intensity sound waves.

5 -29. Crystal Microphone. The crystal
microphone makes use of the piezoelectric
effect. Certain crystalline structures, such
as quartz and Rochelle salts, generate an

electrical potential when they are made to
bend. The polarity and amount of electric
potential depends upon the direction

and amount of mechanical pressure. The

crystal microphone utilizes this potential.

DIAPHRAGM

A

BACKING
PLATE

8

OUTPUT

Figure 5-10. Capacitor Microphone

5-30. The basis of the crystal microphone
is a pair of crystal slabs with foil bonded

to each side. These are clamped together

as shown in figure 5-11A. Figure 5-11B

shows two pairs of crystal slabs mounted

in series. The crystals are enclosed in a
light membrane which protects them from

dust and moisture. The sound waves cause

the crystals to vibrate as shown by the dotted

lines in the figure and produce alternating

5-5
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current. This type of microphone has an
excellent frequency response, is rugged and
reliable, and requires no external power. It
can be made extremely small and is generally
found in portable sound systems.

5-31. Dynamic Microphone. The dynamic
microphone makes use of the moving-coil
principle used in the dynamic loudspeaker.
Sound waves vibrate the diaphragm and cause
the movable coil to move in a magnetic field.
Movement of the coil in the magnetic field
induces an alternating current in the coil at
the frequency of vibration.

5-32. It will be recalled that the coil motion
in a dynamic loudspeaker is produced by
passing an alternating current through the
movable voice coil, and that the motion is
coupled to a diaphragm which generates
sound waves. Therefore, many intercom-
munications sets use the same device as
both a loudspeaker and a microphone, with
the proper connections being made by means
of a PUSH-TO-TALK button. However, a well
designed dynamic microphone, as is illus-
trated in figure 5-12, is not usable as a
loudspeaker.

5-33. Velocity-Ribbon Microphone. The
velocity-ribbon microphone makes use of
the current produced when a corrugated
aluminum ribbon suspended in a strong mag-
netic field is caused to vibrate. Figure 5-13

illustrates the construction of such a
microphone.

PERFORATED
COVER DIAPHRAGM

PERMANENT MAGNET

CCM.

CORRUGATED
RIBBON

OUTPUT

CLAMPS

CORRUGATED
RIBBON

MOTION

OUTPUT

PERMANENT
MAGNET

Front View

Side View

CLAMPS

Figure 5-13. Velocity Ribbon Microphone

5-34. The operation of the velocity-ribbon
microphone is essentially the same as that
of the dynamic microphone. Sound waves
cause the aluminum ribbon to vibrate in
the strong magnetic field and induces an
electric current in the ribbon. The ampli-
tude of the current depends on the velocity
at which the ribbon moves through the field,
which varies with the volume of the sound.

5-35. The velocity-ribbon microphone
is a fairly rugged device which reproduces

NOTION speech and music of good quality and needs
no external power. It is highly directional,
an important advantage where the pick-up
of surrounding noise is undesirable.

Figure 5-12. Dynamic Microphone

5-6

5-36. Meter Movements and Circuits.

5-37. You already know that meters are
used to measure electrical quantities. You
have used a niultimeter which measures volt-
age, current, and resistance; its operation
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depends on the passage of an electric current
through It Your multimeter movement has
its circuit designed and the scales calibrated
to measure various values of the three basic
electrical units; volts, ohms, and amps.
Three classes of meters use electromag-
netism: moving-iron meters, moving-coil
meters, and dynamometers. When current
flows through a coil, it produces a magnetic
field which is directly proportional to the
amount of current. The strength of this field
can be used to indicate the amount of current
passing through the coil. The moving-coil
meter is the most popular type meter move-
ment used today.

5-36. Moving-Coil Meter. The meter
movement most commonly used in electronics
is the permanent magnet moving coil, pre-
ferred because of its accuracy, ruggedness,
and linear scale. In 1662, Arlene d'Arsonval,
using the moving-coil principle, developed a
galvanometer. In 1866, Dr. Edward Weston
modified the design to make the meter easily
portable. The basic movement still is refer-
red to as the d'Arsonval movement.

5-39. Figure 5-14 illustrates the component
units of a permanent magnet moving-coil
meter movement. The permanent magnet,
which is horseshoe-shaped, is made of a high
permeability alloy such as alnico. The perma-
nent magnet is terminated by pole pieces,

which are constructed of soft iron to inten-
sify the flux in the required region. The
moving coil consists of many turns of fine
copper wire wound around an aluminum
bobbin, positioned in the magnetic field be-
tween the pole pieces. The current to be
measured, or a predetermined portion of it,
passes through this coil. This current makes
an electromagnet which reacts with the
permanent magnet's lines of force, and the
bobbin moves. Attached to the aluminum
bobbin is a pointer, and the moving bobbin
causes the pointer of the meter to move.
Retaining pins limit needle movement.

5-40. Due to its own momentum, the pointer
could oscillate rather than atop at the proper
position. The movement of the aluminum
bobbin through the magnetic field however,
induces currents in the bobbin whichproduce
a torque on the bobbin that opposes the oscil-
lations. Two spiral springs cause the needle
of the meter to return to zero when no
current flows through the moving coil; they
also provide a path for current into and out
of the coil. The electromagnet resulting from
coil current must have the proper polarity
to deflect the pointer from left to right.
Reversing the current through the coil sets
up a reverse polarity, and the needle PEGS
against the left retaining pin. This can bend
the needle, which will cause incorrect
readings and permanent damage to the meter.

RIGHT RETAINING PIN

ZERO AOJUST SCREW

SPIRAL
SPRING

PERMANENT
LEFT RETAINING P1

MAGNET

POLE
PIECE

ALUMINUM
BOBBIN

MOVABLE COIL

Figure 5-14. Meter Movement
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5-41. Most moving-coil meters used for
DC measuremcnts have a linear scale, with
equal spaces between the numbers, similar
to the one shown in figure 5.15A. The amount
of deflection is directly proportional to the
amount of current flowing through the coil.
When the rated current flows through
the meter, the pointer deflection is full-
scale. When half the rated current flows
through the coil, the pointer deflection is
half-scale, and so on. For example, point A
on the scale corresponds to a reading of 1.2,

point B reads 6.5, and point C reads 8.8.
Compare the linear scale to the square-law
scale shown in figure 5-15B.

5-42. Figure 5-16 illustrates a moving-coil
meter movement schematic symbol. When
current flows through the coil, it rotates
causing the pointer attached to the coil to
move across the scale. The amount of cur-
rent required to move the needle from zero
to full-scale deflection (FSD) is a measure
of meter SENSITIVITY. The less current
required to move a pointer to full-scale
deflection, the greater the meter sensitivity.
Meter sensitivity is expressed in milliamps
or microamps. For example, if 50 micro-
amps of current flowing through the meter
coil causes full-scale deflection, then
the sensitivity of the meter movement is 50

microamps. Once a meter movement has
been manufactured with a given sensitivity,
it cannot be changed.

A. Linear Scale

o11111A1111tiUIU

B. Square-law Scale

Figure 5-15. Meter Scales

5-8

Figure 5-16. Meter Coil

5-43. A single meter movement can be con-
nected as an ammeter, a voltmeter or, an
ohmmeter. Each of these, in turn, can have
multiple ranges of operation.

5-44. Am meter. In the ammeter, the movable
coil has a very low resistance, and the volt-
age drop across it is small. YOU MUST
NEVER USE THIS METER IN A CIRCUIT
WHERE THE CURRENT MAY EXCEEr
THE METER RANGE.

5 -45. The range of an ammeter may be
increased by placing a shunt resistance
in parallel with the moving coil of the meter
movement. This resistance, Rs, in figure
5-17, allows shunt current, Is, to bypass
the meter movement. The following example
will show how the shunt resistance increases
the range of the ammeter.

I= 20 mA

l0
%sekA+1+61.1°

R1 1.

'l

III.

m

MAYAN
Is Rs

REPO -1995

: 20 mA

SCHEMATIC SYMBOL

Figure 5-17. Current Meter
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6-46. EXAMPLE: In the meter movement
of figure 6-17, full-scale deflection of the
needle occurs when 2 mA flows in the movable
coil. The resistance Rm of the coil Is 50
ohms. What must be the value of Re to indi-
cate a full scale current reading of 20 mA7

SOLUTION: Since only 2 mA of current in
the coil is needed to cause full-scale deflec-
tion, 18 mA must be shunted around the coil
through Rs. The voltage drops across the
meter coil and across the shunt resistor are
equal since the coil and the shunt are in
parallel. The voltage drop across the coil
is ImRm and across the resistor Is Rs.
Therefore,

IS RS a It'll Rrn

Rs I
n,

R
ni=3

Is

Since Im, for full-scale deflection, is 2 mA,
Rs, is 50 ohms, and Is is 18 mA, then, by
substitution,

Rs
0.018

(0.002 )(50) z 5.56P

5-47. Note that the scale on the meter
movement shown in figure 5-17 is calibrated
to read 0 to 20. When the pointer is deflected
to 20, Im is 2 mA and Is is 18 mA, and
total current flow is 20 mA. The important
point to realize is that only part of the
total current flows through the moving coil.
The remaining current flows through the
shunt resistor. Using this method of dividing
the current between the moving coil and
shunt resistor makes it possible to change
shunt resistors and recalibrate the scale to
read any value of current.

6 -48. Let's change the range of operation;
suppose we want this meter movement to
measure 50 mA. Full-scale deflection occurs
with 2 mA, so 46 mA must go through the
shunt. With 50 ohms resistance, the voltage
drop across the meter movement is 0.1V;
this same voltage drop is across the shunt
which carries 48 mA. The resistance of the
shunt, therefore, ,, 0.1V

48 mA
2'08 ohms.

5-9
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5-49. Observe the difference in resistance
values of the meter movement and the shunt:
The shunt, which must carry much more
current, has much less resistance.

5-50. Keep in mind that full-scale deflec-
tion occurs with very small current through
the meter movement. Any greater current
will damage or destroy the meter movement.
ALWAYS make sure the ammeter is con-
nected in series with the circuit and that
the current to be measured is not greater
than the maximum range that you have
selected on the meter.

5-51. Voltmeter. In the voltmeter, the
movable coil is connected in series with a
resistance so that you may connect the
instrument directly across a battery or gener-
ator and yet have only a small current flow
through the meter. A voltmeter has this very
high resistance to limit current flow from
the circuit to which it is connected. You must
exercise care to insure that you do not apply
potential differences which exceed the range
of the meter.

5-52. You may extend the range of a volt-
meter by the use of additional series
resistors. Such additional resistors are called
multipliers.

5-53. EXAMPLE: A voltmeter having a
moving-coil resistance of 50 ohms deflects
full-scale when 2 mA flows in the coil. Find
what resistance must be connected in series
with the coil if the needle is to deflect full-
scale when 200 volts is applied to the
voltmeter.

coq
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Figure 5-18. Voltmeter

SOLUTION: Since the current is the same in
the moving coil and the multiplier resistor
(see figure 5 -18), the total resistance of the
circuit must be:

ft *--E
=

200 = 100,000(1
I 0.002

Since the moving coil has a resistance of 50
ohms, the multiplier (series) resistor must
have a value of 100,000 - 50 = 99,,950f1.

5-54. To convert this same meter movement
to read 10 volts, the series resistance must be
changed to allow MI-scale deflection when
the voltmeter is across a 10-volt potential.

10
mVA

Total ft =
2

= 5000 ohms. Since the meter

movement has 50 ohms resistance, the series
multiplier will be 5000 - 50 = 4950 ohms.

5-55. Consider what would happen if the 10-
volt meter were connected across 200 volts.
Excessive current would destroy the meter.
ALWAYS make sure the voltmeter range is
large enough to protect the meter.

5-56. Voltmeter Sensitivity. We usually
express the sensitivity of a voltmeter inohms
per volt. The range of the voltmeterinfigure
5-18 is 200 volts. That is, when 200 volts is
across the terminals of the voltmeter, the
needle deflects fully to the right. The total
resistance of the meter is 100,000 ohms.
The refore, the ohms -per -volt ratio or sensi-

tivity 00011tivity is itirit = 500 ohms per volt.

volt ohms 1Since:
volt = amperes, then volts amperes

Therefore, if you know the current neces-
sary for full-scale deflection, you can deter-
mine the sensitivity of the meter in ohms per

5-10

SOn

B
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Figure 5-19. Ohmmeter

Rh

Rf

volt by finding the reciprocal of this current.
For example, the voltmeter in figure5-113
requires 2 mA for full-scale deflection.
Therefore, its sensitivity in ohms per volt

is 0.002 = 500 ohms per volt.

5-57. We want to point out that this is not a
sensitive instrument. An example of a sensi-
tive voltmeter may be found in a popular
and widely used meter in which the current
necessary for full-scale deflection is 50µA.
The sensitivity of this meter is then:

1 1

50µA 50 x 10-6
0.02 x 106 :

20,000 ohms per volt.

5-58. The accuracy of a voltmeter is de-
termined by its sensitivity. Any meter which
draws current from the circuit LOADS the
circuit. Such circuit loading, more often
called voltmeter loading, is undesirable. All
moving coil meters draw current from the
circuit under test. The higher the sensitivity,
the lower the loading effect. The key, then,
to accurate voltmeter readings is to have a
voltmeter with a high ohms-per-volt ratio.
This high ratio indicates a highly sensitive
meter movement.

5-59. Ohmmeter. Not only do we use the
basic meter movement as an ammeter and a
voltmeter, but we also use it to measure
resistance. In this case, the instrument is
called an ohmmeter.

5-60. The simple ohmmeter circuit of fig-
ure 5-19 consists of the following elements:
(1) a source of EMF usually supplied by a
small dry cell, (2) a basic meter movement
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Um, (3) a variable resistance Rh (rheostat)
for zeroing the meter, and (4) a fixed
resistance Rf to limit the current flow.

5 -61. U the dry-cell voltage is 1.5V, and 2
mA causes full -scale meter defiant?, total
series resistance must equal tvrA v 750

ohms. With this resistance and a good bat-
tery, connecting terminals A and B (figure
5-19) will cause full-scale deflection; this
brings the needle to the zero ohms position
(figure 5-20). As the battery gets old, it is
necessary to adjust Rh (decrease the resist-
ance) to ZERO the meter. if adjusting the
meter cannot get the pointer to zero, you
may need to replace the battery.

5-62. To measure the value of a resistor,
first zero the meter, then place the resistor
between the terminals A and B. The needle
will not deflect full-scale, since now there
is less current through the meter. As you
insert greater and greater resistances, the
needle will show less and less deflection.
Finally, an open between terminals A and B
will give no deflection of the needle.

5-63. The scale of this ohmmeter, instead
of being numbered from left to right as are
the scales on ammeters and voltmeters, is
numbered from right to left as shown in
figure 5-20. The scale results from the fact
that current in a DC circuit with a constant
applied voltage is inversely proportional to
the resistance of the circuit. The scale is not
linear nor is it a square-law scale.

5-64. Multimeter. You have studied the use
of a multimeter. It combines the voltmeter,
ohmmeter, and ammeter circuits by using
switches. The multimeter uses only one basic
meter movement. By proper selection of
multipliers, shunts, limiting resistors, and
batteries, the multimeter can serve as avolt-
meter, ammeter, or ohmmeter with multiple
ranges.

SOO

IM

a
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565. It is important to remember that the
moving coil type of voltmeter uses current
from the circuit being tested. Placing the
meter in the circuit can possibly change
the measurement. The higher the meter
sensitivity, the less current drawn and the
more accurate the reading.

Figure 5-20. Ohmmeter Scale

5-66. Basic Generator Concepts.

5-67. The requirements for magnetic induc-
tion were discussed earlier. They were: a
conductor, a magnetic field and relative
motion between the two. Before, the con-
ductor remained stationary and the mag-
netic field expanded and collapsed across
it, In the generator the conductor moves
through the magnetic field to achieve rela-
tive motion.

5-68. Direction of Current Flow. Figure
5-21 shows a conductor moving downward
through a stationary magnetic field with
lines of force which go from left to right.
Notice that we now have the three require-
ments necessary for induction. As the con-
ductor moves down through the field, the
field tends to encircle the conductor in a
counter-clockwise direction. U we use the
left-hand rule for a conductor, and place our
fingers in the direction that the field encir-
cles the conductor, our thumb will point in
the direction of current flow. This rule,
applied in figure 5-21, shows that the cur-
rent in the conductor is flowing away from
us (into the page) and is represented by
placing an X or a 4. in the center of the
conductor.

5-11
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Figure 5-21. Magnetic Induction
(Movement Down)



5-60. Now let's observe what happens when
we move the conductor through the field in
the opposite direction, as shown in figure
5-22. Applying the left-hand rule in figure
5-22, you can See that lines of force encircle
the conductor inaclockwise direction. There-
fore, the current is flowing toward you (out
of the page); this is shown by the dot in the
center of the conductor. From this discussion,
we can see that a change in direction of rela-
tive motion produces a change inthe direction
of current flow in the conductor.

5-10. Magnitude of Induced Voltage.

5-71. The amount of the voltage induced
into a conductor is dependent on the number
of lines cut in a certain time (lines/unit of
time). This is determined by four basic
factors:

a. The speed of relative motion between
the field and the conductor.

b. The strength of the magnetic field.

c. The length of the conductor within
the field.

d. The angle at which the conductor cuts
the field.

5-72. U the speed at which the conductor
cuts the lines of force is increased, the force
on the free electrons within the conductor
is greater. This will increase the induced
voltage.

....--/N.. s.--"N-
----___,e'...-

t\ CONDUCTOR
MOTION

Ow

Figure 5-22. Magnetic Induction
(Movement Up)

5-73. Increasing the strength of the mag-
netic field also increases the force on the
electrons. The induced voltage is directly
proportional to the strength of the field.

6-74. A long conductor permits the mag-
netic field to perform more work on the
free electrons, If a number of short wires
are connected in series, their voltages can
be added. The armature of the generator
uses this principle.

5-75. The angle at which the conductor cuts
the lines of force affects the number of lines
cut per unit time and, therefore, the amount
of induced voltage. The generation of the sine
wave was explained in an earlier module.

5-76. Components of a Basic AC Generator.

5-77. Refer to figure 5-23 which illustrates
the components of a basic AC generator.

5-18. The pole pieces are the two ends of
the magnet, and the field coil provides the
magnetic lines of force at the pole pieces.
The armature rotor is the part that rotates,
and it includes slip rings and windings
around a core. Not shown is the source of
mechanical power which causes the arma-
ture to rotate. The siip rings are two metal
rings mounted on the armature shaft, one
ring for each end of the rotating conductor.
The brushes are stationary contacts which
ride on the slip rings to pick up the induced
current and voltages.

POLE PIECE

5-12

Figure 5-23. Basic AC Generator
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5-70. Function of Components. Now that
you are familiar with the components which
make up a basic AC generator, let's study
tho function of each component. The pole
pieces provide a path for the magnetic lines
of force. They have curved faces to spread
the flux uniformly across the space for the
armature. In some cases, these pole pieces
are permanent magnets; in other cases,
electromagnets are used to provide the mag-
netic field. The generator is constructed so
that the pole pieces and generator frame
form a low-reluctance path for the magnetic
field.

5-80. The rotating conductor is the winding
on the armature core. The armature core
provides a means of mounting and rotating
the conductor, as well as providing a low-
reluctance path between the pole pieces. As
the conductor rotates in the magnetic field,
it cuts magnetic lines of force. This action
induces a voltage in the rotating conductor.

5-81. The slip rings rotate with the arma-
ture, while the brushes remain stationary
and slide over the surface of the slip rings.
This provides a means of applying the induced
voltage from the rotating conductor to a
stationary external circuit.

5-82. The external circuit and load pro-
vide a path in which the induced current
flows so that useful work can be done. The
load may consist of any device which con-
ducts current, such as lamps, motors and
transformers.

5-83. Components of a Basic DC Generator.

5-84. If you study figure 5-24, you will notice
that the components of the basic DC generator
are very similar to those of the basic AC
generator. The only difference is the use of
commutator segments rather than slip rings.
The commutator segments provide a. means
of switching the connections to the external
circuit each time the voltage induced in the
armature changes polarity.

5-85. The pole pieces provide a path for
the magnetic field. This magnetic field comes
from either a permanent magnet or an

POLE PIECES

$

ROTATING CONDUCTOR
(WOUND IN ARMATURE)

EXTERNAL LOAD

Figure 5-24. DC Generator
(Minimum Induction)

electromagnet (formed by a field coil wound
on the pole pieces). The armature provides a
means of mounting and rotating the con-
ductor within the magnetic field. The brushes
provide a means of connecting the rotating
electrical circuit of the armature with the
stationary external circuits. Notice that both
brushes ride on the same commutator; how-
ever, they are positioned so that they con-
nect to opposite sides of the commutator.
Look at the basic DC generator shown in
figure 5-24 and see what type voltage it
produces.

5-86. Now DC is Generated. The loop in
figure 5-24 is shown in a position where
the conductor is moving parallel to the
magnetic field. At this position there is no
voltage induced in the loop. Notice also that
the brushes are across the openings be-
tween the commutator segments at this
time. As the loop rotates through 90° from
this position, a maximum voltage is in-
duced in the conductor causing current to
flow in the loop from A to B, as shown in
figure 5-25. This causes current to flow
out the left-hand brush, through the load
in the direction Indicated by the arrow, and
back to the right -hand brush. When the loop
reaches the 180° position, the induced volt-
age again becomes zero. Also, at this time
the commutator has turned 180° and the
brushes are across the openings.

5-13
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5'87. As the loop rotates to the 270° posi-
tion, a maximum voltage is induced in the
loop causing a current flow within the loop
from B to A. Because the left -hand brush
is now riding on commutator segment A,
current will flow out the left...hand brush,
through the load in the direction indicated
by the arrow, and back to the right-hand
brush. Finally, as the loop continues to the
360° position, the induced voltage again
returns to zero.

5-88. Types of Output. From this discussion
you can see that, although the voltage induced
in the loop reverses for every 180° rota-
tion of the loop, the commutator switches
the external circuit so that the current
through the external circuit remains in the
same direction. The voltage across the load
is plotted in figure 5-26. When the loop is
at 0° (figure 5 -24), the voltage across the
load is zero. When the loop is at 90°
(figure 5-25), the voltage across the load
is maximum. At 180°, the voltage again
becomes zero; at z70 , the voltage is again
maximum, and it returns to zero at 360°.

5-89. The voltage across the load does not
reverse polarity; however, it varies from
zero to maximum. This is a pulsating DC
voltage as the DC output periodically
drops to zero. Let us see how the DC output
of the generator can be made smoother.

5-90. In figure 5-27, a second loop has
been added to the generator. This loop is at
90° to the original loop. The commutator
now has four segments. With an armature of
this type, the induced voltage of one loop
is at maximum while that in the other loop
is at zero. If the brushes are positioned
properly, they will furnish the maximum
voltage to the external circuit during the
time that each loop is at maximum. The
output of a two-loop generator looks like
that shown in figure 5-28. Practical DC
generators have many loops so the output is
much smoother. A filter placed across the
output of the generator can further reduce
ripple amplitude.

5-91. Motors

5-92. A motor is defined as a device which
converts electrical energy into mechanical

energy. The electrical energy develops mag-
netic fields which interact and exert a
mechanical force. Motors come in many
types and saxes to do all kinds of work. All
motors operate on the same fundamental
principle. A force is exerted between sta-
tionary and movable magnetic fields. The
amount and direction of this force, which
results from interactions of the two magnetic
fields, determines motor speed and direction
of rotation. In order to determine the amount
of force and its direction, the strength and
polarity of both magnetic fields must be
known. Motors are normally classified
according to the voltage or current used (AC
or DC) and by the methodof motor excitation.

5-93. Force Exerted Between Magnetic
Fields.

5-14

14

5-94. Recall that a current-carrying conduc-
tor has a magnetic field. Polarity of the mag-
netic field depends upon the direction of the
current. Figure 5-29 A & B illustrates the
magnetic field around a conductor carrying
current into and out of the page. A cross
represents current flowing intothe page and a
dot represents currentftowingout of the page.
The field set up by current flow into the page
is counterclockwise (CCW) and the field set
up by current flow out of the page is clock-
wise (CW). Earlier in the course you usedthe
"left-hand rule" to determine how lines of
force move around a conductor. This rule
states: "If you grasp a current-carrying con-
ductor in the left hand with the thumb pointing
in the direction of current flow, the fingers
will point in the dire ction of the magnetic lines
of force around the conductor."

5-95. When a current-carrying conductor is
placed between the poles of the magnet as
shown in figure 5-29A and 5-293, interaction
of the magnetic fields forces the conductor
to move. Figure 5-29A shows the force which
drives the conductor up and out of the field.
Note that the magnet's lines of force below the
conductor are in the same direction as the
lines of force around the conductor. Recall
that lines of force in the same direction
repel each other. This repelling action
forces the conductor upward. The conductor's
lines of force above the conductor attract
the stationary magnetic lines. This adds
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Figure 5-25. The Generator
(Maximum Induction)

to the upward force on the conductor. The
direction of the force is perpendicular to the
stationary magnet's field.

5-96. Figure 5-29B shows the direction of
current flow reversed; the direction of the
force acting upon the conductor is also
reversed. This condition forces the conduc-
tor to move downward.

Figure 5-26. Induced Voltage

A

LOAD

Figure 5-27. Two Loop DC Generator

5-97. Basic Direct-Current Motors.

5-98. Since we now know how a current-
carrying conductor moves in a magnetic
field, our next step is to determine how this
action applies to a motor. A motor requires
an internal turning force, which is called
TORQUE. In a motor, the current-carrying
conductor is formed into a coil and placed

LOOP 2 LOOP 1 OUTPUT

VA
00 45° 90° 135°180°225°270° 315°360°

Figure 5-28. Output Waveform

8

CONDUCTOR MOVES UP CONDUCTOR MOVES DOWN

Figure 5-29. slow a Current-Carrying Conductor Moves in a Magnetic Field
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on a shaft. The coil is free to rotate within
the stationary niagnetic field. The inter-
actions of the permanent and rotating mag-
netic fields develop the torque which causes
the shaft to turn. This torque also turns the
external load on the motor.

5-00. Counter-Electromotive Force (CEMF).

5-100. The resistance of armature coils is
very small, usually less than 1 ohm. If we
assume .5 ohm of resistance with 100 volts
applied, we would expect armature current
to be 200 amps. This large current could
destroy the motor. Actually, the armature
current is much less than 200 amps due to a
voltage induced in the armature as it moves
within the magnetic field. This induced, EMF
is 180° out of phase with the EMF applied to
the armature and is called counter EMF
(CEMF).

5-101. This induced voltage can be com-
pared to the EMF produced by a generator. A
generator converts mechanical energy into
electrical energy, using a mechanical force
to move a conductor. The polarity of the
induced EMF is determined by Lenz's Law
which may be stated as "The current
induced in a moving conductor is in a direc-
tion that opposes the motion which caused it."

5-102. AC Motors.

5-103. You are already familiar with the
operation of DC motors which produce a
torque by the interaction of two electro-
magnets. In AC motors the principles of
rotating magnetic fields are used to produce
torque. Consider first applying two phase AC
power to a motor with two stator field wind-
ings as shown in figure 5-30A. Windings A
and B are physically placed 90° apart. The
rotor is a permanent magnet mounted on a
shaft which is iree to rotate.

5-104. At time T1 in figure 5-30B, phase A
is maximum positive while phase B is zero.
The magnetic field produced by the stator
would be as in figure 5-30A. The rotor would
point its north pole straight up (zero degrees).
At time T2, note that the amplitude and

polarity of the two phases are the same. This
would produce a magnetic fieid as shown in
figure 5-30C and the rotor would move CW
to the 46° position.

5-105. At time T3, phase A is zero and
phase B is maximum positive. The resultant
magnetic field causes the rotor to move to
the 00° position as shown in figure 5-30D.
At time T4, the amplitude is the same, but
the polarity is opposite. The resultant mag-
netic field would place the rotor at the 135°
position as shown in figure 5-30E. At time
T5, phase A is maximum negative and phase
B is zero. The rotor will move to the 180°
position as shown in figure 5-30F. The rotor
has now made one half turn with one halt
cycle of the applied AC. This is called the
synchronous speed of the motor. The rotor
follows the rotation of the rotating magnetic
field set up by the stator windings. This is
the basic principle of all AC induction motors.
The rotor will attempt to follow the rotating
magnetic field.

5-106. Two phase power is not a common
power source. The most common polyphase
AC power is three phase. The stator wind-
ings of a three phase motor could be con-
nected in either a delta or wye configura-
tion as shown in figure 5-31. In three phase
power there is a 120° electrical separation
between the phases. The stator field coils
are wound to give a physical separation of
60° between each pair of poles as shown
in figure 5-32. In actual practice the poles
are not easily identified as individual pole
pieces because the windings on the stator
overlap. The rotor is not shown.

5-107. The primary purpose of any motor
is to convert electrical energy into mechan-
ical energy. The rotating magnetic field of
the stationary windings of AC motors must
be strong enough to cause mechanical
motion. This mechanical motion is pro-
vided by the rotor (to which gears and other
mechanical linkages are attached) which fits
inside the stationary stator.

5-16
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5-100. Synchronous Motors. The opera-
tion shown in figure 5-30 is effectively that
of a synchronous motor. The permanent
magnet is replaced with an electromagnet
rotor, energized by DC. Slip rings and
brushes are used to make connections for
the steady current through the rotating
electromagnet.

5-110. As the AC magnetic field in the
stator rotates, the DC field rotates to keep
aligned with it. The speed of the rotating
field depends on the frequency of the applied
AC. The synchronous motor cannot operate
at any speed except that of the rotating
field. This type motor is used where it is
important to maintain Constant speed.

5-111. Induction Motor. In the induction
motor, there are no connections to the

' rotor; it is a self-contained unit. The induc-
tion motor derives its name from the fact
that currents are induced in the rotor by
the rotating magnetic field of the stator.

5-112. The rotor of the induction motor
is a laminated cylinder with slots in its
surface. The windings in these slots are one
of two types. The most common is called a
SQUIRREL-CAGE winding. This winding con-
sists of heavy copper bars connected to-
gether at each end by a metal ring. The
other type of winding contains shorted coils
of wire placed in the rotor slots. This type
of rotor is called a WOUND ROTOR.

