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




Military Curriculum
Materials for
Vocational and
Technical Education

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

information and Field
Services Division

The National Center for Research
In Vocational Education
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+ Generating knowledge through research

+ Developing educational programs and
products

Evaluating individual program needs
and outcomes

Installing educational programs and
products '

Operating in formation systems and
services

Conducting leadership development and
training programs

FOR FURTHER INFORMATION ABOUT
Military Curricvlum Materials
WRITE OR CALL
Program Information Office
The National Center for Research in Vocational
Education
The Ohio State University
1960 Kenny Road, Columbus, Ohio 43210
Telephone: 614/486-3655 or Toll Free 800/
848-4815 within the continental U.S.
{except Ohio)




Military
Curriculum Materials
Dissemination is . ..

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-
nicat education are selected for dissemination.

The National Genter 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 foilom}lng
sixteen vocational subject areas:

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

Agriculture
Aviation
Building &
Construction
Trades
Clerical
Occupations
Communications
Drafting Navigation
Electronics Photography
Engine Mechanics Publi¢ Service

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

How Can These
Materials Be Obtained?

Contact the Curriculum Coordination Center
in your region for information on obtaining
materials {e.g., availability and cost), They
will respond to your request directly or refer
you to an instructional materials agency

closer to you.

CURRICULUM COORDINATION CENTERS

EAST CENTRAL
Rebecca S, Douglass
Director

100 North First Street
Springfield, IL 62777
217/7820769

MIDWEST

Rabert Patton
Director

1615 West Sixth Ave.
Stillwater, OK 74704
405/377-2000

NORTHEAST

Joszph F. Kelly, Ph.D.
Director

225 West State Street
Trenton, NJ 08626
609/292-6562

NORTHWEST
William Danlels
Directar

Building 17
Airdustrial Park
Olympia, WA, 08504
206/763-0879

SOUTHEAST

James F. Shill, Ph.D.

Director

Mississippi State University
Drawer DX

Mississippi State, MS 39762

601/325-2510

WESTERN

b.awrence F. H. Zane, Ph.D.
Director

1776 University Ave.
Honolulu, HI 86822
808/948-7834
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Coursa Description

This biock s the tacond af tan blacks providing iralning in alectronic princlPles use of Basic 1ost ¢tuipmant, salety practiees, cirgult onalysis. soldering,
digital tachalques. micrOwava princiDlos and troublashodting basic clrcuits, A Prarsqulsile 10 this block Is Block | -OC Cirduity, Block 1A C Circuirs
conlaing ning Modulas covering 44 hours of instruciion on fisgqueancy Ipesirum, capatilors, magnatism. reactante, trensformars, relays. and uleciro.

mechanical devicos,

Madula 11
Moduie 12
Module 12
Moduls 14
Module IS
Module 18
Madule 17
Mociule 18
Module 19

Tha module toPics and resPactive hours follow:

~  AC Compusition snd Fraquency Spactrum (7 hours)
- Capacitors snd Capacitive Heactsnce {8 hour)

- Magentiem (4 hours!

- Inductors and | nductive Heactsnce (5 hours}

- Teansformars |4 hours)

- Aslays (3 hours)

- MicroPhones snd Speskar (3 hours)

- Metor Movemants snd Clrcults {5 hours)

=~ Motors snd Generstors {7 hours)

This block contains bolh leacher and student materials. Printed Instructor matenals include 3 plan ol instruction detaling the units of instruction.
duralion ol the lessons, criterion objectives, and support mataridls needed. Student mareriald incluce a studeni text used lor all the madules; tine
guidance packages contaning objectives, assignmants, and review exercisés 1or aech module: and two Programmed taxts on AC computation and
frequency spectrum and transformers. A digest ol modules | =19 for students who have background in these 10Rics and need onlv a review ol the
major paints ol instruction is atso Provided.

This materiel is desidned tor sell- or group-paced instruction 1@ be usad with tha remaining nine blocks. Most ol the materials can be adaptad for

individuatized instruction. Some additional military manuals and commercially producad texts are recommended for reference, but are not provided,
Audiovisusls sudgested for UsE with the entire courss consist of 143 yideotaPes which are not provided.
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CDEPARTHENT OF THE ATR FORCE

PLAN OF INSTRUCTION 3JAQRI0020-1
USAF Sch of Applied Acrosp Seci (ATC) 6 November 1975
Keesler Air Force Dase, Misaissippi 39534

FOREWORD

1, PURPOSE: This publication is the plan of [nstruction (POL) when thec
pages shown on page A are bound fnto a single document. The POI pres-
cribes the qualitative requirements for Course Number 3AQR30020-1, Elec-
tronic Principles (Modular Self-Paced) in terma of criterion objectivece
and teaching steps presented by modules of instruction and shows duration,
correlation with the training standard, and support materials and
gulidance. When separated into modules of instruction, it becomes Part !
of the lesson plan, This POT was developed under the provisions of

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

2., COURSE DESIGN/DESCRIFTION. The instructional design for this course

is Modular Scheduling and Self-Pacing; however, this POl can also be

used for Croup Pacing. The course trains both non-prior service airmoen
personnel and selected re-enlistees {or subsequent entry into the equipment
oriented phase of basic courses supporring 303XX, 304XX, I07:XX, 209XN and
J28XX AFSCs, Technical Training includes electronic principles, use of
basic test equipment, safety practices, circuit analysis, soldering. digital
techniques, microwave principles. and troubleshooting of basic circults.
Students assigned to any one course will receive training only in those:

, modules needed to complement the training program in the equipment phace.

Related training includes traffic saflety, commander's calls/briefings and
end of course appointments.

3. TRAINING EQUIPMENT. Tbe number shown in parentheses after 2auipment

listed as Training Eauipment under SUPPQRT MATERIALS AND GUIDANCE 1s the
planned number of students assigned to each equipment unit.

4., REFERENCES. This plan of instruction is based on Course Trzining
Standard KES52-3AQR30020-1, 27 June 1975 and Course Chart 3AQRI0020-1,
27 June 1975.

FOR THE;COMMANDER

1, HORWE, Colonel—UFTAF
Cornmander
Teck Tng Gp. Prov, 3395th

OPR: Tech Tng ¢p Prov, 3395th
DPISTRIBUTION: Listed on Page A

13




S

PLAN OF INSTRUCTION/LESSON PLAN PART ¢

{ osamp o tuntage Fen FConnne FIfLE
- _ Lo b Meetronde prineiples
ULGeR yuMgen T ALOCK FITLE

[{ AC Clroults

e e e i r — A o A -

S COURSE CONTENT DURATION
'- ----- - [—— - e e e e e - - CE R E e e ——— = L PR - f"ﬂu'l)
i A Cewputation and Freauency Spectrim (Module 119 "
N 8-V )
|
E a,  Clven 4 wavevVoro that represeats slecerpating current,
¢oLdentLfv its characterlatics In terms of cvele, period; alternatlon
¢ oamplitude, TS:6a  Meus: W
]
(1Y Detine alternating -rreat ;
12)  Label a sire wave to show asan
! ia) nvole ;
(b» perioc
Sy glterantion suosictivee and nepative half cycles) |
(dY  poak-ty-peal amplitvde ;
1
.. wiven -ltier tue offecrive, averaye, peak, or peak-to-peak !
sire wave voltage and fermulas, comprte the other values, CTS; 4a
BRI
v Define che s freer. e, avevace, p-gk snd peak-to-peak
LLlnes Op A sine wave,
{2 Seleer ant me of e vl vave values and show use
“omalas bo osalt o fer chaee oty valuos.
v cTommars: erfoorive (MSY AC voltane Lo 0OC vooudye,
wven a2 pieterial o representarion o onhe frequones qnedtrum,
e raase=s of caver, radio, audro, and microwave :
Setencies,  GUR AR Neazs W [
!
—— - |
SUTERVISOR APPROVAL CF LESSON PLAK {(FART I ‘
T T B mATURE 1 DATE ] SENATURE T DATE ]
! L o EE LR | l
' i .
] ' :
! = !
T s ———— A — 1 o =‘l -_— A e —————— ----4.
i
; ' |
. L ——— - + -
' i
[}
- = |
s 2 A r MSTRUCGTION NO i DATE PaAGE HO.
i 53Qr3I0LZE-1 I A Novenier 1975 21
\) A Frau ]33 VI b ey e :"F..:’: 3-’.7'_' _'.".', LA L] j\?l AR ‘,t\. ANT 1T _T'IG T2, WNw.CH WELL BE

EMC it AsO Tt
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PLAN OF INSTRUCTION/LESSON PLAN PART | (Continuation Sheet)

COURSE CONTENT

| I Brbre ke e bl et e ks i e A a4 e

t1y  Explain hew {requencies are wrouped for electronic applications,
(2 Tdentify ranges and general use of cach proup,

. (lvaea either the freguency, puriod, or wavelenpthh of a oince wave and
Vormuif as, compute the orher values, C18: &4c(l),(2),(3),(4) Meas: W

t1) Show relationshipa of time, trequency and wavelength,

(2) TIdentifv or derive formulay for compu:ing unknown values,

SUPPORT MATILIALS AND CGUIDANCE

Student Instructional Materials

KEP-t:I*-11, A Computation and Frequency Spectrum
KEP-57-11, AL Circuits

Kip-re

cL Pl ey BO Conpuabioy and Prea s el

i\"_l_dvi;_(l‘_\is ual :\i_l_i_%

TY-10-200, Difinition of Analysis oi A
(VK-20.532, Frequency Npeclrum

IVN-1D-705, Weveform Anzlvsis

“raintne Methods

Niscuseion (9 hrs) and/or Programmed Self Tastruction
JUT Assipnment (7T hirsg

fastens Ploncl Cuidaace

Cuaes e 11U and KED ST=10,  Give srudents ptaciiuvn in selecting or deriving
L Lorrest fopmula for rinding the unknown value. Be cspecially watchful for
Ll ouse i powers o ten,  Many studencs will correctiv handle the mathe-
At et rracy sx s Dyt wiil have rronkle wirh the placemen: of the decimal point.

Vagt.an objooiives ter 7 time,

!
!
1
|
i
!
]
i
{
l
{
i, L AN OF INSTRUGCTINN NO.

TACR2O0MG T & November 1975 22

DaATE PAGE 4O,
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PLAN OF INSTRUCTION L ESSON PLAN PART |

HAME A INYTRYE T on ; LOWEE FITLE
; Ele stronie Principles

-t v et a0 s samaaa

SR i - . - - 4 d- 4+ ram oW Ty
HLOCK NUMBER Frogoee sitye
! M Glreultn

COURSE CONTENT

e . e 4 oas Ak acd. -e P VI

3 DURATION

(il oure)

tapacitore and rapacitive Loadtanee o anlale 124

a, Yroama veoup of stgtementg, solest the oney wiiich desceibe
the physical characteristics of a rapacitnar, (TS: 4a ileas: ¥

1Y Basic capaciter cons, ruch lon

{2) Types of varsable .anacitors
fa) Roror-stator -apaciio:
{hY Cwpression <apacitor
ot fivel capacro..
£t erral nic
Papur
Oid
Mira
Cemani-

Trovts oa oarols oLl tvatement s, sele ot the ones which describe
e ele trical el@dracoetrarjed o a ~gpad~ifar, (7: Aa Me1ts .
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PLAN OF INSTRUCTION/LESSON PLAN PART | (Continuation Sheet)

COURSE CONTENT

(3) Total capacitance
(a) Serien
(b) Parallel
(¢) 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: VW

(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:

(1Y Define “capacitive reactance.”
(2) Factors a‘fecting capacitive reactance.
(a) Frequency
(b) Capacitance
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., CTS: 4d Meas: W
(1) Calculate total capacitance in series-parallel.
{Z) Calculate total capacitive reactance '
(a) series
{b) parallel
{(c) series-parallel
SUPPORT MATERIALS AND GUIDANCE
Student Instructional Materials
KEP-GP-12, Capacitors and Capacitive Reactance
KEP-ST-TT

KEP-107
KEP-110

Audio Visual Aids
TVK 30-253, Capacitors and Capacitive Reactance 17

W

PLAN OF INSTRUCTION NO. DATE PAst.NO-

JAQRI0020-1 6 November 1975

I Dl gy Jmetea WA lEmome—m.s e = . EEm e ®
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PL AN OF INSTRUCTION/LESSON PLAN PART | (Continuation Sheet)

COURYE CONTENT

Training Equipment
Ac Inductor and Capacitive Trainer 5967 (1) i
‘ Sini-Square Wave Ceneratur 4864 (1)
Hutineter (1)

Motar Panel 4568 (1)

[ p——
e —— o

Trajining Methods

Biscussion (4 hra) and/or Programmed Self Instruction
Pertormance (1 hr)

CIT aosignment (1 hr)

Multiple Instructor Requirements i
Equipment (2)

Instructional Guidance

Tasue KEP-GP-12. Supervise performance of lahopatorr exe This exexclse
' sunnozts objective 2d., lnsure that all safetf pragglcgg'ggzsgéllowed. Assign

) objiciives Lo be covered during CTT time.

T

PLAN 7 INITRU ;fm L] OATE . )
3.-\QR300§.5 i o vember 1975 PAGE NO

Y . -

ATC :::?3 133A ATC Keesier 80207 :;:; ACED ATC FOTIMS 3974, MAR 73, AHD 7704, AUG 72. WHICH WILL BE

18 :
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PLAN OF INSTRUCTION/L.ESSON PLAN PART |

NAME OF (NSTHUCTOR COURSE TITLE
Flectronic Principles

ALDCK NUMBER BLOCK TITLE
11 AC Circulcs

COURSE CONTENT

DURATION
{Hours)

3, Magnetism (Module 13)

a, GCiven a list of statements about magnetism, select the one
which deseribes poles; magnetic fleld; flux denaity; permanent
magnet; retencivity; permeability; reluctance; electromagnet;
magnetic induction. CTS: 11f Meas: W

(1) Define '"Magnetism."
(2) Magnets
(a) Natural
(b) Artifical
1l Permanent
2 Temporary
(3) Magnetism terms

(a) Retentivicy

(b) Reluctance

(¢) Permeabilicy

Magnetic field

(a) Characteristics of Elux lines

(b) Law of magnetic attraction and repulsion

(c) Magnetic poles

I
(3/1)

SUPERVISOR APPROVAL OF LESSON PLAN (PART 1)

SIGNATURE DATE SIGM ATURE

PLAN OF INSTRUCTION NO. DATE

3AQR30020~-1 6 November 1975

P NO.
AGE 27

ATC FORM 133 ATC Keeslet 6-1029 REPLACES ATC FORMS 337, MAR 73, AND 770, AUG 72, WHICH wiL L BE

APR 75 USED. .

r
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PLAN OF INSTRUCTION/LESSON PLAN PART ! {Continuation Sheet)

COURSE CONTENT

(5) Theories of magnetism
(a) Weber's Theory
(b} Domain Theory
(6) Electromagnetism
(a) Define "Electromagnet."
Left hand thumb rule
1 Straight wire
2 Coil of wire
(¢} 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-I1

KEP-107
KEP-110

Audio Visual Aids
TVK-30-165, Magnetism

Training Methods
Discussion (3 hrs) and/or Programmed Self Instruction
CTT Assigmment (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. OATE PAGE NO.

3AQR30020-1 6 November 1975 28




PLAN OF INSTRUCTION/L ESSON PLAMN PART |
HAME OF insTRUC TR COURSE TITLE
\ FElectronic Principlen
ALOCK HUMOER BLOCK TITLE
11 AC Circuitna
l COURSE CONTENT OURATION
S . e (Hioura)
4, Inductors and Inductive Reactance (Module 14) 5
(4/1)
a, FPFrom 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) TFactors that determine inductance.
b. From a yroup of statements. select the ones which describe
the electrical characteristics o! an inductor, CTS: 431 Meas: W
(1) Total inductance,
{a) Series
(b} Parallel
{¢) Series-parallel
¢. From a group of statements, selecr the one which describes
the phase relationship of current and voltage in an inductor. CTS:
nTS: 4a “eas: W
¢1) [Inductor current and voltage
{a) Variable direct current power source.
1l First instant
2 After first instant
SUPERVISOR APPROVAL OF LESSON PLAN {PART I}
e SIGHATURE N __DATE SIGM ATURE _ DATE
|
PLAN OF INSTRUCTIGN NO, DATE PAGE NO.
3AQR30020 -1 6 November 1375 29
ATC :3:,;5 133 3TC Kecaler Gop 0 ::::;Aces ATT FOAMS 327 MAR 73, AND 770, AUG 72, WHICH wiLL BE

<1




PLAN OF INSTRUCTION/LESSON PLAN PART | {Continuation Sheet)

COURSE CONTENT -

(b) Alteruating current power source.

d, GCiven a list of statements, select the ones which describe the effect
of varying frequency and inductance on inductive reactance. (7S: 4d  Meas: W

(1Y Define inductive reactance.

(2) Show how inductive reactance is affected by changes in
(a) frequency.
(b} inductance,.

e, GCiven the signal frequency, formulas, and the value of three inductors
in a series-parallel configuration, compute the total inductance and the total
inductive reactance. CT8: 4d Meas: W

(1) Compute total inductance in
(a) series,
(k) paraliel.
(¢) series-parallel,. —
(2) Compute torval inductance reactance in
(a) series.
(b} paraliel.
{¢) series-parallel
5, lieasurement and Critique (Part i of 2 Parts) 1
a. MeaSurement cest
b, Test Critique
SUPPORT MATERIALS AND GUIDANCE
l Student Instructional Macerials
KEP-CP-14, Inductors and Inductive Reactance
FRP-ST-I1

KEP-107 E
KEP-110 i

Audio “isual Aids
TVK-10-253, Tndiuctance and Tnductive Reactance
TVK-130-20%, luductance 22

DATE

6 ﬂqumber 1975'”

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

. COURSE CONTENT

Tvainlng Equipment

AC Inductor and Capacitive Trainer 5967 (1)
Sluc-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)

Muletiple Instructor Requirements
Equipment and Safety (2)

fnstructional Guidance

Issue KEP-GP~14, Monitor laboratory exercise to insure correct use of equipment
and safety practices. Inform students that & measurement test must be taken
covering modules 11 through 14, 'Assign objectives to be accomplished outside )
of classroom during CTT time,

- .
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! PLAN OF INSTRUCTION/L ESSON PLAN PART |
;"713g ar INSTRUL TGN COURSE TITLE
i Electronic Principles
!:deINUunzn BLOCK TITLE
i 11 At Ulreudty
S COURSE CONTENT 7 DURATION
b e — . - . tHoure)
6. Tranaformers (Module 15) 4
(3/1)
‘ a. Given a schematic diagram of a transformer with a resis-
: tive load, rurns ratic, primary lnput voltage, and formulas,
; determine the output voltage; the reflected impedance; the phase
. relatlonships between secondary and primary voltages. CTS: 4h(3)
! Heas: W
; (1Y Explain electromagnetic induction in terms of
; (a) mutual inductance
: {b) flux linkage
; {e) coefficient of coupling
{2) Transormer action.
(a) Turns ratio.
r 1 3tep-up.
2 Step-down.
(b) Primary and secondary power.
(c) Reflected impedancr.
(d) DPhase shifts across transformers.
1 o° o
2 180°
T SUPERVISOR APPROVAL OF LESSON PLAN (PART I1)
] SIGNATURE DATE SIGN ATURE DATE
PLva OF (NSTRUCTION NO, OATE PAGE NO.
JAQR30020-1 6 November 1975 33
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PLAN OF INSTRUCTION/LESSON PLAN PART | {Continuotion Sheet)

COURSE CONTENT

.

b, [From their schematic representation, identify air core, iron core,
auto, and multiple winding transformers. CTS: 4h(3) Meas: W

(1) Describe auto, power, audio and RF transformers in terms of
(a) physical characteristics
(b) electrical characteristics

(¢) schematic symbols

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

(1) Ohmmeter cnhecks for
(a) open winding

(b) shorted winding

SUPPORT MATERIALS AND GUIDANCE

Student Instructional Materials
KEP-GP-15, Transformers
KEP-ST-11

KEP-107

KEP-119 -
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 Guidange
Issue KEP-CP-15., Assign objectives to be accomplished during CTT time.

25
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PLAN OF INSTRUCTION/LESSOM PLAN PART |

NAME OF INSTHUC TOR COURSE TITLE
Electroni¢ Principles

BLOCK NUMBER BLOCK TITLE
Tl AC Clrcults

COURSE CONTENT 2 DURATION
(Houra)

7. Relays (Module 16) k!
(2/1)

a, Civen a group of statements, select the one that describes
the operation of a relay. CTS: 1lla Meas: W

(1) Describe electromagnetic relay

(a) Construction

(b) Operation
b, Civen a relay schematic with or without coil current,
detcrmine which contacts will be open and which will be closed.
CTS: 1lla Meas: 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-energlzed.

(b) Energized.

SUPERVISOR APPROVAL OF LESSON PLAN (PART I}
SIGHATURE DATE SIGNATURE
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PLAN OF INSTRUCTION/LESSON PLAN PART | (Continuation Sheet)

COURSE CONTENT -

SUPPORT MATERIALS AND GUIDANCE

Student Instructional Materials
KEP-GP-16, Relays

KEP~ST~II

KEP~107

KEP-110

Audio Visual Ailds
TVK~30~166, Relays and Vibrators

Tralning Methods

Discussion (2 hrs) and/or Programmed Self Instruction
CTT Assigmment (1 hr)

-

Instructional Guidance
Issue KEP-GP-16. Assign objective to be covered during CTT time.

Q | eL X .
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PLAN OF INSTRUCTION/LESSON PLAN PART Il
NAME OF INSTHUCTOR COURSE TITLE
Electronic Principles
BLOCK NUMBER BLOCK TITLE
11 AC Circuits
1 COURSE CONTENT 2 DURATION
| e . N (M aurs)
8, Microplones and Speakers (Module 17) 3
(2/1)
a, Given a group of statements, select the one that describes
the operation of a speaker. C(TS: 11d Meas: W
(1) Define loudspeaker
(2) Earphones
(a) Construction
(b) Operation
(3) Dynamic speaker
(a) Definition
(b) Construction
(¢) Operation
b, Given a group of stalements,select the one tnat ceserites
| the operation of a microphcne. CTS: 1l1d Meas: W
!
i
i
|
!
i
i
i
f'
\ SUPERVISOR APPROVAL OF LESSON PLAN (PART 11}
SIGNATU RE DATE SIGN ATURE DATE
1
!
]
i
I PL AN OF INSTRAUCTION NO. DATE PAGE NO,
L JAQR30020-1 6 November 1975 37
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PLAN OF INSTRUCTION/LESSON PLAN PART | (Continuation Sheet)

COURSE CONTENT

SUPPORT MATERIALS AND GUIDANCE

Student Instructional Materials
KEP-GP=-17, Microphones and Speakers
KEP=ST-I1

KEP=107

KEP=110

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

Instructional Guidance

Issue KEP-CP-17. Assign objectives to be accomplished during CTT time.

PLAN QF INSTRUCTION NO. OATE PAGE NO.
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PLAN OF INSTRUCTION/LESSON PLAN PART |

NAME OF INSTRUCTON COURSE TiTLE
Electronic Principlos
BLOCK NUMBER OLOCK TITLE
11 AC Circuits
' CDURSE CONTENT DURATION
e o e eaem e e e o e mbe et ————— e (Houre)
9. Meter Movements and Clrecuits (Module 18) &
(4/1)
a. From a group of statements related to meter movements
select the one which describes the function of the permanent magnet;
the moving coil; the spiral spring; the poilnter; the scale.
CTS: 2d Meas: W
(1) Moving coll meter
(a)} Characteristics
{b) Component parts
(c) Operation
(d) Schematic symbol
{e)} Meter sensitivicy
b. From a group of statements related to multimeters, select
the one which describes the function of the shunt resister; the
multiplier resistor; the ohms zero adjust resistor. (TS: 2d
Meas: W
(1) Ammeter operation
{a)} Shunt resistor
{b) Circuit connection
{¢) Meter sensitivity
(2) Voltmeter operation
(a) ltultiplier resistor
SUPERVISOR APPROVAL OF LESSON PLAN (PART i)
SIGMATURE DATE SIGNATURE DATE
PLAM OF INSTRUCTION NGO, DATE PAGE NO.
#AQR30020-1 6 November 1975 3

A .
ATC FoRM 133 ATE Keesla® 6.:02% REPLACES ATC FCAMS 337. MAR 73, AND 770, AUG 72, wHICH WILL BE

ARPR TS USED.
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PLAN OF INSTRUCTION/LESSON PLAN PART 1 (Continuation Sheet)

COURSE CONTENT

(b) Cirecuit connection

(¢) Meter sensitivicy
(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-I1I

KEP-107

KEP-110

Audio Visual Aids

LFK 0-30-6, Basic Meter Movements
LFK 0-30-7, Amp Meters

LFK 0-30-8, Volt Meters

LFK 0-30-9, Ohm Meters

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

Instructional Guldance
Issue KEP-GP-18. Assign objectives to be accomplished during CTT time.

31
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PL‘AN OF INSTRUCTION/LESSON PLAN PART |

HAME OF INSTHUCG TOR COUNSE TITLE
Electronic Principles

“BLock numeen ""”'T"nuocx TITLE
11 | AC Clrcults

| COURSE CONTENT
R

DURATION
(Hours}

10, Motors and Generators (Module 19) 7
(6/1)

a. GCiven a list of gtatements about motors and generators,
select the one which identifies the purpose of the field coll;
the armature; the rotor; the brushes; the slip rings}; the commutato¥
the pole pleces. CTS: 1llb Meas: W

(1) Basic Generator concepts,
(a) Requirements for magnetic induction
{(b) Direction of current flow
(¢) Magnitude of induced voltage
{d) Components of AC penerator

{e) Components of DC generator

(2) Using a pictorial diagram, identify the basic

components and gtate their purpose,

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

{1) Define motor.

(2) Explain force exerted between magnztic fields,

(3) Define torque.

(4) Define counre}-electromotive force.

(3) Show two phase anc three phase motor operation.
(6) Explain differences in AC and bC

SUPERVISOR APPROvVAL OF LESSON PLAN [PART I}
SIGNATURE DATE SIGNATURE

PL AN GF (MSTRUCTION NO, DATE PAGE NO.
3AQR30020-1 6 November 1975 41
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PLAN OF INSTRUCTION/LESSON PLAN PART | (Continuotion Sheet)

COURSE CONTENTY —_

c, (Given & group of statements, select the ones that describe the
operation of a generator., (Ts: 11bL Measg: W

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

SUPPORT MATERIALS AND GUIDANCE

Student Instructional Materials
KEP-GP-19, Motors and Generators
KEP=-ST-1I1

KEP-147

KEP-110

Audio Visual Aids

TVK 30-201, AC Cenerators
TVK 30-202, pC Cenerators
TVK 30-703, DC Motors

TVK 30-704, AC Motors

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

11. Related Training (identified in course chart) ' 2
12, Measurement and Critique (Part 2 of 2 Parts) 1
4, Measurement test
b. Test critique
Instructional Cuidance

Issue KEP-GP-19. Assign objectives to be accomplished during CIT time. Inform
students that Part 2 of the measurement test covers modules 15 through 19.

33 -
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MODULE 11

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 18 a sine wave. Lot us examine an
AC sine wave using the figure.

{ rOUTIVE
PLAX

EFFECTIVE VALUE
AVERAGF. VALUE

Notice that the horizontal line divides the
gsine wave into two equal parts =~ one above
the line and the other below lt. 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 periodlcally reverses direction. Notlce
that the wave reuches 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: E = 2 Epk for a

sine wave. pk=pk

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 ot all the
points on the sine wave, taking the average

-
of these values, and extracting the aquare
root, The effective value is, thua, the root
of the niean (average) squure of these values,
This value i8 kiown us8 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 rmd value of 110 volts. Unless other-
wise stated, AC voltage or current is
expressed ad the effective value.

A sine wave with a peak amplitude of 1
volt has an effective value of ,707 volts.
This means that a gine wave ofvoltage whose
peak value is 1 volt will have the same
heating effect as .707 volts of DC. To find
the effective value of a gine 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 I.414:

Epk = 1.414 Eeﬂ'

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
+f a single alternation is .637 times the
peak value. In other words, E,ye = 637 E
The relationship between the average and
effective values can be determined mathe-
matically and is ghown in the following
formula:

Eave =9 Eel‘f

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

Eeff =Ll Eave




CONVERT FROM
RMS PEAK 10
EFFECT IVE AVERAGE | PRAK PEAK
RMS
EFFECT IVE 0,900 1.414 | 2.828
AVERACE 1.110 1.570 | 3.141
FEAK 0,707 0.637 2,000
FEAK 10 0,35, 0.318 0,500
FEAK

‘

The voltage relationships of a sine wave
are ssunmarized 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 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.