5-113. Whether wound or squirrel-cage,
the basic principle of operation is the same.
This motor operates on the transformer
principle, with the stator acting as the
primary winding and the rotor acting as the
secondary winding. When an alternating cur-
rent is applied to the primary of a trans-
former, a varying magnetic field is estab-
lished, which induces a voltage into the
secondary winding. The rotating magnetic
fieid generated by the stator induces a volt-
age in the rotor. When voltage is induced,
current flows and creates a magnetic field.
Thus, we have a rotor magnetic field which
interacts with the stator magnetic field to
make the rotor rotate.

5-114. It is impossible for the rotor of an
induction motor to turn at the same speed
as the rotating magnetic field. U the speeds
were the same, no relative motion would
exist between the two and no induced current
would result in the rotor. Without the in-
duced current, a turning force would not be
exerted on the rotor. The rotor must rotate
at a speed less than that of the rotating
magnetic field.

5-115. Split-Phase Motor. The split-phase
motor is a single-phase induction motor. The
term split-phase refers to what happens to
the single-phase input voltage within the
motor. In order to operate an induction
motor from one phase the single-phase input
is SPLIT by inserting a capacitor or resis-
tor in series with one field coil winding.

MAIN
WINDING

START
4C SINGLE WINDING

PHASE
SWITCH

Figure 5-33. Split Phase Motor
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5-116. Figure 5-33 shows one type of split-
phase induction motor, It uses a combination
of capacitance, inductance, and resistance to
develop a rotating field, This type of induc-
tion motor is called a capacitor-start type.
The stator circuit consists of two legs. One
leg has the main winding, and the other leg
has the start winding. The windings are
mechanically spaced at right angles to each

other. An electrical phase difference between
the two windings is obtained by connecting a
Capacitor in series with the start winding.
The result is a 2-phase magnetic field which
starts the motor by providing a, rotating
magnetic field as explained for the two phase
motor. When 60% of full speed is obtained,
the start switch opens, and the motor runs
using only the main winding.

5-19
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/ a (C.2-1-.
OVERVIEW

AC COMPUTATION AND FREQUENCY SPECTRUM

1. SCOPE: In this module yoU will study the characteristics of alternating current. Most
Electronic Equipment has an AC signal as a medium to carry the intelligence through it and
in an important component of its transmitting signal.

2. OBJECTIVES: Upon completion of this module you should be able to,satisfy the following
objectives:

a. Given waveforms that represent alternating current, identify their characteristics in
terms of

(1) .cycle

(2) period

(3) alternation

(4) amplitude

b. Given either the effective, average, peak, or peak -to -peak sine wave voltage and formulas,
compute the other values.

'I I

c. Given a pictorial representation of the frequency spectrum, identify the ranges of power,
radio, audio, and microwave frequencies.

d. Given either the, frequency, period, or wavelength of a sine wave and formulas, compute.._
the other values.

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.

1
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/D 3

LIST OF RESOURCES

AC COMPUTATION AND FREQUENCY SPECTRUM

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

Television Lesson, Frequency Spectrum, TVK 30-204

Television Lesson, Definition and Analysis of AC, TVK 30-200

SELECT ONE OF TEE RESOURCES AND BEGIN YOUR STUDY OR TAKE THE MODULE
SELF - CHECK. CONSULT YOUR INSTRUCTOR IF YOU REQUIRE ASSISTANCE.
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DIGEST

AC COMPUTATION AND FREQUENCY SPECTRUM

In previous lessons, you studied current which Rows In one direction only. Now, you are
ready to take up current which alternately flows in two directions.

ALTERNATING CURRENT (AC).

Alternating current Is the term applied to current which periodically reverses its direction.

The sine wave is the most common AC waveform. In fact, the sine wave is so widely used
that when we think of 'AC, we automatically think of the sine wave. Household AC is a sine
wave. Let us examine an AC sine wave using the figure.

Notice that the horizontal line divides the sine wave into two equal parts . one above the line
and the other below it. Thg portion above the line represents the POSITIVE ALTERNATION and
the portion below the line represents the NEGATIVE ALTERNATION. The sine wave continuously
changes amplitude andperiodically reverses direction. Notice thatthe wave reaches its nuudmum
swing from zero at 90° and 270°. Each of these points is called the PEAK of the sine wave.
When we speak of tne PEAK AMPLITUDE of a sine wave, we mean the maximum swing, or the
height of one of the alternations at its peak. These terms apply to either current or voltage
and are important to remember because you will be using them throughout your electronics
career.

Next, letustake the term: PEAK -to -PEAK. This term, as you can see in the figure, represents
the difference in value between the positive and negative peaks of the wave. Of course, this is
equal to twice the peak value: Epk-pk = 2 Epk for a sine wave.

Another useful value for the sine wave lathe EFFECTIVE value. The effective value of a sine
wave is the amount which produces the same heating effect as an equal amount of DC. Since
the heating effect of current is proportional to the square of the current, we can calculate the
effective value by squaring the instantaneous values of all the points on the sine wave, taking
the average of these values, and extracting the square root. The effective value is, thus,
the root of the mean (average) square of these values. This value is known as the ROOT-MEAN-
SQUARE, or rms value. When we speak of household voltage as having a value of 110 volts,
we mean that it has an effective or rms value of 110 volts. Unless otherwise stated, AC voltage
or current is expressed. as the effective value.

3
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DIGEST

A sine wave with a peak amplitude of 1 volt has an effective value of .707 volts. This means
that a sine wave of voltage whose peak value is t volt will have the same heating effect as
.707 volts of DC. To find the effective value of a sine wave, multiply the peak value by .707.

Eeff = .707 Epk

The reciprocal of .707 is 1.414. Therefore, to find the peak value of a sine wave multiply
the effective by 1.414:

Epk x
1.414 Eeff

Another sine wave value that is important to know is the AVERAGE value. This is the average
of the instantaneous values of all points in a SINGLE alternation. (The average of a complete
sine wave is zero).

Refer to the figure; the AVERAGE height of a single alternation is .637 times the peak
value. In other words, Eav, = .637 kik. The relationship between the average and effective
values can be determined mathematicallf and is shown in the following formula:

Eave = 9 Eeff

The reciprocal of .9 is 1.11. Therefore, the effective voltage is 1.11 times the average
voltage:

Eeff = 1.11 Eave

The voltage relationships of a sine wave are summarized in the chart below.

CONVERT PROM TO GET

P1

EFFECTIVE AVERAGE PEAK
PEAK 10
PEAK

RMS
EFFECTIVE 0.900 1.414 2.828

AVERAGE 1.110 1.570 3.141

PEAK 0.707 0.637 2.000

PEAK 23
PEAK

0.354 0.328 0.50o

Alternating current periodically reverses direction. We call two consecutive alternations,
one positive and one negative, a CYCLE. We often refer to the positive and negative alter-
nations as HALF-CYCLES. In describing the sine wave, we could say that during the positive
half-cycle it rises from zero to maximum positive and then returns to zero, and that during
the negative half-cycle it drops to a maximum negative value and then returns to zero.

4 1 1
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Alternations of AC do not happen instantaneously, they take TIME. The term PERIOD is
used to define the time of one cycle of alternating current. Another term having the same
meaning as time and period is DURATION. The DURATION of one cycle is onesixtieth of a
second, or, "One cycle has a PERIOD of one-sixtieth of a second;" or "One-sixtieth of a
second is the ME of one cycle." All three terms have the same meaning.

Alternating currents commonly used in aircraft have a period of one four-hundredth of a
second. This means that one cycle takes one four-hundredth of a second and in one second
there are four hundred complete cycles. The number of cycles in one second brings up a new
term - FREQUENCY. The frequency of an AC is the number of cycles that occur in one second.
This brings us to another term HERTZ. HERTZ is a UNIT OF FREQUENCY EQUAL TO ONE
CYCLE PER SECOND. Instead of saying sixty cycles per second, we will say sixty Hertz (Hz).

10..., pa mem .-04
Clot Mt.( Ar

I SUMO
0.111100

Al 10100 1
/1. I MOO ..1111

As you can see in the figure, there is a definite relationship between the period of an alter-
nating current and the frequency of the current. Sine wave B has a period that is one-half
the period of sine wave A, and a frequency that is twice the frequency of sine wave A. As the
period for one cycle becomes shorter, the frequency increases or as the frequency increases,
the period of one cycle becomes shorter.

5
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DIGEST

Frequencies are classified as to their usage. See the following figure.

r-Fownti1 nage, RADIO PRIOVONCII

I 30 HS 400 HI 30 WI 3 PHs 300 AV Os 3 0141 300 GM
I 100ASICROIAVII

0 1 IONS I

iso

m 1 ma Ws I so wo .1 1 eh

1II

am

OLP Ls ASP elP vs's um, sots ems

Wavelength is the distance traveled by a wave during the period of one cycle and is measured
in meters. Wavelength involves two factors: speed and time. Speed is the rate of movement or,
velocity. Electromagnetic waves move away from a source at a velocity of 300 million meters
per second. Time is the period of one cycle and is determined by the frequency of the wave.
This is expressed by the relationship:

1t=

The symbol for wavelength is the Greek letter Lambda (M. It is equal to VELOCIY (V)
times TIME (t). The formula is:

A = vt

Substituting frequency for time, the wavelength may also be expressed as:

A-÷

YOU MAY STUDY ANOTHER RESOURCE OR TAKE THE MODULE SELF-CHECK.
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ADJUNCT GUIDE

AC COMPUTATION AND FREQUENCY SPECTRUM

INSTRUCTIONS:

Study the ,referenced materials as directed.

Return to Ude guide and answer the questions.

Chedc 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 II and read paragraphs 1-1 thru 1-11. Return to this page and
answer the following questions.

1. Define the following terms as they apply to a sine wave.

a. Alternating Current

b. Peak-to-Peak Amplitude

c. Alternation

d. Peak Amplitude

e. Sine Wave

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE.

B. Turn to Student 'Mg Volume Ilandreadparagraphs 1-12 thru 1-18. Return to this page and
answer the following questions.

1. Find the effective values for each voltage listed below.

a. 20 Vpp = Veff mew
2

354 x V )pp

b. 90 V =av Veff (Veff = 1.11 x Vav)

c. 100 V =
P

Veff (Veff = .707 x Vp)

7
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ADJUNCT GUIDE

Im

ANSWERS TO A

a. Alternating Mrrent - Mrrent which periodically reverses its direction.

b. Peak-to-Peak Amplitude -, The difference value between the positive peak value and
the negative peak value.

c. Alternation - Variation, either positive or negative, of a waveform from zero to
ma:dmum and back to zero.

d. Peak Amplitude - Maidmum displacement from the zero position of an alternating\
current.

e. Sine Wave - Wave in which the amplitude varies continuously and periodi-
cally reverses direction.

If you missed ANY questions, review the material before you continue.

2. Find the average values for each voltage listed below.

a.

b.

c.

50 V Vav (Vav u 637 x Vp )

(Vav = .9 x Veff)

(Vav = .318 x Vpp)

.
P

10 Veff = Vav

25 V = Vav
PP

3. Find the peak values for each voltage lisied below.

a.

b.

c.

100 Vett = V (V
P

u 1.414 x V
eff )

(V
P

= .5 x Vim)

(V
p

u 1.57 x Vav)

20 V

P

V
PP

50 V =

P

V-.
av P

4. Find the peak-to-peak values for each voltage listed below.

a. 20 Veff V (V
PP

u 2.828 xVeft)..
PP

b. 70 V = V (V
PP

= 3.141 x Vav).av PP

c. 10 V 4; V (V
PP

=2 xV
P

)
P PP

8 138
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ADJUNCT GUIDE

5. In the chart below supply the missing values.

yeti v,,,, VP VP,
-

70.7 V

90 V

V

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE.

C. Turn to Student Text Volume II and read paragraphs 1-19 thru 1-33. Return to this page
and answer the following questions.

1. Match the lettered parts of the graph to their appropriate terms.

a

(1) Sine Wave

(2) Cycle

(3) Positive Half Cycle

(4) Period

(5) Negative Half Cycle

(8) Zero Reference

9
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ADJUNCT GUIDE

ANSWERS TO B

1. a. 7.08 Veff

b. 99.9 Veit

c. 70.7 Veff

2. a. 31.85 V
RV

b. 9 V
RV

c. 7.95 V
RV

3. a. 141.4 V
P

b. 10 V
P

c. 78.5 V
P

4. a. 56.56 V
PP

b. 219.87 V
PP

c. 20 V
PP

5.
vett yar 9P

70.7 v 63.7 9 100 9 200 9

100 9 90 9 1111.3 9 282.0

202.0 9 254.0 V 400 9 803 9

8.85 9 7.% 9 12.5 9
-

25 9
i

If you missed ANY questions, review the material before you continue.

2. Define the following terms as they apply to a sine wave.

a. Cycle
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ADJUNCT GUIDE

b. Time

c. Period

d. Duration

e. Frequency

f. Hertz

g. InPhase

h. Out of Phase

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE.

D. Turn to Student Text Volume nand readparagraphs 1-34 thru 1-40. Return to this page and
answer the following questions.

11
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ANSWERS TO C

1.

--1--. (4)
h (5)

a. (6)
2. a. Cycle - Two consecutive alternations, one positive and one negative, forms one

cycle.

b. Time - Refers to the time required for one cycle.

c.. Period - The time of one cycle.

d. Duration - The time of one cycle.

e. Frequency - Number of cycles that occur in one second.

f. Hertz - Unit of frequency equal to one cycle per second.

g. In-Phase - When two sine waves of the same frequency pass through zero and reach'
their positive peaks at the same time, they are in-phase.

h. Out-of -Phase - When two sine waves of the same frequency DO NOT pass through
zero at the same time and DO NOT reach their positive Peeks* the same time,
they are out-of-phase.,

If you missed ANY questions, review the material before you continue.

1. Given a pictorial representation of the frequency spectrum, identify the ranges of
power, audio, radio, and microwave frequencies.

201is*

IMI

i l

40014

Hs I 30

3 Pis

74

WS

I

11
no

I

-iiIII.
ma I

300

as ma

I_

ilia' - a ophi

I i H.

1

I n
waft

01.

I

IiI-61.-61.0441-06-106-14-66-01
VLF LP His H VHF UHF HO DIF

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE.
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ADJUNCT GUIDE

E. Turn to Student Text Volume 11 and read paregrapke 1-41 thru 1-65. Return to this page
and answer the following questions.

.1

1. Compute the period of a sine wave whose frequency is 20 MHz.

- a

2. Compute the frequency of a sine wave whose period is 50 As.
1

g T MHz

3. Compute the wavelength (A) of a wave whose frequency is 3 kHs.

A .1-1 2 zn

4. Compute the wavelength ( A) if the time of one cycle is 20 its.

= t x V = ni

5. Compute the time if the wavelength is 3 meters.

t= "M" 4=11.. s

6. Compute the frequency of a sine wave whose wavelength is .05 meters.

V
g se .Hz

7. Given either. the frequency, period, or wavelength of a sine wave and formulas, com-
pute the other values to complete the chart below.

PERIOD MO= WAVELIVOTH

.01 pi

20 ps
, .

400 Rs

1.6 tar

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE.
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ANSWERS TO D

1. AUDIO RADIO 4 RIOININCY

-1 PR IGUINCY

20 Na 400 Na 30

I 60
I
HO 20 bH

I 3 WS I
I

1- I
LIMIER
FREQUENCY

4114

300

I

3 wia

WeW

I

20

I

300

WMN. 1

lallmICRORAVe
WU

1 Olga

3

I

ON

1 NI

I

300

0$a U

I

If you missed ANY questions, review the material before you continue.

ANSWERS TO E

1. ._05. A a
2. 02 MHz

3. .m Ian

4. 6 km

5. ..91 A a
6. 6

7.
.PERIOD rucluncr itAVELlingl

.01 pi
_

100 Pas 3

20 ss 50 kils 6 km

2.5 us is00 lis 750 km

6 As 166 kHz 1.8 km

If you missed ANY questions, review the material before you continue.

NV

YOU MAY STUDY ANOTHER RESOURCE OR TAKE THE MODULE SELFCHECK.
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MODULE SELF -CHECK

AC COMPUTATION AND FREQUENCY SPECTRUM
......0

Questions:

1. A wave of voltage in amplitude andsine

. reverses direction.

2. A sine wave of current will reach its positive value once per cycle.

3. AC makes complete reversals per cycle.

4. A sine wave starting at the 0° point reaches amplitude at the 90°
point.

5. Match the following from the voltage waveshape shown.

...1....

a. period

b. positive half-cycle

c. full-cycle

d. positive peak amplitude

e. negative peak voltage

f. peak-to-peak amplitude

g. negative alternation

h. positive alternation

6. Find the peak, effective, and average voltage of each peak to peak voltage listed:

a. 200 volts (1) PEAK
(2) EFF
(3) AVG

b. 10 kilovolts (1) PEAK
(2) EFF
(3) AVG

7. Find the peak and average voltage of each of the effective, voltages listed.

a. 110 volts (1) PEAK
(2) AVG

b. 10 kilovolts (1) PEAK
(2) AVG

15
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8. Find the effective voltage of each of these average values:

a. 100 volts

b. 3 millivolts .

9. Find the number of current reversals for each of the following frequencies:

a. 60 Hertz

b. 400 Hertz

10. The two main characteristics of alternating :urrent are

a. constant amplitude and periodic change in direction.

b. periodic amplitude and unidirectional flow.

__. c. varying amplitude and periodic reversal of direction.- d. bidirectional amplitude and periodic flow.

11. The term which represents the difference between the maximum positive and maximum
negative values of an AC sine wave is called the

a. effective value.

b. peak-to-peak value.

c. average value.

d. RMS value

12. Which value of AC has the same heating capacity as DC?

a. Effective.

b. Peak.

c. Average,

d. Peak-to-peak

13. Another term that can be used to identify the effective value of AC is

-- a, peak.- b, peak-to-peak.

c, average.

_ d. RMS.

16
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14. The term used to indicate the number of cycles of AC that occur in one second is called

frequency.

amplitude.

RMS value.

reversals.

15. If the current goes negative at the same time that the voltage producing it goes positive,
the current is said to be

purely resistive.

in-phase with the voltage.

leading the voltage by 90°,

180° out-of-phase.

16. Fill in the blank spaces under Column B with the frequencies which are included in
the frequency bands listed in Column A.

A B

DC

Household Power

Aircraft Power

Audio Frequency

Radio Frequency

17. Two broad frequency classifications which make up the frequency spectrum are

a. power and radio.

b. radio and television.

c. DC and AC.

d. audio and radio.-
18. The audio-frequency band includes the

a. power frequencies 60 and 400 Hz.

b. UHF frequencies.

c. VHF frequencies.

d. microwave frequencies.

17
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19, Which of the frequencies listed could be included in all of the following bands: rddio
and microwave?

a. 20 kHz_ b. 35 kHz

c. 350 MHz

d. 2000 MHz
20. To be considered in the microwave category, an AC must have a frequency which is overa.

c.

---._d.

100 MHz.

300 MHz.

1000 MHz.

3000 MHz.

21. Find the two missing values of wavelength, frequency, or period:

FREQUENCY WAVELENGTH PERIOD

a. 50 megahertz

b. 20,000 meters

C.

d. 2 meters

e.

f. 50,000 kilocycles

22. Wavelength fs the measurement of

a.

b.

c.

d.

time.

time and distance.

distance.

distance and speed.

23. The wavelength of an electromagnetic wave is determined by its

__ a. velocity and frequency.

b. velocity per second.

c. frequency and time.

-- d. magrdtude.

'18
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24. To find the frequency of in AC when you know its wave-length, you divide the

-....a. velocity by the period of one second.

....b. wavelength by the velocity.

....--c. velocity by the wavelength.

25. The formula for finding wavelength is

A 4
.....- b.

.m.....m. CO A = +
IAO

A v
.1mm....

A

26. Electromagnetic waves travel at approximately

____ a. 186,000 meters per second.

b. 186,000 miles per hour.

c. 300,000,000 meters per second.

d. 300,000,000 meters per hour.

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE.
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ANSWERS TO MODULE SELF-CHECK

1. continuously changes, periodically

2. peak

3. 2

4. maximum or peak

5.

6.

7.

8.

9.

a. 8 e. 5

b. 3 f. 2

c. 6 g. 4

d. 1 h. 3

a. (1) 100 V
(2) 10.1 V
(3) 63.7 V

b. (1) 5 kV
(2) 3535 V
(3) 3180 V

a. (1) 155.5 V
(2) 99 V

b. (1) 14,140 V
(2) 9 kV

a. 111 V
b. 3.33 mV

a. 120
b. 800

12. a

13. d

14. a

15. d

16, 0Hz
80 Hz
400 Hz
20 Hz to 20 kHz
20 kHz - 300 GHz

17. d

18. a

19. d

20. c

21. a. 8 meters .02 gs
b. 15 kHz 66 gs
c. 100 kHz 3,000 meters
d. 150 MHz .0086µs
e. 40 Hz 7,5 x 106 meters
f. 8 meters .02 gs

22. c

. 23. a

24. c

10. c 25. d

11. b 26. c

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 YOURINSTRUCTOR FOR FURTHER
GUIDANCE.
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Radar Principles Branch Programed Text KENPT-11
Kessler Air Force Base, Mississippi November 1975

Module-11

This illustrated Programmed Text is designed to ald in the study
of Alternating Current and the Frequency spectrum. Each page contains
an Important idea or concept to be understood before proceeding to the
next. An illustration for each objective is presented to clarify what
is to be learned.

At the bottom of each page, there are a few questions to bring out
the main points. These are indicated by....
It is hoped that these questions also aid

II Q-1 or Q-2 etc..
in understanding the subject a little better.

The answers to these questions will be found on the 122 of a
following page, indicated as
Short comments may follow the
answers to help understand why
a question may have been missed.

INDEX

Introduction & DC vs AC 1

AC in Slow Motion 7

Alternations 8

Cycles 9

Frequency 10
Audio Frequencies 11
Ultrasonic Frequencies 12
Radio Frequencies 14

Frequency Spectrum 21
Period 22

Instantaneous & Peak 25
Average 26
Effective 28
Degree Representation 30
Time Representation 31
Sine Wave Representation 32
Peak To Peak 36

Amplitude 37

In & Out of Phase 39
Wavelength 41
AC Voltage 46
Ohm's Law 48
Summary Quiz 50

sumary 51

Supercedes KE1D-P/-11, 1 February 1975
Previous editions may Ipe used.

A-1 or A-2 etc..

OEtJECTIVPS

Upon completion of this module,
you should be able to satisfy
the following objectives:

a. Given waveforms that repre-
sent alternating current,
identify their character-
istics in terms of:

(1) cycle
(2) period
(3) alternation
(4) amplitude

b. Given either the effective,
average, peak, or peak-to-
peak sine wave voltage and
formulas, compute the other
values.

c. Given a pictorial represen-
tation of the frequency spec-
trum, identify the ranges of
power, radio, audio, and
microwave frequencies.

d. Given either the frequency,
period, or wavelength of.a
sine wave and formulas, com-
pute the other values.

i
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INTIVDMION,

The flow of large quantities of electrons thru a copper wire,
is called electrical "current". Direct "current" is the movement
of these electrons, in only one direction thru the wire. However,
there are advantages to be gained, if the flow can be easily and
quickly reversed.

Turning the battery around, would reverse the direction of the
electron flow....but this isn't enough! The electrons must be made
to reverse direction, many tines each second. Sometimes, many
millions of times each second!

The characteristics of such a rapidly reversing electrical
current, is the subject of this text. It is the study of Alternat-
ing Current.

It also begins the study of an important part of Electronics,
the Radio Wave. Familiar to all as Radio & Television signals,
"radio waves" will now be expanded into unfamiliar areas such as
Microwaves and Radar. It all begins with

DC and AC ?.m.mmmm

When an electric circuit obtains its power from a battery,

the resulting current is called Direct Current [m]. SC,

120v
rEfrirremerep 141.r.111141,

When tree same circuit obtains its power from an electric outlet

in a home, the electron flow is called Alternating; Current [AC] .

a-La. battery powereQ circuits are called C..xrent circuits.
b. house:.olki eictrIc.. power is calle.;

c. ' fe twu :oLtvr aareviat;lor. for Altematine. ..:urrLInt .

A.Itt:rratinc; Current.
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DC and AC ?

In a Direct Current CDC] circuit, the electrons always flow

in one direction. The "hydraulic analogy" shows a pump (voltage),

forcing water to flow (current), thru a "controlling" valve (resis-

tance).

FILLED WITH WATER

HYDRAULIC ANALOGY) VALVE

WATER FLOWINGMI10 IN ONE DIRECTION

111

In an Alternating Current [Ad circuit, the electron flow

"alternates"....it reverses direction back and forth!

The "hydraulic analogy" differs only in the type of pump used.

It is a "piston-and-cylinder" arrangement. First, the piston moves

up, forcing the water to flow in one direction. Then the piston

moves down, and the same water is then forced to flow in the other

direction. This up-and-down motion of the piston, goes on-and-on!

FILLED WITH WATER

AC HYDRAULIC ANALOGY

PUMP VALVE

WATER REVERSES DIRECTION
AS ThE PISTON MOVES UP AND DOWN

a. T-P in DC Circuits, ti,c current flows in one 41.ectiOn.
L. In LC Circuits, ti:e Cu rrvnt flows in one ctreCtior..
C. T-F 14. i.0 Circur.s, tix: current nowt; in two oirectionz

at. t!A! elr.0 t!nc.

2
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A-1 a. Direct c. AC or ac
L. Alternating d. False....only Direct Current.

DC and AC ?

Does the direction of electron flow have any effect on the

electric lamp?

DC AC

The answer is NO effect! The lamp is "lit" equally, by

current flowing in either direction.

If the effects on the lamp are the same, why have Alternating

Current [AC] at all? What good is it? Why not Just use DC???

The questions are easy. The answers are not There are many

reasons for the use of Alternating Current. Here are some of them.

TT IS EASIER TO GENERATE ALTERNATING CURRENT

NOTE: More fully explained when electric GENERATORS are discussed.

Q-3 a. TLe type of current (AC or CC), Is Important to the
operation of an eiix:tric :amp.

T-F :t iz easier to 7,enerate Alternatin:', Current t: .an

3
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A-2 a. True
b. Palee c. Palse. 666 nOt at the owe time.

DC and AC ?

THE TRANSMISSION OP DC OVER LANG DISTANCES
INVOLVES SERIOUS ENERGY LOSSES!

I I '

HEATS THE BIRDS!

HEATS THE HOUSE!

NOTE; More fully explained durinc the subject of "Transformers".

SPEAKERS OPERATE, USING ALTERNATINGCURRIT

NOTE: Yore fully explained under "Ydcrophones and Speakers".

3:erloua In
7767777,7
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A-3 a. False the lamp lights equally well on AC or DC.
b. True the machinery is less complex, and the "losses"

are leas. More details in "Motors & Generators:

ti 111111



A.4 a. DC....and the losses are "fantastic". The power companies
started with DC (way back), but the need for AC soon be-
came apparent. More details in 'Motors & Generators".

DC and AC ?

The field of Electronics is deeply involved with the

production and control of many types of Alternating Currents.

There is much to be learned and understood about this new elec-

tric current!

FIRST It is not a "steady" current, like Direct Current.

\%\
C170:711; is brightly

"lit" all the time. 5 AMPS

C101 DIRECT CURRENT
The Galvanometer indicates
a "steady" 5 amperes of
current, in one direction.

Alternating Current would cause the Galvanometer to swing

back and forth, as the direction of current reversed.

\\%4Z
"":4e

OmmiALTERNATING CURRENT

;*

5A

(3<ALTERNATING CURREN'.

5A

AI I riCS.,

This "alternating" or back-and-forth motion of the electrical

current, happens many times during ONE SECOND of time. Therefore,

it is difficult (or impossible) for the "eye" to detect any dif-

ference between the AC lamp, and the DC lamp.. EUT MERE IS!!!

6 158



SLOW MOTION

An Electronic instrument called an Oscilloscope Co-sil/'-o-

scope3 can "see" the Alternating Current in slow-motion. (The

Oscilloscope will be studied and used, later in training.)

What is "seen" is interesting! First, the current DOES NOT

suddenly Jump from 5 amperes in one direction, to 5 amperes in the

other direction. It changes gradually ana smoothly. Follow along

with the flow of Alternating Current thruRINeleatric Lamp

Remember! This reversing of current (and change of brightness) happens

many times EACH SECOND. It is very difficult for the "eye" to see these

changes. The lamp appears to be.lit,"Stclie likewith DC.

7
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ALTERNATIONS

Each "rise-and-fall" of current is called an ALTERNATION.

[all - ter - nay -shun]

THIS IS A POSITIVE AITERNATION

THIS IS A NEGATIVE ALTERNATION

Alternating Current [AC] then, consists of a "positive"

alternation, followed by a "negative" alternation, followed by

another "positive" alternation, followed by another "negative"

alternation, etc....

Although there are many alternations each second, each

alternation takes a certain amount of time to complete.

For example In a house, there are 120 alternations completed

each second...... 60 "positive" and 60 "negative".

Q-5 a. Each "rise-and-fall" of current is called an
b. Iach "rositive" alternation, is followed by a

alternation.
c. T-F Positive alternations and negative alternations

occur at the same moment of time.
d. During each alternation, the electron flow is in

directions.

8
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CYCLESGIN=1
One "positive" alternation, followed by one "negative"

alternation, is called one CYCLE.

Alternating Current [AC] then, consists of one "cycle" after

another.

Although there are many "cycles" completed each second, each

cycle takes a certain amount of time to complete. In a house,

there are 60 "cycles" completed each second. Therefore, 'commercial

electric power is said to be "60 cycle AC".

Of course, if there are 60 cycles completed each second, each

cycle must take 1/60 of a second to complete.

q-6 a. One "cycle" consists of alternations.
b. One "positive" alternatiorowed by one "negative'

alternation, is called one
c. T-F There are usually many "7r-.es"7Eipleted each

second.
d. T-F Positive alternations and negative alternations

occur at the same moment of time.

9
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A-5 a. alternation
b. "negative"
c. nisei...not at the same moment of time, They follow

along, one after another.
d. opposite but current in either direction will "shock"

an equal amount.

FREQUENCYommi=.
In Alternating Current [AC] circuits, there are usually many

"cycles" completed each second. The number of cycles completed each

second, is called the "frequency" (Symbol f) of the Alternating Cur-

rent [AC].

/Perim? (F)
The number of "cycles"= of Alternating Current

completed in ONE second.

EXAMPLES: Commercial electric power, has a frequency (f) of 60
cycles per second (cps or CPS) f = 60 cps.

On the European continent, commercial electric power
has a frequency (f) of 50 cycles per second.... f = 50 cps

HERTZ

The international unit of "frequency" is the Hertz (Symbol Hz).

It is equal to "one cycle per second". Also "hertz" (Symbol hz).

CrAt anz vide fee secarut
EXAMPLES: Commercial electric power, has a frequency (f) of

60 Hertz (Hz) f = 60 Hz, or f = 60 hz

On the European continent, commercial electric power
has a frequency (f) of 50 Hertz (Hz) f = 50 Hz (or hz)

Although "hertz" has been adopted as the standard, cycles -per-

second will also be used in this text, because it is "still around".

Q-7 a. The number of cycles completed each second is called the
of the Alternating Current.

b. 206 cps, or 2On Li, means there are 200 completed
each-second.

c. The International Unit of Frequency Is the (Hz).

10
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" a. two one positive, and one negative.
b. Cycle.
c. True sometimes "millions" of cycles in one second.
d. False if you missed it this time, try this. Can a

YO-Y0 go "up" and "down" at the same moment of time?

AUDIO FREQUENCIES

When Alternating Current [AC) is applied to an electric speaker,

different sounds are heard. It depends upon the frequency.

At a frequency of one hertz (1 hz), the "cone" of the speaker

is moving back-and-forth too slowly for any sound to be heard. If the

frequency is raised to about 20 cycles per second, a very low "rumble"

begins. At about 50 Hertz, it becomes a low "humming" sound. As the

frequency is raised still ftirthur, different "tones" are heard, as

pictured below. PIANO KEYBOARD ;Frequencies in CPS)

!""wililk iairiii ilooMifilittivitItNIT1iLi i iaii. Liii id k 1 ii
200-3,000

/**#-
40-350

150-

1,500 -1

80-700

At about 20,000 Hz, the "pitch" of the sound is too high to hear,

80-1200

%%C7)

However, some animals may respond to higher frequencies, such as the

"silent" dog-whistle.

AUDIO FREQUENCIES then, are described as those from a low of

about 20 hertz, to a high of about 20,000 Hertz. (human hearing)

-8 a. If "sound" is heard when an AlternatinF: Current is applied
to a speaker, the curve:1Z is said to be at an
frequency. 4

11
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A -7" a. frequency
b. cycles
c. Hertz

ULTRASONIC PREQUENCIES

Above the range of "hearite, there are sound waves which are

used for many purposes today. They are referred to as "ultrasonic

freqiencies".

Electric speakers cannot normally be used, because the "vibra-

tions" are too fast. Special devices, many of them using the mineral

"quartz", are used instead. These are called "ultrasonic transducers".

Because of their special construction, they are capable of converting

these high frequency alternating currents, into "inaudible" sound

waves. One such device is the "Ultrasonic Cleaner", described below.

QUARTZ TRANSDUCER

ELECTRONIC 11000 Hz'.
AC GENERATOR 01

.../

CLEANING TANK

ULTRASONIC VIBRATIONS

Other uses for "ultrasonic -
frequencies" are:

Millions of tiny "bubbles",
created by the ultrasonic
vibrations, microscopically
"scrub" a delicate device.

Ultrasonic X-Ray, without the normal "radiation" hazards.
Ultrasonic "Sonar" equipment, for underwater detection.
Ultrasonic heating, used in wood "lamination" processes.
Jltrasonic dental equipment, eliminating drill "vibrations".
Iltrasonic "intrusion alarms", for property protection.

ULTRASONIC FREQUENCIES then, ran de from about 20,00G Hertz,

up to several million hertz, depending upon the application.
41.

IQ -9Q-9 a. T-F Ultrasonic frequencies can be heard.
b. T-F Ultranonie wave:; are electric :riven_

12
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a. "audio" ..... the "rising-and.falling" of the alternating
current, causes the paper "cone" of the speaker to vibrate.
The vibrations of the "cone" cause the air to "vibrate"
also. These changes of air "pressure" are then detected
by the ear "drum" and sensed as sound.

,KILCI-MEOA.GIGA HER M,

Radio, Television, Microwave, and Radar equipment, involves

the use of frequencies MUCH higher than "audio" or "ultrasonic".

The frequencies within these types of equipment, are measured in

"thousands", "millions", or "billions" of cycles per second.

It is difficult to Imagine electric current reversing direct-

ion "millions" of times in one second. However, this is happening

inside the Electronic circuits of a standard television set.

4 000 CKIL041mn)
One thousand cycles per second is represented as 1 Kilo cycle

per second. (1 i(cps, or 1 KC, or 1 KHz, or 1 Khz, or 1 kHz)

2 KHz would equal 2,000 cycles per second.
20 KC would equal 20,000 cycles per second.

4000, 000 10+6
One million cycles per second is represented as 1 Mega cycle

per second. (1 Mops, or 1 MC, or 1 t.fliz, or 1 Mhz)

5 ti HZ would equal 5,000,000 cycles per second.
500 MC would equal 500,000,000 cycles per second.

1,000,000,000 leg
One billion cycles per second is represented as 1 Giga cycle

per second. (1 Gcps, or 1 GC, or 1 Ghz, or 1 Ghz)

10 GHz would equal 10,000,000,000 cycles per second.
400 GC would equal 400,000,000,000 cycles per second.

NOTE: 1 Giga Hertz formerly was identiried as 1 Kilo Mega Cycle or
1 KMC. 5 GHz was 5KrC, 100 Ghz was 100 AMC, etc.

13
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A-9 a, False....the ear drum cannot "vibrate" that fast, and al-
though the "sound" is there, it cannot be heard.

b. False,...they are "sound" waves. (See above answer)

RADIO MAMMIES

In 1885, at the age of leinrich Hertz demonstrated a

method of "transmitting" and "receiving" the waves generated by

an electric spark. By 1696, at age 22, Guglielmo Marconi had

Improved and patented the equipment, and extended it: "radio range"

to about 85 miles.

One or the "keys" to Marconi's success, was his understanding

of the importance of the "length" of the antenna wire. High fre-

quency alternating currents, flowing back-and-forth on a copper

wire of proper length, will produce "radio waves".

.......014.f*MACI \ANSMS
...~.04..\..N..NNSVAk NAKNIS...°40-4.41P.

''"AttiZZM Aiika.C5
Those hiji frequencies are referred to as Raoio Frequencies.

Usually shortened to "RF" or "rf", these Radio Fre4uencies are

divided into several "bands". The equipment construction, antenna

requirements, and "radiation" characteristics change, from "band"

to "band", as the number of cycles per second increases.

COPPER
WIRE

Below4-30101z PDX& 3MHz 301Hz 300M 30HZ 30GHZ 300Ghz

VLF BAND LF BAND MF BAND HF BAND VHF BAND UHF BAND SHF BAND EHF BAND

C 6
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yiuul (below 30 KHz)

Radio waves in the Very Low Frequency Band (VLF), travel great
distances over both land and water. The first uses for radio waves
in this band, were for transoceanic, and long-distance maritime com-
munications, Although some world -wide communications may still be
made in this band, many of these needs are now filled by orbiting
communications satellites. The antenna wires needed for this band
may be several thousand meters long.

LF BAND (30 iCriz to 300 Kft)

Radio waves in the Low Frequency Band (LF), also travel great
distances over water and land. The main use for these frequencies
is for aircraft and surface craft (ship) navigational aids. ay
using special electronic equipment, ships and planes can locate
their positions, with fair accuracy. any of these navigational
systems now use satellite signals, for greater accuracy. The
frequencies from ltOiGiz to 20010-2 are used in the European region
for broadcasting to distant rural areas. The antenna wires needed
in this band may to several hundred meters long.

15
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Mir BAND (3001Giz to 3MHz C3000101z])

Radio waves in the Medium Frequency Band (MF) are used for
many purposes. Perhaps the most commonly known, is AM Broadcast
Radio (AM Radio). The International frequency allocation for AM
Radio is from 535KHz up thru 1605ffiz, with thousands of such
stations operating within the United States. 1800KHz to 20001UHz
(1.8 Hz to Wiz) is authorized for Loran Navigational Systems, used
for position information to ships and aircraft. "Inertial" or
"satellite" navigational systems are now more carrion than Loran.
2000KHz to 3500KHz (2Mhz to 3.5MHz) is widely used by maritime and
Coast Guard services, for ship-to-shore communications. The Inter-
national "calling and distress': frequency of 2192KHz is also in this
band. Antenna lengths in this band are measured in "tens" of meters.
"S-0-S" distress calls by Morse Code are sent at 500KHz, in this band.

FY BAND (3MHz to 30Mhz)

4*""bmitfAr .DArli sesal 2 KHz SC0010%

.011.0100 eft volowerilm

Radio waves in the high Frequency Band (HF) travel hundreds of
miles. When atmospheric conditions are right, the distances may be
several thousand miles. This band is probably best known as the
"Short Wave" band. It contains the Overseas Broadcasting Stations
(Voice of America, the BBC, etc.), Amateur Radio Service (Ham Radio),
and News Wire Services (AP, UPI, etc.). Many of these radio waves
carry "code", radioteletype, and facsimile (picture) signals. This
band is quite crowded with radio signals. Often there is more than
one station on the same frequency, creating interference with each
other. Citizens Band Radio is also within this band, at about 271hz.
The national Bureau of Standards operates a special station (WWV),
at 2.5Mhz, 5Mhz, 10Mhz, 15MHz, 20MHz, and 254Hz. These radio waves
carry frequency, time, and other "standards" used uorldwide for many
purposes. The antenna lengths in this Land are measured in neters.

SHORT WAYS
BB(\ /se
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VHF BAWD (30KHz to 300MHz)

Radio waves in the Very High Frequency Band (VHF) travel rel-
atively short distances. Generally line-of-sight, or horizon-to-
horizon. Television channels 2 thru 6 (51U1F1z to 88Mz), FM and PK
Stereo Broadcasting (88MHz thru 108MHz), and Television channels
7 thru 13 (174MHz thru 216MHz), are all within this VHF band.
Commercial Aircraft (110-130MHz), Orbiting Instrumented Satellite
(134-136MHz), and Space Communications (295MHz), and Amateur Radio
Services (50-54MHz) use this band also Crowding these services,
are police, fire, taxi, trains, trucks, forestry, state guard, and
government operated "radio-telephones", at various frequencies.
Antenna lengths in this band are measured in meters and centimeters.

UHF BAND (300Mkiz to 3GHz [3000MHz3)

Radio waves in the Ultra High Frequency Band (UHF), are also
considered line-of-sight or horizon-to-horizon. Mobile Radio Tel-
ephone (police, fire, taxi, etc.), Aircraft and Control :lower, and
flaritime (ship) Services, operate stations in this band. Commercial
and Public UHF ''..'elevision Broadcasting channels 14 thru 83 (470MHz
thru 890MHz) are also transmitted. Above this, begins the Radar ana
Special Services frequencies. Early Warning Radars, Ground Controlled
Approach (GCA) Radars, and Maritime (ship) Radars, are assigned fre-
quencies here (900a z to 2400MHz [2.4IGHt]). Amateur Radio, Indus-
trial, and Medical Services also are provided frequencies (2400MHz
to 2500MHz [2.4Ghz to 2.5Ghz]). Although the "reflectors" are some-
times quite large, the actual "antennas" used are measured in centi-
meters. It should also be noted that radio frequencies above 1000MHz
(1GHz) are additionally assigned the name "Microwaves". Microwave
cooking ovens (2400MHZ) operate with frequencies similar to Radars.

ONAR:4r4I FTLECTOR---40
.

ANTEISNA
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SHY BAND (30hz to 30Gh2)

Radio waves in the Super High Frequency 41-4 (SHF), travel
"line-of-sight" or "horizon-to-horizon". These frequencies are
mainly used by Radar and Microwave systems. Weapons Control, Gun -
la,ing, and Missile Control Radars operate in this band. Aircraft
Navigation and Bombardment Radars, and Shipboard Fire Control Radars
use radio waves at these frequencies, due to the reduction in size
and weight of the antenna system. Television and Communications
signals are transported along "microwave" beams between tall towers,
using SHP frequencies. Large areas of the continents are spanned
by these microwave relay towers. The "reflectors" may be somewhat
large, however the actual "antenna" lengths are measured in centi-
meters and milli-meters.

it

LI

EhF BAND (30Gliz to 30Whz)

Radio waves in the Extremely hick frequency :end (EEF) are
considered line-of-sight. Mostly "experimental" in nature, they
are widely affected by atmospheric moisture. Due to the very
small antenna sizes required, very narrow beams of radio energy
can be produced for varied purposes. Space communications would
appear a likely candidate to utilize such narrow beams. Frequency
assignments to Amateur Radio and Industrial Services may also
further develop commercial uses for this band. High "resolution"
Radar systems can produce clear electronic pictures with the narrow
beams of energy. Antenna sizes are rreasured in milli.,meters. The
"reflectors", "horns", and "lenses" used to form the beams are
much larger.

- RADAR CONTROL & WARNING

11111/
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HIGHER FREQUENCIES ???

Above "radio frequencies" are energy bands familiar to many.
(The frequency relationship only, will be considered.)

INFRA-BED (heat) WAVES 1 750GHz to 375,000GHz

Satellite pictures are commonly made of the earths surface,
using the Infra-red Waves generated by heat. Infra-red techniques
are also employed in "heat seeking" missiles.

Lulu. LI= WAVES) 375,000GHz to 750,0o0mz

Noemuch needs to be saia about "visible" light, if the words
on this page can be seen. The different "colors" of light, have
different frequencies.

WHITE LIGHT

RED
ORANGE
YELD3W

VIOLETPRISM

.111

ULTRA-VIOLET (Black-light) WAVES 750,000Ghz to 25,000,OCOGHz

400,0000Hz
500,0000Hz
510,000GHz
560,0000Hz
700,0000Hz
750,0000Hz

(7500 )
(6000 )

(5900 )
(530 )

(4500 )
(4000 )

Satellite pictures are also made using ultra-violet waves, many
of them photographs of the sun, stars, and galaxies. After a target
has been illuminated with unseen ultra-violet, a sharpshooter using
a "sniper-scope" can do the rest. The ultra-violet waves are made
visible in the "sniper-scope" electronically.

(1(n4+1 I I 1 I lit

11111 ttitiN
i+MininitO

)))

TARGET
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HIGHER FREQUENCIES ???

Higher in frequency than Ultra-Violet waves are:

3,000,0000z to 50,000,000,0000Hz

CIGAMMA RAYS to 300,000,000,000Ghz

50,000,C00,000GEz to 30,000,000,000,COOGIiz

20 172
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THE FREQUENCY SPECTRUM

iv/

A listing, of all the various frequency "types", is called the

Frequency Spectrum (speck.trum]. It begins with the low "audio"

frequencies, and ends with the highest "cosmic rays".

THE FREQUENCY SPECTRUM

[AUDIO ULTRA nom INFRA VISIBLE ULTRA 1 x.rukys MCA 100VIC
SONIC

I

RED
I

LIGHT
I

VIOLET RAYS RAYS

LOWEST FREQUENCIES FREQUENCIES

In the Communications-Electronics fields, only the first part

of the total Frequency Spectrum is of importance. This portion there -

fore will be expanded, with the Important frequency` limits listed.

20KHz

41--ULTRASONICSo

F.--_ AUDIO S FREQUENCIES ..

M7FREAUENC.'

20Hz 20KHz 1GHz
(1000MHz)

300GHz

POWER FREQUENCIES

Commercial electric power in the United States, is supplied at

a frequency of 60 Hertz. On the European continent, 50 hertz, is the

electric power frequency. Aircraft and Surface-craft (ships), have

electric power generated ti'y on-board "alternators" at 1100 Hertz.

50Hz, 6CHz and 400Hz, are known as "Power Frequencies".

NOTE: The "power frequencies" are all within the Audio Frequency

portion of the Frequency Spectrum.

Q-10 a. From 20Hz to 20ralz, are called
b. From 20KHz to 300GHz, are called
c. "acrowaves" begin at Hertz.

frequencies.
frequencies.

21
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PERIOD

The completion of one "positive" alternation, and one "negative"

alternation, is called one CYCLE. ane

It takes a certain amount of time for the alternating current

to complete each cycle. The time it takes to complete any ONE cycle

of Alternating Current (AC), is called the "period". The symbol

used for the word "period" is "t", representing time.

putiort (b) = The amount of time it takes
to complete any ONE cycle
of Alternating Current.

If the frequency is 1 cycle per second,

second therefore the "period" of -F= i sec
there is only 1 cycle completed each

each cycle would be 1 second ( 1 sec).

If the frequency (f) is 2 cycles per
second (2 cps), there are 2 cycles
completed each second....therefore
the "period" of either cycle would
be 1/2 second ( .5 sec).

If the frequency (f) equals 4 liertz,
there are 4 cycles completed each
second therefOre the period (t)
of each cycle would be 1/4 second

( .25 sec).

f=2142 = sac

T =4NZ 4 w *SEC

Q-11 a. The time it takes to complete one cycle, is called the
b. If the frequency increases, the "period"

(Inc or dec)

22
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A-10 a. Audio....frms around 20Hz to around 20KHz.
b. Radio....there is realy no lower limit, as the VLP Band

is defined as anything below 30KHz. But it seems Sensible
to begin "radio" where "audio" leaves off OK? ??

c. 10Hz...1.000MHZ.....1.000.000.000Hz....1 Billion_Hertzt_

/06

CALCULATING PERIOD (t)

If the frequency (f) of the Alternating Current is known,

the period (t) of any ONE of the cycles can be determined.

PERIOD =
FREQuENcY

EXAMPLE: Calculate the period (t), if the frequency (f) = 200 Hz.

ONE 1 1

PERIOD = t 01'"0 u .005 sec

FREQUENCY f 200

EXAM:LE: The frequency = 25 Hz. Calculate the period (t).

ONE 1 1

PERIOD = .04 sec

FREQUENCY f 25

If the frequency (f) is given in Hertz (Hz), the calculation
for period (t) comes out in seconds (sec).

If the frequency (f) is given in Kilo-Hertz (KHz), the calcula-
tion for period (t) comes out in milli-seconds (InS).

If the frequency (f) is given in Mega-Hertz (MHz), the calcula-
tion for period (t) comes out in micro-seconds 46).

If the frequency (f) is given in Giga-Hertz (3Hz), the calcula-
tion for period (t) comes out in nano-seconds (nS).

EXAMPLE: Frequency (f) a 200Hz, Period (t) = .005 sec
Frequency (f) = 200I4iz Period (t) = .005 mS
Frequency (f) is 200MHz Period (t) = .005 friS

Frequency (f) = 200GHz Period (t) = .005 nS

Q-12 a. What is the period of a "power frequency" of 50Hz?
b. What is the period of an "audio frequency" of 250Hz?
c. What is the period of a "radio frequency" of 100KHz?
a. What is the period of a "radio frequency" of 20 MHz?
e. A "tdcrouave frequency" of 5GHz, has a period of
f. T-P As frequency increases, the period decreases.
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A.11 a. Period.,,,symbol (t),.,for "time".
b, decreases if there are more cycles completed in a

second (inc frequency), then it must take less time to
complete each cycle.(dec period)

CALCULATING FREQUENCY (f)

If the time to complete ONE cycle is known, the number of

cycles completed in ONE second can be determined. That is to say,

if the period (t) of a cycle is known, the frequency (f) of the

Alternating Current can be calculated.

EXAMPLE: Calculate the frequency (f), if the period (t) .005 sec.

ONE 1 1

FREQUENCY = ------- f = 200 hertz
PERIOD t .005

EXX.:PLE: The period (t) = .04 sec. Calculate the frequency (f).

FREQUENCY=
ONE

c = 25 Hz
PERIOD t .04

If the period (t) is given in seconds (sec), the
for frequency (f) comes out in Hertz (Hz).

If the period (t) is given in milli-seconds (mS)
tion for frequency (f) canes out in Kilo-hertz (KHz).

If the period (t) is given in micro-seconds (N4)
tion for frequency (f) comes out in riega-liertz (MHz) .

If the period (t) is given in nano-seconds (n$),
tion for frequency (f) comes out in Giga- 1tertz (GHz).

EXIMPLE: Period (t) = .04 sec..... Frequency (f) = 25 Hz
Period (t) = .04 mS .Frequency (f) = 25 KHz
Period (t) = .04 µS .....Frequency (f) = 25 MHz
Period (t) = .04 nS .....Frequency (f) = 25 GHt

calculation

, the calcula-

, the calcula-

the calcula-

1-13 a. Period = .G02 seconds. Frequency a
b. Perloa = 5 milli seconds. Frequency =
c. Period a 10 micro seconds. Frequency =
d, Period = 2 nano seconds. Frequency =
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A-12 a. .02 sec (20 milli sec)
b, .004 sec (4 milli sec)
c. ,01mS (10 micro sec)

i050 (SO nano sec)

e, ,2n3 (200 pie° sec)
f. True,,,,more cycles means

less time for each cycle.

1

INSTANTANEOUS AND PEAK VALUES

In the following "positive" alternation, OA ,1A, 2A, 3A, etc.,

arc called the "Instantaneous" values, They represent the amount

of current flowing, at various "instants" of time. Although there

are only eleven "Instantaneous" values shown, there are actually an

infinite number of them. For example: Between OA and lA there is

.001A, .002A, 403A etc .01A, .02A, ,03A etc .1A,

.2A, .3A, etc....and finally 1A. between 1A and 24 there is 1 001A,

1.002A, 1.003A etc. 1 01A, 1.02A, 1.03A etc

1.3A etc aru finally 2A.

1 1A, 1.2A,

THE PEAK VALUE

There ray be an infinite number of "instantaneous" values, Lut

there is only one "peal,." value reacheu during each alternation.

This would of Course Le the maximum amount of electron flow. In the

alternation shown, 5 arperes would be the "peak" value. The same

"pear:" value will be reached during each alternation. Both "pos-

iti7e" and "negative" alternations will have the same "peak" value.

,.-Z-14 a, TLe value of current at any instant of time, is called
the value.

L. Tne maximum amount of current reached during each alter-
nation, is called the value.

25
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A-13 a. 500Hz (500CPS or .5KHz or
b. .2KHz (200Hz or .2KC)
c. .1MHz (100KHZ or 100KC or
d. .50Hz (500MHz or 500MC or

.5KC)

100,000 Hertz)
500,000,000 Hertz)

AVERAGE VALUE

Add all the "instantaneous" values of an alternation together.

Divide this "sum", by the number of values used, and the answer is

called the "Average" value. (This must be done using high-level

math, as there are an infinite number of "instantaneous" values.)

aowever, the "Average" value of any alternation can be easily

determined by multiplying .637 times whatever the "peak" value equals.

E AVERAGE is .637 .4,1:".f)

EXIMPLE: The "peak" value = 5 amperes. Calculate the "average" value.

AVERAGE 0 .637 PEAK .637 5A = 3.185 amperes

If the "average" value is known, tne "peak" value can Le determined.

PEAK x 1.57 AVE::::)

The "average" value = 3.185 amperes. The "peak" value = ?

PEAK = 1.57 AVERAGE 1.57 3.185 = 5.0005 amperes

XT L: The small "error" here is due to .637 being "rounded-off".

A 25" Color TV uses a peak current of 4 amperes. Calculate
the "average" value of current used ty the set.
The averap current of a 6 transistor Padio is tmA.
Calculate the "peak" value of current flow used.
An air-conditioner uses a peak current of 20 amperes.
Calculate the "average" value of the current used.
A 100 watt light bulb uses an "average" current of SUFI:
Calculate the "peak" value used by the bulb.
An eluctric toaster uses a "peak" current o f d WIFFes.
Vnat is the "average" current used by the toaster?
.5oluering-iron...Peak current 2 amps Average =
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A-14 a. "instantaneous" value.

b. "peak" value ..... the "peak" value reached during each alter-
nation is the same. For example: If the positive "peak" is
15 amperes, the negative "peak" will also be 15 amperes.

SPFAXINO ABOUT HEAT....

When electrical current flows thru a resistor, heat is gener-

ated within the resistor...... power dissipation.

Question? In the following DC and AC circuits, which resistor

will be heated the most? HEAT

rillm=30 AMPERES DC

If

30A "PEAK" AC

DC POWER
SOURCE

1

30 AMPERES DC 30A "PEAK" AC

The answer? The resistor in the LC circuit will be the hottest!

'..:hy? The current flow in the DC circuit is a "steady" 30 amperes.

The resistor is heated "30 amperes worth" all the time.

In the AC circuit, the resistor is heated "30 amperes worth"

only at the momnts of "peak" current. The rest of the "instantaneous"

values are less than 30 amperes. There are timed when the resistor

la not beir14 heated at all! These would be CA....between alternations.

In order for the resistor in the AC circuit to he heated the same,

the current must reach a "peak" of hii;her than 30 amperes.

E AC PEAK Der equal heat) = 1.414 DC

EXA:TLE: X current = 33 amperes. AC "peak" value (equal heat3 s ?

AC ?Lk; (equal heat] = 1.414 DC 1.414 3CA = 42.42A PEAK

c-16 a. A "camper" van as a hot-plate usinc: 6 amperes of DC
current from the battery. That "peak" value of AC current
will produce Wie same amount of heat?

b. des -;:o Will 7 amperes of AC produce the cane amount of
teat as 5 amperes of :C? (That's 7 amperes "pear.)
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17/

A15 a. 2.548A AVG
b. 9.42mA PK
c. 12.74A AVG

d. 1,256mA PK or 1.256A PK
e. 5.096A AVG
f. 1.274A AVG

AC ammeters do NOT indicate the "peak" value of the Alternating

Current flowing in a circuit!

-rmmAi142.42 AMPERES "PEAK"

AC POWER
SOURCE WRONG RIGHT

The "30 ampere" reading on the meter, indicates that the Alter-

nating Current which is flowing, has the same "heating effect" as

30 amperes of Direct Current. The Alternating Current may have a

"peak" value of 42.42 amperes, BUT the "heating effect" is the

same as only 30 amperes of Direct Current.

The "peak" value of Alternating Current, is always higher than

its "heating effect" value. This "heating effect" value is called

the EFFECTIVE VALUE of Alternating Current.

Ejtezta Wag
1:111111

That amount of Alternating Current,
which will produce the same "heating
effect", as an equal amount of DC.

IC voltmeters and ammeters are calibrated to indicate this

"effective" value, rather than the "peak" value. This is an impor-

tant point, ana it must be kept in mind! The "effective" value

(measured by AC meters), is always LOWER than the "peak" value.

1.17 a. T-F AC meters "read" the peak value.
b. T -F AC meters "read" the average value.
c. T-F AC meters "read" the effective value.
d. T-F The "peak" value is higher than the "effective" value.
e. T-F The "effective" value is lower than the "peak" value.

OW'
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a. 8.484A PK....but don't get the wrong idea. You couldn't
plug the camper hotplate into a house wall outlet. The
camper battery is probably 12V, and the house 117VE

b. Ho...but it's pretty close (7.07A PK same as 5A DC)

CALCULATING THE EFFECTIVE VALUE

The "Effective" or "heating effect" value of an Alternating

Current, is always LOWER than the "peak" value. If the "peak" value

is known, the "effective" value can be determined.

E 4/47EFFECTIVE .707 !!!)

EXCPLEs "Peak" current equals 20 amperes. Calculate the "effective".

EFFECTIVE m .707 PEAK .707 20A 14.14 amperes

If the "effective" value is known, the "peak" value can be

calculated.

E PEAK 1.414 EFFECTIVE

EkkiRLE: ":affective" current = 2 amperes. Calculate the "peak".

PEAK = 1.414 LFFECTIVE 1.414 2A = 2.828 amperes "peak".

The "effective" value is sometimes called the "WS" value. This

stands for "Root Mean Square". It is a.mathematical process, and will

not he furthur discussed. It is the same as "effective".

Q-18 a. Which value of alternating current has the same heating
effect as an equal amount of direct current? value.

b. The "effective" value is also called the __value.
c. An electric iron uses a "peak" value of 8-1mperes. What is

the "effective" value?
d. A 60 watt light bulb operates on 500mA "effective" current.

Calculate the "peak" current flowing thru the bulb.
e. A small "pencil" type soldering iron has a "peak" current

of 2 amperes. What is the RMS current thru it?
f. T-F The EMS value is higher than the "effective" 70i77---
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A -17 a. False
b. False
c. True....finally got to it!

d. True
e. True....but that's

saying (d) backwards)

DEGREE REPRESENTATION

One cycle of Alternating Current can be produced by, rotating a

piece of copper wire, in a 360° circle, thru a magnetic field. (This

will be rurthur discussed in "Electric Generators ".) Therefore, each

cycle is marked-off in degrees, beginning with 0°, and ending with 360°.

Each cycle begins at 0°, and ends at 360°. Current reverses at

the 180° point ana begins each "negative" alternation. 90° is the

point of "peak" current during each "positive" alternation. 270° is

the point of "peak" current during each "negative" alternation.

Each "instantaneous" value of current in a cycle, can be iden-

tified ty using degrees. For example (using the above figure)

What w,uld be the "instantaneous" value of current at 850? Answer...

Somewhere between 4 and 5 amperes. The "degree representation" of a

cycle will be further studied in this text under "Phase Difference".

rQ19 a, Each cycle contains how many degrees?b. Each alternation contains howrnany degrees?
c, "Peak" currents flow at and degrees.
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at/
A-18

a. The "effective" value.
b. RMS or rms
C. 5.656A EPP

d. 707mA PK or about .7 amperes PK
e. 1.414A RMS or 1.414A EPP
f. Palse...it is the "effective"!

TIME REPRESENTATION

to, ti, t2, t3 etc., are "tire inuicatore. They are often placed

at equally spaced points on a cycle. The distance between each "time

indicator", represents a particular amount of time, such as 1 millisec-

ond. The distance between each mark remains the same, because !ach milli-

second is as long as any other milli - second.

tp 64t3 t t5 t ti ts t9
i

i10
f I 1

t19 "18 tii ti6 t14 t13 t12 1'11 tIO

If the time tetween each mark equals I milli-second, the "period"
1

of this cycle must be 20 milli-seconds. Using the equation f = ,
t

this must be one cycle of .G5iiz (50Hz) alternating current.