P —— e FULL PO e g,

et -

o iy - —

FOLiTiTE
oL F CrQLE

HEGATIVE

MaLF CYQLE

PERIQD-TIME cDURATION  ———

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 meanihg as time and period is
DURATION. The DURATICN 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 of
one cycle." All three terms have the same
meaning.

14

Alternating currents commonly used inair-
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 aUNIT
OF FREQUENCY EQUAL TO ONE CYCLE
PER SECOND., Instead of saying sixty cycles
per second, we will say sixty Hertz (Hz).

i
o e urarz —_—

al——— W E L E ——————

1 SECOND
e e—— ] T 1.1

r—— Tl =Ent?

——

— gy

e B ENIOO _4

p————— 1seco0 —————j

As you can see in the figure, there isa
deftnite relationship between the period of an
alternating current and the frequency c; 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 f{requency 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,

Frequencies are classified as totheir 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 involvestwo
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:

1
t:'.T

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

A

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

R. v

vt

f

MODULE 12
CAPACITORS AND CAPACITIVE
REACTANCE

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

15

capacitor consists of two conducting plates
separated by a dielectric (insulator). The
physical properties of a capacitor that effect
{ts values of capacitance include: (1) the
plate gsurface area; (2) spacing between the
plates; (3) dielectric constantof the insulator.
Their relationship canbe shownby the formula:

kA
C= '5"‘
C = capacitance
k = 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 capacitahce of a
circuit, we must be familiar with the rules
for calculating the total capacitance for the
three common ¢ircuit configurations.
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SERIES Series equivalent of Cl and C2
For two or more capacitors wired inseries,
as shown, the total capacitance is smaller c - 1
than any of the individual capacitances. The ta = 1 .
total capacitance can be ealculated with the 1 c2
formula:
1 Parallel equivalent of C3 and C4
C, .
O T U
G, & G " Cp = €3+ cd
Total capacitance of Cta and Ctb (in series)
| { | |
A c, = T———
Cl C2 c3 AR =
REP4~974 ta th
o | ¢
PARALLEL N
For capacitors wired in parallel, total Cio - .
capacitance canbe calculated with the formula: T Cyp
G
C.=Cl + C2 + C3 +... o
T : REP§-977
4 capacitor in an AC circuit causes a
L i phase difference, between voltage and current.
-~ The figure represents the AC waveform of
IC' | c2 c3 both current and voltage in a purely capaci~
tive, idealized circuit. Notice that current
REP4-97 and voltage are 90° out of phase. Current
leads voltage by 90°,
SERIES-PARALLEL |
In series-parallel circuits, total capacitance
can be calculated by dividing the series- \
parallel network into simple series or parallel N ]
circuits and solving each independently. Then, A } |
combine the independent solutions {equivalent 9p 130%‘ 700 ,’360°
circuits) using the rule for series circuits. )
Cl C2
| (PuF | S uF .
G 15 p K REP4~278
“'J; LT Capacitive reactance is the opposition by a
Cia capacitor to the flowof alternating current,
c3 i ca The two f{actors which govern capacitive

8 WF I~ 4~ 7uF reactance are frequency of the applied volt-
Cib age and the value of the capacitance in the
circuit, Their relationship is shown by the

REP4-976  formula:
40
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=
u

capacitive reactance

2w = 6,28

L
H

frequency of the applled voltage

O
1]

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-
turtes 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 classifled 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
niagnetlic 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.

- am—

- T

S

B

The number uf lines would indlcate the
strength of this MAGNETIC FIELD. By
reshaping the bar magnet of Figure 1A to
the horseshoe shaped magnet in Figure 1B,
the mugnetic field {8 more concentrated.
The ends of the bar form the poles, every
niagnet will have a north pole and a south
pole. When the number of magnetic iines s
expressed In terms of unit area it 18 called
FLUX DENSITY.

Some materlals can pass magnetic lines of
force easler than others. The ease with
which these llnes 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-
netlic lines i8 called RELUCTANCE and is
similar to electrical resistance.

One niethod of making a temporary magnet
s to wrap a plece of materlal, called a
core, with a conductor and pass an electric
current through it. This would be called an
ELECTROMAGNET and 1s shown in Figure
2l

o
O
o
"
¥
::"a—'
—

Figure 2

The current passing through the conductor
is called the MAGNETIZING FORCE. When
the current i5 removed the core material
wlil retain some of the magnetic force.




Different types of core material will be
able to retain the magnetic force for difs
ferent periods of time. The abllity to retain

the magnetic force i3 called RETENTIVITY.

The amount of magnetlc force left i3 called
RESIDUAL MAGNETISM.

Another method of mugnetizing 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 i{s basically a cofl of wire.
There are four physical factors which affect
the inductance of a single-layer cofl, 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-Nz‘“‘
- K

L = Inductance
Number of turns
Cross-Sectional area of the core
Permeability of the core material
= Length of the coil
The unit of Inductance (L) of a coil 18 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.

32

An linductor In an AC eclrcuit cauges a
phade difference between current and voltage.

The flgure represents the AC waveform of
both current and voltage In a purely inductive,
ldealized circuit. Notlce that current and
voltage are 90° out of phase. Current lags
the voltage by 80°, (See figure below).

ll .
9
/
/
/

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

xL = 2w fL

Inductive reactance
6.28
frequency of the applied EMF

L Inductance in the circuit

In many circuits, inductors oceur 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 imluctance for the circuit
below can be calculated with the formula:
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Lt“L1+L2+L3“nnn

L1 L? k|
— TN ARAR
\ REP4=99]
PARALLEL

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

i'f + 'L-a + EE + e
O -
1 ? ]
O - >
REP4=492
SERIES-PARALLEL

in series-parallel circuits, total inductance
can be caleculated by reducing the series-
parallel network tosimple series and parallel
circuits and then solving the resulting
equivalent circuit.

Series Equivalent of L1 and L2 = L,
a

=Ll +L2

Parallel Equivalent of L3, L4 and L35

_ 1
LT 1, L, L
L3t 3t Ls

Total Inductance: l‘t sL
8 Sories Equivalent

+ L
% Paraliel Equivalent

o

Lta :‘}
L & Pl s
C Lib

REP4~99 1

Total ¢ircuit inductive reactance can pe
computed after total circuit inductance has
been found,

Symbols for inductors in electronic circuit

diagrams are:

REP4-994

“A*" has an alr core, “‘B'" has a fixed
magnetic core, ant_i “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 devlce that transfers
electrical energy from one circuit to another
by electromagnetic induction.

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

Alr-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 secondarv 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 E[:n _ Np

relationship E - Ns
£ 1

Voltage-Current _p_.s
relationship E "1

s p

Current=Turns _bi:l 3.1_51
relationship N 1

s p

Impedance~-Turns ;E _ ‘N
relationship < - ‘N

20
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SECONDARY
E

"

) st

WINDINGS

Inipedance=-Voltage
relatlonship

Impedance=Current
relationship

Conservation of Energy
relationship

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.

/\/ 3E /\/
AV

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 trackof 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 bhest way to check a transformer
is to apply the vrated input voltage
and compare the measured
voltage to its specification.

output
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MODULE 16
RELAYS

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
(5PST), 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 condl~
tions when the relay is de-energized.

ZORTACTS M0

SPST
A

CONTASTS N2

CONTACTS 12 2NC
CONTACTS 28 3NO

REP4=1015

Figure 16-1
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Figure 10-1 shows all relays In thg de-
energized condition with the contacts openor
cloged ag indicated. When energlzed the
normally open contacts will close and the
normally closecd contacts will open.

MODULE 17
MICROPHRONES 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
dlaphragm which vibrates at the applied
audlo 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 audlo signal applied to a coll. See
figure 1.

ICE
COIL
SPEARER
¥ CONB
PERMANENT
MAGNET
MET

LAY

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
called a

place by a flexible
spider.,

device




Aheadset, earplece or earphone also applies
the same principle. Instead of a cone shaped
diaphragm, it may use a flat metal disk.

A microphone is the deviceused toconvert
sound waves to an electrical signal or audio
frequency, which is then amplified to the
desired level required for the speciflc 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 ig the
moving coil and is often referred to as the
d’Arsonval movement. See figure 1.

The principle of operation is as follows:
Current flow through the moving (moveable)
coil will catuse a magnetic fleld which wili
interact with the magnetic field of the per-
manent magnet, causing a torque on the coil.
The pointer is fastened to the moving coll
and will indicate a certain reading on the
calibrated scale. If more current passes
through the coil, the pointer wili 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 chmmeter 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 infigure
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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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 (Rg).
The current going through the meter move-
ment should never eXceed the current re-
quired for FSD (ly), but it will always be
proportional to the current through the shunt
resistor.

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

IR =1 R ,
ss mm
where
Is = It - Im'
Example: Iy = 1 mA, Ry, = 100 ohms,
and I, = 10 mA. Find the value of Rg* Rg
= 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 wili 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:

Rx = Rt - Rm,
where
R, = "2
t Im
Example: Using the same meter movement

of 1 mA FSD, R, would have to be 99.9
k ohms to extend the voltmeter range to
100 voits.

T o 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 jg 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.

16
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MODULE 19
MOTORS AND GENERATORS

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.
(ne or more conductors moving within a
magnetic fleld, so as to CUT these lines,

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 segmenis 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.
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Pole pleces 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 fizure 2. As the coil
rotates from U° it cuts the magnetic lines
of force induclng an EMF !n the coil. This
EMF causes current to flow through the
conductor, slip rings, brushes, and load. At
the 80° position the conductor cuts the mogt
lines per unit of time and thus maximum
voltage s jnduced. At the 180° point the
conduCtors move parallel to the magnetic
lines and the output voltage will be zero.
At 270" the output i{s 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 cChanges as c¢oil rotates. This
reversal takes place at the 0° and 180°
positions. By a switching action this reversal
of current through the load can bhe elimi-
nated by replacing the two slip rings with a
commutator. For a single loop armature
winding a two segment commutator is used.
I the armature winding has two 100ps then
a four segment commutator would be used,
One end of each lcop 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'veen
a stator field and the field of the armature
which 15 free to rotate. The amount and
direction of this force will determine miotor
speed and direction of rotation. Speed is
also a function of frequency and the nurmber
.of pole pairs in the AC motor.
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Chapter 1

K

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 i3 the term applled
to current which periodically reverses its
direction.

1=3. As you know, current supplled by a
battery is direct current. Thizs means, of
course, that the current flows inone direction
only. Therefore, it is UNIDIRECTIONAL.
Alternating current, on the other hand, is
BIDIRECTIONAL. That 18, 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 thug alteraating
current.

1-4. Graphic representations of how volt-
age and current changes in amplitude and
direction over a period of time, are called
waveforms. Figure 1-1 shows varicus wave-
forms of alternating current. A special type
of alternating current waveform is sym-
metricat. A waveform Is symmetrical when
the second half of the waveformisthe mirror
image of the first balf of the waveform, but
with reversed polarity. In tigure 1-1, the
square, clrcular, and sinewave waveforms
are Symmetrical.

RECTANGULAR

TRIARGUL AR

+3
]

YN
-5 NS

-5 CimguLAn

Figure 1-1, Alternating Current

1-8. The sBine wave 18 the most cormmon
AC waveform, In fact, the sine wave s s0
widely uged that when we think of AC, we
automatically think of the sine wave. Houge=
hold AC is 2 sine wave.

16, The shape of the sine wave is a plot
of points generated when a radius line of a
circle rotates through 360° {tigure 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 currentis CONTINUQUSLY
changing in amplitude and periodically revers-
ing direction,

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

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

7N
AT 2L L8P

30 469012 m\ ) /
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Figure 1-2, Sine wave Generation




or Aalternating current, Let us examing
an AC sine wave in greater dotail, uring
figure 1-3,

1-10, Notice that tho horizontal tine divides
the sine wave into two equal parts == gne
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 swiag 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 gine 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: Epk-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 i3 the amount of current or
voltage that produces the same heatingeffect
as an equal amount of direct current or volts
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 valuesofall 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 walue is known 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 2 sine wave witha
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

POMTIVE
FEAN

.—u-—-—.—.—---—.-l-u—u—

Figure 1-3. Sine Wave Labeling

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

Eeff H .707Epk

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

1=15. The reciprocal of .707 is 1.414. There-
fore, If you know the effective value ofa sine
wave, you can find the peak value by multi~
plying the effective value by 1.414:

E = 1414 E
e

pk £f

1-16. Another sine wave value that 1s
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 [-3; the AVERAGE
height of a single alternation is .637 times
the peak value. In other words, Epye =
637 Epg- The relationship between the
average, peak, and effective values is shown

in the following formula:

if

. = 9E
Eave . 637 Epk e

03




1«16, A8 you can ®ee, average voltago is
equal to .837 of the peak voltage and ,9 of
the effective voltage. The reciprocal of ,9
is 1.11, Therefore, the eftective voltage 18
1/11 times the average voltago.

E

ott " 1.11 Eavo

119, Now, let ug identify some additional
sine wave terms, using figure 1-4,

1-20, As stated before, alternating cutr=
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 poaitive half-cycle rises from
zero to maximum positive and then returns
to zero. The negative halfecycle rises from
zoero to a maximum negative value and then
returns to zero.

1-21. The alternations of AC do not
happen instantanecusly. They take TIME.
For example, household current takes one=
sixtieth of a mecond for a single cycle, The
term PERIOD 18 used to define the time
of one cycle of alternating current, Another
term having the same meaning as Hme
and period {s DURATION. Let ua gee how
each of these terms could be used when
speaking of household current. We could
say, ‘“The DURATION of one cycle
13 one=sixtieth of a second’’; or “One cycle
has a PERIOD ¢of one-sixtieth of a second’”;
or *'‘One-sixtieth of a second 18 the TIME

POY HivE
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Figure 1-4. Sine Wave
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of one cycle.! As you can 809, all three
terms can bo used in each of the ptatements
without changing the meaning.

1«22, Alternating currents have periodsother
than onew“sixtieth of a gecond. The current
commonly used in alrcraft hasaperiodofone
tour<hundredth of a gecond. This means that
one ¢ycle takes one four«hundredth of a second
and in one -second there are four hundred
cycles. The difference inthe numberof cycles
in one second between alrcraft current and
household current brings up a new term =
FREQUENCY. The frequency of any ACisthe
number of cycles that occur in une second,
This brings us to another term -~ HERTZ.
HERTZ is a UNIT OF FREQUENCY EQUAL
T0 ONE CYCLE PER SECOND. Inatead of
saying sixty cycles per second, we will say
sixty hertz. Hertz 18 abbreviated Hz,

1-23. As you can see in figure 1-5, there
{3 a definite relationship between the period
of an alternating current and the frequency
of the current. Notice that sine wave Bhas a
period that is one-half the period of gine
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 shurter, the frequency
{ncreases 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 frequencles
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Figure 1-5. Frequency Cornparlson




in the thousands or miilions, it becomes
awkward and cumbersome to use cycles an
a standard measuring term, Therefore, when
we speak of frequencies in the thousands,
wg use the term KILOHERTZ (kHz) and
when we speak of frequencies inthe millions,
we use the term MEGAHERTZ (MHz). You
ne doubt have heard these terms on radio
and television when the announcer tdentifies
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, kilchertz means a
thousand hertz and megahertz
million hertz.

1-23. When we speak of a frequency of 10
kilohertz, we mean that there are 10,000
¢ycles per second, When We speak of a {re~-
quency of 600 megahertZ, we are Speaking
of 600,000,000 cycles per seccnd,

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 usethe prefixes MILLI
and MICRO when we talk of a thousandth
or milltonth part of something. When we talk
of a thousandth of a second, we say MILLI~
SECOND {ms). We use MICROSECOND (us)
when we talk of a millionth of a second,

1-27. Now, let us go back tc the sine wave
and take up a few more points. An AC
stne wave i3 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 referenceline
at the beginning of each half-cycle. There
are two CURRENT REVERSALS In
each cycle. We can {ind 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).

means a

1~-20, Phase Relationship,

1-29, Sine waves are voltages or curronts
that vary with time, 1t is pOBBlble to have
two sine waves that have the same
frequency, but reach thair positive peaks
at different times.

1-30. Figure 1-6 shows three sine waves,
Notice that wave A and wave B move together.
That is, they start at zero, rise t0 maximum
at ninety degrees, return to zero at one-
hundred-eighty degrees and repeatsthe same
acton in the negative half-cycle. Because
the two sine waves go through all parts of
the cycle together, they are in-phase, The
stne 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=QF=-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 {n figure 1-6. As you can see, the
stne wave C is maximum negative when the
sine wave A is zero (at the start ofits
positive half-cycle). Wave C reaches zero
when wave A goes maximum poditive 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 ts produced when sun light
ts separated into many frequencies by indi~
vidual rain drops. Some of these {requencies
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are seen as the colora - 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 ail 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 fre-
quencies in a special way. We find other
frequencies arranged into groups in a simi-
lar manner. You have no doubt heard of
xX-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 17 to see bhow the
frequencies used in electronics are grouped.
Notice that DIRECT CURRENT (DC) has
zero frequency (no alternations) Frequencies

REFRRENCE
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Phase Relationship

between 0 Hz and about 2,500 Hz are classi-
fied as POWER FREQUENCIES. The fre-
quencies between 20 Hz and 300 GHz are
classitied 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. FPowerfre-
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 most common
AC power frequencies are 80 Hz and 400 Hz.
Of course, these two frequencies are not
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the only ones produced by power sources.
In the United States 60 Hz is the common
household power frequency. Many countries
of the world use 350 Hz. Alrcraft and ships
use 400 Hz as a power frequéncy to save
space and welght. 8maller coniponentS are
use¢d with the higher frequency.

1-38. AUDIO FREQUENCIES. For the time
belng, let us concentrate on the audio fre-
quencies. Thes¢ 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. If 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 1s not the
same for all individuals. Therefore, the
upper limit of the audio frequency range
is an arhitrary 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-
venlence of study and reference. The bottom
portion of flgure 1-7 shows how the fre-
quency spectrum s divided into bands.

1-40, Notice that the lower frequenciles,
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 lmit which
is ten times the value of their lower limit.
The next band above the VLF is the LOow-
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 (8HF), and EXTHREMELY~
HIGH FREQUENCY (EHF) bands. You have
no doubt heard of VHF and UHF in con-
nection with telavision. Most atrborne radars
operate In the SHF range. The t¢rin MICRO-
WAVE is lovsely applled 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, 50 a4 wave which occurs
sixty times every second 15 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. I
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 1s developed, as shown
in the upper illustration. Notice in the lower
illustration, when the arm moverment is
faster, a shorter wave is created, By com-
paring these two waves, you can see that
the longer wave covers tnore distance than
the shorter one. The top wave tbviously was
the greater length, or, using a new term:
its WAVELENGTH is longer. Thus, you can
See that wavelength means the actual physicai
length of the wave.

I-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
(amphtudezs.

1-6
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1-46, Now, let’s look at wavelength from which travel through space, Electromagnetic

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, if we
uge C as our reference point, the leading part
of the top wave will be at point D when the
trailing edge of the wave reachegthe reference
point. This 1s represented by the dotted line
and represents one wavelength.

1-47. If 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 Nlustration to pass the same
point. Since wavelengthis the distance traveled
during the pericd 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:
apeed and frequency. Speed is the rate of
movement, or velocity. Frequency is based
on how often the waves occur inagiven period
of time. In the electronics frequency spectrum,
the time reference for frequency is one
second.

1-48. In electronica, the term WAVE-
LENGTH iz defined as the distance an electro-
magnetic wave travels in the time of one
cycle, Electromagnetic waves are radio waves

waves move away from a source ata constant
velocity of 300 MILLION METERS PER
SECOND. The wavelength 15 measured in
meters and the period of the waveinseconds.
Let’s see how these units are placed in a
formula.

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

AzWwt

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

A = 300,000,000 x t
]
2 x x
k = 300 x 10 t
The formula for wavelength gives the num-

ber of meters that a wave will travel
during the time of one cycle. If the fre-
quency of the wave is one Hz, the wave
will travel 300 x 10% meters in one cycle.

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




frequency of one thousand Hz will require
one, thousandth of a second for one c¢yele.
In other words, il we have gne thousand
¢ycles in one second, the time of one ¢ycle
is one thousandth of & second. We discussed
this with 60 hertz, where the time of ohe
¢ycle is one«sixtieth of a second., We <an
thus derive a formula:

f=

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

t e~

H

1-52. Now, since the factors are the same,
weé ¢an substitute for t in the wave-
length formula:

. 300x10°

A T 300x ll.'Je x -]i- or simply: ;
1-53. Now, we'll work a problem to see
how to uge this formula. Given a frequency
of 3000 hertz solve for wavelength. Substi-
tuting in the formula, we have;

) = (300 x 10%) . {a00 x 108) _
3000 { ) -

I x 10

6§ . -3 ‘
(300 x 103])( 1070 & o0« 10°

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

1-84. If the frequency of an AC is 30,000
MHz, we would find the wavelength by sub-
stituting in the formula as follows:

¥
10)

\ = (300 x 10%] - {3 x 10

S1x10

ls0,000 x 167 [3 x 10

This gives us .01 meter as the wavelength.

1-55. We can use the {formula; A =

6
300 x 10 4y find the frequency of an AC
i wé know its wavelength. We must lirst

2

convert the formula statement by solving forf,
The formula becomes: g s 300 x 105

1-568, To find the frequency of ah AC whose

wavelength is 1000 meters, we substitute this

value in the formula and get:

300 x 108 la00 x 10°)
]

- 3
1000 [1 . 103) 5 300 x 10 Hz

fs

1-57. Let's do ahother, 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 ll'J6 « 300 x 106
2

08 5x 107

8

f 2 60 x 10 Hz

This gives us a frequency of 6,000,000,000
Hz. This is the same as writing 6000 MHz
or 6 gigahertz (8 GHz).

1-58, There i9 a definite relationship be-
tween wavelength, frequency, and time period
of a cycle. You ¢an find the time period if
you know either the wavelength or the fre-
quency. Figure 1-9 ghows the relationship
0f 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.

1seConD
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e 300,000,000 METE RS e

Figure 1-8. Relationship of Frequency,
Wavelength, and Period
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1-80. When frequency is high, you will find
it simpler to express frequency, period, and
wavelength using standard prefixes. As you
know, milllons of cycles per gecond are
expressed 48 MHz., When the frequency ig in
megahertz (MHz), the time for one cycle ia
in millionths of a second, expressed as
microaseconds (ua).

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

-
"
v [

s " 20 MHz " 20

t = .05 HS

1-682. This same principle can be used in
solving for { interms of t inthe formula:

1

f = -t-
1-63. When the period is in microgeconds
(us), 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:

5/

f n 1 w1

This value can also be expressed as 20 kHz.

02 MHz

1«89, Notice that in the above example
‘we expressed 50 microgeconds as 50, and
obtalned 0.02. By using megahertz and micro-
geconds In your calculations, you can gave
time and eliminate the excegalve usesof zero.
You can also use:

1
t = mip———
kHz tm s
1
al'ld t n —
ms kaz

1-66. The Important thing to remember
from this lesson 13 that if either the wave-
length, frequency, or period of an AC is
known, you can find the other two values. If
elther the wavelength or period is known,
you can find the frequency by dividing the
wavelength into three hundred milllon 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







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 i5 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 leggons. In thig lesson, we will discuss
LUMPED CAPACITANCE and the elements
that affect it. Lumped capacitance i3 defined
as a concentration of capacitance at a given
point in a circuit,

2"2. The Capacitor.

2-3. A capacitor 1s 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,

————

- CONEUCTOR -

INSULATOR

ONDUCTOR

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

2-5. Figure 2-1A shows the constructonofa
capacitor. Figure 2=1B ghows the achematic
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 hetween its
plates. To understand how this energy is
stored and what happens withinthe capacitor,
we uge the principles of electrostatics.

2-7. The Electrostatic Field. You already
know that bodleghavingunlike chargesattract
each other and bodies having like charges
repel each other. A body that ig deficient in
electrons 1s positively charged, while a
body that hag an excess of electrons is
negatively charged. Each charged body has
an electrostatic fleld and will exert a force
of repulsion or attraction when placed near
another charged body.

B.
REP4-645

Figure 2«1, Capacitor Pictorial and
Schematic Symbol
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Figure 2-2. Flectrostatic Fields

2-8. The electrostatic lines of force that
represent the static fleld, as shown in fig-
ure 2-2A, extend from the positively charged
body to the negatively charged body. The
closer the charged bodles 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 tothe distance between
the charged bodies.

2=9. The illustration in figure 2-2B shows
two charged metal plates, one negative, the
other Dositive, and the electrostatic field
between them. The field 1s represented by
the arrows and extends inthe djrecticn shown
by the arrows. H an electron 13 placed 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

i
DIELECTRIC

 REP4=-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. Thisforce
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. Ag there i3 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 norlostelectrons.
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 deficlency 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

SWITCH
o0
+ -

—_ ELECTRON FLOW

"--._.-n"

REP4-648

Figure 2-4, Capacitor Charging
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elactrons. As well, there was no way for
the positively chargod post to gainelectrons,

2«12, At the instant the awitch 18 closed,
two  actions occur At the same time, One
is that the excoss electrona inthe negative
post of the battery move toward Plate A of
the capacitor, The other action {a that
electrons from Plate Bmovetowardthe posi=-
tive post of the battery, The movement of
electrons 18 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
aand attract electrons out of the conductor
from Plate B, As Plate A and it3 conductor
are now part of the negative postelectrically,
the charge is distributing itself over the
hew area, This is also the cage with the
positive post, Plate B, and the other
conductor.

2-13, At the first instant there 1S maximum
movement of electrons (current flow) in the
two conductors. Why? Neither plate of the
capacitor is charged, thus there i3 no state
charge to oppose the movement of electrons
to and from the plates, There isnodiiference
in potential hetween 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 curreat flow through
tbe capacitor, but because electrons are
leaving and entering the battery posts there
is an appearance of current flow,

2-14. As eiectrons reach Plate A, it begins
to receive a negatve 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 18 a2 vacuum between
the two plates, the gained electrons oa Plate
A cannot cross to Plate B,

2-15. As there 13 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
movemont of electrons from the battery
bacomes steadily less,

2-17. When the charges on the capacitor's
plates oqual the charges on the battery's
poats, 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 bats
tery), Thus, once the capacitor is charged,
it blocks the flow of DC and becomes an
EFFECTIVE open.

2-18., Summarizing then; when voltage is
applied to a capacitor, it 18 at the first
instant an EFFECTIVE short with maximum
current flow and no voltage across the capa-
citor, As the capacitor charges, current
flow steadlly decreases andthe voltage across
the capacitor steadily increases. When the
capacitor i8 fully CHARGED, current stops
and the voltage acrogs 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 electroas or for
Plate B to gain electrons, Thus, the capa~-
citor remains fully charged We have energy
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.

SWITCH
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Figure 2=5, Charged Capacitor
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Figure 2-6. Capacitor Discharging

2-20. By altering the circuit (as shown in
figure 2-8), a way is provided that allows
the excess gjectrona in Plate A to move to
Plate B which has a deticiency 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 elcctrons gained by Plate A were equal
in number to the electrons jost by Plate B.
This process of neutralizing the charged
plates of the capaecitor is known as DIS.
CHARGE. When the two plates are neu-
tralized, the capacitor is tully DISCHARGED.
A word of caution: Because a capacitor stores
and retains energy in its electrostatic tield
NEVER work with a capacitor until you have
fully discharged it,

221, What happens when th. dielectric is
not a vacuum? Figure 2-7 shows another
capacitor in an uncharged condition, In this
capacitor we are using a lielectric other
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 tield 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.

_
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REP4~647

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 atomas.
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 orbita 18 known as
orbital stress, Orbital stress stores energy
much in the same manner a8 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
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Figure 2-8. Orbital Stress
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Table 2-1

DIELECTRIC FACTORS

DIELECTRIC MATERIAL

DIELECTRIC
CONSTANT (k)

AlR
FIBER

BAKELITE
GLASS
MICA
CASTOR OIL.
PAPER
11} beeswoxed
(2 paraffined

DIELECTRIC STRENGTH
(volts per 001 inch)
1.0 80
6.5 50
6.0 500
4.2 200
6.0 2000
4.7 380
KR 1800 REP4-650
2.2 1200 .

This rating ig determined by the electrical
strength of the dielectric material., The
dielectric strength tells youhow much voltage

may be applled to a given thickness of

dielectric material. Every material (even an
insulator) will concusct current if a suf-
ficlently high voltage is applied to it. This
voltage 18 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 applled to the
capacitor continuously. A capacitor marked
800 WVDC or 800 VDC should withstand the
continuous applcation 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 gix but their dielectric strengths are
different. For mica it is 2000 and for bake-
lite it ig 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. Totat Capacitance,

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

2-43. Series. To understand how total capa-
citance 18 computed in a series capacitive
circuit, it 18 necegsary to apply whatwe have
learned about the capacitor, In figure 2-114,
the circuit has two capacitors connected in
gseries. DPlate D of capacitor Cl and Pate
C of capacitor C2 are connected together by
a conductor. As both of these plates are
conductors; plate D of Cl, plate Cof C2 and
the conductor combine to form one con-
ductor. Since amy point along a conductor
is electrically the same, the clrcuit 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
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9=11. Serles Equivalent Clrcuit

57



Figure 2-12. Series Capacitors

capacitor decreases 1its capacitance, the
total capacitance of the two series ¢apa-
citors will be less than the capacitance value
of either capacitor.

2-44. The formulas for total capacitanceina
series circult are!
1

+-l--+—!-+ etc
1 C2 (3 *

Ct » For any number

of capacitors.

For any number of capa-
citors of equal value where
C equals the value of one
capacitor and N equals the
number of capacitora.

c _ClxcC2

t " o1+ C2 For two capacitors.

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

C

Method A: Ct = ~

Ct =5 uF
. _C1xC2
Method B: Ct =Cl+C2

C = 10uFx10uF
t 10uF +10uF

ce

C) (o}
F | { | (¢
I\ I\

20 MF  JOMF

= C3

Figure 2-13. Three Component
Series Circuit

c = 100pF
%~ 20uF

ct-5uF

2-46, Figure 2-13 shows another serieacir-
cuit. To solve for total capacitance ip thia
circuit, two methods will be used again. One
using a slngle formula, the other uring two
formulas.

1

Method A: Ctal 1 1
atcta
1
1 . 1 . 1
20uF 30uF 12uF

1
3 . 2 . 5
B0uF 60uF 60uF

1
10
G0uF

- G0uF
10

= F
ct 6 u

Method B: First find the value of Cet

=Cl::02
e C1+C2

C

20uFx30uF

ca - 20uF +30uF
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Figure 2-5, Stored Charge

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

3-24, 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
acrogs the capacitor is equal to the applied
voltage.

9.28, Thus, the charging action of this
capacitor i8 the same as the capacitor witha
vacuum dielectric, However, a capacitor with
a dielectric other than a vacuum or air will
store more electrons.

3-26. In figure 2-8, we Open the switch in
the circult after the capacitor is fully charged,
As there s 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 diacharge the capacitor ia
provided in figure 2~10. Theexcesselectrons
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

REp4=849

Figurs 2-10, Discharge Path

it. (There is, of course, some extremely
minute amount of electron movement through
the dtelectric but it is so small as to be
insignificant., If this leakage of electrons
becomes significant, the the capacitorisbad.)
At the first instant, a capacitor is anEFFEC-
TIVE short with maxdmum current flow inthe
circuit and no voltage across the capacitor.
During charge of the capacitor, current flow
in the circuit stoadily 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,

2-2p, Capacitance.

2=-30. Knowing what a capacitor {s 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 meamre '

231, 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 0of the ability of a capacitor to store
electrical energy is the capacitance of the
capacitor, The symbol for capacitance is C,

232, The unit of measure for capacitance
i8 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

p_a_ter_nu_ul qt_ one volt across the capacitor,




The symbol for a farad is ¥. Most capi~
citors in ¢common u¥e are much smidler in
value. Gonerally their capacitance is measg-
ured in millionths of a tarad. A milllonth of
a farad i8 called a microtarad {1 x 10-6
farads) and its symbol is uF, A million~
millionth of a farad is called a picofarad

(1 x 10°12 farads) and its symbol 18 pF.
2-33. The amount of charge storedinacapa~
citor 18 directly proportional to the strength
of the applied voltage and the CAPACITY
of the capacitor. Thiy can be expressed as
Q = CE where Q is the charge and E 18 the
applied voltage., When this formuia 18 trans-
posed, the value of capacitance can be found

by the formuia C = z

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

Or in other words

2-34, Capacitance 18 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 18 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;

where: K is the dielectric constant,
A 13 the plate area.
d is the dielectric thickness.
C is the capacitance,

This formula must be muitiplied 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, ¢apacitance
decreases, Why? The number of atoms in a
conductor 13 dependent on the gize of the
conductor. In turn, the number of atoms
determines the number of free electrons in

2-6

the conductor that are available to eater
and leave the plates, As the numbar of tree
elactrons increase, the plates will accept o
larger charge. When free olectrons decrease
in number, the plate will accept a amaller
charge.

2-38, The capacitance of a capacitor is
directly proportional to the dielectri¢ con-
stant, As the dielectric constant increases,
capacitance inc¢reases. 1f the dlelectric
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 elece
trons to the electrostatic fleld, 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 nmumerical value of one, All
other dielectric materials are compared
with a vacuum dlelectric and assigned a
numerical value for their dlelectric 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. Tahle 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 dlelectric does NOT
increase the capacitor’s ability to store
energy. '

2-38, The capacitance of a capacitor is
inversely proportional to the dlelectric
thickness or distance between the plates.
When  the distance between the plates
increases, the forces of attraction and repui-
sion {created by charged plates) decrease,
This causes the amount of charge todecrease.
As distance between the plate decreases,
the forces of attraction and repulstion
increase and the amount of charge increases.
Thus, as dlelectric 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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Figure 2-14, Parallel Equivalent Circuit

C = 800 pF
e S0u¥

C, = 12uF

Now use Ce and C3 to determine C;*
9
C*w

C = 12uF
t 2
ct =G8uF

2.47. Parallel. To determine how we come-
pute total capacitance for a parallel capaci-
tive circuit, we agaln apply what we have
learned about the capacitor, In figure 2-144,
there are three Ccapacitors connected in
parallel, The top plate of all three capaci-
tors are comnected together by conductors.
As the plates are alao conductors, 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 circult can be redrawn as shown In
figure 2-14B, The three capacitors become
EFFECTIVELY one capacitor. Notice thatthe
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
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three capacitors. Thus total capacitance for
a parallel capacitive circuit can be found
by using the formuia; t'.?t aCl + C2+C3 +
etc,

2-49, Figure 2-135 shows a parallel capaci-
tive circuit. To solve for total capacitance,
simply add the capacitance values of the
capacitors as shown.

(:t =CleCleT
s SOuF+«I0uF+ISuF
=75pf‘

2-50. Series~Parallel. Nowthatyouknowhow
to find total capacitance both in series and
parallel circuits, these knowledges can be
combined to solve for C; 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,

+
= a c2——= €3 ==
T SOeF 10pF |~ 15xF

REp4~561

Figure 2-15. Three Component Parallel
Circuit
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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 foliowing procedure:;

Firast solve for the equivalent capacitance
of the parallel network.
C o = Cl+C4
=5uf+dSufF

= 0uF

Now solve for C.. Since C, Cl, and C2
are each equal to 10 uF, use the formuia:

C

N
- 10 F

3
=33uF

2.52, Figure 2«17 shows another series-
parallel cireuit, To solve for total capaci-
tance in this circuit, first solve for the

Ct=

equivalent capacitance of the parallel
network. .
Cel = C3+ C4
=8uF+4uF
=12uF

Now combine Cl and C2, As Cl and C2 are
equal to each other, solve for their equiva~-
lent capacitance using the formuia:
C
ce2 *N
- BuF
2

=4uf

2-19

Ce2 Cot
Ct ¢ l
lu Y
A ymmn A a
. BuF B up

o

Figure 2«17, Equivalent Capacitance

C -cel:cez ‘\

t Cel-i-Cez \
a I12uFx4ufF
12uF+4uF

_49x 10-12
16 + 1078

3 x 10°8 Farads

= JufF

2-53, Figure 2-18 shows a final example of
a2 series-parallel circuit. Solve for total
capacitance,

In this cireuit one of the branches in the
parallel network hastwo capacitorsinseries,
Therefore, the equivalent c¢apacitance of C4
and C5 15 solved first.

20 MF 30 uF Cl= 24 pF
Ce1

8 oF

o
|
&
)
'

Figure 2-18, Complex Series-Parallel
Circuit
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Flgure 2«19, DC Voltage-Current Relationships

+ 18
VARIABLE
vm?ﬁfce Fe
SOURCE T,
A
C . = CixCh
el Ti+Ch

, (¢4x 10~6) x (8 x 10-8)
(24 x 1078) + (8 x 10°9)

_ le2x 10712
32x107°

8 x 10°8 faraas
=8uF

Now solve for the equivalent capacitance of
the paralle! branch,

Cez =2 Cl+ C81

C82 2= §uF+6uF

Cez = 12uF

Next determine total capacitance by using
the formuia: .

1
l 1

1
o S o ce2

[3-]

1
1 1 1
20F T30F T 124F

2-11
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l

3 . 2 + 5
GO0uF 60uF SOuF
_80uF

10
= 8uF

2=54. Up to this point, the capacitor has had
only a DC voltage appliedtoit, Inthe 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 electronsare enterinX
one plate and leaving the other plate,

2.55. In determining how it is possible to
have ecurrent 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 2-19B shows the
amplitude relationship that exists between
applied voltage and the voltage across the
capacitor with respect to time, 1t 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-Current Relationships

2456, Between times TO and Tl of figure
2-19B, both voltage and current are zero.
At time Tl, voltage (E;) starts increasing
at a steady rate to time T3. From T1 to
T2 current increases from zero tomaximum
current (Ic) and a charge (voltage Ec)
begins to build up on the capacitor’'s plates.
However, the current remains at maxmum
value even with the charge being developed
on the capacitor plates. The reason for this
is that E; 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
TS5. Between time T3 and time 'T4 the capa-
citor completes its charge to E; and current
decreases fyom its maximum value to zero.
Thus at time T4, Ea and E¢ are equal and
current 18 zero. E;, E(, and I¢ 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 TS, applied voltage (E; }begins
to decrease at a steady rate from time TS
to time T7. From TS to T6 the discharge
current lnhcreases from zero t0 maximum
in a direction that 13 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 {Ic) remains at a constant value until
time T7, even though the capacitor voltage
i8 decreasing. Why? Because the applied
voltage (E,) is constantly decreasing at a
steady rate, the capacitor continually sees
a new voltage it must discharge to. After

the applied voltage reaches zerovoltaattime
T7, the capacitor completes its discharge to
zero volta at time TH. During the time fyom
T7 to T8, lc decreases from its maxi-
mum value to zero, At time T8; E,, Eq
and I¢ are all zeyo.

2«58. The reason that current ¢an flow inthe
opposite direction at time TS5 is based on
electrostatic principles. When the applied
voltage 15 decreased at time TS, the capa-
citor is charged to the maximum value of
Ea. The DC source voltage becomes less
than the woltage 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 DC source toward
plate B of the capacitor. Thus it can be
stated that when applied voltageis decreased,
current flow will reverse and the capacitor
will discharge. This discharge will contirue
untll the charge on the capacitor 18 again

eq‘-lal tO Eal

2-59. When a varying voltage 13 appliedto a
capacitor, the following statement applies.
With a voltage increase (voltage rise), the
capacitor charges and with a voltage decieasge
{voltage fall), the capacitor discharges.

2«60. Now we will apply an AC voltage toa
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 betweenapplied volte
age (E,), the voltage across the capacitor

. (Ec) and the current (Ic) charging and

discharging the capacitor.

73




2=61. For this explanation, the minute time
difference between E, and Eo will not be
expanded. Thus, the variations in E; and E¢
will be considered to occur at the same time,
The graph in figure 2~20B assumes applied
voltage to be at the start of its positive
half«cycle (ponitive alternation),

4-62. 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 maximumat
a simusoldal rate {(a rate equal to the rate
of change in sine values). E, and Es then,
will be increasing at a conatantly decreasing
rate of changs . Ic will decrease from
maximum at time TI to zero at time T2.
Since the rate of increase for E; is con-
stantly decreasing the capacitor sees con-
stantly less of a difference between E,
and Ec that it must charge to. This means
less and less charging current 18 required
and 1o will gradually decrease to zero.

2-63. At time T2, then, E; and Egare maxi-
mum and I¢ i8 zero. E; and Eo are at 90
degrees asa they are at their maximum posi-
tive alternation value. I¢ 18 at 180 degrees
as it 19 at the end of its positive alterna-
tion. Thus Ic 18 leading E; and E¢ by 90
degrees.

2-84. Between time T2 and time T3, E;
decreases to zero. When E, starts
decreasing, the capacitor will start to dis-
charge and current flows in the opposite
direction. As explained earlier, whenapplied
voltage decreases, the capacitor discharges.
Since E; 19 decreasing at a constanily
increasing rate of change, Ealsodecreases
at a constantly increasing rate of change. As
E; and E¢ decrease, I will be increasing.
Why? Since E; is decreasing at a steadily
increasing rate of change, the capacitor sees
a steadily increasing difference between E;
and E that it must discharge to.This causes
the discharge current to increase. The dis-
charge current 18 maximum as E; reaches
zero.

2-65. At time T3, then, E, and E¢ are at
zero and lp 18 at maximum value. E; and
Eg are at 180 degrees, which is the end of

2-13

their positive alternation and the start of
their negative alternation. Icisat 270 degrees
ag it 18 at the maximum value of its negative
alternation. 1~ is leading E, and Ec by
00 degrees,

2«06. Alao at time T3, the polarity of the
AC voltage reverses and E, begins ita neg«
ative alternation, Between ﬂmo T3 and time
T4, E, increases at a constantly decr~asing
rate of change. When E_ starts '~ u. oasing
at time T3, maximum current wils flow. The
direction of this current flow will be the
same as that of the discharge current between
times T2 and T3. This is due to E; reversing
its polarity as it begins its negative a)terna-
tion at time T3. Between time T3 and time
T4, Ic decreases to zero as E, and Eg
increase to maxdmum,

2-07. At time T4, then, E; and Eo are at
the maximum value of their negative alter-
nations and I 18 at zero. I 19 still leading
E; and E¢ by 90 degrees.

2-88. Also at time T4, L starts decreasing
which causes the capacitor to start dias
charging and current flow to reverse. Botween
time T4 and time TS, Ea and Ep decrease
to zero and I~ increages to maximum.

2-69, At ttme T5, E; and Eo are zero and
Ic i» at the maximum value of its positive
alternation, Ic is leading E; and Eg by
90 degrees,

2-70. After time TS the gecond cycle of AC

voltage ig applied to the capacitor. The

charge and dlacharge action of the capacitor

is the same as it was for the first cycle,

Two cycles of the AC sine wave voltage are

shown o 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 18 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 E,.




b, A sine wave of curreit will be developed
in the circuit by the charge and discharge of
the capacitor that leads E, and Eg by
80 degrees,

¢. When E_ and Ec are at the maximum
value of thelr positive and negative alter-
nations, current in the cireuit is zero.

d. When E, and E¢ 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 fiow through the cireuit 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 1s applied to a capacitor, the
capacitor charges and current flow stops.
A capacitor offers infinite opposition to
current fiow 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 contimous 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 1s this opposition, what dete rmines 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 15 X'’ and its unit
of measurement is the ohm, The 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 phyaical construction of the
capacitor and by the applled frequency.

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

2-14

i its capacitance vialue, A8 you know, capa-
citance i the measure of the ability of a
capacitor to store electrical energy. Capa-
citance i3 determined by the physical con-
struction of the capacitor andis 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
fiow, 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
tact, 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,

2~71. In tigure 2-21B, each cycle of the AC
voltage represents a specific amount of time

since t =-;‘— . In the previous discussion on

AC capacitive circuits you learned that a
capacitor charges both on the positive and
negative alternation of the applied ACvoltage,
As the amount of energy stored in a capa-
citor 1s 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 storedduringthe 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
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time of two cycles, the capacitor has stored
energy four timey,

2=79. In flgure 2-231C the frequency of the
applied voltage is doubled, Since frequency
has doubled, the time for one cycle of the
AC voltage has decreasedby half, This means
then that the time to charge the capaclior
has also decreased by one half, AS capaci-
tance and the AC amplitude remained the
same , the amount of charge (Q) has not
changed, Since there Are now four cycles of
the AC voltage in the same time period aa
the previous two cycles, the capacitor atores
energy eight times in the game time period.
This means that the current hid toflow more
often. Although the same amount of current
flows to charge the capacitor each time in
both figure 2=21R and 2-21C, it flows twice
as many timesinfigure 3-21C, Therefore, the
average value of current flow in the clrcuit
increased, Since current flow Increased,
the opposition to currentflowhadtodecrease,
Thus as frequency increases, capacitive
reactance decreases,

2=80, In figure 2-21D the frequency of the
applied voltage i8 one half that of the voltage

Fare
A
€
le
E E c"‘"
A
A
+E
2F
o
-E

applied in figure 2«21B, Agaln 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 aa the two cycles in figure
2-21B, the capacitor stores energy only
two tlmes in the same amount of time, Since
current flowed only one hall as many times
to charge the capacitor, the average value
of current flow decreased. A8 current flow
dacreased, the opposition to current flowhad
to increase., Thus as frequency decreases,
capacitive reactance increases, Capacitive
reactance is Inversely proportional to
frequency.

2-81. To develop the formla for capacitive
reactance, an additional factor 18 taken into
account, That factor is the time rate for
the change of charge on the capacitor. This
time rate represents the varying current
that charges the capacitor as the applied
voltage varies and it 19 equal to 1/2w,

Thus the formula for capacitive reactance
is:

+E
F
B
-
B
+E
SN n
M
-E
D

Figure 2-21, Capacitive Reactance
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Where:
b 4 c" capacitive reactance in ohms
21 = 6,28
f = 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 27 as foilows:

c*IvIc
1 1
"tm* T
150
Xe =S¢

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

L 159
X.C
159

:xc

H
C

2-83, The pext four examples will show the
relationship between frequency,capacitance,
and capacitive reactance as the exactamount
of capacitive reactance is computed,

EXAMPLE 1:

Solve for capacitive reactance when the fre-
quency is 6 kHz and the capacitor value is
05 1 F,

.159
Xoo =%

_ 159
" 6kHzx.05uF

-159
(6 x 103) x (08 x 10°

%

-1 59
Ax1073

= 53 x10°

= 530 ohms,
EXAMPLE 2:

Solve for capacitive reactance whenthe capa=
citor value 15 ,05 u F and the frequency 1s
30 kHz,

L1589
- Xc *™1c

. 159
30kHzx .05 B F

_ 159
(30 x 10°) x (.05 x 10°5)

159
1.5 x 10°

= 106 x 103

= 106 ohims,

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

EXAMPLE 3:

Solve for capacitive reactance when the fre-
quency i3 1 kHz and the capacitor value is
SUF,

__.159
J"c T tC
_ 159
1kHzx.5uF
- 150
(1x 103) x(5x 10°5)




0159
Bx 10"5

. .316 x 10°
» 318 ohma
EXAMPLE 4:

Solve for capacitive reactance when the fre=
quency 18 1 kHz and the capacitor value {8
L0554 F.

' '159

x (&

c

. 159
1 kHz x 008 uF

.159
{1 x 10%) x (005 x 10

)

L ] 159
.005 x 107

a2 3168 x 103

= J1.8 k chms

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

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

2-85. Series Capacitors, Figure 2-22 shows
two capacitors comnected in series witha i
kHz AC voltage source. Using the informa-
tion glven, two different methods will be used
to find Xcy. Also a formula for Xct ina
series capacitive cireuit will be developed.

2-17

61

K ¢2
_lr Wi
\ I\
10 kP 15 uF
(~\_
aw
w}‘/

Figure 2.22, Simple Series Circuit

2«88, The first method will find total capae
citance and then, use total capacitance to
find total capacitive reactance. As thisisa
series circuit:

C = Ci x C2
t Cl s+ C2
_00x10%) x5 x107%)
8

10 x10°%) + 15 x 107

_1s0x10”!2
25 + 1078

8

= 6 x10 " tarads

=Q8uF
Next total capacitance is used in the capa-

citive reactance formula,

.159

X ® tc,

_ 159
(1 x10%)x(6 x 10°%)

= '159
6 x 10"3

= 0265 x 103
= 26.5 ohms
Using the second method, the value of ¢apa-

citive reactance for each capacitor will be
found and then added. Thus for CI:
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X ,180 150

c1 * et} 1 x10%)x qox107%)

. __-180
10 x 10'3

= 0150 x 10°

» 15,0 ohmas,

For C2:
.159
X2 * Tz
i .159
{1x 10%) x (15 x 10'6)

. -150
15 x 10'5

= 10,6 ohms.

Then for the total capacitive reactance add

xCl and xcz.

b 4
Ct = xCl + xcz
15.9 + 10,6

= 26.5 ohms

2-87. The value of total reactance using
the second method i3 the same as that in
the first method. Therefore, the rule for
series capacitive circuits 1s: Total capaci-
tive reactance ln a geries capacitive circuit
1s equal to the sum of the capacitive reac-
tances in the circuit, and the formuia is:

X +X

ct‘xm*xcz cat---

2=88, You learned earlier that when capaci-
tors are connected in series; total capa-
citance decreases, Next you learned that
capacitance and capactive reactance are
inversely proportional, By combining these
two facts, you can readily see that as capa-
citors are added in series, total capacitance
decreases and total capacitive reactance
increases, In addition, the rule for total

15.9 kis (A,

REP4=560

Figure 2-23, Simple Parallel Circuit

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

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 weil, a formuiia for total capacttive
reactance in a parallel capacitive circuit will
be developed.

2-00, In the first method, total capacitance
will be determined andthen, total capacitance
will be used totindtotal capacitive reactance.
Ct w Cl +C2
=1luF+4uF
=5uF
Next this valus of total capacitance is

entered Into the capacitive reactance
formuia;

As xc .fl 59
t Ct

159
3 ;
(15.9 x107) x (5 x 10™")

.159

79,5 x 10”

L002 x 103

= 2 ohms.
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In the second method, the value of capacitive
reactance for each capacitor will be tound
tirut,

0159

X1 * 1)

.189
{18.9 x 103) x(lx 10"6)

0159
-3
18.9 x 10

.01 10°

= 10 ohms,

X =58
c2 " 1(C2)

150
(15.8 x 10%) x (4 x 10°%)

150 x 10°
= ——_-3-
63.6 x10

L0025 x 10°

2.5 ohms.

As this is a parallel circuit, a basic rule
of parallel circuita is applied. This rule is:
Total opposition in a parallel circuit isequal
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 1s equal tothe
reciprocal of the sum of the reciprocals of
the individual capacitive reactances in the
circuit, The formuia:

|
Xe =77 1 1 For any
t X "Xt b tumber
¢ "c2 Q.
X, xX
X, S For two
t Cl (o]

2-19
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X
S
J"'ct" N

For aqual values. : /

Thua the last part of the second approach is:

x atc1*¥c
G X t¥gq
_10::2.5
10 + 2.6

= 2 ohms,

Therefore, either method glves 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,

2-91. 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 formuias.

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

——XCs
c1 c2
("—”—_‘r
12kn 1B ko,
c3 CL
akn-‘L Tum

Figure 2-24, Simple Series-Parallel Circuit




Co Xeca**c4

X

_@x10°) x 24 x10%)
(8 x 10°%) +(24 x 103)

_ 192 x10°
32 x 10°

3 sx103 ohms

= 8 k chms

As xc 15 in series with the reactances of
cl an3 C2, we may solve for total capa-

citive reaciance with the series formuia.

xct = xcl + xcz + xce

=12ka +18kQ +64kQ
= 36kR

2-53. As you have seenthroughout thislesson
the rules for voltage, opposition, and cur-
rent in series, parallel, and series-parallel
circuits apply to capacitive clreuits just as
they apply to resistive eircuits, Therefore,
the following formuias {stated in capacltive
terms) for series and parallel capacitive
circuits may also be used in addition to
those covered In the preceding material.

Series:

t "It
2«04, Since the capacitive reactance is

another type opposition to current flow,
Ohm’s law formuias also apply., Stated In
capacltive terms, they are:

Eq = 1 Xe

1

c2+lc3+-----

REP4=657
Figure 2-25, Rotor-~Stator Capacitor

Ec

2-85, 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 18 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 capacltor is
the rotor-stator capacitor, figure 2-25, You
are probahbly 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
capacltor normally has alr for its dielectric,

b, The second type of variatle 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 capacltance is varied
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SCHEMATIC SYMBOL

Figure 2-28. Compression Capacitor

by changing the distance between the plates,
thus changing dielectric thickness, Tightening
the screw causes the distance to decrease.
Loosening the screw causes the distance
to incréase. An interesting point to note ia
that when the plates are completely come«
pressed, the dielectric is only the mica.
However, aa the plates move further apart,
the dielectric 18 & combination of mica and
alr.

2-08. Fixed Capacitors. Fixed capacitors
have & fixed value of capacitance. They are
gonerally named by the type of dielectric
each umes.

The foliowing capacitors are examples of
fized capacitors.

a. Electrolytic. The electrolytic capa-
citor's basic construction {s shown In figure

N

2-27. The metal contalner is the negative
terminal, the electrolyte is the negative
plate, and a fum of oxide on the positive
plate acts as the dlelectric. (Note: In this
case, 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. M the
polarity of the voltage were reversed, the
oxide coating({dielectric) on the positive plate
would break down and current would now
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 eapacitor is
designed to present an insulating dielectric
to both polaritlea, This capacitor is a
apecial type of electrolytic capacitor and s

POSITIVE PLATE
{ALUMINUM)

JTALUMINUM
CAN

--; =y

b [

OXIQE FiLm
{DIELECTRIC)

| ELECTROLYTE
(NEG PLATE)

18
SCHEMATIC SYMBOL

Figure 2-27. Electrolytic Capacitor
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used only to
requirements.

satiafy special circuit

b. Paper Capacitors. Paper capacitors
are in common use because Of thelr low
coat and small size. The dielectric material
i usually waxed paper which s a porous
material; therefore, paper capacitors
are maldom used above 600 volts. The plates
are long flat strips of tin foil and the paper
is placed between them as the dislectric.
All three are rotled together into a cylinder,
as fllustrated in figure 3-28. When rotled
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 ia usually
placed in a metal or cardboard container
and sealed with wax, or pitch, to keep out
the molsture. The outsids foil is normally
connected to the ground eide of the circuit
in order to create an electrostatic shleld
around the capacitor. The outside foil con-
ngction 18 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 uged.

¢. Oll Capacitors. Capacitors designad for
large capacitance values used 4t high oper-
ating voltages are oftenoll=impregnated. The
ofl capacitor 19 similar in constructiontothe
paper type. Although otl {(buy itself) has a
lowsr dlelectric strength than the waxed
paper usedinpaper capacitors, paper imprege
nated with ofl has a much higher dielactric
strength. The ofl capacitor operates at a
lower temperature than ordinary paper capa-
citors. They are designed for use in high
power circuits and are commonly used in
transmitter circuits.

d. Mica, Mica capacitors have capacie
tance values between 5 and 50,000 picofarads
(PF) and are used in circults subjected to
voltages up to 16,000 volts. These low capa-
citance compoOnents 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 breaks
down voltage of a paper capacitor, Physically
alternate layers of tin foll (or aluminum
foll) and mica are molded in a bakelite or
plastic cage, The finished product i3 durable
and compact in design.

SCHEMATIC
SYWBDL

REP4-660

Figure 2-28, Faper Capacitor

2-23
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Figure 3-20, Ceramic Capacitors

e. Ceramic Capacltora. With the develope
ment of higher frequencles used in com-
munications and television, there came a
need for amall capacltors with a high dielec-
tric atrength. The ceramic capacitor was
designed to fill these needs, Coaramic capa=
citors range from 3.3 pF to 0.1 4 F and
can be uged in low-power high-voltage cir-
cuita (up to 30,000 volts). They are exten-
sively uged in television high-voltage power
supplies. The construction is quite simple:
A hotlow ceramic cylinder 15 coated inside
and out with sflver paint, Contacts to the
coatings are placed at each end of the
eylinder. The silver conductors are separated
from each other by the ceramic cylinder,
The ceramic capacltor is quite smail
physically. ar{ because of their size, shape,

2-23

&4

and coloring, they are sometimes mistaken
for reaistors, Some typical shapes are
shown in figure 3-29.