All of the points in this cycle can be identified by their "time

indicators". Examples: The cycle bezins at t0, and ends at t20. t5

is when the "peak" current is reached during the "positive" alternation.

t15 is the "negative" peak. t10 is the moment when the current reverses,

between alternations. *detween t7 and te, the current is decreasing from

3 amperes to 2 amperes....etc....etc.

Q-20 Use the drawing above, to answer the following.
a. The positive alternation "peak", occurs at (t1, t2, etc.)

b. Between ti2 and t11, the current is ---7M or dec).
c, The "negative" altdrnation begins at (."t" indicator)
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A-I9
a. 360 degrees
b. 180 degrees
c. 90° and 270°

WAVE liEPRESTVrATIM,

Usually, Alternating Current is represented as a "sine wave".

This "sine wave" is the picture seen, when alternating current is

viewed on an Oscilloscope (something like a 5° TV set).

Sim Uwe.
REFERENCE LINE

The dotted-line thru the ithtdle of the sine wave, is called

the "reference line". The sine wave goes an equal amount, auove-

and-Lelow the "reference line". :.1.e points where the sine wave

touches or crosses the rreference line", are equally spaced.

It should also be noticed, that the sine wave has a particular

"zhape".

It is NOT "rounded".

It is NOT "flattened".

It is NOT "triangular". Ma Ma AM am ma

Any cnange of slap°, from the "pure" sine wave, is called

"distortion". (Sometimes caused by the author or printer!)

q-21 a. A "sine wave" is the usual representation of
T- Se v
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A-20 a.

b. ificreasing....up toward the "negative" peak.
c , t10

SINE WAVE REPRESENTATION

Alternating Current (AC), is usually represented as a "sine

wave ". The part of the sine wave above the reference line, repre-

sents the "positive" alternation. The part of the sine wave below

the reference line, represents the "negative" alternation.

/QV
POSITIVE

ALTERNATION

NEGATIVE
ALTERNATION

Therefore one SINE WAVE, represents one CYCLE!

The reference line itself, represents TIE....tick...tick....

tt t2

to

/7e

4 ti
PERIOD

Therefore. the "period" of this cycle would be from to to t4!

Q-22 a. The "reference line" represents
b. The portion of the sine wave above the reference line

represents the alternation.
c. The portion of the sine wave below the reference line

represents the alternation.
d. "Time" is repreiiiiRriViii7 line.

e. Can you think of another question to ask?
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A21
a. Alternating Current
b. True

SINE WAVE REPRESENTATION

The horizontal axis of a sine wave (the reference line), rep-

resents "time". The vertical axis of a sine wave, represents "amp-

eres of current". Above the reference line, the current is marked

as being positive (+). Below the reference line, the current is

marked as being negative (-).

10 to ti
la:

t__.,_,__,._.A. 0
4a
+2a
+la

--r--rmr-mr---.1
m-la

0---t1---- ----t3

il 0
2a

-3a

-4a
..5a

t4 t/3

The cycle becins at t0 with 0 amperes. By tl, the current has

reached its pOsitive peak of +5 amperes. By t2, the current has

decreased back to 0 amperes. By t3, the current has reached its

negative peak of -5 amperes. By t4, the current has once more

decreased to 0 amperes. (End of cycle)

- 5 AMPS

+5 amperes willSHOCK as much
as -5 amperes! REAMER the
"+" and "-" only indicates a change
in the direction of electron flow.

5 AMPS

Q-23 a. The horizontal axis or "reference line" represents
b. Above the reference line, current is marked ( 6117:17.

c. T -F Negative alternations are below the reference line.
d. T-17 Positive alternations will "shock" more than negative

alternations, because the current is flowing frontwards.
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A-22 a. "time marching on....tick...tick...tick...tick.otc..
b. "positive" alternation
c.'"negative" alternation
d. reference line.
e. I couldn't either!

SINE WAVE REPRESENTATION

The PEAK, EFFECTIVE, and AVERAGE values of the Alternating

Current, would be at (approximately) the "leveld" shown below.

PEAK

EFFECTIVE DVS]
AVERAGE ---

LEFFECTIVE is
AVERAGE in

PEAK is
PEAK *

AVERAGE
EFFECTIVE CAMS]

PEAK

AVERAGE =
EFFECTIVE

11)

.707 PEAK

.637 PEAK

1.414 EFFECTIVE
1.57 AVERAGE

.9 EFFECTIVE
1.11 AVERAGE

Q-24 a. If the "peak" current flow thru a central airconditioninp
system is 20 amperes, the "effective" current =

b. The "name-plate" on an 8 track tape recorder indlaar
an effective current of 1.2 amps. The "peak" =

c. The effective current of a "video recorder" is 1.5 Amps.
Calculate the "average" current.

d. An electric range, uses an "average current of 8 asps.
Calculate the "peak" current used by the range.

e. A 4 channel Stereo Amplifier is marked as having-1E51W-
current of 2 amperes. Calculate the "peak" current.

f. A Radar system having a "peak" current of 60 amperes,
has an effective current flow of amperes.

g. An aircraft AC Alternator can produce an average current
of 400 amperes. Calculate the "peak" output current.

h. The "average" current flow thru a speaker 800 A.
Calculate the RMS current.

i. The "peak" output current of a microphone is 591A.
What is the "effective" or RMS output current?
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A-23 a. time....and also "zero" amperes
b. +
c. True
d. Palse...the "shock" is the same.

PEAK-TO-PEAK VALUE

When a cycle, (or better, a lot of cycles) is viewed on an

Oscilloscope, another "value" of current becomes apparent.

called the "peak - to- peak" value.

+5A

It is

Suppose the temperature (on a Winter day) varied from a

of +5°, to a low of -50. What was the

total "change" of temperature during

the day? 10° was the total "change"

of temperature.
CHANGE OF

Many Electronic circuits operate IENTERATURE OP

EQUALS 10°

on the total "change" of current, and

high

the "peak-to-peak" value is important

10C
to their operation.

Era= PEAK -TO -PEAK an 2 TIMES THE PEAK VALUE

Q-25 a. If the "peak" value of a Radar signal equals 15mA, the
"peak -to- peak" value of the signal is ?

b. The "peak -to- peak" output of a Stereo system It 80mA.
What is the "peak" output current?

c. The "effective" value of current thrtiaMrwatt light
bulb u 1 ampere. What is the "peak -to- peak" value?

d. Calculate the "peak-to-peak" of 5 amperes RMS.

36
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(So
A-24 a. 14.14A EPF

b. 1.6968A PK
c. 1.35A MO

d. 12.56A PK
e. 2.828A PK
f. 42.42A EPP

g. 628A PK
h. 888mA RMS

1. 35.350A nms

FREQUENCY vs AMPLITUDE,

If the frequency (number of cycles per second) is Increased,

the picture seen on an Oscilloscope changes from ,,

this to this.

AMPLITUDE Carl lah-tude]

The word "amplitude" means....size....amount....loudness...etc.

Increasing the amplitude of a sound, means to make it louder. In-

creasing the amplitude of a swinging pendulum, means to make it

swing back -and -forth a greater distance. Increasing the "amplitude"

of an Alternating Current, means to make the "peak" value higter...

say from 5 amperes, to 8 amperes. The lamp would get brighter!

Increase the "amplitude" of a cycle seen on an Oscilloscope,

and the picture seen charges from

to this.

+8A

-8A

41. ..... M gM --s

Q-26 a. T=F Increasing the "amplitude" of alternating current
means to increase the number of cycles per second.

b. T-F The "amplitude" of the sound from a radio is increas-
e4, by turning the volume control "up".

c. Which AC has the largest amplitude" 5A PK or 10A PK -W-PK
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c. T4P Double the frequency, and the amplitude also doubles]

0-27 a. T-F If the frequency is increased, the amplitude also
increases.

b. T-F If the amplitude is increased, the frequency will
remain the same.

A-25 a. 30mA PK-PK
b. 40mA PK
c. 2.828A PK-PK
d. 14.14A PK-PK

FREQUENCY vs AMPLITUDE

Examine the following pictures, seen on an Oscilloscope.

4011.110....1 sEcoNDIN,

WWWW

Low frequency Low amplitude.

Low frequency....High amplitude.

nigh frequency Low amplitude.

High frequency....High amplitude.

NOTE: The "frequency" and "amplitude" are independent of each

other. "Frequency" is the number of cycles. "Amplitude",

is how high the cycles are. how many???...and how high???
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A-26
a. Phlse....it means to increase the "peak" value of the

existing cycles.
b. True...."upr meaning louder.
d. They both have the same "amplitude"...$A PK w 10A PK-PK

IN- PHASE and OUT-OF-PHASE,

A city park playground wings two kids on swings.

If they are going up-and-down together, they are said to be swing-

ing "in-phase". If they do NOT go up-and-down together, they are

said to be "out-of-phase".

If two sine waves (or cycles) rise-and-fall together, they are

said to be "in-phase". Regardless of their "amplitudes", they MUST.

cross the reference line, at the same moment of time.

to ti

71,Pitase.

If two sine waves (or cycles) DO NOT rise-and-fall together,

they are said to be "out-of-phase". They DO NOT cross the refer-

ence line at the same moilent of time. t°
t1 t2

Q-28 cross8 a. "In- phase" sine must css the line
at the same moment of
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A-27 a. Palse it means you get more cycles, at the same
amplitude (or peak value).

b. True it means the peak value of the existing cycles
is being made higher.

c. Palse see (a) above.

DEGREES OUT-OP-PHASE

Recall a "cycle"

degrees. It begins at 0°,

between two sine waves, is

360°

Here are two
sine waves,
"In- phase ".

Here they are
45°degrees
out-or-phase.

Here they are
90 derxees
out-of-phase.

Here they are
180 deGrees
out-of-phase.

here they are
270°degrees
out-of-phase.
(See NOTE:

(or sine wave) is

and ends at 360°.

often measured in

also measured in

The "phase difference"

degrees. See below....

IMPORTANT!!!

/N. .. IM 411.

NOTE: sine waves 270°
1440° out-of-phase, may also

be referred to as 90°
out-of-phase.

INFORMATIONAL PACE ONLY....:;ot for study
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A-28
a. referent.) line....moment of time.

WAVELENGTH

Light waves travel thru space at a speed of about 186,000 miles

per second. If a flashlight is turned "on", it would be one second,

before someone 186.000 miles away sees the light. To the moon, it

would take about 1.3 seconds (239,000 miles). A burst of light from

the sun, takes about 500 seconds to reach the earth (93,000,000 miles).

There are 5,280 feet in a mile. That's 1,760 yards. 186,000

miles then, equals 327,360,000 yards. A "meter" is about a yard long.

(39.37 inches) Therefore, light travels about 300,000,000 meters in

one second (299,776,000 meters per second).

Radio, Television, Radar, Microwaves, etc., all travel at the

same speed as light waves.

62( it/ t feA rd. or 300,000,000 METERS PER SECO:3

Once a radio wave has left the "transmitting" antenna, its

velocity remains the same (300,000,0GO meters per second) as it :ravels

thru space.

11 11 II 11

1

Ve I

Q-29 a. T-F Radio waves and Light waves travel at the same speed.
b. Radio wavevelocity * miles per second.
c. Radio wave velocity = meters per second.
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WAVELENGTH

Consider for a moment, n radio "transmitter" operatinc at a

tmquency or 1 cycle per second. In one second, how many cycles are

produced? or course....one! Allow that cycle to "radiate" from an

antenna. :Then the beginning of the cycle leaves the antenna, it

starts traveling at a speed of 300 million meters fer secbnd. One

second later, the end of the cycle will be leaving the antenna.

Question??? how far away will the beginning of the wave be, when the

end of the wave is leaving the antenna? Well the cycle is one

second long the ber,inning of the cycle will travel a distance of

300 million meters in one second therefore, the beginninc of the

wave will be 30C,000,00 meters away, when the end of the wave is just

leaving the antenna one second away!

RADIO
TRANSMITTER

300,000,000 IsTERs----,1.

ONE SECOND

Increase ti.e frequency to 2 cycles per second. :isw .:arty cycler,

are produced in one second? TWoi now many cycle3 be "radiated"

from the antenna in one secolid? 1:ow many meters 1on7 13 either

of the waves?

RADIO
TRANSMITIER

[ f= 2Hz

l',A),GCC,C0C :neterz:

150,000,0 00 pETERSst\

\300,000,000

METERS
11

*-150,000,0001ETERs"
ft/`4%..."

ONE SECOND

Q-30 a. T-F The radio wave gets shorter, as frequency increases. ]
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A-29 a. True
b. 186,000 and that converts to 669,600,000 Miles Per Hr.

c. 300,000,000 ..."faster than a speeding bullet

WAVELENGTH

Increase the rreclnency to 4 cycles per second. How many cycles

are produced in one second? Four i How many cycles will be "radiated"

from the antenna in one second? court how many meters long is Nny

one of the four cycles? 75,000,000 meterst

RADIO
TRANaLITIER

I f 4Hz

A 'A A
\j`0

75,000,000 n.,,ruis-0:, :4
ONE SECOND

Increase the frequency to 3C0 million cycles per second (30W0-.z).

*riow many cycles are produced in one second? 300,000,000! iiow many

cycles will be "radiated" from the antenna in one secone 3C0,00C,I;GC!

Eow many meters long is any one of the ;00,00C,00C cycles? I r.eter!

300,000,000 YETERS

1i

'P p

111'

11 r:h
11 11

_RADIO
TRANSIMER

300,000,000 CYCLES
1 CYCLE-11014-1 1STEIR

ONE SECOND

DTORTANT! :ct.: that as the frequency is increased, the physical

of acn cycle of a radio wave letS shorter.

Q-3I a. As the frequency increases, the length of each cycle of the
radio wave gets (longer or shorter).

b. Radio wave velocity 5 meters per second.
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A-30 a. Ttue....lf you can call 150,000,000 meters "shorter".

1

WAVELENGTH

The "physical length" of any one cycle of a radio wave, is

called the WAVELENGTH (Symbol? ....the Greek letter "'aorta")

ldwirdengS, (A)
The PHYSICAL LENGTH of any one
cycle of a radio wave. It is
usually measured in meters,
centi-neters, or milli-raters.

The woolmni (A) of a radio wave, depends upon, the frequency

of the wave, and the "velocity" of the wave. The frequency can be

changed, but the "velocity" cannot. It i5 a constant 300 million

meters per seconu. The WAVELENGTH (11) can be calculated by

VELOCITY
WAVELENGmh A =

FREQUENCY

EIMPLE: Calculate the "wavelength" of a radio wave havin ,, a fre-
quency of 1.5.1z (1,500,000 cycles per second).

VLLOCITY v 300,G
WAWILEZT2h* 7$

WAVELENGTH H f 1

1. wiz (150CKhz) would be the operatinz frequency of an AY. Radio
station on the hi 5h end of the dial. Each wave is 200 meters lot:,:

3.20C

Q -32 a. What would be the "wavelength" of each cycle of a Channel
3 TV signal at 60MHz (60,000,000W? meters.

b. Calculate the wavelength of each cycle of a Police radio
at 150MHZ. (150,000,000Hz) meters.

c. Calculate the wavelength of a Loran navigation signal,
operating at 100KHz. (100',000HZ) meters.

1. What is the "wavelength" of each cycle of a Citizens Band
station, operating near 30MHz (30,000,000Hz)

e. The National Bureau of Standards WW, operates a radio
station at 20MHz. Calculate the wavelength of one cycle.

f. What is the "wavelength" of one cycle of a UHF TV station
operating at 600MHZ9

g. European power, at a frequency of 50Hz, has a wavelength
meters. "lb
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/81
A-31 a, shorter....even down to milli-meters, and micro - meters.

b. 300,000,000 (300 Million Meters Per Second)

WAVELENGTH

if the wavelength (71) of a radio wave is known, the frequency

( f ) of the wave can be determined.

FREQUENCY
VELOCITY

WAVELEN,GTH

EXAMPLE: :ghat is the operating frequency (f) of a Radio Station,
if its wavelength (71) equals 200 meters?

1i

VELOCITY v 300,000,0
FREQUENCY = 1" at se * 1,500,000 Hertz

WAVELENGTH let 2 (1500KHz or 1.5 (z)

any "short-wave" radios have their dials marked in "meters",

rather than "hertz". Often, overseas Broadcasting Stations, discuss

their "meter band", rather than their "frequency band" of operation.

Amateur Radio "ham" operators talk of their equipment as "20

meter", or "40 meter", "80 meter", "2 meter", "10 meter", etc..

Rxdar equipment is often called "10 centimeter" (30Hz), or "3 :lent/-

meter" (10GHz), etc.. Some skill, in the conversion from wavelcmth

to frequency, should be developed.

Q-33 a. If the wavelength of each cycle equals 5000 meters, the
frequency of the radio wave equals

b. A Voice of America Broadcasting Station has a wavelength
of 30 meters. -What is its broadcasting frequency?

c. What is the frequency of a wave, if the wavelength of
each cycle equals 5,000,000 meters?

d. What is the frequency of an Amateur Radio Station, oper-
ating in the 2 meter band?

e. What is the "dial" reading of an FM Stereo station, if the
wavelength of each cycle equals 3 meters?

f. The wavelength of a 'May Day" (S-04) emergency call is
150 meters. What is the frequency of the station?

g. T-F If the frequency increases, the wavelength decreases.
h. T-F Frequency and wavelength are "Independent" of each

other.

45
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A"32 a. 5 meters
b. 2 meters
c. 3000 meters (3KM)
d. 10 meters

e. 15 meters
f. .5 meter (1/2 meter-50cm)
g. 6 million meters long!

AC VOUTAGE

There are many sources of AC Voltage. Some of them are

AC Generators (Alternators), Oscillators, MUltivibrators, DC to

AC Converters, etc.. (Sorry....there are no AC batteries!)

These sources of AC Voltage have several schematic symbols:

AC
SOWeCES

11TVAC Vow 117VAC

To produce an alternating "current", the POLARITY of the

AC Voltage source reverses, each alternation

AC Voltages are represented as "sine-waves". They also :X.10

peak-to-peak, peak, effective, ano average values. The equations

to calculate these values, remain the same as for AC Currents....

EFFECTIVE 2, .707 PEAK PEAK 1.414 EFFECTIVE EFF = 1.11 AVG
AVERAGE a; .637 PEAK PEAK = 1.57 AVERAGE Avn .9 EFF

PEAK-TO-PEAK = 2 TI:4EZ 7.1; PEAK

Q-34 a. Calculate the "effective" voltage of an AC power source
of 50V PK.

b. If the PK-TO-PK value equals 16 volts, the effective
voltage =

c. What is the PK-PK value of 10 volts "average"?
d. If the PK-PK value equals 4 volts, what is the FMS value?
e. Effective = 30VAC. Calculate the "average" value.
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A-33 a. 60,000Hz (60KHz)
b. 10 Mega Hertz (10MC)
c. 60Hz (USA power)
d. 1$0 Mega Hertz (15OMC)

e. 100 Mega Hertz (100MC)

f. 2 Mega Hertz (2MC)
e. True...decrease 0 shorter.
h. False... ft

AC VOLTAGE

All AC Voltages are assumed to be the "effective" value,

unless otherwise specifically stated.

Repeat !
All AC Voltages (and currents) ,

arc assumed to be the "effective"
value, unless otherwize specif-
ically stated:

means that all meters (Voltmeters and Ammeters) , are

calibrated to "read-out" the effective value. All voltage and

Current indications on schematic diagrams, are to be assumed to be

t "efNctive" value, unless otherwise marked.

OVAL

Effective

Ara electrlcal wail outlet, may be marked 117VAC. This there-

fore, is the "effective" value. How high does the actual "peak"

value go7 1.414 (1170) = 165 VOLTS PEAK! An air-conditioner

lay Le marked 22CVAC. This therefore, is the "effective" value.

Eow hi41 is the actual "reak" value? 1.414 (220V) = 311 VOLTS PK!

Q-35 a. An AC voltmeter indicates 120V. The peak-to-peak value
equals

b. An AC ammeter reads 5mA. The "peak" value

47
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A-34 a. 35.35V EFF
b. 5.656V EFF
c. 31.4V PK-PK

d. 1.414V RMS or En?
e. 27V AVO

OHM'S LAW

Ohm's Law calculations for an AC Circuit, are the same as for

a DC Circuit.

Eswitons

E = Voltam I = Current

E = I R
E

R

I

R = Resistance

EXAMPLE: Calculate the "effective" current flowing in the following
circuit. (Note: The voltage is given as "peak".)

E 200V PKI *= a 4mA PEAK

To convert the 4mA Peak Current, to
its "effective" meter reading

EFFECTIVE = .707 PEAK

= .707 (4mA)

- 2.328 r:IP. EFFECTIVE

48
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-A-35 a. 339.36V PK-PK b. 7.07mA PK

NEW TERMS and EQUATIONS

Although this text began simple enough, it should now be

apparent that a lot of "new stuff" has been discussed. Below, in

a listing of the material covered. On the following page, there is

a Surmary Quiz, which will use this list for answers.

TERMS

a. Alternating Current (AC)
b. Alternation EQUATIONS

c. Cycle
U. Positive Alternation
e. :'egative Alternation 1. EFFECTIVE = 707 PEAK
f. Frequency
q. Cycles Per Second 2. AVERAGE se .637 PEAK
h. Nerta
i. Audio Frequencies 3. PEAr = 1.414 EFFECTIVE
J. Power Frequencies
k. Ultrasonic Frequencies 4. PEAK = 1.57 AVERAGE
1. Radio Frequencies
:n. nicrowaves 5. AVERAGE * .9 EFFECTIVE
n. Frequency Spectrum
a. al° Hertz 6. EFFECTIV:. = 1.11 AVERAGE
p. ::ega Hertz

q. Gic,a Hertz
r. Period 1 1

Instantaneous Values f 8. t

t. Pear( Value
u. Peak-To-feai. Value
v. Lffective Value

Average Value
x. ny.s Value

y. 0° to 360° 9. ?1 = 10. f

z. t2, t3, etc.
aa. Sine Wave

Reference Line
cc. Amplitude
(id. In-Phase
eo. Out-Of-Phase
ff. AC Voltage
gg. 300,000,000
hh. Wavelength
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A-36
a. 2mA
b. 3K
c. 2A

d. 5niA

e. 2K
f. 120VAC

SUMMARY QUIZ

Q-37 Using the list of TERMS and EQUATIONS, select the best
answers for the following. Some terms may be used more
than once....some, not at all.

JOWL
I. Electrical current which is "constantly changing in amplitude

and periodically reversing in direction".
2. One million cycles per second.
3. Two sine waves, "rising-and-falling" together.
4. 20Hz to 20KHz.
5. The maximum current reached during any alternation.

This is another name for the "effective" value.
.7. The length of any one cycle of a Radio wave.
.8. One thousand cycles per second.

9. Degrees of a sine wave.
10. The same heating effect, as an equal amount of DC.
11. Each cycle contains two of these.
12. The time required to complete any one cycle.

13. A line, representing "time".
14. 1 Giga Hertz and "up".
15. International unit or measure for "frequency ".

16. The velocity, in meters per second, of a radio wave.
17. Time "indicators".
18. One Billion Cycles Per Second.
19. 50Hz, 60Hz, and 400Hz.
20. Fellows each positive alternation.
21. Obtained from an AC power source, such as a wall outlet.
22. 20KHz up to 300GHz.
23. Contains 180°
14. The most common representation of alternating current.
25. Sound waves, too high in frequency to hear.

26. When two sine waves aremt.'rising-and-falling" together.
27. Positive "peak" to the negative "peak".
18. The period, is the length of time to complete one of these.
29. Increase this, and the "peak" becomes higher.
30. A list of frequencies, from "low" to "high".

EQUATIONS
a. Want to convert from the RMS value to the "peak" value.
b. Want to calculate the time necessary to complete one cycle.
c. Given the "effective", and want to know the "peak".
d. Want to calculate the length of one cycle of a radio wave.
e. Given the "average" and want to know the "effective".
f. Given the "period", and want to calculate "frequency".
g. Know the RMS value, and want to calculate the "peak" value.
h. Given the "wavelength, and want to know the "frequency".
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A-37 These are the "best" answers (though you may not agree).
1====2

EQUATIONS

a. 3
b. 8
c. 3
d. 9
e. 6
f. 7

g. 3
h. 10

1. a 11. b 21. ff
2. p 12. r 22. 1
3. dd 13. bb 23. b, d, or e
4. i 14. m 24. as
5. t 15. h 25. k
6. x 16. gg 26. ee

7. hh 17. z 27. u
8. o 18. q 28. c

9. y 19. j 29. cc
lo. v 20. e 30. n

SUMMARY

The study of Alternating Current and the Frequency Spectrum,
should not end here. Publications on these subjects are available
in Technical Study Centers.

Beginning with a "simple" reversing of current, a wide variety
of facts and figures began to emerge. Alternations and cycles were
easy enough, but then along came "period" and "frequency" and all
their calculations. Then suddenly, there were all kinds of frequen-
cies!

Peak values were simple. But then came instantaneous, effective,
average, and peak-to-peak values, and all their calculations. Things
settled down for a moment, only to be interrupted by Radio Wave veloc-
ity, wavelength, and their calculations. And it all ended with Ohm's
Law.

Quite a "bite-to-chew", this Alternating Current! Fortunately,
all the terms studied here will become a part of your new language,
to be used over-and-over as Electronics continues.

Alternating Current and the Frequency Spectrum AC Electronics!
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Radar Principles Branch
Kees ler Mr Force Base, Mississippi

/96

GUIDANCE PACKAGE 3AQR3X020-X
KEP-GP-12

1 March 1976

ELECTRONIC PRINCIPLES

MODULE 12

This Guidance Package is designed to guide you through this module of the Electronic
Principles Course. It contains specific information, including references to other resources
you may study, enabling you to satisfy the learning objectives.

CONTENTS

TITLE PAGE

Overview
List of Resources
Adjunct Guide
Laboratory Exercise, 12-1
Module Self Check
Answers

OVERVIEW

CAPACITORS AND CAPACITIVE
REACTANCE

1. SCOPE: This module will define
capacitance, show the construction of
capacitors and explains their characteristics
in electronic circuits.

2. OBJECTIVES: Upon completion of this
module you should be able to satisfy the
following objectives:

a. From a group of statements, select the
ones which describe the physical character-
istics of a capacitor.

b. From a group of statements, select the
ones which describe the electrical character-
istics of a capacitor.

c. From a group of statements, select the
one which describes the phase relationship
of current and voltage in a capacitor.

Supersedes KEP-GP-12, 1 August 1975.

i

d. Given a list of statements, select the
ones which describe the effect of varying
frequency and capacitance on capacitive
reactance.

e. Given the signal frequency, formulas,
and the value of three capacitors in a series-
parallel configuration, compute the total
capacitance and total capacitive reactance.

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

AUDIO- VISUAL:
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Television lotion, Capacitors and Capacitive 3. Capacitance increases if you
Reactance, TVK 30-255

LABORATORY EXERCISE:

Capacitors and Capacitive Reactance, 12-I

SELECT ONE OF THE RESOURCES AND
BEGIN YOUR STUDY OR TAKE THE MODULE
SELF-CHECK. CONSULT YOUR INSTRUCTOR
IF YOU REQUIRE ASSISTANCE.

ADJUNCT GUIDE

lq7
.-----. a. move the plates closer together.

decrease plate area.

c. move the plates farther apart.

d. increase dielectric thickness.

4. A capacitor stores electrical energy in an

a.

b
electromagnetic field.

electrostatic field.

Instructions: 5. If the capacitor has no charge and SW1

Study the referenced materials as directed. is closed, the electrons are

Return to this guide and answer the
questions.

Check your answers against the answers
at the back of this Guidance Package.

1
TA

If you experience any difficulty, contact c<1;)-
your instructor. REP4-951

Begin the program. a. pulled off plate A.

b. pulled off plate B.

------- c. forced onto plate A.
A. Turn to Student Text, Volume II, and d. forced onto plate B.read paragraphs 2-1 tbru 2-40. Return to
this page and answer the following questions.

6. Plate A has a negative charge and plate
B has a positive charge. then

1. A capacitor physically consists of:

a. plates and conductors.

b. plates and iron.

c. dielectric and plates.

d. non-conductors and dielectric.

2. To decrease the capacitance of a capacitor,
you can a. a difference of potential exists

between the two plates.- b. electrostatic lines of force are
directed from plate A to plate B.

REP4 -952

SW)

a. increase plate area.

- b. decrease applied voltage.

c, decrease the plate area.
c. electrostatic lines of force are

directed from plate B to plate A,

d. decrease the thickness of the CONFIRM YOUR ANSWERS
dielectric.

1
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B. Turn to Student Text, Volume II, and read
paragraphs 2-41 thru 2-46. Return to this
page and answer the following questions.

I. Find the total capacitance for each circuit.

a. Ct - . ILF

Cl

b. Ct . ILF

Cl
20 IxF

T c2
..-r. to liF

_L. C3
60 pf

C2
10pF

REP4-953

c. Ct

REP4 -954

'IF.

Cl
T100/4F

C2
25p. F

T C3
20p F

REP4 -955

2. When capacitors are wired in series,total
capacitance (increases)(decreases).

CONFIRM YOUR ANSWERS

2

/0
C. Turn to Student Text, Volume II, and
read paragraphs 2-47 thru 2-49. Return to
this page and answer the following questions.

1. Find the total capacitance for eachcircuit.

a. Ct tiF

b. Ct

c t

- /ff.

REP4-956

C. -

73
.3320F 0.0010F0.0020F

AF.

i
T

10C2

.04 pF

RZP4-951

I:\ Cl 12 13 1
T

20 p F 50 la F

4

T
8p.F 10pF

REP4-958

2. When capacitors are wired in parallel,
total capacitance (decreases, (increases).

CONFIRM YOUR ANSWERS

D. Turn to Student Text, Volume II, and
read paragraphs 2-50 thru 2-53. Return to
this page and answer the following questions.
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I. To find the Ct for the series-parallel 3. Solve for Ct in each of the circuits
network shown, below:

Cl

11
C3

REPO -919

a. add Cl, C2, and C3 directly.

__ b. use the reciprocal method to find
the equivalent capacitance of C2 and C3 and
.add this value directly to Cl.

c. add C2 and C3 directly and use
the reciprocal method to find the equivalent
capacitance of this sum and Cl.

CI 2014F

Ce

C3
10 1.iF

REP4 -960

2. To solve the above series-parallel capaci-
tive circuit for ;, the first step is to deter-
mine the equivalent capacitance (Ce) of the
parallel network.

a. Ct

b. Ct AP.

ner4-962

c. Ct =. tiF

C2
15µF

REP4 -963

REP4-964

CONFIRM YOUR ANSWERS

REP4-961

E. Turn to Student Text, Volume II, and

The next step is to combine Ce with Cl. read paragraphs 2-54 thru 2-71. Return to
this page and answer the following questions.

Ct for this circuit is AP%

3
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1. Mark the drawing that identifies the cor-
rect phase relationship of current and voltage
in a pure capacitive circuit.

a.

b.

c.

d.

REPO -965

.260

2. The symbol for this reactance is
and is measured in -------________.
3. The two 'variables which affect reactance
are and

of the circuit.

4. Given the signal frequency and value of
capacitors in series, compute Ct and xc

t
of each circuit below.

a. Ct , 1

1 l 1

Ci 4 C2 4- C3

XC . --9-
.15

t fC

4 kHz

Cl
--r. 1001A F

I-- C2
-r201.1F
-1-- C3

25 p F

REPO -966

C t LLF

xct
2. The phase relationship in a pure capacitor b.
is such that the capacitor current (lags) (_CI(leads) the applied voltage by 90'.

1004F

CONFIRM YOUR ANSWERS

F. Turn to Student Text, Volume II, and
read paragraphs 2-72 thru 2-94. Return to 501AFthis page and answer the following questions.

1. The opposition a capacitor offers to alter- Ct = I.LF

nating current is called - X
C

-

4 kHz

IC3

reactance. t

4
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1.59 kHz
20 p F

-L- C2
30 p F

REP4-168

a. CI

10µF

1590 Hz

Qoi

1C2 C3
6pF 4pF

REP4-971

- uFct Ct uF

X = X nct Ct

5. Given the signal frequency and value of b.
capacitors in parallel, compute the total
capacitance

a.

and total reactance.

C2 1_ C3

10µF 20pF
C2 13.25 Hz

12.5µF

REP4-972

Ct

Xc

b.

PEP4-969

kHz

Ct =

XCT

CI C2 C3

5µF 10 pF 150

REP4-970

Ct

X - .ct
c. C1

400 Hz

uF

200F 1
C2 C3

150 15pF

REP4-973

Ct

xc
t
-

CONFIRM YOUR ANSWERS

6. Given the signal frequency and the value
of capacitors in a series-parallel configuration, G. Turn to Student Text, Volume II, and
compute the total capacitance and total capaci- read paragraphs 2-85 thru 2 -100. Return to
tive reactance for each circuit below. this page and answer the following questions.

2 1 0
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..20 a.

1. The compression type variable capacitor 2. The rotor-stator variable capacitor varies
has a dielectric of capacitance by changing the

,. a. air. a..--
.--- b. paper. b..01.1..M14

,. c. mica. C........ d oil. d.

distance between the plates.

effective area of the plates.

dielectric constant.

thickness of the dielectric.

3. Match each of the fixed capacitors with the corresponding statements.

CAPACITOR STATEMENT

a. Electrolytic 1. Low cost and small size.

b. Oil 2. Used in high power transmitter circuits.

c. Mica 3. Uses oxide film for dielectric.

4. Has high dielectric strength and silver
d. Ceramic plates.

e. Paper S. Low capacitance - high frequency component._
CONFIRM YOUR ANSWERS

H. Turn to Laboratory Exercise 12-1.This exercise willincrease your knowledge of capacitors
and help you gain experience working with these components.

YOU MAY STUDY ANOTHER RESOURCE OR TAKE THE MODULE SELF-CHECK.



LABORATORY EXERCISE 12-1

OBJECTIVES:

1. Determine what effect a change in voltage
has un a capacitive circuit.

2. Determine what effect a change in
frequency has on a capacitive circuit.
3. Determine what effect a change in
capacitance has on a capacitive circuit.

EQUIPMENT:

4 o 9
(c) SINE WAVE AMPLITUDE control

- 0.
(d) SINE WAVE RANGE control- 10V.

(e) FREQ MULTIPLIER control - 10.

(1) FREQUENCY (CPS) dial - 50.

B. Determine what effect a change in voltage
has on a capacitive circuit.

I . Connect the capacitive circuit as shown
in figure 1-1.

1. AC Inductor and Capacitive Trainer 5987.

SINE WAVE2. Multimet er AN/ PS M- 6. GENERATOR
SET TO SOONa

3. Sine-Square Wave Generator 4864.

4. Meter Panel (0-10, 50, 250 AC mA)
4568.

REFERENCE:

Student Text, Volume II, paragraphs 2-41
thru 2-100.

CAUTION: OBSERVE BOTH PER-- SONNEL AND EQUIPMENT SAFETY
RULES AT ALL TIMES. REMOVE
WATCHES AND RINGS.

PROCEDURES:

A. Preparation of the trainer and test
equipment.

1. PSM-6

(a) FUNCTION switch - ACV

(b) RANGE switch - 50

2. AC Inductor and Capacitive Trainer
placed on T-bench before you.

3. Sine Wave Generator

(a) Plug into 110 volt source.

(b) SQUARE WAVE AMPLITUDE
control-slightly clockwise (CA') to ON
position.

7

212

0- 10 RIA AC

Figure 1-1

C103

0.t 0

RtP441:,

2. Set the frequency of the sine wave gene-
rator to 500 Hz. (FREQ MULTIPLIER to
10 and FREQUENCY dial to 50.) DO NOT
TOUCH the frequency controls during the
remainder of this objective.

3. Adjust the amplitude of the sine wave
output to 6 VAC at the output terminals of the
sine wave generator. Measure with the PSM-6.

4. Read and record the circuit current.

Frequency at 500 Hz. Ea , 6 V,

It = mA

5. Adjust the amplitude of the sine wave
output to 8VAC at the output ti rminals of the
sine wave generator.

Frequency at 500 Hz. Ea = 8 V,

It = mA

6. An increase in Ea in a series capacitive
circuit will have what effect on circuit curre.

a. Remain the same.
b. Decrease.- c. Increase.



7. The current change was produced by a D. Determine the effect of a change in the
change in

Resistance.

Capacitance.

Capacitance Reactance.

Voltage.

CONFIRM YOUR ANSWERS.

C. Determine what effect a change in fre-
quency has on a capacitive circuit.

1. Using the circuit in figure 1-1, adjust
the amplitude of the sine wave until the
output is 8 V AC at the output terminals of
the sine wave generator.

NOTE: DO NOT TOUCH the ampli-
tude control during the remainder of
this objective,

2. Set the output of the sine wave generator
to each of the frequencies listed and record
the current.

FREQUENCY

200 Hz

300 Hz

400 Hz

CIRCUIT CURRENT

mA

inA

mA

3. In a series capacitive circuit anincrease
in frequency will (increase)(decrease) cir-
cuit current.

4. In a capacitive circuit the current change
produced by a change in frequency is pro-
duced by a change in

a. Capacitance.

_. b. Resistance.

. _. c. Reactance.

, d. Voltage.

CONFIRM YOUR ANSWERS IN THE BACK OF
THIS GUIDANCE PACKAGE.

capacitance in a capacitive circuit.

1. Connect circuit as shown in figure 1-2.

SINE WAVE
GENERATOR

SET TO 100N1

Figure 1-2

C101

REPI -981

2. Set the frequency of the generator to 100
Hz. Set C101 to .51.4.F.

3. Adjust sine wave amplitude until the
ammeter indicates 4 mA. DO NOT CHANGE
the FREQUENCY or AMPLITUDE controls
during the remainder of this objective.

4. Set C101 to the values shown and record
the circuit current.

C101 SETTING CIRCUIT CURRENT

(1) .5pF mA

(2) .411F mA

(3) .311F mA

(4) .611F mA

5. A decrease in capacitance in a series
capacitive circuit will cause the current to
(increase)(decrease).

6. The change in circuit current was pro-
duced by a change in

------ a. Voltage

b. Resistance.

c. Frequency.

d. Capacitive reactance.

CONFIRM YOUR ANSWERS IN THE BACK OF
THLS GUIDANCE PACKAGE.
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MODULE SELF-CHECK

1. Indicate which of the following are true
(T) or false (F) concerning the physical char-
acteristics of capacitors.

a. Ce ram is capacitors, for the same
values, are larger than air dielectric
capacitors.

b. Two conductors separated by
space form a capacitor.

c. A micatrimrner capacitor varies
capacitance by varying plate area.

d. An air type variable capacitor
varies capacitance by varying dielectric
thickness.

e. A paper capacitor uses foil plates
and a paper dielectric.

1. Electrolytic capacitors are nor-
mally polarized.

2. Indicate which of the following are true
(T) or false (F) concerning the electrical
characteristics of capacitors.

a. Capacitive reactance opposes a
change in current.

b. Electrostatic lines of force go
from the negative plate to the positive plate.

, c. The force between two charged
bodies increases as the distance between
them increases.

d. The amount of charge stored ina
capacitor is directly proportional to the
applied voltage and capacitance.

e. A farad is the unit of measure
of capacitance.

1. Capacitance is inversely pro-
portional to dielectric thickness.

g. A charged capacitor offers
infinite opposition to alternating current.

214

9

h. Capacitors are rated according
to the amount of voltage the dielectric will
withstand without breakdown.

I. A capacitor marked 600 V DC
can take 460 V AC without damage.

j. Total capacitance of two capacl-
tors in series is greater than either capaci-
tance alone.

- k. Capacitors connected in parallel
will increase total capacitance.

1. Capacitive reactance is the oppo-
sition a capacitor offers to alternating
current.

m. Capacitive reactance is usually
expressed in rnicrofarads.

3. In a capacitor, current and voltage are

a. 180° out-of-phase with current
leading voltage.

b. 90° out-of-phase with current
leading voltage.

c. 90° out-of-phase with voltage
leading current.

d. 180° out-of-phase with voltage
leading current.

4. Increasing capacitance will cause
capacitive reactance to

a. increase.

--- b. decrease.

6. Increasing frequency will
capacitive reactance to

a. increase.

b. decrease.

cause



0. Solve for the following using the circuit 7. Solve for the following using the circuit
values mown.

Ct

X =

Ct

100y
6 kHz

C1 .05 IIF

C2
.025.11,F

1 C3
.025 liF

REP4 -979

values shown.

Ct

xct

212V C2
20 kHz 0.1µF

CONFIRM YOUR ANSWERS IN THE BACK OF THIS GUIDANCE PACKAGE.

10
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.MAONETISM

MODULE 13

ATC OP 3AQR3X020
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October 1975

This Guidance Package is designed to guide you through this module of the Electronic
Principles Course. It 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
Adjunct Guide I
Module Self-Check 3

Answers 6

OVERVIEW

1 SCOPE: This module will explain the characteristics and terms of magnetism as they
relate to the study of electronics.

2 OBJECTIVE: Upon completion of this module you should be able to satisfy the following
objective:

a. Given a list of statements about magnetism, select the one which describes

(1) poles. (4) permanent magnet. (7) reluctance.
(2) magnetic field, (5) retentivity. (8) electromagnet.
(3) flux density. (6) permeability. (9) magnetic induction.

LIST OF RESOURCES

To satisfy the objectives of this module, you may choose, according to your training,
experience, and prefe;ence, any or all of the following:

READING MATERIALS: AUDIO-VISUALS
Digest Television Lesson, Magnetism, TVK 30-165
Adjunct Guide with Student Text, Vol 11 Audio Tape, Magnetism, NIK 0207 ABC

Audio Tape, Magnetic Fields, NIK 0208 ABC

SELECT ONE OF THE RESOURCES AND BEGIN YOUR STUDY OR TAKE THE MODULE
SELF-CHECK. CONSULT YOUR INSTRUCTOR IF YOU REQUIRE ASSISTANCE.

Supersedes KEP-GP-IS, dated 15 April 1975. Existing stock may be used.
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ADJUNCT GUIDE

MAGNETISM

Instructions:

Study the referenced materials as directed.

Return to this guide and answer the
questions.

Confirm your answers in the back of this
Guidance Package.

U you experience any difficulty, contact
your instructor.

Begin the program.

A. Turn to Student Text, Volume II and
read paragraphs 3-1 through 3-19. Return to
this page and answer the following questions.

1. Indicate which of the following are true
(T) or false (F).

_ a. Magnetism, like electricity
is very visible.

b. Magnetism has been known
for centuries.

c. Although we can see how
magnetism works, we don't know the full
details as to what causes it.

d. Magnetism is defined as that
property of a material that enables it to
attract non-ferrous material.

e. Some magnetic materials are
iron, steel, nickel and cobalt.

.-- f. Magnets can be classified
as natural or artificial.

g. Natural magnets can be either
temporary or permanent.

b. The ability to retain magne-
tism is called retentivity.

1

2 18

.20 7
--. i. A material with low

retentivity could be made into a permanent
magnet.

j The concept of LINES OF
FLUX is directly opposite of LINES OF
FORCE.

.--, k. Magnetic lines of force leave
the north pole and enter the south pole.

,. 1. Magnetic tines of force form
a closed loop.

m.
other.

Like poles will attract each

. n. Permeability is the ease with
which magnetic tines of force are distributed
throughout the core material.

o. A compass is a practical use
of the directional characteristics of a magnet.

p. Iron filings can be used to
show the pattern of magnetic lines of force.

q. Magnetic lines of force
are more concentrated in a region midway
between the north and south poles on any
magnet regardless of its shape.

2. Which of the following are NOT char-
acteristics of magnetic lines of force?

a
closed loops.

-- b.
materials.

c.

... d.

Continuous and always form

Can pass through all

Are able to cross one another.

Tend to shorten themselves.

e. Always enter or leave a mag-
netic material parallel to its surface.

3. Indicate which of the following are true
(T) or false (F).

a. One theory of magnetism is
called the Domain Theory.



b. According to the Weber Theory,
the molecular magnets will neutralize each
other when they are aligned.

c. The Domain Theory is based
on the electron spin.

d. A group of magnetic atoms it3
known as a domain.

e. Domains in any substance
will never be magnetized to saturation.

f. The domains will line up
when an external field is applied.

g. The stroking of an unrnag-
netized bar of iron by a magnet is called
magnetic induction and will magnetize the
bar.

is. If a bar magnet is broken in
half the two new poles formed will repel
each other.

CONFIRM YOUR ANSWERS

=11.
B. Turn to Student Text Volume II and
read paragraphs 3-20 thru 3-36. Return
to this' page and answer the following
questions.

1. Indicate which are true (T) and which arc
false (F) concerning electromagnetism.

a. It is capable of exerting
mechanical force.

b. Some examples of present
day use include the starter solenoid, and
the door bell.

c. Wrapping a current carrying
conductor around a soft iron bar will make
an electromagnet.

d. A straight piece of wire
carrying an electric current has a magnetic
field around the wire. I

2

e. The magnetic field can be
reversed by reversing the direction of cur
rent flow.

f. The LEFT-HAND RULE can
not be used to determine the direction of
the magnetic field.

g. The strength of a magnetic
field can not be increased by adding more
loops or turns while keeping the current
constant,

h. An electromagnet can be
equivalent to a bar magnet.

i. The north pole can be found
by using the LEPf-HAND THUMB RULE.

j. The strength of the mag-
netic field can be increased by increasing
the current.

k. The number of magnetic lines
(flux density) can be found directly by
multiplying the current in amperes by the
number of turns.

2. Consiaer two electromagnets using identi-
cal cores. Coil A has 100 turns and a cur
rent of 1 ampere flowing thru it. Coil 13
has only 10 turns and 10 amperes of cur-
rent. Pick the e(irrect statement concerning
these two electromagnets.

- a. Coil A has the stronger
magnetizing force.

b. Coil B nas the stronger
magnetizing force

c. Both fields are equal.

d. Unable to determine.

3. Which of the following best describes
magnetic saturation?

a. AS current increases the
number of lines increases.

b. As current increases the
number of lines oecreases.
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_. c. Al current increases the num-
ber of lines no longer increases.

4. Indicate which of the following are true
(T) or false (F).

-- a. The magnetic field of an
electromagnet is concentrated in the interior
of the coil.

---, b. Flux density is the total
number of magnetic lines inside a coil.

C. The number of magnetic lines
inside the coil depends on the type of core
material used.

d. A core material with a high
permeability will have less lines than one
with low permeability.

e. Flux density is directly pro-
portional to the current and to the per-
meability of the core.

CONFIRM YOUR ANSWERS

YOU MAY STUDY ANOTHER RESOURCE OR
TAKE THE MODULE SELF-CHECK.

MODULE SELFCHECK

MAGNE TISM

QUESTIONS:

1. Indicate which of the following are true
(T) or false (F).

a. Magnetism, like electricity,
is a force which we can all see.

b. We really don't know what
causes magnetism.

c. Magnetism is a property of
certain materials to attract ferrous materials.

d. Iron, steel, nickel, cobalt and
copper are magnetic materials.

220

3

e. Natural magnets are in more
common usage than artificial magnets,

_. f. Magnetic lines of force never
cross each other.

g.
the north pole.

h.
closed loops.

t

Magnetic lines of force leave

Magnetic lines of force make

Like poles attract each other.

j. Magnetic lines leave a mag-
net at right angles to the surface.

k. Reluctance is the opposition
of a material to pass magnetic lines of force.

1. A soft iron bar has a greater
reluctance than air.

-.m Two types of
natural and artificial.

magnets are

2. In the figure below, the polarities of
the magnet ends are:

a. 2 and 3 north.

b. 1 and 4 north.

----- c. 1 and 3 south.

Cl 2 and 4 opposite.

3. In the diagram shown, the north poles
are

a. A and D.

b. Hand C.

C. C and A.

d. D and B.



4. What term is used to describe the ease
with which magnetic lines of force will pass
through a material?

iils c. Attract.

- d. Unite with.

-. a. Permeability. O. What theory of magnetism assumes all
magnetic substances are composed of small- b. Retentivity. molecular magnets?

- c. Reluctance. a. Coulomb's Theory.

d. Force. b. Weber's Theory.

5. A permanent magnet is a magnet that: . ---- c. The Domain Theory.

- a. Retains its reluctance. d. Edison's Theory.

b. Loses its retentivity. 10. In the figure shown the direction of
magnetic lines of force surrounding the

c. Retains its magnetism. conductor is:

-. d. Loses its permeability. -- a. Clockwise (CW).

6. Residual magnetism is defined as: b. Counterclockwise (CCW).

a. The ease of flux flow in a
permanent magnet.

b. The opposition offered to mag-
netic lines of force.

11. In the figure the north pole of the coil- c. A small amount of magnetism is
remaining alter the magnetizing force has been
removed from a permanent magnet.-. d. Magnetism that remains Ina
substance after the magnetizing force has
been removed.

7. What are the basic laws of magnetism?

poles attract.- b
poles repel.

Like poles repel unlike

Like poles attract - unlike

8. Parallel magnetic lines of force traveling
in the same direction one another.

..- a. Cross.

- b. Repel.

4

a. A

b. B Mo

12. The product of the number of turns in a
coil times the amperes is called:

111.1MI

a. Ampere-turns.

b. Turns ratio.

c. Ampere capacity.

d. Saturation.

13. Indicate which of the following are true
(T) or false (F).

a. Flux density is the number of
magnetic lines per unit area.
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.. _

.... b. An air core will have a higher
flux density than soft iron for the same cur-
rent, turns and area.

c. Increasing the number of
turns with the same current will increase
the flux density.

...--. cl, A magnetic field will sur-
round any current carrying conductor.

-. e. An electromagnet consists of
a current carrying conductor wrapped around
soft iron.

- f. In the left-hand thumb rule
the thumb will point to the south pole if
the fingers point in the direction of current
flow.

.- g. The strength of an electro-
magnet is increased as current is increased.

222
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9./ 3
---, h. Magnetic saturation is

reached when an increase in current will
no longer cause an increase in the number
of magnetic lines.

.-, i. An electromagnet of 12 turns
passing .5A is stronger than one of only
one turn and passing 10A.

-- J. The magnetic field is most
intense inside a coil.

-.. k. Rubbing a magnet over a non-
magnetized iron bar will magnetize the bar
by induction.

1. Changing the polarity of DC
to an electromagnet will not change the
location of its north pole.

CONFIRM YOUR ANSWERS



ANSWERS TO A - ADJUNCT GUIDE

I. a. F g. F m. F
b. T h. T n. T
c. T i. F o. T
d. F J. F p. T
e. T k. T q. F
1. T 1. T

2. c and e

3. a. T d. T g. T
b. F e. F h. F
c. T 1. T

If you missed ANY questions, review
the material before you continue.

ANSWERS TO B - ADJUNCT GUIDE

1. a. T e. T i. T
b. T f. F 1. T
c. T g. F k. F
d. T h. T

2. c

3. c

4. a. T c. T e. T
b. F d. F

U you missed ANY questions, review
the material before you continue.

ANSWERS TO MODULE SELF-CHECK

I. a. F
b, T
C. T
d. F
e. F
f. T

g. T

h. T
i. F
1. T

k. T
1. F

ni. T

2. c

3. b

4. a

5. c

6. d

7. a

8. b

9. b

10. b

11. b

12. a

13. a. T g. T
b. F h. T
c. T i. F
d. T j. T
e,
f.

T
F

k.
1.

T
F

HAVE YOU ANSWERED ALL OF THE QTIESTIONS CORRECTLY? IF NOT, REVIEW THE
MATERIAL OR STUDY ANOTHER RESOURCE UNTIL YOU CAN ANSWER ALL THE QUESTIONS
CORRECTLY. IF YOU HAVE, CONSULT YOUR INSTRUCTOR FOR FURTHER INSTRUCTION.

6
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Radar Principles Branch
Keeeler Air Force Base, Mississippi

MODULE 14

INDUCTORS AND INDUCTIVE REACTANCE

air
ATC GP 3AQR3X020-X

KEP-GP-I4
November 1075

This Guidance Package (GP) is designed to guide you through this module of the Electronic
Principles Course. It contains a specific information, including references to other resources
you may study, enabling you to satisfy the learning objectives.

CONTENTS

Overview
List of Resources
Adjunct Guide
Laboratory Exercise 15-1
Module Self-Check
Answers

OVERVIEW

1. SCOPE: This module will define
inductance and show the construction of
inductors, and explain their characteristics
in electronic circuits.

2. OBJECTIVES: Upon completion of this
module you should be able to satisfy the
following objectives:

a. From a group of statements, select
the ones which describe the physical
characteristics of an inductor.

b. From a group of statements, seiect
the ones which describe the electrical
characteristics of an inductor.

c. From a group of statements, select
the one which describes the phase
relationship of current and voltage in an
inductor.

d. Given a list of statements, select the
ones which describe the effect of varying
frequency and inductance on inductive
reactance.

e. Given the signal frequency, formulas,
and the value of three inductors in a series-
parallel configuration, compute the total
inductance and the total inductive reactance.

Supersedes KEP-GP-I4, 1 May 1975.

Page
i
i
I
4

6
8

LIST OF RESOURCES

To satisfy the objectives of this module,
you may choose, according to your training,
experience, and preference, any or all of
the following:

READING MATERIALS:

Digest
Adjunct Guide with Student Text II

AUDIO VISUALS:

TVK-30-205, Inductance
TVK-30-253, Inductance and Inductive

Reactance

LABORATORY EXERCISE:

Inductors and Inductive Reactance, 14-1

It, through training or experience, you
are familiar with this subject matter, take
the Mc.dule Self-Check. If not. select one
of the resources and begin your study.

Previous editions will be used until stock is exhausted.
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ADJUNCT GUIDE

INSTRUCTIONS:

Study the referenced materials as directed.

Return to this guide and answer the
questions.

Confirm your answers in the back of
this guidance package.

If you experience any difficulty, contact
your instructor.

Begin the program.

A. Turn to 'student text, volume II, and
read paragraphs 3-37 through 3-48. Return
to this page and answer the following
questions.

1. Select the coil that would have the greatest
amount of inductance.

a. (1)

(2)

b. (I)

(2)

c. (1)

(2)

i$ui

22 6

I

REP4,495

2. An electrical characteristic of an
Inductor is that an inductor opposes a

counter EMF.
due to

3. The requirements for an induced voltage
are:

a.

b.

c.

CONFIRM YOUR ANSWERS.

B. Turn to student text, volume U, and
read paragraphs 3-49 through 3-54. Return
to this page and answer the following
questions.

1. Compute the total inductance in the
following series circuits using
Lt = LI + L2 + L3 + . . . .

a. Lt=

REPO -996



2. Compute the total inductance in the
following parallel circuits using

a. L t
=

Lt=ti I 1r+L-+L-+....
1 2 3

I

1. Finish the statements.

is

a. The symbol for inductive reactance

b, The unit of measure of inductive

reactance is .

° 1111 16H

c. The two variables which affect

inductive reactance are

and

b. L
t

REP4497
3. Compute the total inductance in the
following series-parallel circuits.

a. Lt =

b. Lt =

2. The formula for inductive reactance is
XL = 6.28 fL. Solve for inductance and
inductive reactance in each circuit below.

a. L t =

XL
t

30H b. Lt =

XL
=

t

CONFIRM YOUR ANSWERS.

12H

C. Turn to student text. volume II, and
read paragraphs 3-55 through 3-70. Return
to this page and answer the following
questions.

2

?OH

6H

4mH

I k H z

rrrn
3mm REPO -999

3mH

3. Compute the total inductance and the
total inductive reactance for each circuit
below:

1

Lt 1 1 Ir+r+r+.--
1. 2 3

227
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a. Lt 2

XL
t

15mH

REP4m1000

4. Compute the total inductance and the
total inductive reactance for each, circuit
below.

10mH PrP4-1001

CONFIRM YOUR ANSWERS.

3
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c2lq
D. Turn to student text, volume II, and
read paragraphs 341 through 3.83. Return
to this page and answer the following
questions.

1, Select the description which identifies the
type of core the inductors have.

IIMIN11111111111.1ffli

411111.1.0110116111.111

cN
(1) Fixed magnetic core.
(2) Air core.
(3) Variable magnetic core.

REP4 -2002

2. For each type of inductor loss, listed
below, state how it can be reduced.

a. Copper loss:.

b. Hysteresis loss:

III.IM

c. Eddy currents:

41111..114.

3. Give the physical characteristics of each
type of inductor listed below.

a. Power:

(1) Core type -

(2) Physical size -

(3) Wire size -



b. Audio:

(1) Core type -

---
(2) Physical size -

(3) Wire size -

EQUIPMENT:

1. AC Inductor and Capacitive Trainer, 5967
2. Sine Square-Wave Generator, 4884
3. Meter Panel (0-10, 50, 250 AC mA), 4588
4, AN/PSM-6

REFERENCES:

1. Student text, volume 11, paragraphs 3-49
through 3-71.

(4) Winding style - 2. Test Equipment Operating Instructions
book.

c. RF:

(1) Ccore style -

(2) Physical size -

(3) Wire turns -

(4) Winding style -

CONFIRM YOUR ANSWERS.

CAUTION: OBSERVE BOTH PERSONNEL
AND EQUIPMENT SAFETY RULES AT ALL
TIMES. REMOVE WATCHES AND RINGS.

PROCEDURES:

A. Preparation of the trainer and test
equipment,

1. PSM-6:

a. FUNCTION switch - ACV-1 k ohm/V

b. RANGE switch - 50 V

2. AC inductor and capacitive trainer placed
on T bench before you.

3. Sine Wave Generator:

LABORATORY EXERCISE 14-1 a. Plug into 110-volt source.

OBJECTIVES: b. SQUARE WAVE AMPLITUDE - ON
slightly clockwise (CW).

I. Determine what effect a change in voltage
has on an inductive circuit. c. SINE WAVE AMPLITUDE control - 0 V

(fully CCW).

2. Determine what effect a change in d. SINE WAVE RANGE control - 10 V.
frequency has on an inductive circuit.

3. Determine what effect a change in
inductance has on an inductive circuit.

4

e. FREQ MULTIPLIER control - 10,

f. FREQUENCY (CPS) dial - 30.
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13. Determine what effect a change involtage
has on an inductive circuit.

1. Connect the inductive circuit as shown
in the figure below.

Sine wave generator set to 300 Hz.

0- 10 mA AC

Li 02
.5 H

2. Set the frequency of the sine wave
generator to 300 (FREQ MULTIPLIER to
10 and FREQUENCY dial to 30). DO NOT
TOUCH the frequency controls during the
remainder of this objective.

1Adjustthe amplitude of the sine wave
output to 5V AC at the output terminals
of the sine wave generator. Measure with
the PSM-6.

4. Read ad record the circuit current.

Frequency at 300 Hz, Ea = 5V

It = mA.

5. Adjust the amplitude of the sine wave
output to 10V AC at the output terminals
of the sine wave generator.

Frequency at 300 Hz, Ea = 10V

It = mA.

6. .An increase in Ea in an inductive circuit
will have what effect on circuit current?

a. Remain the same.

b. Increase.

c. Decrease.

5

c5.1.4z/

7. The current change was produced by
a change in

a. Resistance.,
b. Inductance.-........

c. Reactance.
....11111011.1

d. Voltage.

CONFIRM YOUR ANSWERS.

C. Determine what effect a change in
frequency has on an inductive circuit.

1. Using the figure above, adjust the
amplitude of the sine wave until the output
is 10v AC at the output terminals of the
sine wave generator. NOTE: DO NOT TOUCH
the amplitude control during the remainder
of this objective.

2. Set the output of the sine wave generator
of each of the frequencies listed and record
the -current.

FREQUENCY CIRCUIT CURRENT

200 Hz

300 Hz

500 Hz

mA

A

mA

3. In a series inductive circuit an increase
in frequency will (INCREASE) (DECREASE)
circuit current.

4. In an inductive circuit the current change
produced by a change in frequency is produced
by a change in:

a. Inductance.1111.1

b. Resistance.1111.

c. Reactance.
MmIllM11

d. Voltage.

CONFIRM YOUR ANSWERS.
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D. Determine tho effect of a change in
the inductance in an inductive circuit.

1. Connect circuit as shown in the figure
below.

Sine wave generator set to 100Hz.