2«89, Capacitor Color Code.

2-100, The capacitance value and voltage
rating may be stamped on the body of the
capacitor, but sometimes valyes are indi«
cated by color codes. Because there are 80
many ehapes and sizes of capacitors, no one
atandard ®yatem has been adopted. Your
ELECTRONIC HANDBOOK ¢glves you
a breaskdown of gome of the more commonly
used Systems. Usually, when you find 1t
necegsary to replace a capacltor in a plece
of equipment, your best reference will be the
equipment technical order.




Chapter 3

INDUCTORS AND INDUCTIVE REACTANCE

J<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 witl be discus-
sed: Magnetism, Electromagnetiam, Induc~
tors and Inductive Reactance,

3-2, Magnetiam.

3-3. Magnetiam, like electriclty, 18 another
invieible force wiich has been known to man
for many centuriea. No one knows the fuil
details as to what causes magnetism, but we
can seo how it works and what it does.

3-4., Magnetiam is generally defined aathat
property of material that snatles it toattract
terrous material, Magnetic materials, such
as: Iron, steel, nickel and cobait, that con-
tain such propertles are used for magnets.

3-5. There are natural magnets andartificial
magnets. Natural magnets are foundinnature
and possess the property of attraction, For
practica) appticationa natural magnets are of
little use oxcept for the earth itself whose
magnetic fleld directs magnetic compasses,
which are widely used, It 1s possible to
produce more powerful artificial magnets.,

3-8, Magnets produced from magnetic mate=
rials are called ARTIFICIAL MAGNETS.
They are usually classified as PERMANENT
or TEMPORARY, depending on their abitity
to retain thelr magnetic properties after the
magnetizing force has been removed.

3-7. The ablilty to retain maghetism 1is
called the RETENTIVITY of the material,
This depends on: (1) how much opposition a
material offers to magnetic lines of force
{RELUCTANCE), and (2) the ease with which
magnetic lines of force distribate themselves
throughout the material (PERMEARILITY). A
permanent magnet would be produced from
material having high retentivity. Atemporary
magnet would be produced from material
having low retentivity. RESIDUAL MAGNE-
TISM iz the magnetism left after the mag-
netizing force has been removed. A material
which has 2 high retentivity will have more
residual maghetism.

>y

3-9. A concept cailed LINES OF FLUX or
LINES OF FORCE is used to explain the
things a magnet does. These are imaginary
lines; you cannot #ee them. They represdent
magnetic force. The tines of flux around a
magnet make up a pattern called a magnetic
field. The effects of this force pattern can
be shown by placing 2 sheet of glass ona
magnet lying on a flat surface. Fiiings
sprinkied of the glass wiil settie in a pat-
tern of fines called flux ilnes or ilnes of
force., This pattern is shown in figure 3-1,

cribe and work with maguetic flelda, lines
represent the force existing in the area
surrounding a magnet (refer to figure 3-2.)
These tlnes, called MAGNETIC LINES OF
FORCE, are invisible; but the iron filings
{figure 3-1) iflustrate their pattern in the
magnetic fleld. The magnetic iines of force
are assumed (o emanate from the north
pole of a magnet, pass 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.

GLASS
PLATE
OVER
MAGNET

NEP4~732

Figue 3-1. Magnetic Field




3=11. When two magnetic poles are brought

.close together, the mutual attractioh or

repulsion ¢f the poles produces a mare
complicated pattern than that of a aingle
moagnet. These magnetic lines of farce can
be plotted by placing a compass at various
points throughout the magnetic field, or they
can be roughly itlustrated by the use of
iron filings a8 before. A diagram of mag-
netic polea placed close together {8 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 hawve certaln
real properties. The lines of force can be
compared with rubber bands which stretch
outward when a force 1s exerted upot them
and contract when the forcelsremaved.
The characteristics of magnetic Unes of force
can be deacribed as follows: They

a, are continuous and always form closed
100'[33 »

b. never cross cne another.

c¢. tend to aborten themselves. There-
fore, the magnetic lnes of force existing
between two unlike poles cause the poles
to be putled together,

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

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

3-13. MAGNETIC POLES. The magnetic
torce surrounding a magmet i8S pot uniform.
There exists a great concentration of force
at the ends of a magnet and 2 very weak
tarce 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,

3=-14. U a bar magnet iy suspended freely
on a string, as shown in figure =4, it will
align itself in a north and south direction.
Whon this experiment ia repeated, the same
pole of the magnet will always swing toward
the north pole gf the earth. Therefore, it 1s
called the north-seeking pole or simply the
north pole. The gther pole of the magnet 1g
the south-seeking pole or the south pole.

3-15. A practical use of the directional
characteristic of the magnet 18 the compass, a
device In which a freely rotating magnetized
needle indicator points toward thenorth pole.
The reallzation that the poles of a suspended
magnet always move to 4 definite position
gives an indication that the opposite poles
of a magnet have opposite magnetic polarity.
The north pole of a magnet witl always be
attracted to the south pole gf ancther magnet
and will always be repelled by the northpole,
The law for magnetic poles is: LIKE POLES
REPEL, UNLIKE POLES ATTRACT. Fig-
ure 3=3 ghows the patterns of the lnes.of
force when the poles are placed near each
other.

3-16. Theorles of Magnetism.
3-17. There are two popular theorles of
magnetism, WEBER's THEORY and the

DOMAIN THEORY. WEBER’s THEORY con-
siders the molecular magnets disarranged
ag in Higure 3=5, This causes eachmaolecular
magnet to neutrallze 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 material becomes magnetized. MAG-
NETIC INDUCTION 18 a method of mag-
netizing a bar of iron by stroking it witha
magnet as shown {n figure 3-5, Support
tor the WEBER THEORY is indicated when a
bar magnet 1s divided in half, each 18
magnetized In the same direction as the
original magnet. If this procesas 1s repeated
many times each individual magnet will
have a north and south pole in the same
direction as the original bar magnet, figure
3-8,

3-2
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BAR MAGNETIZED
NEP4#73)
Figure 3-2, Lines of Force Figure 3-8, Magnetizing by Induction

NEP4-727
Figure 3-6. Weber Theory

LIXE POL.ES REPEL
NEP4=724

Figure 3-3. Attraction and Repulsion

3-18. The DOMAIN THEORY i3 based on
the electron spin principie. It assumesa that
the electron not only developes an electric
field but also a magnetic field, as it spins
in its orbit. If an atom has equal numbers
of electrons spining in opposite directions,
the magnetic fields gurrounding the elec-
trons cancel one another, and the atom s
demagnetized. If more electrons apin in
one direction than another, however, the
atom s magnetized.

3-19. When a number of magnetized atoms
are grouped together, there 13 an inter=-
action between their magnetic forces. The
amall magnetic force of the field surround-
ing the atom affects adjacent atoms, thus
NEP4=715 producing a small group of atoms with

parallel magnetic flelds, This group of mag=
Figure 3-4. Compass Action netic atoms is known a8 2 DOMAIN.

3=-3




Throughout a domaln there is an intense
magnetic field without the influence of any
external magnetic fiald, Since about 10 mil-
lion tiny domalns can be contained in one
cublc millimeter, it 18 apparent that mag-
netic material 18 made up of a large number
of domalns, 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
extarnal fleld is applied to a magnetic sub~
stance, the domalns will line up with the
external field. Since the domains themselves
are naturally magnetized to saturation, the
magnetic strength of a magnetized material
ts determined by the number of domains
aligned by the magnetizing force, This theory
of magnetism 13 known as the DOMAIN
THEORY.

3-20. Electromagnetiam,

3-21. Electromagnetism plays animportant
role in electronics, Before exploring the idea
of electromagnetiam, let’s first define the
term electromagnet: An electromagnet isan
electrically excited magnet capable of exert-
ing mechanical force, Present day examples
of electromagnets include the starter solenoid
on an automoblle, electromechanical input-
output devices used with computers, and the
simple door betl. 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 fleld surrounding a
conductor carrying DC. Figure 3-1 illustrates
the procedure used. Note that a straight
plece of wire {3 passed through aholeina
plece of glass and connected to a source of
DC through a rheostat and switch, By sprin-
kiing 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 inthe direction
of the magnetic lines of force. In this experi-
ment the magnetic linesof force are traveling
in a counterclockwise direction. The result

Figure 3-%, Electromagnetic Fleld
{Counterclockwise)

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

3-23, If the battery is reversed, as shownin
figure 3-8, the direction of the current in
the circuit i reversed, the direction of both
compass needlies wili change by 180°, indi-
cating that the direction of the magnetic
field 15 now clockwise about the wire,

3-24, Thus, a change in the direction of
current produces a change in the direction
of the magnetic fleld. The important point
to remember with respect -to the above
experiment i1s that whenever an electric
current is flowing, a magnetic fleld exists.

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

NEP4-739
Figure 3-8. Electromagnetic Fleld
{Clockwise)
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Figure 3~9. Magnetic Fleld Around
a Wire

3.26. The easlest way to find the direction
of the magmetic field about a straight wire
carrying an ejectric current is by the LEFT-
HAND THUMB RULE for conductors.

3-27. If you grasp the wire by your leit
hand 8¢ 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 fleld and the curreat in the con-
ducting wire.

3-28. PFigure 3~11A ghows a cross=eection
ot the wire and the magnetic tield, 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 18 flowing away from you into

NEP4-74)
Figure 3-10¢. Left Hand Rule

§9

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

3-19. Figure J3~11B shows @ crons~
section of the magnetic field about a wire
in which the current i8 flowing out of the
paper. Notice that the direction of the
tields 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 18 used to indl-
cate the current i1s flowing out of the paper
toward you.

NEP4=742

Figure 3-11A. Wire and Magnetic Field
(Current into Paper)
——

/ P ~

NEP4-243
Figure 3-11B. Wire and Magnetic Field
(Current out of Paper)

Figure 3-11.




3-30. Taking the straight wire shown in
figure 3-9 and forming it into a loop a8 in
figure 3-12, the left=hand thumb rule will
show that the magnetic lines ground 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 l00p that the lines enter is
the south pole and the face that they leave
is the north pole.

3-31. 1 you wind several loops to form a
coll as shown in figure 3-13, a more power-
ful magnetic fleld will be created. Inside
the coll, the lines are concentrated to forma
very powerful fleld while outside the coll,
they are spread out.

3-32. A coll like that of figure 3-13 with
current flowing in it is an electromagnet
and it is equivalent to a bar magnet, Its
magnetic fleld has the same shape as the
fleld of a bar magnet and it obeys the same
laws of magnetism that a bar magnet obeys.
That is, the unlike poles of two colls attract
each other and the like poles repel. If the
coil is free to rotate in a horizontal plane
and ls placed in a magnetic fleld, 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 fleld. The
easiest way to find the north pole of a
current carrying coil is by using the LEFT=-
HAND THUMB RULE.

s % N
P2

diaad )y

<\‘“~.. ’/ //
— ———————

Figure 3-13. Magnetic Fleld
of a Coll

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 leay~
tng 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 1S the amount of current through
the <.il ilmes the number of turns of the
coll. More current will set up more lines
of force and thus, make a more powerful
magnetic fleld, Also, the more turns of wire
wrapped around the core, the stronger the
fleld, A fleld of a given strength can be
produced by using .nany turns of wirecarry=
fng a small current or by using few turns

Figure 3-12.
of a Loop

NEPL-~744

Magnetic Field
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of wire carrying larger current. Thus, an
eloctricmcurrent of 2 amPeres flowing in a
coll of 5,000 turts will praduce the same
number of lines as a curront of 20 amperos
flowing in a coil of 500 turns, The product
of the number of turns in & coil and the
amperes flowing in the coll 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 tho same
offect, no matter what the separate values
of current and turns may be.

3-35. U you place a bar of iron or soft
steel in the magnetic fleld of a coil (see
figure 3-14), the bar wili become magne-
tized. The bar has so much less reluctance
than alr, that thousands of additional magnetic
lines are produced by the game current. The
characteristic of magnetic lines to shorten
themselves causes the bar to be pulled ipto
the coil until the bar is centered in the coll,
where the fleld 18 most intense. The bar
becomes magnetized by the fleld of the coil
in such a way as to be attracted into the coll,

3-36. U, in a given coil containing an iron
core, the current is continually increased, a
Point i8 reached where furt..r increases in
current do not produge corresponding in-
creases in the number of lines of flux. When
this point 18 reached, the core 18 said to be

E

SATURATED. SBomotimes, the current in the
coll ia deliberately made 80 large that
saturation of the core takes place. The mag-
netic fleld, tn any elgctromagnet, 18 con«
contrated 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
ares is called flux density. By increasing
the magnotizing force (H), flux density (B)
will also increase. This can be expressed
as B ] “Ho

3-37. Inductance and Inducting Voltage,
3-36. Inductance. The property of a cir-
cult which oOpposes any change in current
flow 18 called INDUCTANCE. Al circuits
have inductance. The opposition, however,
takes place only when there 1s a change
in current flow. INDUCTANCE does NOT
oppose current flow, only 3 CHANGE in
current flow. Where current 18 constantly
changing, as in an AC circuit, opposition
caused by inductance is always present.
The symbol for inductance is the capital
letter ‘L,

3-30. Inductance Opposes a change in cur~
rent {low. This opposition 18 due to counter
EMF (CEMF). Counter EMF 18 an opposing
induced voltage caused by self inductance.
The requirements for an induced voltage
are: & magnetic fleld, a conductor, and
relative motion.

m“'}f‘ﬁ\
U‘J\;v'\fh

Figure 3-14.
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Figure 3-15. Magnetic Fields for Alternating Current

3-40. In tigure 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 fleld, From TO to Tl the
current is increasing and is flowing from
A to D in the conductor shown in figure
3-15A. This increase in current flow pro-
duces an expanding (or moving) magnetic
tield around the conductor. This magnetic
tield (shown in tigure 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 decreasea 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 agaln have a conduc~
tor, a magnetic fleld, and relative motion.
The same sequence of events occurs during
the interval T2 ard 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

3-42, To increase the property of induc-
tance, the conductor is formed into a loop
or coll. 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 cotl, (b) the dlameter of the
coll, (c) the coll 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 ¢oils, Coil A has two turns,
and coll B has four turns. On coll A, the
tield set up by one loop cuts one other loop.
On coil B, the tleld set up by one loop cuts
three other loops. Doubling the wumber of
turns in the coil will produce a fleld twice
as strong using the same current. A field
twice as strohg cutting twice the number of
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wEr=TId
Figure 3-16. Inductance

turns will induce four times the voltage. The
inductance then varies as the squaro of the
number of turns,

3.44. 'The secondfactoristhe coll diamoter.
In figure 3-18 you can fee that coil B has
twice the diameter of cofl A. Recall that
magnetic lines repel each other; the greater
croga-sectional area of coll B, therefore,
provides an easier path for the magnetic
tlux than the crogg-sectional area of coil A,
Again, this has the eftect of increasing the
gtrength of the magnetic fleld and, in turn,
increasing the {nductance of the coll. The
{ndyctance of & coll increases directly as
the crogs-gectional area of the core in=-
creases, Recall the tormula for the area

of a circle: A = 4, Doubling the
radius of a coll, therefore, increases the
inductance by 2 tactor of four.

//
7 X
/] //

/ \

NEP#=747

Figure 3-17. Inductance Factor (Turns)  Figure 3-18. Inductance Factor (Diameter)




3-48, The third (actor that offects the
inductance of a goil 18 the length of the coll,
Figure 3=10 shows the examples of coll
spacings. Coll A has three turns, rather
widely spaced making a relatively long
coll, A coll of this type has few flux linkages,
due to the space between each turn, and
therefore, low inductance, Coil B has clogely
spaced, turns making a relatively ghort coll.
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

e L

A

WIDELY SPACED

(V.OY

CLOSELY WOUND

NEPd=749

Figure 3-19, Inductance Factor
{Coil Length)

core, and cotl B with a soft iron core. The
magnetic core of coll B 15 a better path for
magnetic lines of force than the nonmag=
netic core of coil A, The magnetic core’s
high permeability has legs raluctance to the
magnetic fiux, resulting in more magnetic
lines of force. This increase in the mage
neti¢ fteld Increases the pumber 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
15 the henry {(H). A coil which developes a
CEMF of one volt when the current 15 chang-
ing at the rate of one ampere per second
has an inductance of one henry. For the
slngle=layer coil, we can develop an expres-
ston which shows the relationship of the
four physical factors which approximates
the Inductance: .

A. AIR CORE

B. SOFT IRON CORE

Figure 3-20. Inductance Factor
{Core Material)
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L N2 Al X Kk
L
Where!
L « Inductance
N « Number of turns
A » Cross-sectional area of the core
4 = Permeabiiity of the core material
L e Length of the coll
k « Constant
3-48. An additional factor to increase

inductance 18 to layer-wind the coll. Figure
3-21 shows & coil using clpose spacing and
wound in layers. This has the effect of
obtalning maximum flux lokage, Thus, the
layer-wound coil has larger inductance
values than the same size single«layer coll.
3-48. ‘Total Inductance,

3-50, Many tmes you will come across
eircuits with several inductors in them.
These inductors may be connected either
in series or in parallel. The rules for com-
puting the total inductance in 2 series or
parallel ipductance circuit are similar to
the series or parallel resistance clrcuit,

NEP4=751

Figure 3-21. Inductance Factor
(Layer Winding)

J-81.. Figure 3=22 illustratea threo colls
(A, B, and C) connectod in gories in an AC
etreuit, Coll A {ntroduces a certain amount
of inductance, coil B akis to this inductance,
and finally coll C adds tothe totalof A and B,
In order to find the total inductance in a
serles circuit, you must add the jnductance
of all the coily, The formuia for total
inductance of colls connected In serien is:

Lt3L1+L2+L3+.oo.ooo+Ln

Let us substitute the following values of
inductance in figure 3-22. A » 12 henrles;
B « 7 henries; and C » 3 henries.

Ltzl..l +L2 +L3

Lt.12H+7H+3H

L 322 H

¢

NEP4~752

Figure 3-22, Series Circujt
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3-52, Now let us see what happens whon
we have three colls in parallel as shown in
figure 3-23. The coils X, Y, and 2 provide
throe paths for current. The current that
goes through coil X 18 opposed only by the
inductance of coil X, The game i8 true of
the current going through coil Y and coil 2.
The formula for computing the total induct=
ance of a parallel circuit, therefore, ia as
follows:

Lt:

|
1 + 1 +,..

+

1
L1 L2 %

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

X = 8 henrles
¥ =z 16 henries

16 henries

3-53. ‘The series and parillel methods of
calculating equivalent inductance can be
applied to any series-parallel circuit con-
taining incductors. 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 had been calculated
solve the resulting circuit by substituting
the equivalent inductances In the circuit.

J=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 geries
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.

J=-55. Inductive Reactance.

J-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 alteFnating current, however, is
continually changing. This means that the
magnetic fleld in an AC circuit is con-
tinually changing, generating a CEMF which
is continually opposing the change in current.
In orosr to understand the effects of an
inductor circuit, we’ll analyze the
effects of .+ 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 3-24B 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 flowincreases
at a lnear 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 iz no change in magnetic
field, and thus no voltage is induced. The
induced voltage (E) equals zero whenever

there 1is no relative motlon between the
magnetic fleld and conductors.

3-59., When current flow decreases at a
linear rate, as from T3 to TS, the magnetic
tield 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
TS5, 1s reversed from the polarity of volt-
age developed by the expanding field, from
T1 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
13 twice as fast as from T3 to TS5, Current
increased from 0 to 2 ip ohe unit of time
(Tl to T2), but it decreased from 2 tc 0in
two units of time (T3 to TS). Therefore,
the voltage developed from Tl to T2 is
twice the amplitude (+4 units) as from T3
to TS (-2 units),

3-61. Now let’s apply a sine wave of alter= f
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 T1 {+4 units). As the rate of
change of current gradually increases, from
TO to Tl, the voltage induced decreases.
At T1, the current stops increasing. At this
time, we have a zero rate of change and the
induced voltage wiil be zero. As the current
flow decreases (Tl to T2), its magnetic field
coilapses and the polarity of the wvoltage
induced acrosgs the inductor revérses. Notice
that at T1, with zero rate of change, E = Q.
As the rate of change of current decreages
to minimum at T2, where even the direction
of current flow changes, E = maxtimum with
reversed polarity from TO (-4 units).

3-82. Assume that current flow through the
coil 18 from B to A, during time TO to T2,
The current through the coll 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 npo relation to the voltage
induced by the changing current,

AC
CURRENT
SOURCE

Llll= o
wd

. NEP4~755

Figure 3-25. AC Voltage-Current
Relationship




3-63. In all coses, 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 fiow and
whether it 1s increasing or decreasing. The
induced voltage opposes any change in cur-
rent flow. Jf current is increasing, induced
voltage opposes the increase; if current is
decreasing, induced voltage opposes the de-
crease. Of special interest is the fact that for
the sine wave of current, there is a sine
wave of voltage. Refer to figure 3-26. Maxl-
mum CEMF is produced at the first instant
AC is applled to a coll. Anytime the current
is golng from zerc (0) to some other value
at the maximum rate of change, CEMF ls
madmum, During this time the inductor
appears as an open. An open has maximum
voltage acrogs it. When the CEMPF is over-
come current begins to fiow through the coil.
Effectively, this happens in a purelyinductive
circuit and because of this, we say that cur-
rent lazs the apptied voltage across an
induc*t by 90°,

3~y The inductor reacts to the changing
current by producing CEMF. This CEMF is
produced by the expanding magnetic fleld
which stores energy and the collapsing of
the magnetic field which restores the energy
back to the circuit. Because the energy ls
restored back to the circuit the inductor
dissipates NO power. The opposition an
inductor offers is called REACTANCE. The
symbol for reactance 18 X, The reactance
of a coll i3 INDUCTIVE REACTANCE. The
symbol for inductive reactance is Xy, 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‘= 2L

= 6.28 IL

E
AIL

where XL = Inductive reactance in ohms

27T = 6.28
f = frequency in hertz
L = inductance in henrles

3-85. As you can see by the formulia, there
are two varlables which affect inductive
reactance. They are inductance and fre-
quency. You witl find that since inductive
reactance 1s opposition to alternating current
fiow, 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., if a frequency of 60
hertz is applied to an inductance of 8 henrles,
as shown in figure 3-27, what is the inductive
reactance?

Solution:
8.28 fL
{6.28) X {60) x(8)

L 3014.4 ohms

3-67. Now let’s take the same coll and
apply a frequency of 120 hertz as shown in
figure 3-278,

Solution:

6.28 {L

(6.28) x (120) x (8)

6028.8 ohms

0
R /K\ no’m 540°m ﬂuso"

NEP4-758

Figure 3-26. Phase Relstionship
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Flgure 3-27. Inductive Reactance
(Frequency)

Notice that when the frequency applied to the
circuit iIncreases, the inductive reactance
increases. xL is 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 coll with an
inductance of 3 henries in a circuit with a
trequency of 60 hertz, as shown In figure
3-28A, and compute the inductive reactance.
Solution:

6.28 fL

(6.28) x (60) x (3)

1130.4 ohms
3-69. Now substitute a ©+henry coll for
the 3-henry coil. The circuit now looks like
the one shown in figure 3-28B.
Solution:

6.28 1L

(6.28) x (60) x (6)

2260.8 ohms

aauenmes

‘ H 6, HENRIES

NEP4=15&

Figure 3-28, Inductive Reactance
{Inductance)

Notice, in this case, that we increased the
inductance of the coll 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 radic-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.

i

NEP4=Y60

A

Figure 3-29, Inductor Symbols
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3=73. In an earlier lesson, you learned that
power frequencies of 60 and 400 hertz are
within the range of audio frequencies. For
this reason, power and audlo~frequency
inductors are simllar in constructlon. The
maln differences between the two are the
type of core materlal and the slze of the
wire In the coil. The power inductor ig
wound with larger wire to handle larger
amounts of current than the audlo~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 physicai character-
istics of the three types of inductors dicussed;
POWER - laminated iron core

- medium to large size

- large wire

AUDIO - laminated iron core
- smali 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 fo reduce each
of these losses.

3-16

3-78. The first of the three types ofinductor
loss we will discuss is the copper loss. Cop~
por loss resuits from the resistance of the
conductor uged to wind the coil. It is 2 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 inductorloss ishystaresis
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 i8 magnetized, the molecuies of the
material align themgelves with the magnetic
field. Every time the magnetic field reverses,
the molecules realign themselves. This con-
gtant reversal of the molecules causes
molecuiar friction, thereby producing heat,
Hysteresis loss i3 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
remetmber 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 colapsing 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 3-20. The insulation does not oppose
the magnetic flux, but it does reduce the
eddy currents by Umiting the paths for
current flow.

3-82. 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 ¢ipcuit,

1go




3-83.

Figure 3-30.

To better understand the two reac-
tive components, capacitors and inductors,

IRON-CORE
LAMINATIONS

NEP4=261

Core Construction

. it iz wetl to compare some of thelir electrical
characteristica (see figure 3-31).

CAPACITANCE

INDUCTANCE

in voltage.

The property that opposes a change

The property that opposes a change in
current.

with frequency.

Opposition (X .} varies inversely

Opposition (X ) varies proportionally
with {reguency.

with C,

Opposition (xc) varies inversely

Opposition (xL) varies proportionally
with L,

larger.

Capacitors in parallel, Ct becomes

Inductors in parallel, I..t becomes
smaller,

smaller.

Capacitors in series, Ct becomes

Inductors in :;r-n"ie.-;,,l..t becomes
larger.

90 degrees.

Capacitor current leads E

c?

Inductor current lags EL by
90 degrees,

Large current flow to charge C
opposes voltage changes,

Large CEMF induced to oppose
changes.

Figure 3-31.

Reactance Comparison




Chapter 4

TRANSFORMERS

4=1., Transformers are used in many dif-
terent types of circuita, Their use depends
on the circult configuration. No matter how
the transformer fa used the basic principles
of electromagnetic induction are employed.
4-2. Electromagnetic Induction.

4-3. In the previous chapter, inductance
was discussed and explained. When current
flowed through a coll of wire, a CEMF was
produced as the magnetic field cut the turns
of the coll. This process of producing a
voltage, by an expanding or collapsing mag«
netic fleld, {8 called ELECTROMAGNETIC
INDUCTION. There are three requirements
for induction: 2 magnetic field, a conductor
and relative motion between the field and
conductor. Relative motion means that either:
the conductor 1s moving through the mag-
netic field; or the fleld is moving across
the conductor.

4-4, Let us discuss some of the other
terms that we will encounter in deallng with
inductance, Figure 4-1 shows only one con~
ductor, and the CEMF s induced in this
conductor. This is SELF-INDUCTION. Self-
induttion is defined as the process by which
the magnetic field of a conduttor Induces a
CEMF In the conductor Itself, The symbol
tor self=induction 1s the same as the symbol
for inductance; that is the letter “L'°’.

Figure 4-1.

Sel Induction

4-1

§=5. Another type of induction is MUTUAL
INDUCTION. Mutual induction is defined as
the action of inducing a voltage in one cir-
cult by varying the current in gome other
circuit.

4-06. In figure 4-2, a second coll i8 placed
within the range of the empanding and col-
lapaing field of the first coil. The moving
magnetic fleld around coll A cuts across
coll B inducing a voltage across coil B
which causes a current to flow in the volt-
meter. This effact between two inductances
is called MUTUAL INDUCTION and the
inductance shared by the two colls 18 called
their MUTUAL INDUCTANCE. Two circuits
so placed that energy 18 transterred by mag-
netic linkage apd having no physical connec-
tion betwsen colis, i said to be inductively
coupled. The aymbol for mutual induttance
is the lefter M and the unit of measure ig
the henry (H).

4-7. Each time the magnetic field builds
up or collapses, it cuts across coll B. Here
we have the three requirements for induce
tlon: a magnetic field, a conductor, and
relative motion. The phase relations of cur=
rent and voltage In the two windings are such
that the polarity of the voltage induced in
coll B will always get up a current, the
magnetic fleld of which will oppose or be
180 degrees out of phase with the inducing

field of coil A, If both colis A and B are

o

.

YOLTMETER
- 4

Figure 4-2, Mutual Induction
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wound in the same direction on an iron core,
whenever the top of coil A 1y positive the top
of coil B will be negative, Normally this phase
roversal will take place,

4-8. 'The unit of measure for inductance is
the HENRY. A henry i8 defined as: The
inductance in a circuit which induces an EMF
of one volt when the current la changing at o
rato of one ampere per gocond, The symbol
for henry is H,

4-9, Clonmely assoclated with induction is
fiux linkage, Flux linkage is defined a3 the
interlocking of magnetic lines of force; it is
the number of these fiux linkages within a
coll that determinea the inductance of a coll.

4-10. Fgure 4-3 symbolizes flux linkage.
The colls shown In figure 4-3A have a smaller
amount of fiux linkage than the coila shownin
figure 4-3B, Notice that few lines of force
from coil 1 link coll 2 in figure 4-3A, while
many lines of force from ¢oll 3 link coil 4
in figure 4-3B. The ratic of the nmumber of
flux lines that cut a second coll to the total
number of flux lines that originate in ™
first coll is called COEFFICIENT OF COUF-
LING. Coefficient of coupling 1s explalned
later in this chapter,

4-11. A transformer la a device that trans-
fers electrical energy from one circuit to
another by electromagnetic induction, The
energy ls 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 transtormer
consists of colls of wire placed on some
type of core.

4-12. SCHEMATIC SYMBOL. A Dbasic
transformer symbol looks like two colls as
shown In figure d4-4A. The winding that is
connected to the source is called the PRI-
MARY winding, The winding that Subplies
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

Figure 4-3, Coefficient of Coupling
These additional connections are called taps,
figure 4-4C, A tap placed at the center of a
winding 1s 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 poiarity at the same
instant of time, If sense dots are not used, a
phase reversal of 180° is agsumed.,

NOTE. The phase of the output volt-
age may be revorsed by reversing the
leads of the primaryor secondary coll,

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-§
shows the schematic representation. The
windings are positioned so that the fiux
lines of one inductor cuts the other induc-
tor. The alr core transformer .is com-
monly used in circults carrying radic-
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

1ow-Irequency circults 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, usé the simplified
diagrams of figure 4-6. The transformer of
tigure 4-6A cousists of 2 10-turn primary
winding and 2 2-turn gsecondary winding. The
ratio of the number of turns in the primary
to the turns in the secondary i8 called the
TURNS RATIO. The turns ratio pertalns to
the step~up or Step~down ratio from primary
to secondary,
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Figure 4-5., Core Types

4-15. U an AC input i8 applied to the pri-
mary winding and no load i8 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. Thig current produces a
magnetic fleld which cuts the primary and
secondary as It expands and coliapses. 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
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Figure 4-6. Turns Ratlo Comparison




the wvoltage imduced into each turn of the
decondary wiil be identical to the CEMF
produced in each turn of the primary.

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

4~17, Figure 4-§8B shows a transformer
with a step-up turns ratio of 1:4, An lnput
of 10 volts applied to the primary will pro-~
duce 40 volts In the secondary. Notice that
the TURNS ratlo equals the VOLTAGE ratio
in all cases,

We can express this as an equation:

S number of turns in the primary.
number of turns in the secondary.

= voltage of the primary.

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 46 had a coefficient of coupling of 1.
This means that all of the magnetle 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 | reduces the wvoltage
induced in the secondary.

4-4

4-18. Up to now, our digcusslon of the
trangformer action has been with no load on
the secondary, we considered induced volte
age only. The polarity of the Induced voltage
can be determined by the ude of the left-
hand rule. When a load {s connected to the
secondary winding of a transformer, cur-
rent flows in tlhe secomlary. 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 volte
ages, The magnetic {ield produced by second~
ary current is in direct opposition to the
primary magnetic field, and canceis some
of the primary field. This reduces primary
CEMPF, and, as a result, primatry current

increases, Therefore, as secondary current
increases primary current increases,

4=20, Total power available from a transe
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, If the trans-
former is’ 100% efficient, total primary power
equals secondary power. Figure4-7A showsa
100 () 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 100 {] load will be 1 amp. Power
consumed in the load is (I1x E = P) 100
watts, This power must come from the
source, The source must supply 10 amps
at 10 volts (1 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 ig 100% efficient
because output power equals input power.

4-21, Refer to figure 4-7B, The trans-
former has a step-down turnps ratio of 5:1.
Fifty volts applied to the primary will induce
10 volts In the secondary. If we use a 10 {}
load connected to the secondary, we will
have 1 amp of current (I3 » ﬁ--) and power

consumed by the load is 10watts (P = 1x E).

Now the source must supply 10 watts of
power. With 50  volts, the current needed

to provide this power is:
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4-22, Notlce'that we have a stei:-down in
voltage but a step-up in current. The cur-
rent is increased by the same ratio as the
voltage decrease. Again, our caleculations
assume a 100% efficient transformer. To
our turns-voltage ratio ¢ N E we can
P= _P
N E
8 8

add a current ratio;

4-5

a7

N
v
s
where;

1o = current in the secondary.

‘p 2 current in the primary.

Recatl the axiom which states that ‘quanti~
ties equal to the game thing, are equal to
each other.’ We can, therefore, use the above
equation in three forms:

P = e
N, 1

E 1
£ = 3
E, I

4-23. IMPEDANCE. In general, AC cir-
cuits corsist of resistance and reactance.
The lumped sum of these oppositions to AC
current i8 called IMPEDANCE (Z). Because
impedance is opposition to current flow,
impedance 18 measured in Ohms ({7). As
the secondary irmpedance (Z,) changes, the
secondary current (I) changes. As explained
eariler, a change in lg causes a change in
primary current (1,). Ohm’s law shows that
this effects primary impedance (Zp). Ep =
Ip x Zp. Therefore, a change in Zg 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:

yA
P =
ZS

Z _. E2
« B
E 2
]

182
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p

4-24, practical transformers, although
highily efficlent, are not perfect devices.
They range from 80 to 98 percent efficient.
Primary power must be sitightly greater




than secondary power to offdet the decrease
in efficiency. The loagses associated with
trangformers are the same as the lossges
for inductors. Efficlency can be computed
by dividing trausformer output power by
input power.

4-25. Types of Transformers, ln general,
w¢ have four types of transformers: auto«
transformers, power transformers, audio
transformers, and RF transformers,

4=26. The autotraisformer is a special
type of transformer. By definltion, it i a
transformer with a single winding (elec-
trically) which is tapped. The whole winding
may be used as 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 1] cases,
that a complete DC circuit exists between
primary and secondary.

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

4-28. Power transiormers are often con-
structed with two or more secondary wind-
ings. Thus, one trapsformer can provide
several voltage level outputs, The schematic
in figure 4-9% is an example of a typlcal
power transformer. The secondaries pro-
vide a wide selection of voltages and cur-
rents. Power transfiormers are designed to
operate on the common power line fre-
quencles (50 to 1600 Hz) and to handle
relatively large amounts of power.
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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 i8 carefully selected and
special techniques are used to fabricate the
windings. Audio transformers are designed
to operate over the audlo range of 20-20,000
Hz. Audio transformers are available with
muitiple primaries and/or secondaries.

4-30., The RF transformer 18 used for fre=
quencies above the audlo range. The symbol
for an air~core RF transformer I8 shown
in figure 4-10.

Figure 4-10, RF Transformer

4=31, Troubleshooting Transformers. There
are times, when you are troubleshooting a
gsystem, 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 4-1)A--the ohmmeter reads
infindty, 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 circult component is
isolated.)
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Figure 4~11. Transformer Malfunctions

4=33, ‘The ohmmeteér may also be used to
check for a shorted winding, as shown in
figure 4-11B. However, this method 18 not
always accurate. For example, suppose a
transformer winding has 500 turns and a
resistance of 2 chms and § turns were shorted
out, This would reduce the resistance of the
winding to 1.98 chmsa««not enough difference
to be read on an chmmeter, 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. If the output voltage is low,
you can assume that the transformer has
some shorted windings.

434, Earlier in tlds 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 voit output. Assuming a coefficient
of coupling of 1.0, the turns would be 22 t0 1
for the 5 volt secondary and 1 to J for the
330 volt secondary. Let’s furthor 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-dowm turns ratio. In a step-down trans=
former, the resistance of the secondary wiit
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

Figure 4-12. Power Transformory

primary and measure the oulput 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. Figure4=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 4-1)B shows a transformer
with 10 volts applled to the primary and a
voltmeter reading of 2 volts across the
secondary, indicating a 5 to 1 step-down
transformer. .

Figure 4-13, Step-up and Step~-down
Transformers







70/

Chapter §

ELECTROMECHANICAL DEVICES

5-1. Electromechanical devices are devices
that use electromagnetiam to operate. One of
the simplest devices that falig in this group
ig the relay. Relays usa the magnetic effect
produced when a current ig applied to a coil
to attract an lron bar. This iron baropens or
closes other circuits. The electromechanical
devices which will be explained inthis chapter
are; relays, mlcrophones, speakers, meter
movements, motors, and generators.

5-2. Electromagnetic Relay.

5-3. While relays are made in many dif-
terent sizes and shapes and are uged for many
different purposes, all electromagnetic relays
operate on the princlple that iron 19 attracted
to a pole of an electromagnet. A relay consiats
egsentially of a coil with an iron core and
movable iron bar. When current flows in the
coll, electromagnetism pulls the movable bar
toward the core. The movement of the bar
opens or closes a circuit. The relayls usually
referred toas a remote control switeh because
it can control the operation of other circuits
without being in the same area.

5-4, Flgure 5-1 shows a basic relay amd
relay circuit. The relay itself consistsof five
main parts: core, coll, 2armature, contacts,
and spring. When switch 8 isclosed, current
flows through the coll and causes a strong
magnetic fleld to be set up around the cofl. This

coi lj 1
CONTACTS
CORE "[ e—— ARMATURE
RELAY SPRING
C"*‘f'r " . LAMP CIRCUIT
S

REP4-1992

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
cloge; this compiletes a path for ctrrentin the
lamp circuit. Closing the relay circuit controls
the lamp circult, and the lamp glows. When
switch S 15 opened, the tield aboutthe electo«
magnet collapses; the spring pulls the arma=~
ture contacts apart andthe lamp cireuit opens.

5-5. Electromagnetic relays may be repre=
sented by a schematic diagram, rather than
the pictorial illustration of mechanical com~
ponents used infigure5=1. Figure5-2A shows
a single pole, single throw {(SPST) relay with
the contacts in the normally open {N.O,}posi~
tion. When current flows through the coll, the
contacts cloge. Figure 5-2B shows a SPST
relay with the contacts normally clcsed (N.C.)
When current flows through the coll, the con-
tacts open. Figure 5-2C shows a single pole,
double throw (SPDT) relay. This type of relay
18 used to transfer 2 clrcuit function from
one condition to another condition.

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

5'7. Rela}' Cll"cultﬂ.
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Figure 5-2. Relay Symbois




5=, Holding Relay. Figure 5«3 shows a
holding relay circuit. The closing of switch
82 will permit current to flow in coil C. The
contact arm (which contains iron) wil]l 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 S1 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 gwitch 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 tmit 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 lzR 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 currentinthe starter
circuit.

Figure 5-3. Holding Relay
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Figure 5-4. Starter Relay

S«11, Overload Relay. Another apptication
of an electromagnetic relay is its use as a
protective device, similar to a fuse. Refer
to figure 5-5. When switch S is closeq,
current flows through the relay coil and
load resistor (R;). Let us assume normal
circuit current is 10 mA, Let us also assume
the relay requires 20 maA 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 Jock 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
refay with manual reset. Mcre elaborate
overload relay circuits often use an auto-
matic reset feature,

5~12. 1n electronic systems many differ-
ent types of relays are used. Not all of
them, by any means, are employed for
remote contro]l switching. Regardless of
their purpose, the principle of operation is

the same: A current through a coil creates
" LATCH
K 1
X RESET
; BUTTON

—0/5—|||l——-

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 oOperation,
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 {ile the contacts, Check arma~
ture spring tension, A weak spring or
improper adjustment of spring tension could
caugse the relay to chatter, Check the relay
coll for algns of overheating, A partially
shoried cofl could cause chatter, hum, or
reduced magnetic pulling power, An open
cotl would result in the relay’s failure to
energize, When in doubt as to the electrical
continuity of the coll, check its resistance
with an ohmmeter and compare measured
reading agalnst the manufacturer’s speci-
fied value, Following good preventive main~
tenance technlques 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, stereocs, public address sys-
tems, and other places, Loudspeakers of
various types and with different design
characteristics are used in a variety of
applications,

5-3
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Figure 5=7, Electromagnetic Speaker

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

5«17. The dynamic speaker in figure 5-6
uses a amall coil, called the voice cofl,
wound on a cylinder of bakelite or fiber
material, The voice coll 18 mounted so that
it is able to move back and forih, The voice
cotl 18 centered around the pole plece by a
very flexible, springy material called a
spider. The spider is also attached directly
to the paper cone, Audlo frequency varia-
tions of current passing through the volce
cotl produce a varying magnetic field whica
interacts with the magnetic field of the
speaker magnet, The interaction of the mag-
netic flelds cause motion of the voice coll.
Since the speaker cone 1s directly connected
to the volce coll, its motion corresponds to
that of the volce cotl, This movement will
disturb the air and produce sound waves
directly related to the audio signals applied
to the voice cofl,

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

5-18, To achileve good tonal quality the
loudspeaker must have a good frequency
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responye, It miust roproduce all frequencies
in the audio ringe. Some of the factors which
affect the frequéncy response are the cone
size, material, shape, and enclosure.

5«20, Earphones. The operation of the ear-
phione causes 2 dlaphragm of metal, paper,
or fiber to vibrate at an audio frequency
rate and produce sound. The earphone shown
in figure 5-8 shows liow a dlaphraginis made
to vibrate. The phone comprisesa horseshce=
shaped permanent magnet with two pole
pieces as shown in figure 5-8A. Two coils,
a vibrating metal dlaphragm, and an encle=
sure complete the earphone. A cross«
sectional view is shown in flgure 5-8B,

5-21, With no current in the colls, the
magristic field between the poles holds the

t
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Figure 5-8, Earphone

metal dlaphragm in the position shown by the
solid line. When current passes through
the colls, it causes a tnagnetic field which
aids or opposes the magnetic field of the
permanent magnet, This increase or
decrease in the magnetle field varies the
tension on the dlaphragm. An alternating
current applied to the coils causes the
diaphragm to vibrate at the frequency of
the applied current and generate a sound wave.

5-22, Microphones.

5-23. There are many different types of
microphones, but ali have certaincharacter-
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 r‘bbon
microphone,

5-25, Carbon Microphones. The carbon
microphone operates onthe principle of vary-
ing the resistance of granules of powdere:
carbon by varying the pressure on them,
When the granuies are compressed (close
together), the electrical resistance de-
creases., The sound waves strike a metal
dlaphragm, causing it to vibrate at an audlo
rate, The diaphragm is attached to a metal
pin, as shown in figure 5-9A, This pinccmes
in contact with the carbon granuies
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 18 poor, The response is good
for the reproduction of the human voice,
but is too limited for good reproduction of
music. The carbonmicrophone isinexpensive
rugged, and highly reliable,

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

to it, as shown in figure 5-10A. The backing
plate and the diaphragm form the plates of
a capacitor, The sound waves cause the dia-
phragm to vibrate, varying the distance
petween it and the plate. These changes in
spacing cause changes in the capacitance.
This changing capacitance {s placed in a
serieg circuit and causes the current to
change through the resistor, as shown in
tigure 5-10B.

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

§-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.
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Figure 5-10. Capacitor Microphone
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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

MEMBRANE

MEMBRANE

A B

Figure 5-11. crystal Microphone

/0




curront. This type of microphone has an
excellient {requency response, s rugged and
reliable, atnd requires no external power. It
can be made extremely amatland ia generally
found in portable sound 8ystems,

5-31. Dynamic Microphone. The dynamic
microphone makes use of the moving-coil
principle used in the dynamic loudgpeaker.
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 coll motion
in o dynamic loudspeaker is produced by
passing an alternating current through the
movable voice coil, and that the motion is
coupled to o diaphragm which generates
gsound 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 illug-
trated in figure 5-12, iz 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
itlustrates the construction of such a
microphone.
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Figure 5-12. Dynamic Microphone
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Figure 5-13. Velocity Ribbon Microphone

5-34. The operation of the velocity-ribbon
inicrophone 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
speech and music of good quality and needs
no external power. It is highly directional,
an important advantage where the pick-up
of surrounding notse is undesirable.

5-36. Meter Movements and Circults.

5=37. You already know that meters are
used to measure electrical quantities. You
have used a multimeter which measures volt-
age, current, and resistance; its operation

5-6




depends on the paseage of an electric current
through 1it, Your multimeter movement has
its circuit deslgned and the scales calibrated
to measure various values of the three basic
electrical units: volts, ohms, and amps.
Three clagses of meters use electromag-
netism: moving-iron meters, moving-coll
meters, and dynamometers. When current
flows through a coll, it produces a magnetic
fleld which s directly proportional to the
amount of current. The strength of thig fleld
can be used to indicate the amount of current
passing through the coil, The moving=coil
meter 18 the most popular type meter move=
ment used today,

5-38, Moving=Coll Meter. The meter
movement most commonly used inelectronivs
is the permanent magnet moving coil, pre-
ferred because of its accuracy, ruggedness,
and Hnear scale. In 1882, Arsene d’Arsonval,
using the moving~coll principle, developed a
galvanometer. In 1888, Dr. Edward Weston
modified the design to make the meter easily
portable. The basic movement still 18 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 s horgeshoe-shaped, is made of a high
permeability alloy such asalnico, The perma-
nent magnet is terminated by pole pieces,

MAGNET

which are constructed of soft iron to inten-
sify the flux in the reoquired region. The
moving coll congists of many turns of fine
copper wire wound around an alumipum
bobbin, positioned in the magnetic field be=
tween the pole pleces. The current to be
measured, or a predetermlned portion of it,
pasges 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
couid ogciliate rather than stop 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 opposesgthe oscil-
lations, Two spiral springs cause the needle
of the meter to return to Zero when ho
current fiows 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 c¢an bend
the needle, which will cause incorrect
readings and permanent damage tothe meter,

RIGHT RETAINING PIN

ZERO ADJUST SCREW

SPIRAL
7 SPRING

POLE
PIECE

ALUMINUM
BOBBIN

Figure 5~14, Meter Movement
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S$=41. Most moving=coil meters uged for
DC mensuremecents have a lUnear scale, with
equal spaces between the numbers, aimilar
to the one shown in figure §+15A. The amount
of deflection 18 directly proportional to the
amount of current {lowing 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 flgure 5~15B,

5-42. Figure 5-16 {llystrates a moving-coil
meter movement schematic symbol. When
current {lows through the coil, it rotates
causing the pointer attached to the coil to
move acrogs the scale. The amount of cur~
rent required to move the needle {rom zero
to full-scale deflection {(FSD) is a measure
of meter SENSITIVITY. The less current
required to move a pointer to fuil-gcale
deflection, the greater the meter sensitivity.
Meter seusitivity is expressed in milliamps
or microamyps. For example, if 50 micro-
amps of current flowing through the meter
coil causes {ujl=scale deflection, then
the sensitivity of the meter movement 15 50
microamps. Once a meter movement has
been manufactured with a given sensitivity,
it cannot be changed.

B. 8quare-law Scale

Figure 5-15. Meter Scales

Figure 5~16. Meter Coil

5-43. A siogle meter movement can be con-
nected a8 an ammeter, a voltmeter or, an
ohmmeter. Each of these, in turn, can have
muitiple ranges of operation.

5-44, Ammeter. In the ammeter, the movable
cofl has a very low resistance, and the volt-
age drop across it is small. YOU MUST
NEVER USE THIS METERIN A CIRCUIT
WHERE THE CURRENT MAY EXCEED
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, Rg, In figure
5-17, allows shunt current, I, to bypass
the meter movement. The following example
will show how the shunt resistance increases
the range of the ammeter.

I———-———.—l————_—'

REP4-1995

®

SCHEMATIC SYMBOL

Figure 5-17. Current Meter
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=46, EXAMPLE: In the meter movement
of figure 3%-17, full-scale defloction of the
needle occurs when 2 mA flows inthe movable
coll. The resistance Ry, of the coll 1s 50
ohms. What must be the value of Rg to indi-
cate a fuil scale current reading of 20 mA?

SOLUTION: Since only 2 mA of current in
the coil 1s needed to cause full-scale deflec=
tion, 18 mA must be shunted around the coil
through Rg. 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 1,R, and across the resistor IgRg.
Therefore,

Since l,,, for full-scale deflection, 13 2 mA,
Ry 1s 50 ohms, and 15 13 18 mA, then, by
substitution,

R - {0:002)(50) : 5560}

s 0.018

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, 1y, 1s 2 mA and Ig is 18 mA, and
total current flow is 20 mA. The important
point to reallze is that only part of the
total current flows through the moving cotl.
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.

8-48. Let's change the range of operation;
Suppose we want this meter movement to
measure 30 mA, Full-acale deflectionoccurs
with 2 mA, so 48 mA must go through the
shunt. With 50 ohms resistance, the voltage
drop across the meater movement 18 0.1V;
this same voltage drop is across the shunt
which carries 48 mA. The resistance of the
shunt, therefore, , 0.1V 2.08 ohms.
48 mA

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,

$-50. Keep in mind that full-acale deflec-
tiont occurs with very small current through
the meter movement. Any greater current
wiil damage or destroy the meter movement.
ALWAYS make sure the ammeter 18 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 coll i3 connected in series with a
resistance so that you may connect the
instrument directlyacross abatteryor gener-
ator and yet have only a smalil current flow
through the meter. A voltmeter has this very
high resistance to ilmit current flow from
the circuit to which it is connected. Youmust
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 serles
resistors. Such additional resistors are cailed
multipliers.

5-53. EXAMPLE: A voltmeter having a
moving-coll resistance of 50 ohms deflects
full-scale when 2 mA flows in the coll. Find
what resistance must be connected in series
with the ¢pil 1f the needle is to deflect full-
scale when 200 volts is applied to the
voltmeter.
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200v
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:

E__200 _
R = =g = 100,0001

Since the moving coil has a resistance of 50
ohms, the multiplier (series) resistor must
have a value of 100,000 - 50 = 99,050(1.

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

10V
Total R = 2 mA
movement has 50 ohms resistance, the series
multiplier will be 5000 - 50 = 4950 ohms.

§=-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 wusually
express the sensitivity of a voltmeter inohms
per volt, The range of the voltmeter infigure
5-18 is 200 volts, That is, when 200 volts is
across the terminals of the voltmeter, the
needie deflects fully to the right, The total
resistance of the meter is 100,000 ohms.
Therefore, the ohms-per-volt ratio or sensi-

100,00002
ty L) detdet 13
tvity is 200V

= 5000 ohms. Since the meter

= 500 ohms per volt,

ohms _ 1

=——— 0;Schematic Symbol

Since: = amperes, then

volt
ohms
Therefore, if you know the current neces-
sary for full-scale deflection, you candeter=-
mine the sensitivity of the meter inohms per

volts ~ amperes

A

[
It

Schematic Symbol

Figure 5~19, Ohmmeter

volt by finding the reciprocal of this current.
For example, the voltmeter in figure5-18
requires 2 mA for full-scale deflection.
Therefore, its sensitivity in ohms per volt
1

19002 *
=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 50 2 A,
The sensitivity of this meter is then!

500 ohms per voit.

1 1
S0 A £g 1070

« 0.02x10%:

20,000 ohms per voit.

5-58. The accuracy of a voltmeter is de-
termined by its sensitivity. Any meter which
draws current from the circult LOADS the
circuit, Such circuit loading, more often
zalled voltmeter loading, is yndesirable. All
moving coil meters draw current from the
circuit ynder 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.

§-59. Ohmmeter. Not only do we use the
basic meter movement as an ammeter and a
voltmeter, but we aiso 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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R, (9 avariablo resistance Ry {rheostat)
tor zeroing the meter, and {4) a fixed
resistance R¢ to limit the current flow.

8=81, If the dry-cell voltage is 1.5V, and 2
mA causes full=scale meter deflelctggn, total
serles resistance must equal = 750

ohma., With thls 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 1s
necessary to adjust Ry, (decrease the resist-
ance) to ZERO the meter. 1f adjusting the
meter cannot get the pointer to zero, you
may need to replace the battery.

$=62. To measure the value of a resistor,
first zero the meter, then place the resistor
between the terminals A and B. The needle
wili not deflect full~scale, since now there
fa 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 glve no deflection of the needle.

5-63. The acale 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 3 constant
applied voltage i3 inversely proportional to
the resistance of the circuit. The acale isnot
linear nor 13 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 muitimeter uses onlyone basic
meter movement. By proper selection of
multipliera, shunts, limiting resistors, and
batteries, the multimeter can 3erve as a volt-
meter, ammeter, or chmmeter with multiple
ranges.

Figure 5-20. Ohmmeter Scale

Il

$-85. It 18 important to remember that the
moving coll type of voltmeter uses current
from the circuit being tested. Placitig the
metor 1n the ecircuit can possibly change
the measturement. The higher the moter
sensitivity, the less current drawn and the
more accurate the reading.

8-66, Basic Generator Concepts,

5=67. The requirements for magnetic induc~
tion were discussed earlier. They were: a
conductor, a magnetic fleld and relative
motion between the two., Before, the con-
ductor remained atationary and the mag-
netic field expanded and collapsed across
it. 1ln the generator the conductor moves

through the magnetic field to achieve rela-
tive motion.

$-68. Direction of Current Flow, Flgure
9«21 shows a conductor moving downward
through a stationary magnetic fleld with
lines of force which go from left to right.
Notice that we now have the three require-
ments necessary for inducticn. As the con=
ductor moves down through the fleld, the
field tends to encircle the conductor in a
counter-clockwise directlon. If 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 ruie,
applied in figure 5-21, shows that the cur-
rent in the conductor 13 flowing away from
us (into the page) and is represented by
placing an X or a + In the center of the
conductor,
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l/CONDUCTOR
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Figure 5-21. Magneti¢ Induction
(Movement ‘Down)
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5-00. Now let's observe what happons when
we¢ move the condyctor through the rleld in
the opposite directlion, ag shown in figure
5-22. Applying the left=hand rule in figure
5«22, you can see that lines of force enclircle
the conductor inaclockwise direction. There=
tore, the current is flowing toward you (out
of the page); this is ghown by the dot in the
center of the conductor. From this discugsion,
we can see that a change in directionof rela-
tive motion produces a change tn the direction
of current flow in the conductor.

5-70. 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
[actors:

a. The speed ol relative motion between
the tield and the conductor.

b. 'The strength of the magnetic field.

¢, The length of the conductor within
the field.

d. 'The angle at which the conductor cuts
the lield.

5~72. If the speed at which the conductor
cuts the lines of lorce isincreased, thelorce
on the [ree electrons within the conductor
is greater. This will increase the induced
voltage.

N —— -
o m
ul -
o - o
P gy N -
o\ o
1 CONOUCTOR
WMOTION

Figure 3-22. Magnetic Induction
(Movement Up)

8=73. lncreasing the strength of the mag-
netic fleld also increases the force on the
elactrons. The induced voltage is directly
proportional to the strength of the field.

5-74. A long conductor permits the mag-
netic fleld to perform more work on the
free electrons. I a number of short wires
are connected in serles, 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 gine
wave was explained in an earlier module.

$-76. Components of a Basic AC Generator.

5-77. Reler to ligure 9-23 which 1llustrates
the components of a basic AC generator.

5-78. 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.