0- 10 mA AC

L102

MODULE SELF-CHECK

Questions:

1. What are four physical factors which
determine the inductance of a coil?

a.

b.

c,

2. Set the frequency of the generator to
100 Hz. d.

3. Adjust sine wave amplitude until the
ammeter indicates 4 mA. DO NOT CHANGE
the FREQUENCY or AMPLITUDE controls
during the remainder of this objective.

2. List the changes that must be made in
each of the factors to increase the inductance
of a coil.

4. Replace L102 with L101 and record
circuit current. a.

mA.

5. Replace L101 with L103 and record circuit b.
current.

mA.

6. An increase in inductance in a series
inductive circuit will cause the current to
(INCREASE) (DECREASE).

7. The change in circuit current was produced
by a change in:

a. Voltage.-
b. Frequency.

c. Resistance.

d. Inductive reactance.
IMMWMNI

CONFIRM YOUR ANSWERS.

6

4,

c.

d.

3. Calculate the total inductance of the

circuit below.
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4. Compute the total inductance of the

following circuit. -=11.Ill
o. Voltage leads current by 90° in

aTriductor.

6. Find XL when a 20 kHz signal is applied
to a 3 mH coil.

a. 37.68 ohms.
14 11 ---b. 376.8 ohms.

c. 37k ohms.
---d. 3.768k ohms.

5. Indicate if the following are true (T)or false (F).

a. Inductance is defined as the
opposition to AC.

b. The symbol for inductance is L.

C. Counter EMF is an opposing induced
voltage caused for self-inductance.

d. A magnetic field. a conductor, and
current flow in one direction are required
to induce voltage.

e. An increasing current causes an
expanding magnetic field.

f. Close spacing decreases the flux
iiiirage.

g. The unit of inductance is the henry
and the symbol is H.

h. Inductors in series add.
6111Ellmell11

i. Inductive reactance is the opposition
cogd by a coil.

j. The symbol for inductive reactance
is XL.

It. Frequency applied to an inductor
wuraffect XL.

1. If inductance increases, XL will
iThrincrease.

m. An inductor dissipates power.

n. The permeability of the core
material does not affect the inductive
reactance.

7

232

7. Find XL when a 400 Hz signal is appliedto an OH coil.

a. 200 ohms.
b. 2 k ohms.
c. 20 k ohms.
d. 200.96 k ohms.

8. With the values given find:

a. Total inductance 22

b. Total XL =

is

16 ft

9. Find total XL for the circuit of question
number 8 when the frequency is changed
to 200 kHz.

XL =

10. Three inductor losses are:

a.

b.

c.

11. Three types of inductors are:

a.

b.

c.

CONFIRM YOUR ANSWERS.



ANSWERS TO A ADJUNCT GUIDE

Ia. (2) b. (1) c. (2) d. (2)
2. Change in current flow.
3. A magnetic field, a conductor, and relative

motion.

U you missed ANY questions, review the
material before you continue.

ANSWERS TO B ADJUNCT

la. .65H b. 30H
2a. 4H b. 6H
3a. 18H b. 12H

GUIDE

U you missed ANY questions, review the
material before you continue.

ANSWERS TO C ADJUNCT

la. XL b. Ohm
c. Frequency and Inductance

2a. 20 H and 7536 ohms
b. 10 mil and 62.8 ohms

3a. 6ml' and 22.6 ohms
b. 2H and 2512 ohms

4a. 50H and 31.4 k ohms
b. 21 mH and 7.9 ohms

GUIDE

U you missed ANY questions, rev:ew the
material before you continue.

ANSWERS TO D ADJUNCT GUIDE

la. (2) b. (1) c. (3)
2a. By increasing the conductor size
b. By using high permeability material for

the core.
c. By laminating the core.

2a(1) Laminated iron (2) Medium to large
(3) Large

b(1) Laminated iron (2) Small to medium
(3) Small (4) Special winding techniques

. c(1) Air or powdered iron (2) Small
(3) Few (4) Special winding styles

U you missed ANY questions. review the
material before you continue.

ANSWERS TO B LAB EX 14-1

4. It a 1.4 mA (approximately)

5. It 12 2.8mA (approximately)

6. b - Increase (It = Ea/XL)

7. d

U you missed ANY questions, ask your
instructor for assistance.

ANSWERS TO C LAB EX 14-1

2. 2.5 mA (approximately)
2.0 mA (approximately)
1.5 mA (approximately)

3. Decrease

4. c

U you missed ANY questions, ask your
instructor for assistance.

ANSWERS TO D, LAB EX 14-1

4. 4.3 mA (approximately)

5. 0.9 mA (approximately)

6. Decrease

7. d

U you missed ANY questions, ask your
instructor for assistance.

ANSWERS TO MODULE SELF-CHECK

la.
b.
c.
d.

2a.
b.
c.
d.

Number of turns
Length of coil
Diameter of core (cross sectional. area)
Type of core material

Increase number of turns.
Decrease length
Increase core dameter
Use a core of a higher permeability

3. 29H

4. 3H 233



ANSWERS TO MODULE SELF-CHECK 10a. Copper b. Hysteresis
c. Eddy current

5a. F b. T c. T d. F e. T 1. F
g. T h. T 1. T I. T 1. T m. F Ila. Power b. Audio c. RF
n. F 0. T

6, b

7. c

8a. 5 H b. 628 k ohms

9. 6.28M ohms

,,,2:1,5-

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.

9
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OVERVIEW

TRANSFORMERS

1. SCOPE: This module will explain transformeraction and show its construction and explains
its characteristics and function in electronic circuits,

2. OBJECTIVES: Upon completion of this module you should be able to satisfy the following
objectives:

a. Given a schematic diagram of a transformer with a resistive load, turns ratio, pri-
mary Input voltage, and formulas, determine the

(1) output voltage.

(2) reflected impedance.

(3) phase relationships between secondary and primary voltages.

b. From their schematic representation, identify air core, iron core, auto, and multiple
winding transformers.

c. From a list of statements, select the procedures for checking open and shorted
transformers.

AT THIS POINT, YOU MAY TAX E 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.

1
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LIST OF RESOURCES

TRANSFORMERS

To satisfy the objectives of this module, you may choose, according to your training,
experience, and preference, any or all of the following:

READING MATERLALS:

Digest

Adjunct Guide with Student Text

SELECT ONE OF THE RESOURCES AND BEGIN YOUR STUDY OR TAKE THE MODULE
SELF-CHECK. CONSULT YOUR INSTRUCTOR IF YOU REQUIRE ASSISTANCE.

2
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.310
DIGEST

TRANSFORMERS

A transformer is a device that transfers electrical energy from one circuit to another by
electromagnetic induction.

Transformer schematic symbols are drawn in reference to the construction.

IRONAIR
CORE CENTER

CORE TAP

D C DIE ECDi MULTIPL
SONDAREYE WINDINGS go

Air-core transformers are commonly used in circuits carrying radio-frequency energy.

Iron-core transformers are commonly used in audio and power circuits.

Multiple secondary winding types are commonly used in power supply circuits.

Auto-transformers are used where we do not need the electrical isolation of separately
insulated primary and secondary windings.

A transformer can be connected to step-up or step-down voltage. The turns ratio of the
primary to secondary will determine its use in the circuit.

The behavior of ideal transformers can be calculated from the following set of basic
equations:

Voltage-Turns relationship

Voltage-Current relationship

Current-Turns relationship

impedance-Turns relationship

Impedance-Voltage relationship

Impedance-Current relationship

Conservation of Energy relationship

3
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c.31
DIGEST

From the schematic representation you can determine the phase relationship between
secondary and primary voltage. The sense dots in the schematic indicate the ends of the windings
which have the same polarity at the same instant of time.

The phase of the output voltage can be reversed by reversing the direction of one of the
windings, or simply by reversing the leads to one of the windings. Where it is necessary to
keep track of the phase relationship in a circuit, we mark one end of each winding with a
sense dot.

An ohmmeter can be used to determine whether a transformer is open or shorted by com-
paring the resistance of the windings to a known specification. The best way to check a trans-
former is to apply the rated input voltage and compare the measured output voltage to its
specification.

YOU MAY STUDY ANOTHER RESOURCE OR TAKE THE MODULE SELF-CHECK.

4



(9.39-
ADJUNCT GUIDE

TRANSFORMERS

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.

-

5
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ADJUNCT GUIDE

A. Turn to Student Text, Volume II, and read paragraphs 4-1 through 4-12. Return to this
page and answer the following questions.

I. Three requirements for electromagnetic induction are:

a.

b.

C.

2. Define:

a. Self-induction:

b. Mutual induction:
am.

c. The unit of measurement of inductance, the Henry:

d. Flux linkage:.

3. a. A transformer is a device that transfers electrical energy from one circuit to
another by

b. The winding that is connected to the source is called the winding.

c. The winding that supplies energy to the load is called the_ winding.

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PACE.

B. Turn to Student Text, Volume II, and read paragraphs 4-13 through 4-30. Return to this
page and answer the following questions.

1. Identify each transformer schematic representation as to air core, iron core, auto,
or multiple winding.

a.

6
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b.

c,

d,

g3 ei
ADJUNCT GUIDE

1
2, Determine the turns ratio of each transformer pictorial diagram.

a,

b,

REP4-1006

REP4-1007
3. Given a schematic diagram of a transformer with a resistive load, turns ratio,

primary input voltage, and formulas, determine the output voltage,

a, Es =

b. Es =

N E
E = 23-2E5= N

P
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c,Q 3 5-

ADJUNCT GUIDE

ANSNERS TO A.

1. a. A magnetic field.

b. A conductor.

c. Relative motion between the field and conductor.

2. a. Selfinduction is the process by which the magnetic field of a conductor induces a
CEMF in the conductor itself.

b. Mutual induction is the action of inducing a voltage in one circuit by varying the cur-
rent in some other circuit.

c. A Henry is the inductance in a circuit which induces an EMF of one volt when the cur-
rent is changing at a rate of one ampere per second.

d. Flux linkage is the interlocking of magnetic lines of force; it is those magnetic lines
around one coil Or wire which link another coil, or wire.

3. a. electromagnetic induction

b. primary

c. secondary

U you missed ANY questions, review the material before you continue.

4. Given a schematic diagram of a transformer with a resistive load, turns ratio,
primary input voltage, and formulas, determine the reflected impedance.

a. Z
P

=

b. Z
P

=

Zp = Zs et )-

8

10 : pI 1

100

F
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ADJUNCT GUIDE

5. Determine the phase relationship between secondary (Es) and primary (Ep) voltages ,
for each transformer.

a. phase Ep Es

.11(
L

b. phase Ep

c. phase Ep Es.

)A
_1

PEP4-1009

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE.

C. Turn to Student Text, Volume II, and read paragraphs 4-31 through 4-35. Return to this
page and answer the following questions.

I. When troubleshooting a transformer with an ohmmeter, a secondary resistance
reading of 0011 would indicate a/an (open) (shorted) secondary.

2. If the rated input voltage is applied to the primary of a step-down transformer and a
measurement of the secondary is low, you would assume that the secondary has
(open) (shorted) winding.

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE.
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ADJUNCT GUIDE

ANSMERS TO B:

1. a. Iron Core

b. Air Core

c. Multiple winding - Iron Core

d. Auto transformer - Iron Core

2. a. 5:1

b. 1:2

3. a. 30V

b. 100 V

4. a. 40/1

b. 10011.

5. a. 180 degrees out of phase

b. in -phase

c. 180 degrees out of phase

If you missed ANY questions, review the material before you continue.

ANSWERS TO C:

I. open

2. shorted

If you missed any questions, review the material before you continue.

YOU MAY STUDY ANOTHER RESOURCE OR TAKE THE MODULE SELF-CHECK.

10
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MODULE SELF -CHECK

TRANSFORMERS

QUESTIONS:

I. Indicate which of following are true (T) or false (F).

OIMIMM a. Two types of electromagnetic induction are self and mutual.

Mutual induction has to do with transformer action.

.c The symbol for mutual induction is "MU."

d. The symbol for self induction is "L."

e. A transformer will transfer electrical energy from one part of a circuit to another
by direct means.

f. Transformers must use a changing current source.

_ g. A transformer will have at least two windings called a primary and a secondary.

h. More than one secondary may be used.

i. Air, iron, copper, and aluminum are types of core material which can be used
for audio and power transformers.

Laminated iron is used as a core for RF transformers to eliminate hysteresis
losses.

_ k. Laminations are insulated one from the other.

01.0 10

1. When 100% of the primary flux lines cut the entire secondary winding, the
coefficient of coupling is one.

2. Match the following figures with the proper name.

a. Multiple winding

b. RF

c. Autotransformer

d. Audio

3. Indicate which wavesbape is correct for Es when the input is as shown.

IMIII1I
3i.0 DIE
AjE 4.

_a.
.11i1. b.

/
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MODULE SELF-CIIECK

4, A transformer with 1,800 turns in the primary and too V AC applied will have
volts in the 18,000 turn secondary.

5, The transformer in question 04 is a

a, step-up.

b, step-down.

6, Find the reflected impedance in the circuit shown.

b,

c.

10

100

l000

10000 fL

130 KO

.231

REP4-2012

7, Indicate which of following are true (T) or false (F) concerning transformers.

_a, An ohmmeter can be used to check for opens and shorts,

b. A voltmeter can NOT be used for checking shorts, only opens.

....c A voltmeter may be used to determine if a transformer is step-up or step-down.

1111

A step-down ratio would be indicated if the primary measured 58 ohms while the
secondary is 4 kilohms.

e. Shorted secondary turns would be the trouble if the primary voltage was 120 V
and the secondary was 4 V instead of the 5 V it should be.

f, The secondary resistance is higher than the primary resistance for a step-up
transformer.

8, What is the trouble indicated in this circuit.

_a. Open primary

b. Open secondary

c, Shorted primary

d. Open resistor (R).

12
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MODULE SELF-CHECK

O. Indicate the possible trouble in this circuit.

Open primary
-,..

b. Shorted primary 54130 11 1 1 S co a--- ..1"
c, Open secondary

_d. Shorted secondary

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE.

111.010*-0-11-0-6.6....aut

R04.1014

13
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MODULE SELF-CHECK

ANSWERS TO MODULE SELF.CHECK:

1. a. T a. F 1. F

b. T f. T J. F

c. F g. T k. T

cf. T h. T 1. T

2. a.

b.

c.

d.

3

1

4

2

3. a

4. 1 kV

5. a

6. c

7. a. T cf. F

b. F e. T

c. T f. T

8. b

9. c

HAVE YOU ANSWERED ALL OF THE QUESTIONS CORRECTLY? IF NOT, REVIE N THE
MATERIAL OR STUDY ANOTHER RESOURCE UNTIL YOU GAN ANSWER ALL QUESTIONS
CORRECTLY. IF YOU HAVE, CONSULT YOUR INSTRUCTOR FOR FURTHER GUIDANCE.

14
-,4( O. 1. GOTTINMENT PRINTING OTTla: 1976-671-159/1A9

ATC 10
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Basic & Applied Electronics Department PT 3AQR3X020-X
Kees ler APB, Mississippi KEP-PT-15

1 January 1975
ELECTRONIC PRINCIPLES

moms 15

TRANSFORMERS

This illustrated Programmed Text is designed to aid in the study
of Transformers. Each page contains an important idea or concept to be
understood proceeding to the next. An illustration for each
objective is presented to clarify what is to be learned.

At thelLUWILof each page, there are a few questions to bring out
the main points. These are indicated by....1
It is hoped that these questions also aid
in understanding the subject a little better.

Q.4 or Q-2 etc..

Tha answers to these questions will be found on the ILE of a
following page, indicated as
Short comments may follow the I A-1 or A-2 etc.,
answers to help understand why
a question may have been missed.

INDEX

Introduction & Definition.... 1
Electrical Power 2

Power Distribution System 3

Power Line Losses 4

Basic Construction 5

Transformer Action 6

Primary & Secondary 7

Turns-Ratio 8

Schematic Symbols 9

Voltage Calculations 10

Types & Schematics 12

Current Calculations 14

Practice Problems 15

Power Losses.., 16

Voltage-Current Calculations 17

Autotransformers 18

Maximum Power Transfer 19

Impedance Matching 21

Reflected Impedance 23

Phase Relationships 25

Troubleshooting 26

Summary ... 30

OBJECTIVES

Upon completion of this module,
you should be able to satisfy the
following objectives:

a. Given a schematic diagram of a
transformer with a resistive
load, turns ratio, primary
input voltage, and formulas,
determine the
(1) output voltage.
(2) reflected impedance.
(3) phase relationships between

secondary and primary volt-
ages.

b. From their schematic representa-
tion, identify air core, iron
core, auto, and multiple wind-
ing transformers.

c. From a list of statements,
select the proceedures for
checking open and shorted
transformers.

Supersedes KEP-PT-15, 1 September 1974, previous edition obsolete.
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INTRODUCTIO.

A small transistor radio contains 5 transformers, while a Radar system
may contain 50. Giant distribution transformers make the transmission of
AC electrical power possible, and sub-miniature transformers, operating at
high frequencies, transfer radio signals between complex electronic circuits.

From high fidelity stereo equipment, to aircraft and missile flight con-
trol systems, the transformer performs a variety of simple and complicated
tanks. It is reliable, and wastes little-or-no power while operating.

Television signals arrive at a transformer direct from the antenna, and
at the same time another type is developing high voltages which the picture
tube.requires, And another is delivering sound signals to the speaker.

From its simple beginning, an entire industry haft grown to meet the
never - ending, demand for new and higher quality transformers.

This is a study of the basic uses, types, operating principles, needs,
calculations, and troubleshooting of transformers.

A device used to transfer electriCal

aglI, at a higher or lower voltage

level.

onc of 14e awvantagos of AC over DC, is t:io to raise or lower

t,w volta4v levels of \C power, thru the use of electrical transfor:.ors,

r.aisir.-. or lowering; UC voltages involves serious cuurny losscs,

-1 a. A transformer is a device used to transfer electrical.
b, Transformers rattle or lower the level of AC Power.
c. T-F AC power has no advantages over DC power.
d. T-F AC voltage can be raised thru the use of a transformer.
e. T-F AC power can be increased by using a transformer.

1
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ELECTRICAL POWER

Electrical power is a combination of Voltage (L) and Current (I).

?Attar eawato
Many combinations of voltage and current can result in 1000 WATTS of Power.

1000 WATTS 0 500 VOLTS 4 2 AMPERES

1000 WATTS 200 VOLTS x 5 AMPERES

.1"11"11.11m"."11=1

ELECTRIC IL POWER TRANSFER

1000 WATTS m 10 VOLTS N 100 IVIPERES

The transfer of electrical power thru a transformer is so efficiont,

that the small losses involved are normally ignored.

1000 VATS INPUT
LET.: VOLTACL

P°7---aoi'g &totem*

11.A.,SFORM.:
1&C ".A713 onnT

..I6- VOLTAC,.:

It is essential, for Long distance electric power distribution, to

have the Power at as hien a voles level as possible: 'Nis reduces the

energy loss in the power transmission lines. The reasons will Oe dismssed

later.

AC A:1C DC TiLvisrolt.t.e5??

Only ,alternatint. current, AC works in a transforrwr. To oirect cur-

rent DC, the transformer acts as a large wire-wound resistor, tlissipatin,

all the power in the form of heat.

C

a. Electrical power is a combination of and
b. T-F Transformers can be considered 100:' efficient.
c. T-F Long distance power transmission requires transformers.
d. T-F Transformers work equally well with AC or X power.

2
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A.1 a, power
b. voltage

C. False
d. True

e. False....this would be getting
something for nothing.

TYPtCAL POWER OUTRIhUTION SWUM

"When you turn ON a switch $$ GENERATING STATION
TRANSFORMER

POWER
HOUSE

RECEIVING
STATION
TRANSFORMER

eSUB-STATIONTRANSFORMER

Ig1/4444, DISTRIBUTING
TRANSFORMER

The importance of transformers can best be seen, when it is inagine4.

what it would be like without electric power. The extremely high trans-

ission voltages shown are absolutely necesserx. Vithout them, most of

the electric power in the system would be dissipated as heat. This is

further explaine4; in -roag LINE LOSSLS" v4ich follovs.

41-3 a. T-F Electrical power passes thru several transformers, between
the "power house" and the "using house".

b. T-r High transmission voltages era 'AT necessary.

3
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A-2
a. voltage and current
b. True

1'OI bR U1,71: LOSSES

c. True...to reduce "line losses". 1

d. False...they work with AC only.

The -amount of current. flowing thru a wire determines the energy lost

f)
ring trans

\
of electrical power from point to point.

1000 WATTS INPUT
2 0111t WIRE RESISTANCE

20A 0 50V
WIRE LOSS CURRENT2 x RESISTANCE

800 MIS

2 UT
2

200 WATTS

202 x 6OUTP
os 400 x

sr

1000 WATTS INPUT

2.1 500V

ON THE DELIVERY END

2 0124 WIRE RESISTANCE
)

WIRE LOSS CURRENT2 x RESISTANCE
u 22 x 2

0 4 x 2

al S WATTS

992 WATTS
OUTPUT

Ry raising the voltage, to extremely high levels, the amount of

current required in the transmission of electrical power can be kept

low, and the, line losses held to a minimum.

It is not practical to produce electrical power at the very hish

transmission voltage levers required, due to "arcing and sparking"

within the AC generator. Therefore, the output voltage of the gener-

ator is "stepped-up" thru the use of a transformer, for delivery

along "high-tension lines".

ON THE RECEIVING END

250,000 volts is not the best thing to have "running around the

house", so the voltage level of the electrical power is "stepped-

down" thru a series of transformers to the 120 volt and 220 volt

levels required for residential uses.

A. T-F The higher the voltage, the Lower the loss.
h. raising the voltage results in less flow.

c. T-F Some "line-loss" is always involved.

4
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A-1 a. True..i.often passing thru S or more transformers.

b. False...they ARE necessary, and the.-higher»the-better.

bAS IC TRAN_Srotu tuft CONSTUCTIOU

Although the differences among transformers are many, their

fundamental construction nag a striking; similarity two or more

coils of INSULATO,wire, wound on some type of "core" material.

POUR OUTPUT POWM

The particular physical construction, of any transformer, is kleter-

mined by the task to bu perforaed. Sizes range from "Distribution Trans-

formers", as large as a house, to the subminiature "Pulse Transformer",

the size of a pea.

Imagine the ibvsical differences which oust exist in the following

list of transformer types

C:45 .;) atte.t shuuLC Uc made to "memorize'' Any part of this list.

Power Transformer
Plate Transformer
Filament Transformer
Audio Transformer
input "iransformur
Output Transformer
Interstage Transforuor
nixing Transformer
3atchiK; Transfor.or

Transforuur
rulsu Iransforuer
":agnetic AwolifLur
Saturaidc Transformer
Converter Transformer
Constant Voltage Tfmr
Discriminator Transformer

Osoiliator Tfor

Uitrasonic Transformer
Auto-Transformer
lsoLatinn Transformer
Line ',muster Tfmr
VarlaLle Transformer
Toroidal. Transformer

Chopper Transformer
Control Transformer
Aec Lifter Transformer
Lakiio Frequency Tfmr
Vide° Transformer
Pnase Dttector Tfor
Lalanced .fo4ulator Ifmr
Single Phase Tfmr
Two Paase Transformer
Three Phase Tfmr
uriugu Transformer

i:armonic Transformer
Data Transformer
:ye Transforter
Voltage Regulation Tfmr
Flyback Transformer
Vibrator Transformer
Wrtical Output Tfmr
Push-Pull Transfor ter
Universal Transformer
Line Transfor.er
::odulation Transformer
Photoflasa Transfornar
;ias Transformer
tiltL-Tapped Tfmr
Inverter Transformer
Intermdiate Fret' Tfmr
And on, Jill on, an4 on...

a. Transformers are used to transfer electrical

h. T-F All transformers "step-uo" the voltar.e.

c. T-F Atransformers have two coils of wire.

S
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A-4 a. True c. True...at least until wire with ZERO nhma of
b. current resistance becomes practical to produce

TRANSFORMER ACTION,

"Any conductor material, will have an electrical current generated

within it, when exposed to a changing or alternating magnetic field".

This is called the phenomenon of INDUCTION.

MUTUAL INDUCTION or "transformer action" occurs when alternating

current in one coil of wire, creates an alternating magnetic field,

which induces a current to flow in a second, nearby coil.

ALTERNATING MAGNETIC FIELD)

dillbINDUCED CURRENT

In this manner, useful electrical power is generated in the

second coil. The two coils are not physically connected. They are

magnetically coupled together.

A stronger and more concentrated magnetic field would be produced

if both coils are wound on some type of magnetic core material.

Direct current (DC) magnetic fields are stationary, and therefore

would= induce any current into the second coil. Only alternating

current (AC) can be transferred thru a transformer, due to its constantiv

changing and alternating magnetic field.

'.........

Q-6 a. T-F An alternating magnetic field will create an induced current
in any nearby conductor material.

b. T-F DC will produce an alternating magnetic field.
c. The strength of the alternating magnetic field depends upon the

number of turns, and the amount of .

6
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a50
A-5 a. power c. False,..some special typos have only one.

b. False...some "step-down".

PRI1ARY AND SLCWJARY WINDINGS

Transformer windings are called "Primary" and "Secondary" windings.

PRIMARY the power to be transferred is placed in
the =la= winding.

=HOARY Power, at the desirec; voltaae level, is
igMOV4e6 trove the secondary winding, and
delivered to the Z717rquirin;1 this
particular voltage.

v.R:6R

nra
?RrIARY
WINDT=

STLii-LP TP.A:VoFOR:ILItS

CORE

MATERIAL

T:le output puwer, of a transformer will be at n hinher volisru, wlw.1

the secondary winding has more turns than the primarv.

sra P

INPUT
POWER

SECONDARYPRIMARY

irriviAAAR:Amen_

The .,wwer output of J transformer will he at a laver vol tam,. w;Ien

the secondary has Ie3s turlis than :be ori.,-arv,

INPUT
POWER

PRIMARY SECOND Y

MIAOW/JR./OCR

a. The input power goes to the windin;!.

h. The output power cones Erom the winding.

c. T-F Adding turns to the secondary winding will increase the
output voltage from the transformer.

d. T-F All transEormers step-up nr step-down the voltage.

7



A-6 a. True
es current (also the

b. Falee...a. "stationary" magnetic field. type of core)

TRANSFORMER TURNS RATIO

The number of primary and secondary turns is most important to

transformer operation. Often the actual number of turns is indicated,

however more often, the "turns ratio" is used to indicate the expected

performance of the transformer.

1:3
5:2
1:4

1.3

5.2

= 1:4.

Said as
"One to Three"

Said as
"Five to Two"

Said as
"One to Four"

A turns ratio of 1:3 would indicate a transformer.

For every one turn in tae primary, there are three turns

in tiic secondary.

A 5:2 transformer would be a step-down transformer. For every

5 turns in the primary, Were are 2 turns in the secondary.

Transformers with a 1;4 turns ratio are as g= For every

one turn in the primary, there are 4 turns in the secondary.

Q-8 a. A turns ratio of 3 : 4 indicates a step transformer.

b. A turns ratio of S : 1 indicates a step transformer.

c. T-F A turns ratio of 6 : 3 is the same as 1 turns ratio of 2 :
d. T-F Adding turns to the primary winding would reduce the

output voltage from the secondary winding.

8
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A-I a. primary

b. Rocandary

c. True d. Mont of the time "true" but
a special type called the
inolation tfmr ham no change

TRA:NPORMEIL SCHUtATIC romoLs

The bank transformer nehelAntic symbol depends upon the type of

rte, us naterlal used. IRON-COR TRANSFORMER

I 3 1;3

OR

Ihe nunber of vertical lines
2, 3, or 4 is not important.

Attnoul;:t all low frequency transformers nave iron-cores, tnose

desi:tned to operate at the hi,ther radio frequencies will have air-cores.

AL4-CORE TRA,t;FORnEg,

.,ate: absonse of lines between toe
wIn.Ungs. This is the difference be-
tween iron.and air core syubots.

often, trannfnmers operatinl at radio frequencies, act.: otter

sn..4:101 zwronse tyros will use a ow:iered-iron, or ferrite Aaterial

:Tony times these sores are threaded and

Aw ,FERRITE CORE,

0. All low frequency transformers use an core.
b. Air core transformers are used at the higher frequencies

c. T-P Iron core transformers are used at radio frequencies.

d. T-F Adding an iron core changes the turns-ratio.

9
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A-8 di. up

h. down
c. True... 4:2 is the same as 2:1, 9:3 m

1
3t1 etc.,

d. Truct.,, it changes the turtle-ratio.

Ills.;sroteiLit VOLTAC.I. CALCULATIONS

The secondary "output" voltage of a transformer depends upon the

primary "input" voltage and the turns-ratio. The following transformer

equation is used to calculate the secondary voltage.

1.
0

0 Primary Voltage

0 Secondary Voltage (To he calculated)

14 0 Primary Turns
Usually expressed

..
s

- Secondary Turns as the turns-ratio.

EXAMPLE #1 Solve to

2 :5

P. = 300V

ECVPLL i'. Solve for

3: 2

EP
es 600V

1.: N
740 .711
Ls os

300 2
---..
x

..

5

I*,
3u0 -.,..4

x 5
... ....

2x 0 1:)00

Voliaae-Turns Uquation

Values entered into the
equation. with Us :is "g".

Cross-AuItiply

jivide for answer
2xr= 15oo

--7-
t t

Volta!w-Turns Lr,uation

Values a mere. into the
equation. with Ls as "x".

Cross-multiply :.. divide

for answer.

c-10 Solve tGe foliowirc fur sccomiary voltatle.

(a)

: 4

11

Is 0 ? 400V

(h)

2 : 3

.

10
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1-77.) a. iron
b. radio

C. False
d. Falsa...lt may charge the weight though.

plANSFORHER VOLTAGE CALCULATIONS (cont)

Fro* the basic voltage-turns equation, other missing values can be

calculnted. The following examples show how thin is done.

EMPLE 03 Solve for

5 : 2

HI
x 5 Values entered into the

NI 400V
400 2 equation, with Et, as "x".

2x 2000 Cross-multiply and divide

for the answer.

FL 1' FL Voltnge-turns equation
Es No

:2

CXAMPLL #4 Solve fo

E * 400V

E
P

800V

N. : 3
1
141 Voltage-turns equation

L U5 s

400 = x Values entered into the
200 1 equation, with asas "x".