Figure 5-23. Basic AC Generator

5-12
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$-79. Function of Compononts. Now that
you are familiar with the compononts which
make up a baslc AC genorator, let's study
the function of each componont. The pole
plecea 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 pleces
are permanent magnets; i{n other cases,
electromagnets are used to provide the mag-
netic Held, The generator 18 constructed so
that the pole pleces 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 lows
reluctance path between the pole pleces. As
the conductor rotates In the magnetic field,
it cuts magnetlc lines of torce. This action
induces a voltage in the rotating conductor,

5-81, The slp rings rotate with the arma-
ture, while the brushes remaln 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
tlows so that usefui work cap 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. I you studyfigure §-24, youwill notice
that the components of the baslc DC generator
are very slmilar to those of the basle 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 elther a permanent magnet or an
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Figure 5-24, DC Generator
{Minimum Induction)

electromagnet {formed by a fleld coll wound
on the pole pleces), 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
statfonary 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
tigure 5-24 and see what type voltage it
produces,

5-86, How DC I3 Generated, The loop in
figure 5-24 is shown in a position where
the conductor is moving parallel to the
magnetic tield, 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
tlme, As the loop rotates through 80° 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 voit-
age agaln 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, Ax the loop rotates to the 270° post-
tion, a muximum voltage 18 induced in the
loop causing A current flow within the loop
tfrom B to A, Because the left=hand brush
1s 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 rightehand
brush, Finally, as the loop continues to the
360° position, the induced voltage again
returns to zero,

5-88., Types of Qutput, 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 circuft 20 that the current
through the external circuit remalns in the
same direction. The voltage across the load
is plotted in figure 5-26. When the loop is
at 0° (tigure 5-24), the voltage across the
load §s zero. When the loop is at 90°
(tigure 5-25), the voltage across the load
is maximum, At 180° the voltage again
" becomes ZeTy; at 270°, the voltage Is again
maximum, and it returns to zero at 360°

5=-80, The voltage across the load does not
reverse polarity; however, it varies from
zerc to maximum, This is a pulsating DC
voltage as the DC output periodically
drops to zero. Let ys see how the DC output
of the generator can be made smocther,

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, Y the brushes are positioned
properly, they will furnish the maximum
voltage to the external circuit during the
time that each loop is at maxmum. The
output of a two-loop generator looks like
that shown in figure $-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 i3 defined as a device which
converts electrical energy into mechanical

5=-14

energy. The electrical energy develops mage
nettc flelds which interact and gxert a
mechanical force. Motors come in many
types and sizes to do all kinds of work, All
motors operate on the same fundimental
principle, A force 18 exerted between sta-
tionary and movable magnetic fields, The
amount and directlon of this force, which
resuits from interactions of thetwo magnetic
tields, determines motor Speed and direction
of rotation. In order to determine the amount
of force and its directicn, the strength and
polarity of both magnetic flelds must be
known. Motors are normally classified
according to the voltage or current used (AC
or DC) and by the methodof motorexcitation

5-93, Force
Flelds,

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 illystrates the

Exerted Between Magnetlc

magnetic field around a conductor carrying
current into and out of the page. A cross
represents current flowing intothe page anda
dot represents currentflowing out of the page.
The field set up by current flow intothe page
is counterclockwise {CCW) and the field set
up by current flow out of the page is clock-
wise (CW), Eariler in the course youyusedthe
“left-hand rule’’ to determine how lines of
force move around a conductor. This rule
states: "‘If you graspa current-carrying con-
ductor in the left hand with the thumb pointing
in the direction of current flow, the fingers
will point inthe directionof the magneticlines
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 5-29B, 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
torces the conductorupward. The conductor’s
lines of force above the conductor attract
the stationary magnetic lines. This adds
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Figure 5-25,
(Maximum Induction)

The Generator

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

5-08. Figure 5-20P 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.
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Figure 5-26. Induced Voltage

LOAD

Figure 5«27. Two Loop DC Generator

5«07, Basic Direct-Carrent Motors.

5.08, Since we now know how a current=-
carrying conductor moves in a magnetic
field, our next step 18 to determine how this
action applies to a motor. A motor requires
an internal turning force, which is called
TOQRQUE. In a motor, the current=carrying
conductor 18 formed into a coil and placed
LOOP 2 LOOP 1 QUTPUT

Figure 5-28. Output waveform

CONDUCTOR MOVES UP

Figure 5-29.

5-15

CONDUCTOR MOYES DOWN

How a Current-Carrying Conductor Moves in a Magnetic Field
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on & shaft. The coll ig freo to rotate within
the atationury plagnetic flield. The inter-
actlons of the permanent and rotating mag-
netic flelds develop the torqué which cauaes
the shaft to turn, This torque also turns the
external load on the motor.

5-99. Counter-Electromotive Force (CEMF).

5=100. The realatance of armature colis is
very small, usually less than 1 ohm. i 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 18 much less than 200 amps due to a
voltage induced in the armature as it moves
within the magnetic field, This induced, EMF
is 160° out of phase with the EMF applied to
the armature and ls 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 comductor. 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 flelds 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 (zerodegrees).
At time T2, note that the amplitude and

polarity of the two phasea are the game. Thia
would produce a magnetic tield as shown In
figure §-30C and the rotor would move CW
to the 46° position,

§-105. At time T3, phase A 1s zero and
phase B {8 maximum poaltive. The resultant
magnetic fleld causea the rotor to move to
the 90° position as shown In tigure 5=30D.
At time T4, the amplitude ig the same, but
the polarity 18 opposite. The resultant mag-
netic field wouid place the rotor at the 135°
position as shown in figure 5-30E. At time
TS5, phase A is maximum negative and phase
B is zero. The rotor will move to the 160°
position as shown in figure 5~30F, The rotor
has now made one half turn with one half
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 gtator 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 coiis
are wound to give a physical separation of
60° between each pair of poles as shown
in flgure §-32. ln actual practice the poies
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 atationary windings of AC motors must
be strong enough to cause mechanjcal
motion. This mechanical motion is pro-
vided by the rotor (to which gears and other
mechanijcal linkages are attached) which tits
inside the stationary stator.

5-106, Types of AC Motors.

5-16
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5-100. Synchronous Motors. The opera-
tion shown in figure 5~30 i3 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 fleld rotates to keep
aligned with it. The speed of the rotating
field depends on the frequency of the applied
AC. The gynchronous motor cannot operate
at any speed except that of the rotating
fleld. This type motor is used where it is
important to malntaln constant speed.

5=111. Induction Motor. 1In the induction
motor, there are no connections to the
rotor; it is a self-contalned 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 glots are one
of two types. The most common is called a
SQUIRREL~CAGE winding. This winding con-
gists of heavy copper bars connected to-
gether at each end by a metal ring. The
other type of winding contains ghorted 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 ig 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 1z appllied to the primary of a trang-
former, a varying magnetic field ig egtab-
lished, which induces a voltage into the
secondary winding. The rotating magnetic
fleid 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 fleld which
Interacts with the stator magnetic field to
make the rotor rotate.

5=114. 1t 15 impossible for the rotor of an
induction motor to turn at the same speed
ag the rotating magnetic fleld. If 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 ig 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 windirg.

MAIN
WINDING

l START

AC  INGLE DING
PHASE START HINDING

T SWITCH

Figure 5-33. Split Phase Motor
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8-118. Figure 8-33 shows one type of split-
phade induction motor. It uses a combination
of capacitance, inductance, and reaistance to
develop a rotating field, This type of indue-~
tion motor 18 called a capacitor-start type.
The stator circuit consists of two legs. One
leg has the maln winding, and the other leg
has the start winding. The windings are
maechanically spaced at right angles to each

other. An electrical phase difference betweon / / 7 '

the two windings 18 obtained by connecting a
capacitor in geries with the start winding.
The result i8 a 2-phase magnetic fleld which
starts the motor by providing a rotating
magnetic field as explained for the two phase
motor. When 60% of full speed i8 obtained,
the start switch opens, and the motor runa

-uging only the main winding.

5-19
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OVERVIEW
AC COMPUTATION AND FREQUENCY SPECTRUM
1. SCOPE: In this module you will atudy the characteristics of alternating current. Most
Electronic Equipment has an AC signal g a medium to carry the intelligence through it and
18 an important component of its transmitting signal,

2, OBJECTIVES: Upon completion of this moduie you shouid be able to.aatisty the following
objectives:

a. Given waveforms that represent alternating current, identify their characteristicsin
terms of;

(1) «cycle . s o
(2) period

(3) alternation

{4) amplitude

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

¢. Given a pictorial representation of the frequency spectrum, identify the ranges of powe r,
radio, audio, and microwave frequencies.

d. Given either the frequency, period, or wavelength of a sine wave and formuias, 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,
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LIST OF RESOUVRCES
AC COMPUTATION AND FREQUENCY SPECTRUM

To satisfy the objectives of this module, you may choose, according to your training,
oxperience, and preferences, ary or all of the following:

READING MATERIALS:
Digest
Adjunct Guide with Studeunt Text:
AUDIO-VISUALS
Television Lesson, Frequency Spectrum, TVK 30-204

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

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

In previous leasons, 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 18 the +erm applied to current which periodically reverses it8 direction,
The sine wave is the most common AC waveform. In fact, the sine wave 18 80 widely used

that when we think of AC, we automatically think of the sine wave, Household AC is 2 sine
wave, Let us examine an AC gine wave using the figure.

W S Y M R o e e

Notice that the horizontal line divides the sine wave into two equal parts -« one above the line
and the other below it. Tho portion above the 1ine represents the POSITIVE ALTERNATION and
the portion below the line represents the NEGATIVE ALTERNATION, The sine wave continuously
changes amplitude and periodically reverses di rection. Notice thatthe wave reaches its maximum
swing from zero at 90° and 270°, Each of these points ig 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 ita peak. These terms apply to ejther current or voltage
and are important to remember because you will be using them throughout your electronics
career,

Next, 1et us take the term: PEAK~to-PEAK, Thisterm, a8 you can see in the figure, represents
the difference jn value between the positive and negative peaks of the wave, Of course, this is
aqual to twice the peak value: E pk-pk a2 Epk for a sine wave,

Ancther useful value for the gine wavelathe EFFECTIVE value, The effective value of a sine
wave 18 the amount which produces the same heating effect as an equal amount of DC, Since
the heating effect of current jg proportional to the square of the current, we can calculate the
affective value by squaring the instantaneous values ©f 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 yvalues, This value 18 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 volta, Unless otherwise stated, AC voltage

*  or current 19 expressed as the effective value.
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DIGEST

A sine wave with a peak amplitude of 1 volt has an effective value of .707 volta. This means
that a sine wave of voltage whose peak value i3 1 valt wil] have the same heating effect as
.T07 voits of DC. To find the effective value of a sine wave, muitiply the peak value by .707.

Eeﬂ =707 Epk

The reciprocal of .707 is 1.414. Therefore, to {ind the peak value of 2 sine wave muitiply
the effective by 1.414:

Epk = 1.414 Eeﬂ
Another sine wave value that 1s important to know 1s the AVERAGE value, This 18 the average

of the instantaneous values of all points in a SINGLE alternation, (The average of a complete
sine wave 18 zero),

" Refer to the figure; the AVERAGE height of a single alternation is ,837 times the peak
value, In other words, E, = .837E K The relationship between the average and effective
values can be determined mat?lematica.ll? and {3 shown in the {ollowing formuia:

E =.9E
e

ave it

The reciprocal of .9 is 1,11, Therefore, the effective voltage is 1.11 tihws the average
voltage:

Eeff : 1'_11 Eave

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

CONVERT FROM T0 GET
RMS FEAK TO
EFFECTIVE AVERAGE | FBAK FEAK
RMS :

EFFECTIVE 0.900 1.54 | 2.828
AVERAGE 1.110 1.570 | 3.14
FRAK 0.707 0.637 2,000
PEAE TO 0,354 0.718 0.500
FEAK

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 t0 3 maximum negative value and then returns to zero.

134




(——— PULL ETE ———

. o Sy i S S o SN e W e gy

e POUTIVE

HE —
HALP CYCLE nal.":‘\’gl'.l

e FEMO0 TN OURATION el

Alternations of AC do not happen instantaneously, they take TIME. The term PERIOD is
used to deflne the time of one cycle of alternating current., Another term having the same
meaning as time and period 18 DURATION, The DURATION of one cycle 18 ones-gixtieth of a
gecond, or, “One cycle has a PERIOD of one=sixtieth of a second;’’ or “One-sixtieth of a
gsecond 18 the TIME of one cycle.” All three terms have the same meaning.

Alternating currents commonly used in ajrcraft have a period of one four-hundredth of a
gsecond, 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 trequency of an AC1is the number of cyclea that occur in one second.
This brings us to ancther term « HERTZ. HERTZ 18 a UNIT OF FREQUENCY EQUAL TO ONE
CYCLE PER SECOND, Instead of saying sixty cycles per second, we will say sixty Hertz (Hz).

P__ ONE WERTE _—__q
pl——— O L TGLE

| $RCOND
M —r—— RGO ———r

e PERIOD _.I

pp————— s i

Asg you can see in the figure, there i3 a definite relationship between the period of an alter-
nating current and the frequency of the current. Sine wave B has a period that 15 one-halt
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 c¢ycle becomes shorter.




DIGEST

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

o= POWFR

a:]m r.-—nmo pngwtncv—j
¢ l PREQUENCY
I r—ulcﬂoﬂi“l
1

0MHC 400 i 30 hHe 3 WM 350 MM 3 GHe 200 SHe
y .
0 | some l 30 bHe 30 kM3 YoM a|am l

| [z |

N

nre

‘Wavelength 18 the distance traveled by a wave during the period of one cycle and 18 measured
in meters. Wavelength involves two factors: speed and time. Speed 18 the rate of movement or,
veloclty. Electromagnetic waves move away from a source at 2 velocity of 300 million meters
per second. Time 18 the period of one ¢ycle and is determined by the frequency of the wave.
This 18 expressed by the relationship:

1
t=-‘—

The symbol for wavelength is the Greek letter Lambda { A). It 18 equal to VELOCIY (V)
times TIME {t). The formula is:

A=Vt

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

A=t

YOU MAY STUDY ANOTHER RESQURCE OR TAKE THE MODULE SELF-CHECK.

136




AC COMPUTATION AND FREQUENCY SPECTRUM

INSTRUCTIONS:
Study the referenced materials as directed.
Roturn to this guide and answer the questions,

Check your answers against the answers at thetop of the next even numbered page following
the questions,

I 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 gine wave,

a. Alternating Current

b, DPeak-to-Peak Amplitude

¢ Alternation

d, Peak Amplitude

e, Sine Wave

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE,

B. Turn to Student Text Volume Hand readparagraphs 1-12 thru 1=-18. Return to this page and
answer the following questions,

1. Find the offective values for each voltage listed below,

a, 20V =V (Vﬂ=.354xvm)

PP olf e
b, 90 v“ = Veﬂ, (veﬂ =111l x V“)
= v =
c 100 Vp v off (V-e:r .707xvp)
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ADJUNCT GUIDE

ANSWERS TO A
a, Aiternating Current - Current which periodically reverses its direction. -

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

Alternation ~ Variation, either positive or negative, of a waveform from zero to
maximum and back to zero,

Peak Amplitude - Maximum displacement from the zero position of an alte rnating
current. '

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

missed ANY questions, review the material before you continue,

Find the average values for each voltage listed below.

a. 50 vp = A ‘V“ =837 x vp)

b, 10 Ve v (Vmr =9x Ve )

o av £

¢. 25 vpp = Voo (Vav =.318 x vpp)

Find the peak values for each voltage lisied below,

a 100V .= v (Vp = 1AM XV )

P

= v (V. =5xV )
b.ZOVpp o pa xpp

¢, 50 Va? Vp (Vp = 1.57 x V“)

11

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

a, 20 Vg = Vpp (Vpp = 2,828 x veﬂ)

b, 70 vav = vpp ‘ pr = 3,141 x V“)

10V = V =2xV
c. W0V, = o Vpp=2xVp)
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8. 1Inthe chart below supply the miasing values,

Vort Vav % Vw
70,7 ¥
v
oo v
BV

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE.

and answer the foliowing questions.

C. Turn to Student Text Volume II and read paragraphs 1-19 thru 1-33, Return to this page

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

Sine Wave

Cycle

Positive Half Cycle
Period

Negative Half Cycle
Zero Reference

139
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ADJUNCT GUIDE

ANSWERS TO B

1. a. T.OBVeﬂ

b. 99.9 Veu

¢c. 707 Veﬂ

31.85 Vmr

9V
av

7.95 V“

A4V
141.4 "

10V
P

3V
7859

56.56 vpp

v
219,87 P

20V
p

vav vP

63,7V 100 ¥
% vihsv
254.6 viuoo ¥
7.96V 1257

If you migsed 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

¢, Period

d. Duration

e, Frequency

f. Hertz

g. In-Phase

h. Out of Phase

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE.

D, Turn to Student Text Volumé IIand readparagraphs 1-34 thru 1.40. Return to this page and
anawer the following questions.

11
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ADJUNCT QUIDE

ANSWERS TO C

o —da (1)
—_— . (2)
—_— (3)
—_— . (4)
-—b _(5)
— a_ {8

2. a. Cycle - Two consecutive alternations, one positive and one negative, forms one
cycle.

b. Time - Refers to the time required for one eycle.
¢.' Period - The time of one cycle.

d. Duration - The time of one cycle.

e. Frequency ~ Number of cyclea 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 passthroughzeroandreach
their positive peaks gt the same time, they are in-phase.

b, Out~of-Phase - When two sine waves of the same frequency DO NOT pass through
Zero at the same time and DO NOT reach thelr positive peaks at the game 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.

WM 400 He 20 e Yt T MO M0 2 GHa woCHs
2 0 Ma 20 ks 300 kM2 M MHz 16Hz 0 CHa

fo—sle—ele—sbe—obeele—oh—ofe |

VLE  LE ME CHE WHE  UNE gue ENe

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE.

12
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ADJUNCT QUIDE

E. Turn to Student Text Volume I and read paragraphs 1-41 thru 1-88. Return to this page
and answer the following questions,

1.

5'

7.

Compute the period of a sine wave whose frequency ig 20 MHz.

t:'}' P

Compute the frequency of a sine wave whose period 1s 50 u s.

us

MHz2

faTa

Compute the wavelength ( A ) of a wave whose frequency ia 3 kHz.

A = -g— = m
Compute the wavelength ( A ) if the time of one cycle i3 20 u s,
A=txVa= m

Compute the time 1f the wavelength s 3 meters.
t“ -% = e l-ls
Compute the frequency of a gine wave whose wavelength 1g .05 meters.

Hz

"—-

A

Given either.the frequency, period, or wavelength of a gine wave and formulas, com-
pute the other values to complete the chart below.

PERIOD FREQUENCT WAVRLENOTH
01 ps
0 p»
Loo Bs
1.6 in

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE.

13 -
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ADJUNCT GUIDE

ANSWERS TOD

1.

AUDIO |
—-I PatauEncy e A DI A AEQUENCY q
w»

ro—ulcnouvl
3 Gha

] 0 Hy W He W4 wHe 30 WHa 1 GHa 3 GHa
LI] o I I |

|iPOHER
FREQUENCY

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

0Ha o Ha 3 WHa 3 MHa 30 MHa

ANSWERS TOE

1, 05 uas
2.

a.

4,

5.

6.

7.

WAVELENGTH
In

6 m
750 ¥m
1 18

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

YOU MAY STUDY ANOTHER RESOURCE OR TAKE THE MODULE SELF-CHECK.
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MODULE SELF«CHECK
AC COMPUTATION AND FREQUENCY SPECTRUM
e Questions: '
1. A sine wave of voltage — in amplitude ~nd
reverses direction,
2. A sine wave of current Will reach its positive value once per cycle,
3. AC makes complete reversals per ¢ycle,
4. A sine wave starting at the 0° point reaches amplitude at the 80°
point,

5. Match the following {rom the voltage waveshape shown,

a, period

b, positive hall-cycle

¢, full-cycle

d, positive peak amplitude

e, negative peak voltage

f. peak-to=peak amplitude

g- negative alternation

h, positive alternation

8. 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

Y

b. 10 kilovolts (1) PEAK
. (2) AVG
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8. Find the effective voltage of e:(ch of these average values:

a, 100 volts

b, 3 millivolta

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 current are

a, constant amplitude and periodic change in direction,

b. periodic amplitude and unidirectional flow.

¢. varying amplitude and perfodic reversal of direction.

|

d. bidirectional amplitude and periodie flow.

11, The term which represents the diiference between the maximum positive and maximum
negative valuea of an AC sine wave 13 called the

a. effective valuye.
bo peak"to-peak Value.
¢. average value,

d. RMS value

12. Which value of AC has the same heating capacity as DC?

a. Effective,
— b, DPeak
—_ _ ¢. Average,

d. Peak-to-peak

13. Another term that can be used to identify the effective value of AC1a

a, peak.

|

b, peak~to-peak.

c. .average. : 1 4 g

RMS,

l

14
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14. The term used to indicate the number of ¢ycles of AC that occur in one second 18 caLlled
—(a TEQUENCY.
e D, amplitude.
e € RMS value,
em—we . TOVErsals.

15. If the current goes negative &t tiie same time that the voltage producing it goes positive,
the current is said to be

8 purely reaistive.

v b. In=phase with the voltage.

—- ¢ leading the voltage by 90°,

e 180° out-of-phase. .

18. Fill in the blank Spaces under Column B with the 'frequencies which are {nciuded in
the frequency bands listed in Column A,

A B

DC

Household Power

- Alrcraft Power

Audio Fregquency

Radio Frequency

17. Two broad frequency classifications which make up the frequency spectrum are
a, power and radio,

b. radio and television. .

¢ DCandAcC,
. audio and radio,
18. The audio-fregquency band includes the
power frequencies 80 and 400 Hz.
UHF frequencies,
¢. VHF frequencies.

d. microwave frequencies,

17
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MODULE SELF-CHECK

19,

)39

Which of the frequencles listed could be included in all of the following bands: rddio
and microwave ?

—-——-a-

— b-
c.
d

20 kHz

36 kHz
350 MHz
2000 MHz

To be considered in the microwave category, an AC must have a frequency which is over

-—-—-nao

-——-ob-
c-
d.

100 MHz.,
300 MHz.
1000 MHz.
3000 MHz.

Find the two missing values of wavelength, frequency, or period:

FREQUENCY
a, 50 megaheriz

b.

WAVELENGTH PERIOD

20,000 meters

10 microseconds

2 meters

25,000 microseconds

50,000 kilocycles

Wavelength is the measurement of

— B

——— b'
c'
e ——— ¢

time,

time and distance,
distance,

distance and speed.

The wavelength of an electromagnetic wave is determined by its

-

veloeity and frequency.

b, wvelocity per second.
v ¢. frequency and time,

“¢

magnituda,
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24. ‘To find the frequency of an AC whon You know its waves«length, you divide the

b'

MCQ

valocity by the period of one second,
wavelength by the velocity,

velocity by the wavelength.

28. The formula for finding wavelength is

R——— %
“b-

mc'

“d‘

26, Electromagnetic waves travel at approximately

_...___3.-
--—b-

-—l--c-

——

186,000 meters per second.
186,000 miles per hour.
300,000,000 meters per second.

300,000,000 meters per hour,

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE.

19
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ANSWERS TO MODULE SELF-CHECK

1. continuously changes, periodically
peak

2
a

maximum or peak
d

0Hz
60 Hz
400 Hz
20 Hz to 20 kHz
20 kHz - 300 GHz
1
d
{1) 100V :
(2) 70.7V a
(3) 837V . :
d
(1) 5kv
(2) 3535V ¢
(3) 3180V
: a, Bmeters .02us
1)y 1555V b. 15 kHz 66 us
(2) o9V c. 100kHz 3,000 meters
d. 150 MHz .0086 us
(1) 14,140V e. 40 Hz 7.5 x 10% meters
{(2) okV . 8 metera .02us

111 v ¢
3.33 mv

120
800

HAVE YOU ANSWERED ALL OF THE QUESTIONS CORRECTLY?

IF NOT, REVIEW THE MATERIAL ORSTUDY ANOTHER RESOURCE UNTIL YOU CAN ANSWER
ALL QUESTIONS CORRECTLY. IF YOU HAVE, CONSULT YOURINSTRUCTOR FOR FURTHER
GUIDANCE.

150




|4 —

ATC PT 3AZR3X020-X
Prepared by Keesler TTC
KEP-PT-11

Technical Training

Electronic Principies {Modular Self-Paced)

Module 11

AC COMPUTATION AND FREQUENCY SPECTRUM

November 1975

AIR TRAINING COMMAND

76 ' B

Designed Foy ATC Course Use

ATC Keesler §.2374

DO NOT USE ON TNE JOB

151




Radar Principles Branch

Programed Text KEP-PT=11
Keesler Alr Force Base, Misaiaaippi

Novenmber 1975
Module=11
This 1llustrated Programmed Text is designed to aid in the study

of Alternating Current ard the Frequency Spectrum. Each page contains
an important idea or concept to be uwderstood before proceeding to the

next, An 1llustration for each objective 1s presented to clarify what

13 to be learmed.

At the bottom of each page, thepe are a few questions to bring out

the main points. These are indicated by....
It 1s hoped that these questlons also aid
in understanding the subject a little better.

Q—l or Q"'a etc- .

The answers to these questlons wlll be fournd on the top of a

following page, indicated as .....

Short comments may follow the
answers to help understand why
a questlon may have been missed.
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OBJECTIVES

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

a. Glven vwaveforms that repre-
sent alternating current,
ldentify thelr character-
istics in terms of:

(1) cycle

{2) period

(1) alternation
(4) amplitude

Given either the effective,
average, peak, or peak-to-

peak sine wave voltage and

formulas, compute the other
values.

Given a pictorial represen-
tation of the frequency spec-
trum, identify the ranges of
power, radio, audlo, and
microwave [requencles.

d. Given either the frequency,
pericd, or wavelength of a
sine wave ard formulas, com-
rute the other values.

Supercedes KEP-PT-11, 1 February 1975
Previous editions may ve used.




JATEQRUCLION

The flow of large quantities of electrons thru a copper wire,
13 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 times each second. Sometimes, many
millions of time: 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 beging the study of an lmportant part of Electronics,
the Radio Wave, Familiar to all as Radio & Television signals,
"radio waves" will now be ex ed into unfamiliar areas sich as
|Microwaves ard Radar. It all beging withes.sess.

OC and RC ?
-
When an electrice circuit obtains its power from a battery,

/e

the resulting current is called Direet Current [(DC]. \\‘

77ELRY

120v
DC

Wnen trie same ecircuit obtains its power from an electric outlet

in a home, the electron flow is called Alternmatins; Current [AC).

N=la, oatlery powereG Circulls are called LSarrent circuits,
L. Bouseiold eleetric power Is calleu Currert.
¢. The two Lotloer scbreviation fer raterniating current Lo .

(L

de TeF Zatlerles provice Allernating Current.
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DC and AC ?

In a Direct Current [DC] circuit, the electrons always flow

in one direction. The "hydraulic analogy" shows a pump (voltage),

for¢ing water to flow (current), thru a "controlling" valve (resis-

tance),

PILLED WITH WATER

(DC HYDRAULIC ANALOGY ] VALVE F@
WATER FLOWING .*: IN ONE_DIRECTION

In an Alternating Current [AC) eircuit, 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, foreing the water to flow in one direction, Then the piston
moves oown, and the same water is then foreed 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 (_‘L®

WATER REVERSES DIRECTION
AS THE PISTON MOVES UP AND DOWN

=y

in oC Clrcults, e current 3 Inoone sirection.
in AC Circuits, the cwrrent in one cirection,
L. AC Circuiis, tie current i two wirections
al tie same tlme,

2




A=1 a. Direct ¢, AC or ac
L. Alternating d. False....only Direct Current.

DC and AC ?

Dees the direction of electron flow luve any effect on the

electric lamp? \‘\l(’ d “\\\ I/
~ - ol

--\ an—
s P US

DC |o AC {

~
-
o
-

The answer 1s......080 effect! The lamp 1s "1it" equally, by
current [lowing in either direction.

If the effects on the larmp are the same, why have Alternating
Current [AC] at all? What good is 1t? Why not Just use DC???

The questlons are easy. The answers are not! There are many

reasons for the use of Altermating Current. Here are some of therl.

IT 1S EASIER TO GENERATE ALTERNATING CURRENT

LR

blore fully explalned when electric GENERATORS are dilscussed,

-7 The type of current {(AC or EC), is important to the
veravlon of an elaciric lamn,
T Te

-F It 1s easier to monerate Alternatins Turront tian DO,
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A"‘z . }
a. glﬁe ¢. False....not at the gsame time.

DC and AC ?

THE TRANSMISSION OF DC OVER LONG DISTANCES
INVOLVES SERIOUS ENERGY LOSSES!

}i R
HEATS THE BIRDS!

|

HEATS THE HOUSE!