200x - 1200 Cross-multiply & divide
for Answer.

:.:5 lye Co

4 ; $

X a

Voltage -turns equation
Ls as

800 4 values entered into tae

Es 600V 60U x equation, with Ns as "x".

300x = 2400 Cross-multiply C. divide
for answer.

X

t1-11 Solve for the indicated missing value. Try not to refer to tae
examisles above, unless necessary.

(a) (h)

4 : 5 N : 3

(c)

2 :

'I
1

II

225V 20V 10V

11
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a. BOOV b, 600V c, 200V

TR v:srotetEtt TYPES POWER TRANSFORMERS

Transformers kiesi6ned specifically for unr nt

"rower Frequencies', are classified an rawer

Transformers.. They have henvy laulmntr.1 iron,

cores and usually have more than one socondar

These transformers chate:e tae 1.::) volt

line power, into several hi4her and locr volt-

10: lvveln, which n particular tvve of electronic

equipment will need to function proptrly. 7;.

separate wimlings operate imienenavntly, an! caa

be checked indivi:oially for perfuri.a:lee.

AUDIO TRANSFORMERS,

5pouea, code, tones, ark! music: frequencies are

transfered taru Audio TransfartArs. uk.i.ne.: for

operation un t) 2U,UU0 i.7, taey alKo k.avc

ate.: iron cores, lost audio Lransionier slavk

Only onV stcondary uiadinn.

to vurious poL.ts on t4v autonaary. ;ati. .tr.

alled "Wiwi . Au txay.pic vault: Lac.

taitpat 'cr.:nsforntr", tranbfcrs o.wr f..

an Auwio vitttrunit circuit. to .t t 1

titular .44*.tr. The V..., uirt:; of an

:qtva;.er", could be conncete4 to tic L-,"

1..t (s.th.oii) in.ti

.- rower transformers usually have more than one
b. T-F rover transformers used a powdered iron core.
c. Upon entering electronic ennipment, the line voltave first

encounters A transformer.
'd. T-F Audio transformers have laminated iron cores.

e. T-F Audio transforners will not operate at /lover frequencies.

12
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ca 5'6

a. 80V b. N
P

2 c. Na 1

prosronlix TYPLS (cont)
ItADIO FRLOLNCV (RF) TRA.isroluum..

V.adio receivers and transmitters contain

many RF Trannformerl. They transfer power,

at radio - frequencies, between sensitive

eiectronic circuits. 1)esizned for use from

201:11a, otru vim and ULF frequencies, these

transformers nave powdered -iron, ferrite. or

air cores. (Laminated iron cores will not

work properly ..ue to tat: rapiuly chnimin,t

magnetic fields at Oyse hi!t4er frequencies.)

'Azes range froze large :tifh-voltare,

frequency types used in powerful transmit-

tors, to miniature low-volume transformers

used in transistorize.: receivers. Tney can

be identifie.i by a few turns of insulated

t: ire, wound on a cap mon tubular fort.. .,f ten,

SHIELD a titreauce ferrite care passe:; Lau ;,otnd

o and secondary windiu:s CO luittSt tiny

transformers operation. Many RF Transformers

arc surrounded by,rietaI material,

reventinr, interference,.to frot: cearLy

electronic CotyOuuuts.

(4-13 a. Transformers desisned to operate at the hither radio frequencies,
are called transformers.

b. T-F All RF transformers use en air core.
c. T-F Some RF transformers use a laminated iron core.
d. }tany radio frequency transformers are surrounded by a

to prevent interference.
e. T-F RP transformers have turns-ratios.
f. T-F RF transformers will work at audio frequencies.

13
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A-I2 a. secondary
b. False
c. Power
d. True

e. Fatse...they 411 operate at power frequencies,
the most common of which are 604 and
40011z. These are within the audio
portion of the frequency snectrum.

titn::;,Fotet.r, =ALA CALCULP7 %;;;;

The amount of current flowing thru the prim y .spends on

the maOunt of suconeinry current, an.1 the turns- ratio. The followin;

transfunaer equation is useJ to calculate primary current.

kb Solve for

Primary Turns

3
....sunny expressed

::s 0 Secondary Turns au 6te turns-ratio.

Is 0 Secondary Current

1 0 Primary Current ('rn Lie calculate.;)

r.

4

X

4

3 x

Current-lurns Lquation

1'alucs unturud into tke
equaticni, uit4 Ip 34 "X".

CrON h." .111 t ;"'

Zx m 2u fOr .1t.er

F7 :;elve far

, is. Carrcat-Turr.;

6 Vale tatter .:;$e

X equAtion, I, :z

- 12 Cross-...:it t.:Ly :a i,c

for t..%:

14
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A-13 di mile frequency
h. False...some have powdered iron
c. Felso,..nover laminated iron

d. shield
e. Of course they do.
f. Pelee, frequency too low,

VoLTAC1.-TUR.5 4 CURIWNT-TV= CALCCLATIO

solve the tollowinq problems, using the Voltage...Puma 'nation.

;16 ;Ave the following pr:blems, using the Current-Turns rouation
.

15
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A- 14

a. BA b. 2mA "WASTED BEAT IS POWER LOST"

POVEK LOS=

Cent givun off by a transformer while operating, indicates that

there arc some losses involved when power in being transferred.

WIRE OR COPPER LOSS coma LOSS

sae DC resistance of copper wire, causes

1

CORE OR IRON LOSS

100%
i..ru c.AccllenL transformer
englceerlw., acu ..csi;a, Lac
losies .11scusaeu Aalic u.:un

reduced Zo ace', ley: value,

Lacy arc /vcarc,,
calculatimia.
Transformera
assume.. to i.c VOr:

cuur Liu.;

efficient.

4
HOW= power loss. Paver 4.0db I. X R

the equation indicates that the use of

tow resistance (lamer diameter) wire,

reduces this Loss to a mininun.

COKL LOSSLS

Iron-core transformers have two additional

power losses.

aSILRZSIS LO The constant, and

rapid rc-ali,mlent of tic core magnetic

t.:aLerials cauaes a power loss. This is

re4uceu, usins a core material with

: >i ;it "leraeaLilit7".

CUML:oT .toVin,; maanetic

fields of Lau transfomor, "cut" t4ru

tau or material, ineucic,; a useless

current witnin t.ae iron. Tiols current

can Ue reauced tae core resis-

Lance. La;ginatin;t, or thin slicing,

uell at Iwo' frequencies, %male at

riwin frequench.ls, povaare%i-iroc or

ferrite materials are use..:.

-17 a. Edd- current losses are reduced by the core.
b. Larger diameter wire is used to reduce the loss.

I.6
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-15

a. 10V b. Hp m 3

A-16 a. 15a41 c. SA

b. 12mA d. 9mA

VOLTAM:CURRENT CALCULATIONS

Another commonly used equation, is that which considers the

levels of voltage and current within a transformer circuit.

EXAMPLE I/8 Solve for

L Primary Voltage

Ls Secondary Voltage

Is Secondary Current

I Primary Current

Lf, Ic
gr.

A.p
Voltage-Current Equation4.9

1U 5 Values entered into tae
40 ii equation, vita Ip as 'x".

10% lk 200 Cross-multiply and diiide
for answer.

11-18 Solve for toe inuicatcd voltage or current level.

17
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A-17 a. laminatins....each lamination is insulated from the others.

b. copper or wire loss.

AuTn-Irmixnangs

The

only one

nUtOtranSfOrMer

vindin4, rather

diffors fro.3 other transfonters in that it. has

than two or, hors 48 in ordinary transformers.

often constructet; to be gallaLlg, 61e? Art!

SOMOtintql referred to as VariacAr

St4t.

STU -
AUTOTRA%SFORAEK

SCHEMATIC SYMBOLS

PRI MARY

STEP-H
PRIMARY

SECONDARY

STEP-DOWN'

SECONDARY

An alternating magnetic field, produced

by the primary current, induces a voltage

the remaining part of the single, winding.

As the prinary and secondary "share" part

of the winding, autotransformers can be con-

structed physically smaller than separate wind-

ing types. However, autotransforPers 1)0 NO1

"isolate" the prinary and secondary circuits,

and cannot be used in many applications.

Q-19 a. Autotransformers are constructed with only winding.

b. T-F For the same power rating, autotransformers can be
constructed physically smaller than ordinary transformers.

c. T-F Autotransformers "isolate" the primary and secondary
circuits.

d. T-F Autotransformers can be either step-up or step-down types.

t8
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A-18

a, Ip 18A b, Es~ 15V c is = 8A d. E 5V

MAXIMUM POWER TRANSFER

To transfer the maximum possible amount of power from one part

of an electronic circuit to another, a certain condition= be met.

*The opposition COO of the "load" must be the ihr
same as the opposition 41.) of thesource".

Every source of electrical power has some amount

of resistance contained within ft.

The conductors of an AC Generator have a definite

amount of wire sesistanct.

The chemical "electrolyte" of a Battery, has a

varying resistance, depending on the "charge".

The semi-conductor material of a Solar Cell, has

resislaue, depending on the amount of Light.

All radio tubes and transistors have individual

resistanceq, depending on the type.

This unavoidable, "built-in" resistance of a

power source is called INTERNAL RESISTANCE,.

R = internal resistance of a generator

Rs = internal resistance of the source

Rint = internal resistance

--°101A1
Rprr

Q-20 a. T-F Every source of power has an internal resistance.
b. For maximum power transfer to occur, the opposition of the

source and the opposition of the load must be

c. T-F Tubes and transistors do not have internal resistance.

19
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A-19 a. one
b. true..,.as part of the copper conductors are "shared".
c. Falsemthere is "metal -to -metal contact between the circuits.
ti- True

MAXIMUM POWER TRANSFER (cont)

This principle: "The opposition of the source and load, must be

ZWUjaWal leads to some difficulties in the design of electronic

equipment.

To better show this point, consider a simple 2 resistance circuit.

24V E... a

Load

Resistance

Remember the principle...
maximum power will be
delivered to the load,
when its opposition is
the same as the opposi-
tion of the source.

The following chart clearly proves this basic principle.

rLOAD RESISTANCE (Variable)

TOTAL RESISTANCE (RL + Rint)

17.TOTAL CURRENT (Ea /It)

RL Rt It LOAD RESISTOR POWER

0.e. 4.4 6a .4 12 x RL 0 Netts
246 6" 4a 12 x RL 32 Wattsel==.0

4". 6. 3almmemmes12 x RL .4 36 Watts
8A 1241. 2a ....0 i2 x RL 32 Watts
20* 24.4. la .4, 12 x RL = 20 Watts

0
MAXIMUM

... POWER
TRANSFER

1

The load (4j), receives maximum power, 36 watts

when it is the same as the internal (446)

resistance of the source.

This is not a simple "coincidence" 0ft:umbers. It is an

essential fact, concerning all electronic circuits.

r

-Q2I a. For maximum power transfer to occur, the opposition of the
source and the opposition of the load must be .

b. T-F All sources of power, including batteries, have resistance.
c. T-F Maximum power transfer is accomplished in DC circuits only.
d. T-F It is a requirement that in all electronic circuits,

maximum power transfer must take place.

20
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A-20 a. True,..at Wet every source of electrical power does.
b. equal, the seas, netched....or words to that effect.
c. False.,..they all have some amount of internal resistance.

IMPEDANCE MATCHING

The source of power contains Resistance (It), and combinations

of Reactance (XL & X0). "Lumped" together, these oppositions form a

total called IMPEDANCE (Symbol Z)

The load also contains not only Resistance (R), but often com-

binations of Reactances (XL & XC) as welt. These oppositions

lumped" together form the

If the

load IMFEDA3CE (Symbol Z).

1446.0° .$44411

SOURCE IMPEDANCE

041r4(......PSWIrm

ri-7146/
LOAD IMPEDANCE

principle of MAXIMO POWER TRANSFER is to apply...

the InFED,diCr. (2.) of the load must be "matched" to the

r:FEDX:CE (E) of the source.

Zsource

2 Kn.
MAXIMUM POWER WILL DE TRANSFERRED1:1

hoe
4_1

Seems easy777

2 KA.
sure it two impedances are matched.

99:: of the time, the two impedances are very different. Zxample:

Source Impedance = 2, 000.n. Load Impedance . 1U1L Ender this

condition, only a very small transfer of power would be aecomplishol.

One electronic component, the TRANSFORMER, is capable of solving

this power transfer problem.

-22 a. "impedance" is a combination of resistance and
b. T-F An increase of internal resistance would catWehe

source impedance to increase.
c. T-F Frequency can affect source and toad impedances.
d. T-P In most circuits, the source and toad impedances are

equal or_eimost sAuaI.

21
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A-2I a. equal, the same, matched, or words to that effect.
b. Trues...especially batteries.
c. False...DC or AC circuits.
d. Falsa...only in some circuits is it desired, not in all.

11'EDANCE MATCHING (cont)

The selection of a proper "turns-ratio" transformer, can

accomplish Maximin Power Transfer between two unlike impedances.

Consider the following...

What the observer "sees ", depends upon

(1) what's out there. and
(2) the lens ratio of the telescope.

Similarly. the opposition "seen" by the power source. depends on

two factors (1) the LOAD impedance (what's out there), and
(2) the TURNS-RATIO of the transformer.

The ineedance (10 seen by the rower source is called PRIvARY

IMEDANCE. (Svnbol Zp)

The load impedance is called the SECONDARY IMPEDANCE. (Symbol Zs)

The /impedance seen by the source.

PRTIARY MITMANCE, can be calculated

usin" this equation.

0-23 a. The opposition "seen" by the power source is called
b. What two factors determine the amount of Primary Impedance

seen by the power source? and
c. T-F Primary and secondary impedances are usually equal.

22
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A-22 a. reactance or reactances.
b. True...the source impedance LA the Internal resistance mostly.
c. True...es it would affect the XC and XL of the reactances.
d. Palse...usuall the are nett far apart.

PIPEDANCE MATCHING (cone)

When 2p is 413221 to Rot, MAXIMUM power will be transferred from

the power source to the transformer primary winding.

The transformer, being

0 efficient, transfers
0 LOAD (Zs)

this maximum power into the

Flw
i0 THE LAAD +IL

secondary winding, and on

to the load.

Thus, by using the proper transformer, maximum Power can he

transferred between two widely different impedances, without any lost.

REFLCCTED 11PEDAl:CE

In the equation, it will be noted that,

any channe in Zs will affect the answer Zp.

fhat is to say. any change in the opposition of

thelaiwoald cause a change to the primary impedance. This shift of

primary impedance by any change in the secondary in referred to as

F.EFLECTED IM7EDN.:CE. (Symbol ZREF)

0-24 a. T-F Maximum power transfer will occur when the primary impedance
is the same as the internal resistance of the source.

b. Any change in the load impedance will cause a change to occur
in the impedance.

c. T-F Reflected impedance is the load impedance.
I

23
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CA43 a. Primary Impedance or Joey "impedance".
The "toad" or secondary impedance, and the turns-ratio.

c. Pelee...usually very cliff/fears

ilfarX;LI=IMPZ.C. (cony)

As ;Inv variation in the load 1ml:oda:Ica will cause a change of

ntimaty Impedance, it can be said that the ptimary impedance is actually

a "reflection" of what is going on in the secondary.

Thetefore, the Reflected impedance ZS the ptimaty impedance, and

can he calculated using the tame equation.

EXANPLE 19 Solve for

6:

ZREF a Reflected tmpedance
(To be
Calculate()

N Primary Turns
Turns-Ratio

Ns Secondary Turns

Zs a Secondary impedance
(The opposition of the load)

z .(241 znr us s

x 4

2

g ( 3
12

4

Znr equation

Values entered
with as x-ncr as

Division done

9 4 Square 3 and
Vultirly for
answet.

(1- 25 solve fir tic Reflected Impedance seen by the eeneratot.
(a) (b)

3 l 4 :

(c)

4 : 5

.1111Ir
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A.24 a. True....thatis what it's all about.
b. Primary impedance.
0. False...Atli a change of Primary impedance caused by the load.

THANSFOHkER PHASE RELATIONSHIPS

Some transformers wiL1. cause the woutputil eecondary voltage to be

inverted. Some will not. It depends upon how the transformer is wound.

#1 SECONDARY sliZa 'AVE

"Right..side.up"

.s.ph400....#2 SECONDARY SEE ;SAVE
oUp.side-down

The output of Secondary #1, is said to be min-phase with the primary.

The output of Secondary #2, is said to be 180P "out-of-phase with the

primary. 1800 "but-of.phasen means, up -aide -down from the Primary, or

inverted from the Primary.

The phase relationship between Primary and Secondary is indicated by

"dots ". If the "dote" are both an the top, or both on the bottom of the

schematic, the output will be the same ae the Primary eine wave. However,

if one "dot" is on top, and the other "dot" is on the bottom,' the output

sine wave will be 180° out-of-phase, inverted, or upside-down from the

Primary sine wave,

41v - :Er 4*.
Q-26 Select the

Frt-1

142
(a)*

"output" sine wave with t. ig correct phase el tionship

1 1

2

(4)

2

25
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A.26 A. 1 b. 2 c. 2 d. 2

TROUBLESHOOTING TRANSFORMERS

Common transformer troubles fall under three categories;

(1) Shorted Windings

(2) Open Windings

(3) Winding-to-core Short

SHORTED' WINDINGS

The entrance of moisture, and arcing or overheating due to other

electrical problems, can cause "failure" of the insulation on trans-

former windings. This allows the primary and secondary copper conduc-

tors to come into Aluljawith each other. Usually this will cause

other serious trouble or component damage within the equipment.

"Continuity" between the primary and secondary windings can be

easily determined using an Ohmmeter.

POWER

GOOD

No deflection of the
ohmmeter (02 MIS) ,
indicates a "no con-
tinuity" normal condi-
tion.

Full scale deflection,
( e or .tear 046),
ind;ates continuity
between windings. (BAD)

CONCLUSION; Primary and secondary
windings "shorted"
together.

With the exception of Autotransformers, an ohmmeter should never

indicate any "continuity" between primary and secondary windings.

Q-27 a.T-F Continuity means a complete path for current to flow.
b.T-F Ohmmeters are used to check continuity.
c. There should be no continuity between windings, except in the

transformer, due to its sinxle

26
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A-26

a. 1 b. 1 c. 2

0

MATED 9TNDINCS (cant)

Two or nnre turns of the primary winding may come intn motel -to-

metal cnntact with each other if "insulation failure" occurs. This

reduces the Primary "wire resistance", and upsets the transformer per-

formance. of course, primary windings shorted together wnuld change the

turns-rAtio, And show up as inaccurate secondary voltage reading% And

circuit malfunction.

Shorted turns in the secnndary would give the same results.

ohmmeter resistance cheeks can be made, comparing the readings

!ith those given in the service data for the equipment.

POWER
"OFF"

SWIOVVICI 4D00141

PRIMARY 1511.

SECONDARY 25A.

,CoNCLUSIM: Some secondary turns "shorted".

AIthouoh seldom occurine, a complete "short" of the primary or

svcomiary windings is prissile. In such cases. total failure of the

transforler is experienced, with a blown -fuse or "rlenty of smoke"

the symptom. The bad windiest would read ZERO °INS.

It Is common that even an ohmmeter resistance

will not detect a defective transformer, and direct -

;(0.stitution with a known good replacement is the only "sure"

sTmotin7 method that works.

as

trouble-

s. T-F There should never be any metal-to-metal contact between
the turns of a transformer winding.

b. T-F A transformer winding should never have continuity.
c. T-F Shorted turns in a transformer winding will affect the

turns-ratio and the reflected impedance.
d. T-F deflection on the ohmmeter needle indicates a good

transformer winding.
e. T-F Ohmmeter checks always detect transformer troubles.

27
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027/

A.27 a. True
b. True...another meter called a "megger" is also used
c. autotransformer.

OPEN WINOINCS

Easier to detect and troubleshoot, is the "open" primary or

secondary transformer winding. Any "break" in the conductors,

caused by electrical failure or physical damage, would result in

immediate and total failure of the transformer. The circuit in

which it operates would cease to function completely.

Should the primary or secondary winding "open", the secondary

voltage drops to MR.O. volts.

Resistance checks will determine which winding is "open".

No deflection of the
ohmmeter needle (40.116),
indicates that the
secondary winding lacks
"continuity".

CONCLUSION: Secondary "open".

'test often a transformer winding will "open" following an

insulation failure. Internal. arcing "melts" the copper conductor of a

winding, causing the open. Sometimes a winding "opens" due to excessive

physical strain on its connectin' leads. Always use care when installing

a renlacenent transformer. Avoid "pulling" on the leads.

4_29 a. T-F An open transformer winding has continuity.
b. The first indication of an open winding is the voltage'

dropping to zero, and circuit malfunction.
c. T-F If the secondary winding "opens", the primary voltage will

drop to zero.

d. T-F An open winding will blow the fuse in the primary circuit.
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A-28 a. True d. Falee...an open winding.
b. Faise...always has continuity. s. False...not always.
c. True...and seas -up the circuit.

WINDING.TO-COREAHORT,

Iron core, transformers, particularly those involved with ura

yoltaget, may develop a trouble which can create an unsafe condition.

A winding, shorted to the iron core.... tjAa

An iron-core transformer is
MSAFE

normally bolted to the chassis. Continuity between a

winding and the core, may place hazardous voltage levels on the chassis.

(From the winding...to the core...to the chassis)

"Grounding" of the equipment is therefore necessary to protect

personnel from electric shock should this trouhle occur.

When such a short (winding to core) happens

connecting circuits become inoperative,
EARTH GROUND

excessive heating and smoking may begin, and

fuses or circuit-breakers perform their function, protecting the

equipment from furthur damage.

If this type of "short" is suspected, a continuity-check with

an ohmmeter will confirm the trouble.

Full deflection of
the ohmmeter needle
indicates continuity
between the winding
and the iron-core.

CONCLUSION: The secondary winding is "shorted" to the core.

There should NEVER be continuity between a winding, and the

core material of any type of transformer.

(1-30 a. Winding-to-core shorts cause an condition.
b. T-F When a winding-to-core short occurs, the secondary

voltage will change and the circuit will not function.
c. T-F A winding-to-core short will always blow the fuse.
d. T-F Winding-to-core shorts are repairable.
e. T-F An ohmmeter is used to detect winding-to-core shorts.



A49 a. False..just the opposite.
b. secondary
co nisei...remember, the primary winding ie connected to the

power source, and it doesn't change.
d. Falso....it will reduce the primary current, and the tune

remains OK.

EQUATION SU1.11ARY

t.273

SU1,24AgY

- KP in 'Tee
NsEa 1p Ns

Q-31 Solve the following problems as indicated. Use the Equation
Summary shown above.

(a) 5 : 4 (b) 6:3

Secondary Current L ?

(c) 3 : 5

(e)

Secondary Voltage =

12 : 4

Reflected Impedance In ?

Reflected Impedance = 7

(d) 13:No
11

Es

Primary Zurrtnt = ?

Primary Turns = ?

30
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.27e/

1140 a. unsafe
b. Nat always....it depends a lot on the type of circuit.
o. Again, not always, but the unsafe condition still remains.
d. Not uomail74....replacement is the only pure repair.
e. True....remember to use it, with the power "off".

NOTE' Sorry for the 'Mot always'', and "not usually', etc.. Trouble -

shooting transformers is not a true-or.false proposition.
There are just no *always true" or "always false" answers to
be found for some of the common troubles. Replacement, often
is the only "sure curse, and many times it the only way to

locate the trouble.

a. 2.5riat d.

be 100/CA e. 72A
o. 107 f 12.5 Turns (or 12.5 I 5 Ratio)

SU:24ART

The study of transformers does not END here...it only begins.
Publications covering the subject in greater depth, are readily
available in Technical Study Centers,

The importance of transformers in the operation of complex
circuits, will become more apparent as the study of Electronics
continues. Their basic functions of stepping -up, stepping.down,
and impedance matching, are only a few of the taeke assigned to
this component.

From the job of getting power to the radio, it also plays a
major part in which station win be heard. The formation of a
Radar signal, depends largely on the performance of many types of
transformers. Airborne equipment, with its size and weight limit.
tations, contains some of the more unusual and interesting trans-
former typos.

The reliability of a well made transformer is an established
fact, and only thru electrical or physical abuse do they rarely
malfunction.

The TRANSPORMER....A step.up in the development of Electronics*

31
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Basic and Applied Electronics Department
Koester Air Force Base, Mississippi

ELECTRONIC PRINCIPLES

MODULE 16

ATC GP 3AQR3X020.X
KEP-GP-16
1 May 1974

This Guidance Package is designed to guide you through this module of the Electronic
Principles Course. It contains specific information, including references to other resources
you may study, enabling you to satisfy the learning objectives.

CONTENTS

TITLE PAGE

Overview t

List of Resources 2

Digest
3

Adjunct Guide 4

Module Self Check 7
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OVERVIEW

RELAYS

1. SCOPE: This module explains the operation and functions of each part of the basic relay
in electrical circuits.

2. OBJECTIVES: Upon completion of this module you should be able to satisfy the following
objectives:

a. Given a group of statements, select the one that describes the operation of a relay.

b. Given a relay schematic with or without coil current, determine which contacts will
be open and which will be closed.

Al THIS POINT, YOU 'PAY TAKE THE MODULE SELF -CH C?{. IF YOU DECIDE NOT -74-1
r XE T:111: MODULE SELF-Chr.r.l , TURN TO THE NEXT P.-tGE ANL/ PREVIE W THE ' IS";
.":I. 1.7.,.i./IC:714. DO :MT HESITATE: TO :::O.M.SULT vol.41 INSTRUCTOR IV YOU HAVE A -e.:
-iL LAT *43.
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LIST OF.RESOURCES

RELAYS

To satisfy the objectives of this module, you may choose, according to your training,
experience, and preference, 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
SELF-CHECK. CONSULT YOUR INSTRUCTOR IF YOU REQUIRE ASSISTANCE.

2

237

...



.2 /7
DICIEST

RELAYS

A relay is an electromechanical device. Relays are made in many forms or sizes and used
In many types of control circuit*. All electromagnetic relays operate on the principle that a
piece of soft Iron called an armature is attracted to the pole of an electromagnet when the
pole becomes energized. This armature can engage one or more switch contacts. These
switch contacts can be arranged in various configurations such as: Single pole single throw
(SPST)1 Double pole double throw (DPDT)1 Single pole double throw (SPDT)1 and many other
combinations.

Normally open contacts (NO) and normally closed contacts (NC) refer to contact conditions
when the relay is de-energized.

:MITA .:2 nt
/2

3 0-41
1

ill In
SPST SPST SPOT

A

Figure 16-1.

CONTACTS 1 & 2 NC

CONTACTS 2 & 3 NO

R1124-1015

Figure 16-1 shows all relays in the de energized condition with the contacts open or closed
as indicated. When energized the normally open contacts will close and the normally closed
contacts will open.

YOU MAY STUDY ANOTHER RESOURCE OR TAKE THE MODULE SELFCHECK.

3
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0.2

ADJUNCT GUIDE

RELAYS

INSTRUCTIONS:

Study the reference 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 II, and read paragraphs 5-1 thru 5-13. Return to this page
and answer the following questions.

1. Which of the follOwing are true concerning relays?

a. The electrostatic principle is used.

The electromagnetic principle is used.

c. A moving armature opens or closes switch contacts.

d. Never used as a remote control device.

e. Uses a rotating armature and brushes.

2. Match the parts of basic relay shown with the appropriate term listed.

Core

Coil

Armature

RELAYSpring CIRCUIT

1

LAMP CIRCUIT

Contacts
REP4-1016

3. Match the type of contact arrangement shown below with the proper designation listed.

SPST NO

SPDT -

SPST NC

0_,e 0.
iii 311 11

A
REP4-1017

4
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ADJUNCT GUIDE

4. Match the following relay circuits to the specific name listed.

Starting SI S2

Holding

Overload

A

4-
LATCH

1C RESET
BUTTON

C PEP4-1018

5. Which of the followings would be use.: to clean the contact points of a relay when required?

a. Sandpaper
b. Burnishing tool

c. Gasoline

_d. Napthalene
CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE.

5
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ADJUNCT GUIDE -

ANSWERS TO A:

I. b, c

2. D, E, C, B, A

3. C, A, B

4. B, A, C

5. b

If you missed ANY questions, review the material before you continue.

YOU MAY STUDY ANOTHER RESOURCE OR TAKE THE MODULE SELF-CHECK.

6
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RELAYS

1, Indicate if true (T) or false (F).

MODULE SELF - CHECK

a, All relays are electromechanical devices which operate by permanent magnets
attracting an armature which in turn opens and closes switches.

b. A relay can be used as a remote control switch.

c. Relays use the principle of an electromagnet attracting an armature.

d. Relay contact points should be filed periodically to remove oxide buildup.
e. A relay with an open coil could function because of residual magnetism.
f . Open (or shorted) coils can be located by using an ohmmeter.

g. Relays should be inspected and checked thoroughly and frequently.

h. The starting relay on most autos is a holding relay.

Relays are sometimes used as an overload device.

Overload relays must be reset either manually or automatically once it is
tripped.

. ,k. In a starting relay, a large control current is used to energize the relay coil
that remotely controls the low current of the starter circuit.

1. A relay armature can'control several switches.

2. Identify the parts of the relay shown E I .1.

Core

Armature

Spring

Contacts

Coil

mop C

B

REP4-1016

RELAY
CIRCUIT LAMP CIRCUIT

3. Match the following diagram of switch contacts to the proper designation.

SPST NO

SPST NC

SPDT REP4 -1017

2 4;1 o--T
ill iii :It
A B C

4. In the circuit 3A above, indicate which contacts are closed when the coil is energized.
a. 1 and 2

b. I and 3

c. 2 and 3

d. none, all open

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE.

7
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MODULE SELF-CHECK

ANSWERS TO MODULE SELF-CHECK

1. a. F

b. T

c. T

d. F

e. F

f. T

g. T

h. F

i. T

j. T

k. F

1. T

2. Core

Armature

Spring

Contacts A

Coil

3. SPST NO

SPST NC

SPDT A

4. C

HAVE YOU ANSNERED ALL OF THE QUESTIONS CORRECTLY? W NOT, REVIEW THE
MATERIAL OR STUDY ANOTHER RESOURCE UNTIL YOU CAN ANSNER ALL THE QUESTIONS
CORRECTLY. IF YOU HAVE, CONSULT YOUR INSTRUCTOR FOR FURTHER INSTRUCTION.