HOTES tlore fully explalned durlng the subject of "iransformers”.

gEAICERS OPERATE, USING ALTERNATING CUHRENT)

HEAT! 1
WND <




A=3 a, Falsc....the 1
b, True

lights cqually well on AC or DC,
the machinery ic less complex, and the "“losseg"
are legs, More details in “"Motors & Generators!

lllll

DC and AC 7

IO AND TELEVISION WAVES ARE A?;]?
C

NOTE: %ore fully explained uncer "wave Propogaction',
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A-U a. DC....and the losses are "fantastic". 'The power companies
started with DC {(way back}, but the need for AC soon bew
came apparent. More detalls in "Motors & Generators'.

DC and AC ? .

The fleld of Electronies 1s deeply involved with the
production and control of many types of Alternmating Currents.
There 1s much to be learmed and understood about this new elec-
tric current!

FIRST.seseoIt 1s pot @ "steady" current, like Direet Current. :

\\\If’/,

The lamp 1s brightly/ =~

"11t" all the time,

5 AMPS

/4

The__Ga_lvanlu?-eter irdicates
a "steady" 5 amperes of

current, in one direction.

Alternating Current would cause the Galvanometer to swing

back and forth, as the directlon of current reversed.

This "alternating" or back-and-forth motlon 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.........BUT THERE IS!!!




SLOW MOTION

An Electronic instrument called an Oscilloscope [o-sill’-o-
scope] 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 % arperes in the
other direction. It changes sradually ana smootnly. Follow along
with th’e flow of Alternating Current thr‘u@eleétric lamD.ee e,

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 larp appears to be 1it "steady"......like with DC,

7




ALTERNATIONS

Each "pise-and=fall” of current 1s called an ALTERNATION.

(all-ter-nay-shun)

THIS IS A POSITIVE ALTERNATION

THIS IS A NEGATIVE ALTERNATION

Alternating Current [AC] then, consists of a "positive"

alternatlon, followed by a "negative" alternation, followed by

another "positive" alternation, followed by another “negative”

alternation, ete....

Although there are many alternations each secord, each
alternation takes a certain amount of time to complete,

For exanple.....In a house, there are 120 alternations corpleted

each second...... 60 "positive” and 60 "negative".
Q-5 a. Each "rise-and-fall" of current 1s called an .
b, kach "positive" alternation, is followed by a
alterration,
¢. T™=F Posltive alternations anc negative alterrations
occur at the same moment of time,
d, During each alternation, the electron flow 1s in

dlrections.
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CYCLES

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 secord, each
cycle takes a certain amount of time to complete. In a house,
there are 60 "cycles” completed each second. Therefore, commercial
electric Power 1s 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.

=6 a. One "eycle" consists of alternations,
b, One "positive" alternaiion, followed by one "negative'
&lternatlon, 1s called one
¢. T=F Thera are usually many "cycles” co"plet.ed each
second.
d. T-F Positlive alternations and negative alternations
occur at the sane roment of time.
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alternation
"negative"
False....not at the same moment of time. They follow
along, one after another.
d. opposite.....but current in either direction will "shoek"
an equal amount.

FREQUENCY

In Alternating Current [AC] eircuits, there are usually many

feycles" completed each Second. The number of cycles completed each

second, is called the "frequency" (Symbol f) of the Alternating Cur-

rent [AC].
The number of "eyeles"

(-F) = / of Alternating Current
W completed in ONE secord.
EXAMPLES: Commercial electric power, has a frequency (f) of 60
= cycles per second (eps or CPS)..... f = 60 cps.
On the European continent, commercial electric power
has a frequency (f) of 50 cycles per secord.... { = 50 cps
HERTZ
S )
The international unit of "frequency" is the Hertz (Symbol Hz).
It is equal to "one cycle per second". Also "hertz" (Symbol hz).

oneE ﬂm‘(‘a— = one ujde PER second.
EXAMPLES: Commercial electric power, has a frequency (f) of

60 Hertz (Hz)...... f = 60 Hz, or f = 60 hz

On the European continent, commercial electriec power
has a frequency {(r) of 50 Hertz (Hz)....... [ = 50 Hz (or hz)

"Although "Hertz" has been adopted as the standard, cycles-per-

second will also be used in this text, because it 1s "still around".

G~7 a. The nunter of cycles completed cach second is called the

of the Alternating Currert.

b. 200 cps, or 200 Ez, means tiere are 200 compieted
each second, .

¢. The International Unit of Freguency s the (xiz).

10
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A-6 a. two.....0ne positive, and one negative,
b, Cycle.
c, True,,,.sometimes "millicns" of cycles in one second.
d. False...if you missed it this time, try this. Can a
YO-YO 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 oue hertz (1 hz), the "cone" of the speaker
is moving back-and-forth too slowly for any sound to be heard. If the
frequency 1s rafsed to about 20 cycles per second, a very low "rumble"
begins. At abocut 50 Hertz, it becomes a low "huming" sound. AS the
frequency is ralsed still furthur, different "tones" are heard, as

plctured below. PIANO KEYBOARD (Frequencies in CPS)

J*‘ A (1100 1] "
!I ilél!l‘*lhl!eiiﬁiuiipila " chl ° iE Eﬂia

At about 20,000 iz, the "pitceh™ of the sound is too high to hear,
However, some animals may respond to higher frequencles, such as the
"silent" dog-whistle.

AUDIO FREQUENCIES then, are deseribed as those from a low of

about 20 hertz, to a high of atout 20,000 Hertz. {Kuman hearing)

=8 a. If "sourd" is heard when an Altemating Current is applied
to a speaker, the current is sald to be af an
{reauency,

11
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A=? 8. frequency

b. aycles
¢. Hertz

ULTRASONIC FREQUENCIES

Above the range of "hearirg”, there are sound waves which are

uged for many purposes today. 7They are referred to as "ultrasonic

frec iencies”,

Electric speakers cannot normally be used, because the "wibra-

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 CLEATNG TN

R ——

N\

000 8| | |D) ) | cznime
LA

Millions of tiny "bubbles",
created by the ultrasonic
vibrations, microscopleally

Other uses for "ultr-asmic_ "Scmb" a delicate de\'ice.
frequencies" are:

ULTRASONIC VIBRATIONS

Ultrasonic X-Ray, without the normal "radiaticn” hazards.
Ultrasonic "Sonar" equipment, for underwater detection.
Ultrasonic heating, used in wood "lamination' processes.

Jtrasonie dental equipment, eliminating drill “vikratlions”.
‘Ntrasonic "intruslion alarms", for property protection.

ULTRASONIC FREQUELCIES then, range from about 23,000 Hertz,

up to several million riertz, depending upon the application.

Q=0 a. M=F Ultrasonic frequercics can Lo heard.
L, U= Ultrasonle wavey nre cleetric ypved, —_—

12
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A<8 4. maudioh,.,..the "risingeand-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 alr "pressure" are then detected
by the ear "drum" and sensed as sound.

KILO-MECA-GICA HERTZ

Radio, Television, Microwave, and Radar equipment, involves
the use of frequencies MUCH higher than "audto” or "ultrasonic™.
The frequencles within these types of equipment, are measured in
“thousands”, "millions”, or "willions” of cycles per secord.

It 1s difficult to Imagine electric current reversing direct=-
lon "milltons" of times in one second. However, this is happening

inside the Electronic circuits of 2 standard television set.

, 000 10

One thousand cycles per second 1s represenited as 1 Kilo cycle
per second. (1 Keps, or 1 KC, or 1 KHz, or 1 Khz, or 1 kiz)

2 Kz would equal 2,000 cycles per second.
20 KC would equal 20,000 cycles per second.

1,000,000 10**

One million cycles per second 1s represented as 1 lMepa cycle
per secord. (1 Meps, or 1!C, or 1 Iz, or 1 Mhz)

5 MHz would equal 5,000,000 cycles per second.
500 C would equal 50G,00C,000 cycles per secorg.

1,000,000,000 10*?

One billlion cycles per secona 1s represented as 1 Giga cycle
per second. (1 Geps, or 1 GC, or 1 Gliz, or 1 Ghz)

10 GHz would equal 10,000,000,000 cycles per s« cond.
400 GC would equal 400,000,000,000 cycles per second.

SOTE: 1 Giga dertz formerly was fdentified as 1 Kilo ilega Cycle or
1l {C. 5 GHz was 5S5HMC, 100 Ghz was 100 i, etc.

13




though the "sound" 1is there, it cannot be heard,

A3 &, tralse....the car drum cannot "vibrate" that fast, and al-

b. False,...they are "sound” waves. (See above answer)

RADIO FREQUENCIES

In 1885, at the age of s, ‘lelnrich Hertz demonstrated a

method of "transmitting" ane "recelving” the waves generated vy

an e¢lectric spark.

By 1696, at age 22, Guglielmo Marconi had

tnproved and patented the equiprent, and extended 1its "radlo range"

to about 85 miles.

One of the "keys" to Marconl's success, was his unuerstanaing

of the importance of the "length" of the antenma wire,

quency alternating currents,

wire of proper length, will produce "radio waves",

e RADNQD W RRS ey

COPPER

WIRE

A

’%-%f

lowlng back-and-fortih on a copper

=S TRANNGNQT, WA D I
TAACROMRNED oty
—RADRR MANRS ey

High fre=-

These high frequencles are referped to as Raalo Freguencles.

Usually shortened to "HF" or "rf", these Radlo Freguencles are

divided into several "vards".

The equipment construction, antenna

requirements, and "radlatlon” characteristics change, from "vand"

to "pand", as the number of cycles per second ircreases.

Belowa—30RHz

—
VLF

JO0KHz  3MHz
-

MF BAND

-
HF BAND

I0MHz

VHF BAND

30QMHz 3GHz

]

30GHz

EHF

300Ghz
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VLF _BAND (Below 30 Kiz)

Radio waves in the Very Low Frequency Band (VLF), travel great
distances over both lard and water. The first uses for radic waves
in this band, were for transoceanic, and long=iistance maritime com-
muriications. Although some world-wide conmunications may still be
made in this band, many of these needs are now filled by orbitlng
comnunicatlons satellites. The antenna wires needed for this bard
miy be several thousand meters long.

LF BAL (30 Kz to 300 Hz)

Radlo waves In the Low Frequency Band (LF), also travel great
distances over water and lard. The rpailn use for these frequencies
1s for aircraft and swrface c¢raft (ship) navigational alds. By
using speclal elegtronic¢ equipment, ships and planes can laocate
their positions, with falr accuracy. Many of these navigationzl
systems now use satellite signals, for greater accuracy. The
frequencles from 1t04iz to 200Kkz are used in the European reglon
for croadcasting to distant rural areas. The antenna wires needed
in this btand may te several hundred meters long.




ME BAND (300Kiz to 3MHz [3000Kliz])

Radio waves in the iedium 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 1605KHz, with thousands of such
stations operating within the United States. 1800KHz vo 2000KHz
(1.804z to 2MHz) is authorized for loran Navigational Systems, used
for position information to ships and aireraft. "Inertial' or
"satellite” navigational systems are now more common than Loran.
2000KHz to 3500KHz (2Giz to 3.5Miz) is widely used by maritime and
Caast Guard aewicea, for ship-to-shore communications. The Inter-
mational "calling and distress” frequency of 2192KHz is also in this
band. Antenna lengths in this band are measured in "tens" of meters.
13.0-5" distress calls by Morse Code are sent at 500KHz, in this bard,

Q2 KHa

\""—-—MAY DArY " 2OS

gy

HE BAND (3Hz vo 30MHzZ)

Radio waves in the Eigh Frequency bBand (HF) travel hundreds of
miles. When atmospheric conditions are right, the distances may Le
several thousand miles. This tand is probably best krown as the
“Short Wave" band. It contains Ehe Overseas Broadecasting Stations
(Voice of America, the BBC, etc.), Amateur Radio Service (Ham Radio),
ardd News Wire Services (AP, UPI, etc.). tany of these radio waves
carry '‘code”, radioteletype, and facsimile {picture) signals. This
band is quite crowded with radio signals. Often there 1s more than
one station on the same frequency, creatins interference with each
other. Citizens Band Radio is also within this band, at about 27thz.
Tre ilational Bureau of Standards operates a special station (Wwv),
at 2.5z, SiHz, 106GWz, 15MHz, 200%iz, and 250Hz. These radio waves
carry frequency, time, and other "standards" used worldwide for many
purposes., 'I‘he antenna lengths in this tand are measured in reters.

' ’ p I I
5/7’0’/?7' A/AVE
yod

\Vo4\ BRC .aw- g):
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VHF BAND.  (30MHz to 300Miiz)

Radlo waves in the Very lilpgh Frequency Band (VHF) travel rel-
atively short distances. Generally line-of-sight, or horizon-te-
horizon. Televisien channels 2 thru 6 (SHHz to é&rﬂ{z), M and M
Stereo Broadeasting (88MHz thru 108MHz), and Television channels
7 thru 13 (174Miz thru 216MHz), are all within this VHF band.
Conmercelal Alreraft (110-130MHz), Orbiting Instrumented Satellite
(134.136MHz), and Space Communications (20503z), and Amateur Radlo
Services (50-5UMHz) uge this band also. Crowling these services,
are police, fire, taxi, tralns, trucks, forestry, state guard, and
governrient operated “radlo-telephores", at various [{requencles.
Antenna lengths in this band are measured in meters and centimcters.

UHF BAND (30CHz go 3GHz [300Gi¢iz])

Fadlo waves in the Ultra lilgh Frequency Band (UHF), are 3lso
consldered line-of-sizht or norizon-to-horizon. Jloblle Radio Tel-
ephone {police, fire, taxi, etc.), Aircraft and Control Tower, and
taritime (ship) Services, operate stations in this band. Commercial
and Puolic UHF “elevision Broadeasting channels 14 thru 83 (470MHz
thru 8900Hz) are alsc transmitted. Above this, btegins the Radar ama
Speclal Services frequencles. Early Warning Radars, Ground Controlled
Approach (GCA) Padars, and Yaritime (ship) Radars, are assigned fre-
quencies here (J0Gtz to 2400Miz [2.UCKz]). Amateur Radlo, Indus-
trial, and Hedical Services also are provided frequencles (2U0GEz
to 25007z [2.4Glz to 2.5Ghz]). Although the "reflectors" are some-
times quite large, tie actual "antennas" used are measured in centi-
meters. It should also be noted that radio frequencles above 1000z
(1GHz) are addlitlonaily assigned the name “Wicrowaves". Hicrowave
cooxing ovens (2400<Hz) operate with frequencles similar to Radars.

ALY
AR
f.\m..\"'\ HH
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SHH BAMD (30Hz to 30CHZ)

Kadio waves 1n the Super High Frequency Eo..u (SHF), travel
"line-of=~sight" or "horizon-to-horizon". These frequencles are
mainly used by Radar and Microwave systems. Weapons Control, Gun-
laying, and Misslle Control Radars operate in this band, Alperaft
Navigation and Bombardment Radars, and Shipboard Fire Control Radars
use radlo waves at these frequencies, due to the reducticn in size
and welght of the antenna systems, Television and Cormunications
signals are transported along "microwave" beams between tall towers,
using SHF frequencles, [arge 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 miili-meters.

=qF BAND (30Glz to 30CGlz)

Radio waves in the Extremely high Frequency Lana (EF) are
considered line-of-sight. lostly "experimental" in nature, they
are widely affected by atmosphieric molsture, Due to the very
small antenna sizes required, very narrow teams of racio energy
can ve produced for varied purposes. Space communications would
appear a likely cardidate to utilize such narrow beams, rrequency
assigmments to Amateur Radlo and Industrial Services may also
furthur develop commercial uses for tnls band, Iilgh "resolution”
Radar systems can produce clear electronic plectures with the narrow
teams of energy., Anterna slzes are measured in milli-meters, The
"reflectors”, "horns", and "lenses" used to fonm the weams are
much larger,

m@@&&@y

. RADAR CONTROL & UARIING
é mur-=Y1111}.
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HICHER FREQUENCIES 27?7

Atove "radio frequencies" are energy bands familiar to many.
(The fretuency relationship only, will be considered,)

( INFRA-RED (heat) NAVES] 750GHz to 375,000GHz

Satellite pictures are cormonly made of the earths surface,
using the Infra-red Waves generated by heat. Infra-red techrlques
are also employed in "heat seeking" mlasiles.

gt o e

lNot much needs to be saig about "visible" lignt, if the words
on this page can be seen. The different "colors" of light, have
different frequencies.

RED  400,000GHz (75003)
ORANGE 500,000GHz (60004 )
WHTTE LIGHT YELLOW 510,000CHz (5900)
— o :5(60 oognz EE%O ;
00 000GHz (450
PRISM \bvmwr 750.000GHz (40001 )

&L"‘RA-JIOLM (Black-light) .*.AVE.J) 750,000Gtz to 25,000,0C0GH2

Satellite pictures are also made using ultra-violet waves, many
of them photographs of the sun, stars, and galaxies. After a target
has beeti 1lluminated with unseen ultra-viclet, a sharpshcoter using

a "sniper-scope” can do the rest. The ultra-violet waves are made
visible in the "sniper-scope” electronically.

”b@fuu n
@—b—ﬂ.‘.mé&:“ '\\\13;”
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HIGHER FREQUENCIES ?2?

e ——
Higher in frequency than Ultra-Violet waves are:

m 3,000,000GHz to 50,000,000,000GHz

v

2z
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NOTE:
———

Z

THE FREQUENCY SPECTRUM

A listing, of all the varicus frequency "types", 1s called the
Frequency Spectrum [specl’c-tmn]. It begins with the low "audio"
frequencies, and ends with the highest "cosmic raysa".

THE FREQUENCY SPECTRUM

-

In the Conmunications-Electroﬁics Eields, only the first part
Ty

'
?!' the total Frequency Spectrum 1s of i.mpo;tance. This portion there-
™y

-

aup1o | Ltra | mapzo | INFRA {vISIBLE |uLtRA | R~RaYS [ amema [cosic
SONIC RED | Lionr |vroLer RAYS | RAYS

) LOVEST FREQUENCIES smmmmimpes = HIGHEST FREQUENCIES

1‘ ~

i

1

-y
i:or'e will be expanded, with the important frequency limits listed.
-
]

-
| -

20Kz SMHiz S~
‘«—ULTRASONICS —=§
— AUDIO _ o f+— RADIO FREQUENCIES -
FREQUENCIES
|e—rucrowaves ——
20Hz 20KHz 1GHz 300GHz
(1o00MHz)

POWER FREQUENCIES

Cormercial electric power in the United States, 1s supplied at

a frequency of 60 Hertz. On the Eurcpean continent, 50 Hertz 1s the

electric power frequency. Aircraft and Surface-craft (ships), have

electric power generated by on-board "altermators" at 400 Hertz.

505z, 6Cliz and 400Hz, are known as "Fower Frequencies”.

The "power frequencies” are all within the Audio Frequency
portion of the Frequency Spectrum,

=10 a. From 20Hz to 204z, are called frequencles.
b, From 20Hz to 300GHz, are called frequencies.
c. "rdcrovaves™ becin at

lertz.,

2l
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PERIOD

The completion of one "positive" alternation, and one "negative"

altermation, 13 called one CYCLE.

It takes a certaln amount ©f time for the altermating current

to complete each cycle. 'The time 1t takes to complete any ONE cycle
of Altemating Current (AC), 1s called the "period". The symbol
used for the word "perlod" 1s "t", representing time,

. —_ The amount of time 1t takes
P t e to complete any ONE cycle

of Alternating Current.

If the frequency 1s 1 cycle per second,

there 1s only 1 cycle completed each _F= 1 _t - 1
secord. .. ..therefore the "period” of Hz SEC
each cycle would be 1 second ( 1 sec).

If the frequency (f) 1s 2 cycles per

secord (2 cps), there are 2 cycles N
completed each secord....therefore -F = 2'{2 'e = 2 SE&C
the "period" of either cycle would _

be 1/2 second ( .5 sec),

If the frequency ({) equals 4 Fertz,

there are 4 cycles completed each

second.....therefore the period (t) 'F = 4": 'k = * SEC
of each cycle would be 1/4 second

{ .25 sec).

Q-11 a. The time it takes to complete one cycle, 1s called the __ .
v, If the frequency increases, tne "perlod" .
(!ne or dec)

22

174




A=10 8. Audlc....from around 20Hz to around 20KHz,
b. Radio....there 15 realy no lower limit, as the VLF Band
1s defined as anything below 30KHZ. But it seems sensible
to begin "radlo" where "audio" leaves off.......0K?777

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.

Eguafﬁm t=—

f

EXAMPLE: Calculate the period (t), if the frequency (f) = 200 Hz.

ONE 1l 1l
PERIOD = —— { Se—m «—m = 005 Sec
FREQUENCY f 200
EXAMPLE: The frequency = 25 Hz, Calculate the period (t).
ONE 1
PERIOD =2 ————— f S —— = 0§ gec
FREQUENCY f 25

If the frequency (f) is glven in Hertz (Hz), the calculation
for perlod (t) comes out 1n seconds (sec).

If the frequency (f) 1g given in Kilo=Hertz (KHz), the calcula-
tion for peried (t) comes out 1n millieseconds (ms).

If the frequency (f) is given in Mega-Hertz (MHz), the calcula-
tion for period (t) comes out in micro-seconds (uS).

If the frequency (f) 1g glven in Giga-Hertz (Glz), the calcula=-
tion for period (t) comes out in nano-seconds (ns).

EXAMPLE: Frequency (f) = 200Hz,.....Perlod (t) = ,005 sec
Frequency (f) = 200KHZ.....Period (t) = .005 oS
Frequency (f) = 200tHz.....Pericd (t) = 005 pS
Frequency (f) = 2006Hz.....Period (t) = .005 nS

QR-12 a. What 1s the period of a "power frequency" of 50hz?
b, What 1s the perdod of an "audio frequency" of 250Hz%
¢, What 1s the period of a "radle {requency" of 100iliz?
d. What 1s the perlod of a "radio frequency™ of 20Miz?
e. A "microwave frequency" of SChz, has a perdod of .
f. T=F As frequency increases, the perlod decreases.

A ——
A ————




A-11 a, Perlod... -BYI'nbOl (t)u .. for eime!.
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 eyele 1s kmown, the number of
cycles corpleted in ONE second can be determined. That is to say,
if the period (t) of a cycle 1s known, the frequency (r) of the
Alternating Current can be calculated,

EXAMPLE: Caleulate the frequency (f), if the period (t) = .005 sec.

ONHE 1 1
FREQUEICY = f == ® w—— a 200 Hertz
PERIOD t .005

The period (t) = .04 sec, Calculate the frequency (r).
oNE 1 1

FR-LQUE-NCY= f:a._.....n-—-=25[l'_r:
PERIOD St L0b

If the period {t) is given in seconds (sec), the calculation
for frequency (f) comes out in Yertz (Hz),

If the period (t) 1s given in milli-seconds (mS), the calcula-
tion for frequency (r) comes out in Kilo-Hertz (KHz).

If the period (t) is given in micro~seconds (pS), the calcula-
tion for frequency () comes out in lega-tertz (MHz),

If the period (t) is ziven in nano-seconds (n8), the calcula~
tion for frequency (f) comes out in Giga-llertz (GHz).

EXAYPLE: Period (t) = .04 sec.....Frequency (f) = 25 iz
—— Period (t) = .04 mS .....Frequency () = 25 iz
Period (£) = .04 pS .....Frequency (r) = 25 !Giz
Period (t) = .04 nS .....Frequency (f) = 25 Giiz

Period = ,0C2 seconds., FreGuency =
Periga = 5 milll sceoxls, Frequency =
Perdod = 10 micro seconds. Frequency =
Perled = 2 nano secords. TFrequency =




A-12 a. 02 sec (20 milld see) e, .2n8 (200 pleo sec)
b, 004 see (4 milll see) £, True....more cycles means

¢, +OImS (10 micro sec) less time fopr cach cycle.
d. .0 eg)

In the following "poslitive" alternation, OA,'I.A/, A, 3A, ete.,
are ealled the "Instantaneous" values. They represent the amount
of current {lowing, at various "Instants" of time. Although there
are only eleven "Ingtantaneous" values shown, there are actually an
Infinite nunber of thems For example: Detween OA and 1A there is
,001A, .C02A, .GO3A ete,sieoso. oOLA, LO24, JO3A ete....evavss W1A,
.28, .3, etc....and finally 1A, Betueen 1A and 2 there 1s 1.001A,
1.0024, 1.003A ete.......1.01A, 1.024, 1.03A ete........1.1A, 1.24,
1.3A etc......ana £lnally 24,

£ INSTANTANEOUS VALUES

@e@

= —

THE PEAK VATUE
There ray Le an infinite nunker of "instantaneous" vaiues, tut

trere 1s only one "peal value reacreu durlng cach alterration.

“his would of course te thne maxirun amount of electron flow. In the

alternation shown, 5 amperes would be the "peak" value. The same

"near" value will Te reacned Juring each alternmation.  Both "pos-

itive" and "negative" altermations will have the same “peak" value.

a-14 a, The value of current at any instant of time, is called
tne value.
t. Tie maximum amount of current reached durirg each alter-
ratlon, 1s callea the valge.
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A=13 a, 500Hz (S00CPS or .S5KHz or .5KC)
b. .2KHz (200Hz or .2KC)
e, JMHz (100KHz or 100KC or 100,000 Hertz)
d. .50Hz (500MHz or 500MC or 500,000,000 Hertz)

AVERAGE VALUE

Ade all the "instantaneous" valucs of an alternation together,
Pivide tids "sum", by trhe number of values used, and thic answer is
called the "Average" value, (Thls must be done using high-level
math, as there are an infinite numcer of "instantaneous" values.)

ilowever, the "Average" value of any alternation can be easily

aeterrined by multiplying .637 times whatever the "peak" value equals.,

Egualion

EXANPLE: The "peax" value = 5 amperes. Calculate the "averace" value.

AVERAGE = ,637 * PEAK .637 - S5A = 3.185 amperes

If the "averaze" value 1s knowm, tne "peak" value can te determined.

Equalion.

LA PLE:  The "average" value = 3.185 amperes., The "peax" value = ?
PEAK = 1,57 - AVERAGE 1.57 - 3,185 = 5,.C0C4% anperes

srall "error" here is due to .637 teing "rounded-off".

A 25" Color TV uses a peak current of 4 amperes., Calculate
the "averaze" valiue of current used ty the set, .
Tie averas? current of a & transistor A- Padlo is ¢ma.
Calculate the "peaw" value of current {lox used.

An air—conaitioner uses a peak current of 2C amperes.
Caleulate tre "average" value of the current used.

A 100 watt light bult uses an “avera,,e“ current of 5001'.&.
Calculate the "pear'" value used by the bulb, .

An electric toaster uses 2 "peak’ current of T arperes.
woat is the "average" current used oy the toaster?
Solaering-iron...feak cwrrent 2 anps.....Average =
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A=14 o, "instantaneous” value,
b. "peak” value.....the "peak" value reached during each alter-

nation 15 the same., For example: If the positive "peak" 1s
15 amperes, the negative “peak" will also be 15 amperes.

SPEAKING ABOUT HEAT....

when electrical current flows thru a resistor, heat 1s pener-

ated within the resistor......power dissipation.
Question? In the following DC and AC circults, which resistor

will be heated the rmost? HEAT

p4m-30 avPERES OC f ‘ 30A "PEAK" Ac-q—L
DC POWER 2a 24 AC POWER
SOURCE SOURCE

lﬁ-30 AMPERES DC 30A "PEAK" Ac-ﬁ—l

The answer? The resistor in the LC circult will be the hotiest!

“hy? The current flow in the DC circult 1s a "steady"™ 30 arperes.
Thie pesistor 13 heated "30 asperes worth" all the tinme.
in the AC circuis, the resistor s heated "30 amperes worth"
enly at the moments of "peak" current. e rest of the "instantaneous"
values are less Shan 30 anrperes. There are tlmes when the peslstor
i5 ot belns heated at all! These would be CA....between alternations.
In opder for the resistor in the AC e¢ircult to ke heated the éang,

the current must reach a "peax” of Lidiher than 3G amperes.

E%‘Aﬂmﬂ (AC PEAK [For equal heatJ = 1.414 - DC?