8
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CE Officer and Space Surveillance Department
Kees ler Air Force Base, Mississippi

ELECTRONIC PRINCIPLES

MODULE 17

MICROPHONES AND SPEAKERS

ATC CiP3AQ113X020C
KEP-GP-17
1 July 1975

This Guidance Package is designed to guide you through this module of the Electronic
Principles Course. It 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 Self Check

PAGE

i
i
i
2

OVERVIEW

1. SCOPE: This module describes the basic
design of speakers and microphones and
explains the operations of each.

2. OBJECTIVES: Upon completion of this
module you should be able to satisfy the
following objectives;

a. Given a group of statements, select
the one that describes the operation of a
speaker.

b. Given a group of statements, select
the one that &scribes the operation of a
microphone.

LIST OF RESOURCES

To satisfy the objectives of this module,
you may choose, according to your training,
experience, and preference, 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 SELFCHECK. CON-
SULT 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 any difficulty, contact
your instructor.

Supersedes KEP-GP17, 1 July 1074, which will be used until stock is exhausted.



A. Turn to Student Text, Volume II, and
read paragraphs 5.14 through 5.21, Return
to this page and answer the following
questions.

I. Mark each of the following as true (T)
or false (F) concerning loudspeakers and
earphones.

..-- a. A loudspeaker converts sound
waves to an electrical signal.

b. A loudspeaker c.xiverts electri-
cal energy to sound waves.

,-- c. The dynamic loudspeaker is com-
monly used today.

- d. The dynamic speaker is a moving
coil speaker.

-. e. The electromagnetic speaker
uses a field coil in place of the voice
Coil.

f. The speaker is free to move along
with the permanent magnet.

g. A PM speaker uses a field coil.

h. The moving coil is the voice
coil of a speaker.

. i. The voice coil is wound on a
cylinder of bakelite or fiber.

-- j. The spider is attached to the
speaker cone and voice coil.

k. In the earphone the voice coil
is replaced with coils placed on the pole
pieces.

1. The diaphragm in an earphone
serves the same function as the cone in the
dynamic loudspeaker.

m. The tension on the diaphragm in
an earphone varies at an audio rate.

1

2. Match the parts of the speakers to the
list.

a. Cone ,--
b. Spider .-.
C.
d. Voice coil
e. Permanent Magnet
f. Electromagnet
g. Soft iron core --

Field Coil -

CONFIRM YOUR ANSWERS IN THE
BACK OF THIS GUIDE.

E. Turn to Student Text, Volume II, and
read paragraphs 5-22 through 5-35. Return
to this page and answer the following questions.

I. Which of the following are true con-
cerning microphones?

- a. All microphones are electro-
acoustic transducers.

-- b. Sound waves are converted to
electrical energy.

c. A carbon microphone employs
carbon granules having a resistance which
will change according to the sound waves
impressed on the microphone.

296
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d. As the Carbon granules are coma
pressed by the sound waves the electrical
resistance is increased,

e. A carbon microphone has a very
high frequency response.

___. f. Voice frequencies work very well
with carbon microphones.

.--_. g. A carbon microphone is
relatively inexpensive.

2. Which of the following are true con-
cerning the capacitor microphone?

a. It is not considered to be an
electro-acoustic transducer.

----_ b. Sound waves cause a change in
capacitance.

c. Frequency response is excellent.

,_ ci, Mechanical shock has no effect
on it.

3. Which of the following are true con-
cerning the crystal microphone?

quartz.

a. Uses the phote-electric effect.

Uses crystals of Rochelle salt or

c. Has excellent frequency response.

d. Is not considered to be rugged.

e. It does not require an external
power source.

4. Which of the following are true con-
cerning the dynamic microphone?

a. Makes use of the moving coil
principle.

b. A dynamic loudspeaker can be
used as a microphone.

c. The moving coil generates a DC
voltage by generator action.

a$1
d, Many intercommunications sets

use this type microphone.

---. e, Needs an external power source,

3. Which of the following are true con-
cerning the velocity-ribbon microphone?

a. Amplitude of the output AC de-
pends on the velocity at which the ribbon
moves through the magnetic field.

. b. Operates essentially the same as
the dynamic microphone.

c. Needs an external power source.

d. Uses an electromagnet for the
magnetic field.

------e. Is very directional.

CONFIRM YOUR ANSWERS IN THE BACK
OF THIS GUIDE.
..___. .
YOU MAY STUDY ANOTHER RESOURCE OR
TAKE THE MODULE SELF-CHECK.

MODULE SELF-CHECK

1. Innicate which are true (T) and false
(F) concerning speakers.

. a. All speakers are electromagnetic
devices which convert electrical energy to
audio frequencies.

b. A speaker converts electrical
energy to sound waves.

c. An earphone is like a speaker
except it does not use an electromagnet,
only a horseshoe magnet.

d. The diaphragm in an earphone will
vibrate at the audio rate to produce the sound
waves.

e. A permanent-magnet dynamic
soaker is called a PM speaker.

2 297
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f, Most speakers use a mOVing
coil attached to the cone shaped diaphragm.

g. Alternating current is applied
to the field coil in an electroniagnetle
dynamic speaker.

h. The spider centers the voice
coil around the center pole of the main
magnet,

2. Matcn the parts of the speaker to the
list.

a. Cone
h. Spider 41111.11111.1=

c Magnet ..--.
d. Voice coil

REPO -9b3

3. Indicate which are true (T) or false
(F) concerning microphones.

a. All microphones are electro-
acoustic transducers.

298
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b. Microphones take audio ire,.
queneles and convert thorn to sound fre-
quencies.

c. Most microphones use a dia-
phragm or inembrance which vibrates in
accordance with frequencies.

d. All microphones do not use the
electromagnetic principle.

e. 'rne carbon microphone does use
the clevtromagnetic principle in producing
an EMe.

f. The carbon and the capacitor
microphone have excellent frequency
response.

g. The carbon microphone is good
foe voice trequencies.

h. The dynamic microphone requires
an external power source.

1. 'Velocity microphones make use
of the piezoelectric effect.

j. A dynamic microphone is very
much like a dynamic speaker, but not very
usable as a z:oeaker.

k. Velocity-ribbon microphones are
fairly rugged and reproduce music well.

CONFIRM YOUR ANSWERS IN BACK OF THIS
GUIDE.



ANSWERS TO A - ADJUNCT GUIDE

la. F lb. T lc. T ld. T le. F
lf. F lg. F lh. T 11. T 1j. T
lk. 1" 11.T lm. T

2a. A 2b. C 2c. E 2d. B
2e. D 2 f. G 2g. F

If you missed ANY questions, review
the material before you continue.

ANSWERS TO B - ADJUNCT GUIDE

I. a, b, c, f, g

2. b, c

3. b, c, e

4. a, b, d

5. a, b, e

If you missed ANY questions, review
the material before you continue.

4

ANSWERS TO MODULE SELF-CHECK

1. a. F
b. T
c. F
d. T
e. T
f. T
g. F
h. T

2. a. B
b. C
c. A
d. D

3. a. T
b. F
c. T
d. T
e. F
f. F
g. T
h. F
1. F
j. T
k. T

4

HAVE YOU ANSWERED ALL OF THE
QUESTIONS CORRECTLY? IF NOT, RE-
VIEW THE MATERIAL OR STUDY
ANOTIU R RESOURCE UNTIL YOU CAN
ANSWER ALL QUESTIONS CORRECTLY.
IF YOU HAVE, CONSULT YOUR INSTRUC-
TOR FOR FURTHER GUIDANCE.

239



I

a.-

ATC GP 3A0R3X020-X

.

Technical Training

Prepared by Kessler T.TC
KEP-GP-18

Electronic Principles (Modular Self-Paced)

Module 18

METER MOVEMENTS AND CIRCUITS

ATC X.color 11.3082

March 1976

AIR TRAINING COMMAND

7(e

I:4114W Fat ATC Coors* Us.

DO NOT USE ON THE JOE

joo



Radar Principles Branch
Kees ler Air Force Base, Mississippi

ELECTRONIC PRINCIPLES

MODULE 18

METER MOVEMENTS AND CIRCUITS

ATC GP 3AQR3X020-X
KEP.GP -18
March 1976

This Guidance Package (GP) isdesignedtoguide you through this module of the Electronic
Principles Course. It 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 describes the basic
theory of meters and the function of their
parts.

2. OBJECTIVES: Upon completion of this
module you should be able to satisfy the
following objectives:

a. From a group of statements related to
mater movements, select the one which
describes the function of the:

(1) Permanent magnet.
(2) Moving coil.
(3) Spiral spring.
(4) Pointer.
(5) Scale.

b. From a group of statements related to
multimeters, select the one which describes
the function of the:

(I) Shunt resistor.
(2) Multiplier resistor.
(3) Ohms zero adjust resistor.

Page
i
I
1

3
6

LIST OF RESOURCES

To satisfy the objectives of this module,
you may choose, according to your training,
experience, and perference, any or all of
the following:

READING MATERIALS:

Digest
Adjunct Guide with Student Text

AUDIO VISUALS:

Television Lessons
LFK-0-30-6 Basic Meter Movements
LFK-0-30-7 Ammeters
LFK-0-30-8 Voltmeters
LFK-0-30-9 Ohmmeters

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. IF NOT, SELECT
ONE OF THE RESOURCES AND BEGIN
STUDY. CONSULT YOUR INSTRUCTOR
IF YOU NEED ASSISTANCE.

Supersedes KEP-GP-I8, November 1975. Previous editions may be used.
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ADJUNCT GUIDE

INSTRUCTIONS;

Study the reference materials as directed.

Return to the guide and answer the
questions.

Check your answers at the back of this
guidance package.

If you experience any difficulty, contact
your instructor.

Begin the program.

A. Turn to student text, volume II, and
read paragraphs 5-36 through 5-43. Return
to this page and answer the following
questions.

1. Which of the following electric meters
does not use the principle of
electromagnetism?

.,,,,,,.1111m.

.N11=1M11

a. Hot wire ammeter.

b. Moving-coil meter.

c. Moving-iron meter.

d. Dynamometer.

2. Indicate which of the following are true
(T) or false (F) concerning the moving-coil
meter.

a. It is the most popular type.

b. The meter movement is referred
to as the d'Arsonval movement.

c. The stationary magnetic field is
p7c7cruced from an electromagnet.

d. Current through the coil produces
an electromagnet which reacts with the
permanent magnet's lines of force.

e. Polarity of the current through the
meter is not important.

1

302
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1. Induced current in the aluminum

67:So Srn produces a torque which deflects the
needle to the proper reading.

3. Indicate which of the following are true
(T) or false (F).

a. Most DC moving -coil meters have
Ylraar scale.

b. In a linear-scale meter the amount
Or Teflectlon is directly proportional to
the amount of current flow through the coil.

c. Meter sensitivity is related
iiidfirectly to full-scale deflection (FSD).

d. Meter sensitivity can be expressed
rritTnt liamps or microamps.

e. A meter with an FSD of 50uA is
c7idered more sensitive than One which
has an FSD of 50 mA.

1. It is not possible to use a single
meter movement as an ammeter, voltmeter,
and ohmmeter.

CONFIRM YOUR ANSWERS.

B. Turn to student text, volume II, and
read paragraphs 5-44 through 5-50. Return
to this page and answer the following
questions.

I. Indicate which of the following are true
(T) or false (F).

a. The range of all ammeters is
a Wir.mined by the manufacturer and cannot
be changed.

b. A meter shunt can be used to
extend the range of an ammeter.

c. The meter shunt causes more
current to flow through the meter coil.

d. The ammeter is a low resistance
Zie.



e. Since the ammeter will have alarge
voltage drop, it should always be connected
up in parallel.

f. When a shunt is used, it will drop
Mlame amount of voltage as the meter
coil.

g. The meter shunt allows current to
GyiMs the meter movement.

CONFIRM YOUR ANSWERS.

C. Turn to student text, volume II, and
read paragraphs 5-51 through 5-58. Return
to this page and answer the following
questions.

I. Indicate which of the following are true
(T) or false (F) concerning voltmeters.

a. They are high resistance devices,..1111011Ma

b. They are usually connected in
p-Tael.

c. The high resistance offers high
current flow.

d. By adding more resistance in series,
more cur rent will flow through the movement.

e. To exceed the range, more
resistance is added in series.

f. Voltmeter sensitivity can be
expressed in ohms per volt.

g. The higher the resistance per volt,
the less sensitive the meter.

CONFIRM YOUR ANSWERS.

D. Turn to student text, volume II, and
read paragraphs 5-59 through 5-65, Return
to this page and answer the following
questions.

1. Indicate which of the following are true
(T) or false (F) concerning the ohmmeter.

a. It does not use the same type basic
meter movement as the ammeter and
voltmeter.

2
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b. It needs a source of EMF, such
rs-rdry cell.

c. It requires a series rheostat to
zero the meter.

d. It requires a fixed series resistor
riMuse more current to flow.

e. When zeroing the meter, the test
ME are shorted.

f. It uses an inverse nonlinear scale.111111111

g. An open resistor, when tested, would
rallte no deflection.

h. A shorted resistor, when tested,
Tioma indicate full scale.

i. The series rheostat allows adjusting
iiiithe change in voltage of the ageing dry
cell.

2. A multimeter combines the following:

a. Megameter, fluxmeter, and
voltmeter.

b. Moving-coil meter, voltmeter,
o- Meter, and megameter.

c. Moving-iron meter, moving-coil
RaiTr, and dynamometer.i

d. Voltmeter, ohmmeter, and ammeter...lillm10111%

3. Indicate which of the following are true
(T) or false (F).

a. Connecting a voltmeter across a
resistor could affect circuit operation.

s
.0.""1.

b. It would be best to use a voltmeter
ZTE-the higher meter sensitiWy.

c. Multimeters can- serve as a
voltmeter, ohmmeter, or ammeter by proper
switch settings.

d. The multimeter uses three different
meter movements.

-303



e. The battery needs replacement if
artiTiig the zero adjust the pointer goes past
the zero ohms position.

f. An ohmmeter scale will usually
1;31Tate infinity on the right and zero ohms
on the left.

CONFIRM YOUR ANSWERS.

MODULE SELF-CHECK

QUESTIONS

1. Indicate if the following are true (T)
or false (F) concerning meters.

a. Three classes of . meters . use
a7tromagnetism: moving-coil, moving-
iron, and the dynamometer.

b. The moving-coil meter is by far
the most common type used today.

c. A type of moving-coil meter has a
permanent magnet.

d. The moving-iron meter is also
cMird the d'Arsonval movement.

e. The moving-coil meter has only
a few turns of heavy copper wire.

f. Current through the moving-coil
causes a magnetic field which produces
a torque on the coil.

g. Proper polarity must be observed
on all moving-coil meter movements.

h. Meter sensitivity is expressed in
niarramps or microamps.

i. A single meter movement CANNOT
677:teed for an ammeter, voltmeter, and
ohmeter.

j. A meter movement that requires
10uA for full-scale deflection is more
sensitive than one which requires luA for
full-scale deflection.

k. The ohmmeter scale is a linear-
square law scale.

=.29 5
2. Identify the meter parts by matching

the proper letter to the name of the part
listed in the figure shown below.

Pointer--
Permanent magnet

5Viral spring

Moving coil

Pole piece.-

3. Match the meter parts to the proper
function.

.epol

.epol

Meter Parts

a. Permanent magnet.

b. Moving coil.

c. Aluminum bobbin.

d. Pointer.

e. Pole piece.

f. Spiral spring.

Function

(1) Indicates actual reading.
(2) Electrical connection and returns

pointer to zero.
.(3) Causes a permanent magnetic

field.
(4) Intensifies the flux.
(5) Sets up electromagnetic field.
(6) Has a current induced in it which

causes a torque to oppose oscillations.

3

304



4. Which of the following DOES NOT
pertain to the moving-coil type meter
movement?

a. Uses a linear scale for milliamperes
and volts.

b. Uses a linear scale for ohms.

c. Is accurate and rugged.

d. Uses a modified d'Arsonval
01111MMIN

movement.

e. Uses a permanent magnet.

f. Can be used for measuring current,
v-Mge1 or resistance.

5. Which of the following is the most
common effect used to detect the presence'
of a current in moving-coil meters?

01.
41111

a, Heating.

b. Chemical.

c. Electromagnetic.

d. Physiological.

e. Piezoelectric.

6, In a typical ammeter circuit, shunt
resistors are placed:

a. In series with the moving coil.
b. Across the power source only, not

across the meter.
c. In parallel with the moving coil.

'I. Match the scales with the proper terms.

a, Square law.

b. Linear.
c. Nonlinear inverse.

(I)

(2)

(3)

.0000w lllllllll mi4
l 4

4

Answer queetionS 8 through 10 in reference
to the circuit below:

8. What type of circuit is it?

9. What is the purpose of Rh?

10. What is the purpose of Rf?

11. Indicate which of the following are true
(T) or false (F).

a. A multimeter uses only one basic
meter movement.

b. An ohmmeter requires its own power.1110
source.

c. A voltmeter having 1000 ohms per
viirsensitivity is more sensitive than one
which has 20k ohms per volt sensitivity.

d. The ohmmeter is always connected
in parallel to the component being checked.

e. An ammeter is always placed in
Wires to find the voltage drop across a
resistor.

f. A voltmeter is connected in series
t=d the voltage drop across a resistor.

g. The loading effect is important
and may cause the voltage reading to be
inaccurate.

h. To overcome the loading effect, use
a voltmeter with a high ohms-per-volt ratio.
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l. The sensitivity of Most meter
movements can be changed very easily.

CONFIRM YOUR ANSWERS.

.241
j. The average multimeter can be

use as an ammeter, voltmeter, frequency
meter, dynamometer. and ohmmeter.

5
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ANSWERS TO A - ADJUNCT GUIDE: YOU MAY STUDY ANOTHER RESOURCE
OR TAKE THE MODULE SELF-CHECK.

1. a
2a. T
3a. T

b. T
b. T

U you missed
material before

c. F d. T
c. F d. T

e. F t. F ANSWERS TO MODULE SELF-CHECK:
e. T f. F

ANY questions, review the
you continue.

ANSWER TO B - ADJUNCT GUIDE:

la. F b. T C. F d. T e. F f. T
g. T

If you missed ANY questions, review the
material before you cntinue.

ANSWERS TO C - ADJUNCT GUIDE:

la. T b. T
g. F

c. F d. F

la. T b. T c. T d. F e. F 1. T
g.T h.T I. F j. F k. F

2. F - Pointer; A - Permanent magnet;
E - Spiral spring; B - Moving coil; D - Pole
piece

3a. (3) b. (5) c. KO d. (1) e. (4)
f. (2)

4. b 5. c 8. c

7a. (2) b. (3) c. (1)

e. T f. T 8. Ohmmeter 9. Zero adjust resistor

10. Current limiting resistor

lla. T b. T c. F d. T e. F
f.F g.T h.T i. F j. F

U you missed ANY questions, review the
material before you continue.

ANSWERS TO D - ADJUNCT GUIDE:

la. F b. T c. T d. F e. T f. T
g. T h. T i. T

2. d
3a. T b. T c. T d. F e. F f.F

If you missed ANY questions, review the
material before you continue.

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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Kees ler Air Force Base, Mississippi

ATC GP 3AQR3X020-X
KEP-GP-I0

November 1975

ELECTRONIC PRINCIPLES (MODULAR SELF-PACED)

MODULE 19

MOTORS AND GENERATORS

This Guidance Package is designed to guide you through this module of the Electronic
Principles Course. It contains specific information, including references to other resources
you may study, enabling you to satisfy the learning objectives.

CONTENTS

Title Page

Overview
List of Resources
Adjunct Guide
Module Self-Check
Answers

OVERVIEW

1. SCOPE: This module explains the basic
theory of operation of motors andgenerators.
Each part is identified and its operation and
function is given.

2. OBJECTIVES: Upon completion of this
module you should be able to satisfy the
following objectives.

a. Given a list of statements about motors
and generators, select the one which identi-
fies the purpose of the:

(1) Field coil.
(2) Armature.
(3) Rotor.
(4) Brushes.
(5) Sliprings.
(6) Commutator.
(7) Pole pieces.

b. Given a group of statements, select
the ones that describe the operation of a
motor.

i
i
1

4
6

c. Given a group of statements, select
the ones that describe the operation of a
generator.

LIST OF RESOURCES

To satisfy the objectives of this module,
you may choose, according to your training,
experience, and preference, any or all of the
following.

READING MATERIALS:

Digest
Adjunct Guide with Student Text 11

AUDIOVISUALS:

1. Television Lesson, AC Generators. TVK
30- 201
2. Television Lesson. DC Generators, TVK
30-202
3. Television Lesson, DC Motors, TVK
30-703
4. Television Lesson, AC Motors, TVK
30-704

Supersedes KEP-GP-19, 1 April 1975. Use old stock until supply is exhausted.

r
i
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AT THIS POINT, YOU MAY TAKE THE
MODULE SELF-CHECK. IF YOU DECIDE
NOT TO TAKE THE MODULE SELF-
CHECK, SELECT ONE OF THE RE-
SOURCES AND BEGIN YOUR STUDY.
DO NOT HESITATE TO CONSULT YOUR
INSTRUCTOR IF YOU HAVE ANY
QUESTIONS.

ADJUNCT GUIDE

Study the referenced materials as directed.

Return to this guide and answer the
questions.

Confirm your answers at the back of this
Guidance Package.

If you experience any difficulty, contact
your instructor.

Begin the program.

A. Turn to Student Text, Volume IL and
read paragraphs 5-66 through 5-75. Return
to this page and answer the following ques-
tions concerning generators.

1. Which of the following are true (T) and
which are false (F)?

a. A generator converts electrical energy
to mechanical energy. .

b. Induction is a basic principle involved
in generating a current.

c. Relative motion between a conductor
and a magnetic field is a requirement of
induction.

d. A requirement for induction is that
the magnetic field must be produced by an
electromagnet.

e. The direction of the current can be
determined by applying the left-hand rule.

f. A conductor moving parallel to
magnetic lines of force will have maximum
voltage induced.

- -

30l
g. A conductor moving at right angles to

the magnetic linus of force will have loss
, voltage induced is it than ono moving at any

other tingle.

1

310

h. A conductor moving through magnetic
lines of force will have more voltage induced
in it if the speed is increased.

2. Three requirements for induction are;

a.

b.

c.

3. In the figure below, the direction of the
induced current would be;

a. Into the page

b. Out of the page 0
C)°

N .. . . . . - - s -
,

S

REPO -1023

4. Methods) of increasing the induced
voltage is/are to:

a. Decrease the number of conductors.

b. Increase the strength of the magnetic
field.

c. Increase the length of time the con-
ductor stays in the magnetic field.

d. Increase the speed cd the relative
motion.



5. A single loop of wire rotated three
complete revolutions within a magnetic field
would generate:

a. One complete Cycle of AC.

b. Two.thirds of a cycle of AC.

c. Three cycles of AC.

d. Only DC.

CONFIRM YOUR ANSWERS.

B. Turn to Student Text, Volume II, and
read paragraphs 5-76 through 5.90. Return
to this page and answer the following
questions.

1. Indicate which of the following are true
(T) and which are false (F) concerning
generators:

a. The magnetic field can be produced
by either a permanent magnet or by an
electromagnet.

b. AC generators use a commutator while
DC generators use sliprings.

c. Brushes are used in both AC and DC
generators.

d. Both types need asource of mechanical
power to turn the armature.

e. The armature will contain many con-
ductors which rotate inside the magnetic
field.

f. The core of the armature provides a
high reluctance path between the pole pieces.

g. As the conductors rotate they cut the
electrostatic lines of force.

h. The EMF induced in the conductors
will always be AC when the armature is
rotated.

i. The commutator segments provide a
means of switching the connections to get
DC out.

J. The output 01 a
pulsating DC.

2, Identify the parts of
by matching the proper
term.

Armature.
. Brushes

Field coil

Pole pieces

.11.111

..
Rotating conductor

Sliprings

Commutator

DC generator is a

the generator shown
letter to the proper

3. Match the parts of
list of functions or use.

PARTS

Armatura core1..
Brushes

Commutator

Field coil

Pole pieces

Rotating conductor

Sliprings

311

REP4-1027

a generator to the



363
FUNCTION g. CEMF flows in the same direction as

the applied current.
a. Means of connecting output to load.

b. Provides switching action for DC
output.

c. Provides a path for the magnetic field.

d. Provides a means of mounting the
rotating conductor.

e. Rotates with the armature andprovides
the connection to the brushes in an AC
generator.

f. Provides the magnetic field.

g. Part in which the induced voltage is
produced.

CONFIRM YOUR ANgWERS,

C. Turn to Student Text, Volume Il, and
read paragraphs 5 -91 through 5-101. Return
to this page and answer the following ques-
tions concerning motors.

1. Indicate which of the following are true
(T) and which are false (F).

a. A device which converts electrical
energy to mechanical energy.

b. The electrical energy develops an
electrostatic field.

c. A mechanical force is exerted by the
interaction of magnetic fields.

d. All operate on the same principle.

e. The left-hand rule
determine the direction a
conductor will move.

f. A current carrying
moves in a magnetic field
voltage induced in it which
EMF (CEMF).

can be used to
current carrying

conductor which
will have another
is called Counter

3

h. CEMF limits armature current to a
safe value.

I. CEMF is in phase with the applied
voltage.

j. Total voltage available to send current
through the conductor is equal to the applied
voltage minus the CEMF.

2. Indicate In which direction the current
carrying conductor will move under the
conditions shown in the illustration.

a. Up

b. Down

c. Left

d. Right

REP4-1025

3. Indicate which of the following are true
(T) and which are false (F) concerning motors.

a. Motors can be classified as AC or DC.

b. The turning force of a motor is called
torque.

c. The coil is free to rotate in the
rotating electrostatic field in a DC motor.

d. The interactions of the magnetic fields
develop the torque which causes the shaft
to turn.

CONFIRM YOUR ANSWERS.
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D. Turn to Student Text. Volume IL and
read paragraphs 5-102 through 5-116. Re-
turn to this page and answer the following
questions concerning AC motors.

I. Indicate which of the following are true
(T) and which are false (F).

a. Uses a rotating magnetic field.

b. Only Uht.4 single phase AC power.

c. The rotating magnetic field rotates
at the synchronous speed.

d. Polyphase AC motors are only con-
nected in the delta configuration.

e. Three phase AC has a 120° electrical
separation between the phases.

f. Stator field coils could be wound to
produce 60° separation between pole pairs.

CONFIRM YOUR ANSWERS.

MODULE SELF-CHECK

1. Indicate which of the following are true
(T) and which are false (F) concerning
generators.

a. A generator converts mechanical
energy to electrical energy.

b. Any time any conductor moves through
a magnetic field so as to CUT these lines an
EMF will be induced in that conductor.

c. The direction of the current will be
the way the index finger points using the
left hand rule.

d. If a conductor moves at a faster rate
of speed inside a magnetic field, the
magnitude of the induced voltage will be less.

e. Increasing the magnetic field will in-
crease the induced voltage in the conductor
if the relative motion stays the same.

4

f. Increasing the number of conductors
will increase the induced voltage.

g. Changing the direction of movement
of a conductor in a magnetic field will
reverse the direction of the current.

h. Maximum voltage is induced into the
conductor as it moves parallel to the
magnetic lines.

i. By rotating a single loop of wire
within a magnetic field an AC can be
generated.

j. An AC generator uses a commutator
to make the electrical connections to the
armature winding.

k. The DC generator uses sliprings iii.
stead of brushes.

1. A commutator will allow the output
current of a generator to be only in one
direction.

m. The output of a DC generator is a
pulsating DC.

n. The output of a two loop DC generator
never reaches zero volts as does the single
loop generator.

2. Which way is the current flowing as the
conductor is moved downward as shown?

a. Out of the page

b. Into the page

N

i
0----) S
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3, Match each gUllOrattir COMpOtiUtlt to its 4. Indicate if the statement is true (T) or
1111111t Ili It. fable (F) concerning motors.

COMPONENTS

.1111Polo pieces
11

,164.1.

Armature core

Brushes

Sliprings

Commutator

Field coil

Rotor

Rotating conductor

PURPOSE

a. Connects rotor winding to brushes in
an AC generator.

b. Rotating part on which the rotating
conductor is wound.

c. Connects rotor winding to brushes in
a DC generator.

d. Provides a low reluctance path for
magnetic lines.

e. Provides a low reluctance pathbetween
pole pieces.

f. Conductor in which the EMF is induced.

g. Provides the electromagnetic field.

h. Makes an electrical connection to the
sliprings or commutator.

5

a. A motor will change mechanical energy
to electrical energy.

b. All motors use the principle of a force
exerted between a stationary and a movable
magnetic field.

c. Turning force of a motor is called
torque.

d. A rotating conductor in a motor will
produce a counter EMF.

5. Match each condition with the proper
figure of a current carrying conductor.

No torque

CW rotation

Medium torque

Maximum torque

CCW rotation

CONFIRM YOUR ANSWERS.
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ANSWERS TO A: ANSWERS TO C:

1. a. T
1. a. F b. F

b. T c. T
c. T d. T
d. F e. T
e. T f. T
1. F g. F
g. F h. T
h. T 1. F

j. T
2. a. conductor

b. magnetic field

c. relative motion

3. a

4. b, d

5. c

If you missed ANY questions, review the
material before you continue.

ANSWERS TO B:

1. a. T
b. F
c. T
d. T
e. T
1. F
g. F
h. T
i. T
j. T

2. C, B, D, E, F. A, none

3. d, a, b, f, c, g, e

If you missed ANY questions, review the
material before you continue.

6

2. b

3. a. T
b. T
c. F
d. T

If you missed ANY questions, review the
material before you continue.

ANSWERS TO D:

1. a. T
b. F
c. F
d. F
e. T
f. T

If you missed ANY questions,
material before you continue.

review the

ANSWERS TO MODULE SELF-CHECK:

1. a. T
b. T
c. F
d. F
e. T
f. T
g. T
h. F
i. T
l F
k. F
1. T
m. T
n. T

3 1. 5

t

mg.



3. d, o. h. a c, g, b. i

4. a. F
b. T
c. T
d. T

5. b. c, e. a. a

/

SO /
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 IN-

STRUCTOR FOR FURTHER GUIDANCE.

7
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