ZXANPLE: UC current = 30 arperes. AC "peak" value [equal heat] = ?
AC PEA« {eoqual heat] = 1.414 » DC 1.41k - 3CA = 012,427 PEAK

G~i a. a "catper” var, has a noit~plate using 6 amperes of IOC
'*arrent fror, the lattery. ‘hat "peak" value of AC current
will procuce the sarme ount of l.eat"
5. 1es-“o will 7 asperes of‘ m.- pr'ocuce the Same amount cf‘
neat a5 S amperes of 207 {That's 7 armperes "peak'\)
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Ae156 8. 2.54BA AVO d. 1,256mA PK or L.250A PK
b 9.42mA PK e, 5.006A AVO
e. 12.74A AVG f. 1.274A AV

EFFECTIVE VALUE

AC ammeters do NOT indicate the "peak" value of the Alternating

Current flowing in 4 circuic!
42,42 AMPERES "PEAK™

AC POWER
SOURCE RIGHT

The "30 ampere" reading on the meter, Indicates that the Alter-

nating Current which 1s flowing, nas the same "heating effect” as

30 amperes of Lirect Current. The Altermating Current may have a
"peak” value of 42,42 amperes, BUT.......the "heating effect” is the
same as only 30 amperes of Direct Current.

“he "peak” value of Alternating Current, 1s always higher than
its "heatlng effect” value, This "heating effect” value 1s called
whe EFFECTIVE VALUE of Alternating Current.

That amount of Alternating Current,
H a‘&‘e walch will produce the same "heating
effect”, as an equal amount of 2C.

iC voltmeters ard amreters are calibrated to imiicate this
"effective” value, rather than the "peak” value, Thils is an impor-
tant polnt, anc 1t must be xept in mind! The "effective" value

(measured by AC meters), 1s alvays LOWER than the “peak" value.

Q=17 a, T-F AC meters "read” the peak value.
b, T-F AC meters "read" the average value.
Ccs 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,




A16 5. B.48u4A PK....but don't get the wrong idea. You couldn't
plug the camper hot~plate into a house wall outlet. The
camper bar.tery 1s probably 12v, ard the house 117V!

b. MNo...but it's pretty close (7.07A PK same as SA DC)

CALCULATING THE E. TVE VALUE
The "Effective" or "heating effect” value Of an Alternating

Current, 1s always LOWER than the "peak” value, If the "peak" value

is xnown, the "effective” value can be determined.

EW émmm - 707 - pmx]

EXAPLE: "Peak" current equals 20 arperes. Calculate the "effective",
EFFECTIVE = 707 - PEAK 707 - 208 = 14,14 anperes

If the "effective" value 1s known, the "peak" value can be

calculated.

EWPLE: "Effective™ current = 2 arperes. Calculate the "peak".

PEAK = 1.415 + EFFRCTIVE 1.4lh . 25 = 2,828 awperes "peax".

The "effective™ value 1s scmetimes called the "rAS" value. This

stands for "Foot itean Square"”., It 1s a.mathematleal process, and will

not te furthur discussed. It 1s the same as “effective",

Wnich value of alternating current has the same heating
effect ag an equal amount of direct current? value,
The "effective™ value 1s also called the value.

An electric iron uses a “peak" value of § amperes, What is
the "effective" value?

A 60 watt light bulb operates on 500mA "effective™ current.
Calculate the “peak™ current flowing thru the bulb.

A small “pencil™ type soldering iron has a “"peak" current
of 2 amperes, What 1s the AMS current thru 1it?

T-F The EMS value 1s higher than the “effective" value.
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A=1T a. False d, True
b. False a, True....but tmt's
¢. True....finally got to it! saying (d) backwards)

DEGREE REPRESENTATION

Jne cycle of Alternating Current can be produced by, rotating a
plece of copper wire, in a 360° clrcle, thru a magnetic field. {This
will be furthur discussed in "Electric Generators”".) Therefore, each

cycle is marked-off in degrees, beginning with 0°, and erding with 360°.

tach cycle begins at 0°, and ends at 360°. Current reverses at
the 180° point ana vegins each "negative" altermation., 50° 1s the
point of "peak" cwrrent dwring each “positive" alternation, 270° is
the point of "peak" current during each "negative" alternaticn.

Ench "instantaneous” value of current in a cycle, can be iden=
tified by using degrees. For exarple (using the above figure).....
what w.uld be the "instantaneous™ value of current at 85°? Answer...
Somewnere between 4 and 5 anperes., The "degree representaticn” of a

cycle will te furthur studied in this text under "Phase Difference"”.

Q~19 a, Each cycle contains how many degrees?
b. Each alternation contains how many degrees?
¢. "Peak" currents flow at and degrees,
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A=18
a. The "effective” value. d, 707mA PK or about .7 amperes PK
b, RMS or mma e, 1.UL4A BMS or 1.410A EFF
¢. 5.656A EFF . False...it i3 the “effective™!

TIME REPRESENTATTION

tys by Loy t3 ete., are "time lnuicatora”. They are often placed
at equally spaced points on a cyele. ‘The distance between each "time
indicator”, represents a particular amount of tirme, such a8 1 mllli-sec-
cnd. The dlgtance tetween each mark remains tne same, because 2ach milll-

secord 1s as long as any cther milli-secona.

| ' ] ]
ﬂzo t19 "-18 "-17 "-16 "-15 t1y "-13 x"12 Y11 %o

If tie tize tetween easch mark equals 1 mililesecord, tihe “piriod“
of this cycie must be 20 miili-seconds. Using the equation £ =—
trds must be one cycle of .05dHz (50Hz) altermating current. ’

All of the peints In this cycle can be identified by their "tlre
indicators". Examples: The cycle begins at tg, and ends at tpg. ts
is when the "peak" current 1s reached during the "positive" alternation,
15 is the "negative” peak. tig 1S the moment when the current reverses,
between alternations. uUetween ty and tg, the cwrrent 1s decreasing from

3 amperes to 2 amperes....etc....etec,

Q=20 Use the drawing above, to answer the [ollowing,

a, The positive alternation "peak”, occurs at (tl’dtzi ete.)
b. Between t the current 1is (inc or dec).
%%ve" al%érnation begins at ("t" indiecator
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A=13  qa. 360 degrees

b. 180 degrees
¢. 90° and 270°

SILE WAVE HEPRESENTATION

Usually, Alternating Current 1s represented as a "sine wave".
This "sine wave" 1s the plcture seen, wren alternating current is

viewed on an Oscllloscope (something llke a 5" WV set).

REFERENCE LINE

ihe dotted-line thru the nmiddle of the sine wave, is calied
the "reference line™. The sine wave goes an equal amount, atove-
and=telow the "reference line". The polnts where the sine vave
touches or crosses the "relerence line”, are equally spaced.

ot shm;lu' also Le notlced, that tie sine wave has a particular
"-hape",

It 1s NOT "rounded". Y AR

It is NOT " rlattened“. ‘ - ——— ey s R e s

It 1s NOT "triangular". -.(.\7-

Any cnange of shape, from the "pure" sine wave, is called

“qistortion". (Scmetimes caused by the author or printer!)

Q=21 a, A "sine wave” 1s the usual representation of .
T-F Sine waves have a particular €. i I
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A-20 4,
b, igcreasing....up toward the "negative" peak.
¢, 10

SINE WAVE REPRESENTATION

Altemating current (AC), 1s usually represented as a "sine

wave". The part of the sine wave above the reference line, repre-

sents the "positive” altermation. ‘The part of the sine wave below

the reference line, represents the "negatlve” alternation.

Therefore.....one SINE WAVE, represents one CYCLE!

mhe reference ilne itself, represents TDE....tlcx...tlck....

7

o0 | *

!2 %~ PERTOD

tu
Therefore.....the per'iod" of thls cycle vould te from tp to ty!

Q-22 a. The "reference line” represents
b. The portion of the sine wave above the rererence line

represents the alternation.

¢. The portion of the sine wave below the reference line
represents the alternation.

d. "Time" 1s represented by the line.

e. Can you think of another question to ask?
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A=2l 4. Alternating Current

b. True

SINE WAVE REPRESENTATION

The horizontal axis of a sine wave (the reference line), rep-
resenta "time"., The yertical axls of a sine wave, represents "am-
eres of current". Above the reference line,l the current is marked
as being positive (+). Below the reference line, the current is

marked as belng negative (-).

&
:3,,/\

'I P BEAN
@ d& o B
—~+-=pm-)- =)

Sy

4

' ’ ~sa

I ' s Ii " I ]

t:h t-.s t:!_»
The cycie begins at ty with Q amperes. By Uy, the current has

reached its positive peak of +5 amperes. By t,, the current has
decreased back to 0 amperes. 3By ty, the current has reached its
negative peak of -5 amperes. By t), the cwrrent has once more

decreased to O amperes, (knd of cycle}

+ 5 AMPS

+5 amperes w11l SHOCK as much
as -5 aII'IpeI'ES! Rﬂ'ﬂm.ooooooothe
"4+ and "=" only indicates a change

-5 AMPS in the direction of electron flow.

The horizontal axis or "reference line™ represents .
Above the reference line, cuwrrent 1s marked _ __ {+ or =)
T-F Negative alternations are below the reference line.

T-F Positive alternations will "shock™ more than nhegativ
alternations, because the current is flowing frontwards.
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A-22 g, "time" marching on....tick...tick...tick...tick..etc..
b. "positive” alternation
c. '"negative"” altermation
d. reference line.
e. I couldn't either!

SINE WAVE REPRESENTATION

The PEAK, EFFECIIVE, and AVERAGLE values of the Alternating
Current, would be at (approximately) the "levels" shown below.
PEAK

AVERAGE ~ / 637 PEAK
+
.637 PEAK f ___AVERAGE
73; PEAK ‘V’ EFFECTIVE (RMS)
PEAK

I the "peak" current flow thru a central airconditi

system is 20 amperes, the "effective" current = ?

b. The "name~plate”™ on an 8 track tape recorder indlcates
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 amps.
Calculate the "peak™ current used by the range.

e. A U channel Stereo Amplifier i1s marked as having an RS
current of 2 amperes. (alculate 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 Altermator can produce an average Current
of 400 amperes. Calculate the "peak" output current.

h. The “average” current flow thru a speaker = B800mA.
Calculate the FMS current.

1. The "peak” output current of a microphone is SQuA.

What 1s the "effective"” or FMS ocutput current?
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a. time,...and also "zero" amperes
bl + !

c. True

d, Falge...the "ahock" 13 the same,

PEAK=-TO-PEAK VALUE

when a cycle, (or better, a lot of cycles) is viewed on an

Oscllloscope, anot:her "value" of current becomes aprarent, It is

) Wi

called the "peak-to-peak" value,

S UUY\

Suppose the temperature (on a Winter day) varled from a high
oy

of +5°, to a low of =5°, Wnat was the
total "change" of temperature during
the day? 10° was the total "change"

of terperature.

CHANGE OF

m TEMPERATURE 4 0°
Many Electronic circults operate ooty 5o

on the total “change" of current, and _ﬁ,

the "peak-to-peak" value is important
to their operatlon.

EW PEAK-TO-PEAK = 2 TIMES THE PEAK VALUE

If the "peak" value of a Radar signal equals 1‘5mA, the
Ppeak-to-peak" value of the signal 1is

The "peak-to-peak” output of a Stereo system = "8oma.

What 1s the "peak™ output current?

The "effective" value of current thtu & L00 watt light
bulb = 1 ampere. What is the "peak-to-peak" value?
Calculate the "peak-to-peak™ of 5 amperes RMS.




A=24 g, 14,147 EFF d., 12.56A PK 2. 628A PK
b. 1.6968A PK s, 2.828A PK h. 896ma RMS
¢. 1.35A AVD £, 42.42A EFF 1, 35.35uA RMS

FREQUENCY vs AMPLITUDE

If the frequency (number of cycles per second) 13 increased,

|

the picture gseen on an Oscilloscope changes {Trom......

this 1l —e, $0 Lhis, fefme

v

U

The Wl'd "aﬂ'plitude“ MeArISe ees Sizeo oo JAMOUNE . s .lomss. . oetCo

AMPLITUDE [arm-plah-tude]

Ircreasing the amplitude of a sound, means to make 1t lowder. In-
¢reasing the ampiitude of a swinglng 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 higrer...
say from 5 amperes, to 8 amperes. The lamp would get brighter!
Increase the "amplitude” of a ¢ycle seen on an Oscilloscope,

and the plcture seen changes fromeceses 8
+8A

+5A

this M =-cmccc s amana to this, recmecr—daccnana

~5A
=BA

Q26 a. T-F Increasing the "amplitude" of alternating current
means to increase the number of c¢ycles per second.

b, T-F The "amplitude” of the sound from a radio 1s inereas
ed, by turmning the volume control "up”.

¢. Which AC has the largest amplitude? 5A PK op 10A PK-TO-P

37

. 189




a., 30mA PK-PK
b. 40ma PK

¢, 2.,828A PK-PK
d. 14,147 PK-PK

FREQUENCY vs AMPLITUDE

Examine the [ollowlng pilctures, seen c¢n an Osellloscope.

e 1 SECOND ey

Low frequency.....low amplitude.

Low frequeney....High amplitude.

nizh I‘r.'equency. «+«.Low amplitude.

hiph frequency....high amplitude.

!

. " " n 1]
NOTE: The "frequency"” and "amplitude" are independent of each

other. "Frequency" is the number of ¢ycles. "Amplitude",
1s how high the cycles are. How many???...and how high???

Q-27 a. T-F If the frequency 1s increased, the amplitude also
Increases.

b. T-F If the amplitude 1s increased, the frequency will
remaln the same,

¢. T=F Double the frequency, and the amplitude also doubles
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A-26 a. False,,,.it means to increase the "peak" value of the

exiating cycles '

b, TI‘Ue..u"u " ma]mls
__n_mmmm "mlitude“mSA PK = 104 PK-PK

IN-PHASE and OUT-OF-PHASE

A city park+,...playground.....swings., ., .two kilds on swings.
If they are golng up-and-down together, they are saild to be swing=
ing "in=phase". If they do NOT go up-and-down together, they are
sald to be "out~of-phase”,

m@f*w }%ﬂ

If two sine waves (or cycles) rise-and-fall together, they are

sald to be "in-phase", Regardless of thelr "amplitudes", they MUST .

cross the reference line, at the same moment of time,

“Q@"

If two sine waves (or vycles) DO NOT rise-and-fall together,

they are sald to be “out-of-phase™, They DO NOT cross the refere
. t t
ence line at the same moment of time, 0/.._\1 L7

Od-af-Pha.se /\

bk Tttt

Q-28 a, "In-phase" sine waves must cross the line
at the same moment of .
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A=27 @a. False....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.
¢, False,,,.8ee (a) above.

DEGREES OUT-OF=-PHASE
Recall..... a "eycle" (or sine wave) is also measured in
degrees. It begins at 0°, and erds at 360°.‘ The "phase difference"

"between two sine waves, 1s often measured in degrees. See below....

Here are two
sine waves,
"in_phase",

*SquUALIMY yead,

JI[] UDBMGOq SOUAIDJITD BT, B ST adaj) sueau

liere they are
Lg%deprees
cut=of~phase.

4]
&
2
[
oy
=
1]
"3
[
-
s
=
Ly
o
Q
5
LY
m
.

tiere they are
9C derrees
out-of-phase,

Here tluy are
180 degrees
out-of-phase.

aq TTIM UoTym “SINdJTR STUCIIOSTH TRIoads nuapy

] ugpuas Aq ‘qaede [ aouausljrp aurd, Aue sSpew

fgoalA OUTS OM] UEaM LOSEY,, UT 30UaJaJITIP ¥

oq ued *(S370fd JO) saaem aulg

tere they are
270%egrees
out-of-phase.

(See NOIE:) '
NOTE: Sine waves 27C°
le90%| cut-of-ptase, may also

be referred to as 90°
out—of-phase.
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A=28
a, referenie line,.,.momeni of time,

WAVELENGTH

Light waves travel thru space at a speed of about 186,000 miles
per second, If a flashiight 1s 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),

Trere 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).

Radlo, Televlsion, Radar, Microwaves, etc., all travel at the

same speed as light waves,

Radio e Vebpeity (i = = ]

Once a radlo wave has left the "transmitting" antenna, its

velocity remains the same (300,000,GCO meters per second) as it cravels

thru space.

Q=29 a, T-F Radlo waves and Light waves travel at the same speed,
b, Radlo wave-veloclty = miles per secord.
¢, Radlo wave veloclty = meters per secord,
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WAVELENGTH

Consider for a moment, & radic "transmitter" operatime at a
froquency of 1 eycle per second. In one second, how rany cycles are
produced? Of course....one! Allow that eycle to “radiate" from an
antenna. when the beglnning of the eycle leaves the antenna, it
starts traveling at a speed of 300 million meters rer sechbndé. One
second iater, the end of the eycle will be leaving tre antenna.
Ruestion??? FHow far away will the beginning of the wave ce, when the
end of the wave is leaving the anterna? Well.....the cycle is one
secona long.....the besinning of the cycle will travel a distance of
300 million meters in one second.....therefore, the begirning of Lhe
wave will be 30C,00C,000 meters away, wnen the end of the wave is just

leaving the antenna.....one second away'

RADIO 300, 000 OOOQ/

f = 1lHz OWE SECOND -

Increase tie frequency to 2 cycles per second. iicw rany cycles
are produced in one secora? “wol how many cycles w11l be "radiated"
from the anterra in one sccond? No! Liow many meters lony, is eltier

of tre vaves? 0L, U0C,G0C neters!

150,000,000 METERS—> /\

300,000,000 METERS 7
<—150,000, OO'u FETERS =~

V

ONE SECOND

Q~30 a. T-F The radic wave gets shorter, as frequency increases.
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A=29 4, True :
b. 186,000 +....and that converts to 669,600,000 Miles Per Hr.,

e, 300,000,000 ..."faster than a speeding bullet,....."

WAVELENGTH
Inerease the (requency to 4 cyeles per sceord. ifow many cycles
are produced in one secona? Four! How many cyeles will be "radiated"

from the antenna 1n one second? Four! biow many meters long ls iy

one of the four ¢ycles? 75,000,000 meterst

R TANA WA WA
TRANSHITTER \/ \/E \/ \]

¢

I
£ = bz J 75,000,000 NTERSe=ipt
<——————— ONE SECOND

Inerease thwe {requency to 300 million eycles per sceond (3G0ikz),
How many cyeles are producec in one secowi? 300,000,C30!  row many
cycles wili be "raziated" {rem the antenra In one secora? 3CG,00C,000!

Fow rany meters iong 1s any one of the G0,0CC,00C cyeles? 1 reter!

“——— 300,000,000 METERS

_RADIO
TRANSMITTER

f = 300?3@]

LPORTANT! wllew tiat as the frequency 1s inereasec, the physileal

lerynt, of waeh eycle of @ radlio wave -xUS shorter,

Q-31 a. As the frequency increases, the length of each cycle of the
radio wave gets (longer or shorter),
b. Radio wave veloclity = meters per secend.




A=30 4., True....if you can call 150,000,000 meters "shorter®.

WAVELENGTH
A ——

The "physical length" of any one cycle of a radic wave, 1s
called the WAVELENGTH (Symbol N ....the Gres letter "lamda™)

wwua@ew%'m (A)

The PHYSICAL LENGTH of any one
The WAVELIZGTH (D) of a radio wave, depends upon the froquency

eyecle of & radle wave, It is
usually wmeasurec in meters,
centl-neters, or milliwneters.

of the wave, and the "veloelty" of tre wave, The frequency can be
changed, Lut tihe "veloeity" canmot. It is a constant 300 million

meters per second. ‘'‘he WAVELENGTH (M) can te calculated E¥vrvevas

‘JEDOCITV
VAVELENGTh =
”R..Qbﬁﬁ"'

EXAMPLE: Caleulate the "wavelensth'” of a radio wave iaving a fre-
quency of 1,542 (1,500,000 cyeles per second).

VeLOCITY v 300,C
WAVELEGTH 2 ——————— A== = 20C [ATTERE
) nnVL-LLI r:n f 1,5 sl

1.%3iz (150CkHZ) would uve the operatins frequency of an AY Radio
station on tne nizgh end of the dial, fach wave 1s 200 meters long!

Wnat would be the “wavelength“ of each cyele of‘ a Channel

3 TV signal at 60MHz (60,000,000HZ)? meters,

b, Caleulate the wavelength of each eyele of a Police radio
at 150MHz. (150,000,000Hz) meters.

¢, Caleulate the wavelength of a Loran navigation signal,
operating at 100KHz, (100,000Hz) meters.

4, What is the "wavelength" of each cycle of a Citizens Band
station, operating near 30MHz (30,000,000Hz)

e. The National Bureau of Standards WWV, 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 600MHz?

g. glfropean power %gs a} frequency of S0Hz, has a wavelength
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A=31 a. shorter....even down to milli-meters, and micro-metera.

b, 300,000,000 (300 Million Meters Per Second)

WAVELENGTH
If the wavelength (A ) of a radlo wave 13 known, the frequency

( £ ) of the wave can be determined.

3

EXAMPLE: ‘“hat 15 the operating frequency (f) of a Radio Station,
if its wavelength (A ) equals 200 meters?

VELOCITY v 300,000,0
FREQUENCY = ———— [ =—= = 1,500,000 lertz
VAVELENGTH A 2 (1500KHz or 1.50Hz)

Many "short-wave" radios have their dlals marked in "meters",
rather than "hertz". Often, overseas Broadcasting Statlons, discuss
thelr "meter band", rather than thelr "frequency tand" of operation.

Amateur Radlo "ham" operators talk of their equipment as "20
rmeter™, or "0 nmeter”, "30 reter", "2 meter”, "10 meter”, etc..
Radar equipment 1s often called "10 centimeter” (3GH2), or "3 zentl-
meter” (10GHz), ete.. Some skill, In the conversion from wavelenath

to frequency, should bte developed,

Q-33 a, If the wavelength of each cycle equals 5000 meters, the

frequency of the radlo wave equals
b. A Volce of America Broadcasting Station has a wavelength

of 30 meters. What 1s its broadcasting frequency?
what 1s the frequency of a wave, if the wavelength of
each cycle equals 5,000,000 meters?
What is the frequency of' an Amateur Radio Statlon, oper~
ating in the 2 meter band?
What 1s the "dial® reading of an FM Stereo station, if thdg
wavelength of eazh c?rcle equals 3 meters?
The wavelength of a “May Day" (S-0-S) emergency call 1s
150 meters. What is the frequency of the station?
T-F If the frequency increases, the wavelength decreases.
T-F Frequency and wavelength are "irndeperdent” of each
other.

4s




A=32 a. 5 meters e, 15 meters
b. 2 meters f. .5 meter (1/2 meter~50cm)
¢. 3000 meters (3KM) g. 6 million meters long!
d. 10 meters

AC VOLTAGE
L]

There are many sources of AC Voltace. Some of them are......
AC Generators (Alternators), Oscillators, Multivibraters, OC to
AC Converters, etc.. (Sorty....there are ro AC batterles!)

These sources of AC Voltage have several schematic symtolss

AC Vollage
s

To produce an alternating "curpent", the POLARITY of the

AC Veltage source reverses, each alternation.......

&8¢ o

AC Voltages are renresented as “sine-waves". Trey alco rave
peali-to-rear, peal, eflective, anc averace values., The equatlons

to calculate these values, remain the sare as for AC Cuwrreniis....

ZIFECTIVE = 707 DEAK PEAR = 1,414 EFFECTIVE £FF = 1,11 AVG
AVERAGE = ,637 PEAK PEAK = 1.57 AVEFAGE AVG = G ETT

PEAX-TOLPEAR = 2 TIRS THE PEAR

Q-3 a, Calculate the "effective” voltage of an AC bower source

of 50V PK.
b. If the PK-TO-PK value equals 16 volts, the effective
voltage = '

¢. What 1s the PK-PK value of 10 volts "average"?
d. Ir the PK-PK value equals 4 volts, what is the RMS value?

e. Effective = 30VAC. Calculate the "average" value.

, 46
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A=33 A, 60,000Hz (60KHz) e. 100 Mega Hertz (100MC)
b. 10 Mega Hertz (10MC) f. 2 Mega Hertz (2MC)
c. 60Hz ﬁSA power) g. True...decreagse = ghorter.
d. 150 Mega Hertz (150MC})  h, False... f} A

AC VOLTAGE

All AC Voltages are assumed to be the "effective" value,

unless otherwlse specifically stated.

All AC Voltages {and currents),

' are assumed to be the "effcctive”
8 8 e value, unless othcrwise specif-
ically stated!
This means that al) meters {(Voltmeters and Amaeters), are
calitrated to "read-out" the cffective value. All voltage and
current Indlications on schematic dlagrams, are to te assumed to te

¢ "effuctive" value, unless ctherwice marked.

E Mectine
fhc

AL electrizal wall outlet, may Le marked 117VAC., This there-

forc, is e "effective" value. llow hizh does tiie actual "peak"
value ot 1,418 (117V) = 165 VOLTS PRaK! An alr-conditioner
may be rarted 220VAC. This therefore, 1s the “effective” value.

fouw tdgh 13 the actual "reax" value?  1.h14 (220v) = 311 VOLTS PE!

117 . -
he 165V PK . 311V PK

Q=35 a. An AC voltmeter indicates 120V. The peak-to-peak value
equals .
b. An AC ammeter reads SmA. The "peak" value =




~34
A a. g?éggg g » d. 1,414V RMS or EFF

c. 31,4V PK-PK e, 27V AVG

OHM'S LAW
L
Ohm's Law calculations for an AC Circuit, are the same as for

a D¢ Circuit. bk = Voltage I = Current R = Reslstance

E E
E=I.R I=— Rz— ZEN
E%llmm R T /T [R\

EXAMPLE: Calculate the "effective” current flowing in the following
circuit. {Note: The voltage is given as "peak".)

E 200V PK
I a—=———= Um\ PEAK
R 50K

50K To convert the dmA Peak Current, to
its "effective" meter reading......

EFFECTIVE = ,707 PEAK
L707 (Hma)

X - 2,328 mA EFFECITVE

@36 Solve the following clrcuits as irdicated.

(a)




A-35 g, 339,36V PK-PK

NEW TERMS and EQUATIONS

Although this text began simple enough, it should now be
apparent that a lot of "new stuf'f" has been discussed. bBelow, is
a listing of the material covered. On the followlng page, there ia

a Sumary Quiz, which will use this 1ist for answers.

TERMS

Alternat ing Current (AC)

Alternation §925229§§

Cycle

Pozltive Alternation

i'egative Alternation 1. EFFECTIVE = 707 Puik
Frequeticy

Cycles Per Second 2. AVERAGE = .0637 PuAK
ilertz :

Audio Frequencies 3. PiAn = 1.41% EFFECTIVE
Power Frequencles

itrasonie Frequencies li. PLAR = 1.57 AVERAGEL
Hadio Frequencles

Microwaves 5. AVERASYL = .9 FErFECTIVE
Frequency Spectrum

rllo Hertz 6. EFFRCTIV: = 1.11 AVERAGE
wepa Hertz

Gilia Hertz

Perlod 1
Instantaneous Values 7 5, t =—
Peax Value f
Peak={o=-Peak Value

Lffective Value

Average Yalue

il Value

® to 340°

t1s Lo, t3, etce,

Sine have

Keference Line

Arplitude

In=-Plase

Qut O =Pliaase

AC Voltage

300,000,000

Wavelenmth




d, 5mA
e, 2K
. 120VAC

SUMMARY

———

Q-37 Using the 1ist of TERMS and EQUATIONS, select the best
answers for the followlng, Some terms may be used more
than once.,,,.some, not at all,

Electrical current which 1s "eonstantly changing in amplitude
and periodically reversing in dirccetion',

One million cycles per second,

Two sine waves, "rising-and-falling" together,

20Hz to 20KHz.

The maximum current reached during any alternation.,
This 1s another name for the “effective"” value,

The length of any one cycle of a Radlo wave,

One thousand cycles per second,

Degrees of a sine wave,

The same heating effect, as an equal amount of DC,

Each cycle contains two of these,

The time required to complete any one cycle,

A line, representing "time",

1 Gilga Hertz and "up".

International unit of measure for "frequency”.

The velocity, in meters per second, of a radio wave.
Time "indicators".

One Billion Cycles Per Secord,

50Hz, 60Hz, and 400Hz.

Follows each positive alternation,

Obtained from an AC power source, such as a wall outlet,
20KHz up to 300GHz.

Contains 180°

The most common representation of altermating current.
Sound waves, too high In frequency to hear,

When two sine waves are_pot "rising-and-falling" together.
Positive "peak" to the negative "peak",

The perlod, 1s the length of time to complete one of these,
Increase this, ard the "peak" becomes higher,

A 1list of frequencles, from "low" to "high",

NS

want to convert from the RMS value to the "peak" value,
Want to calculate the time necessary to complete one cycle,
Given the "effective"”, and want to lmow the “peak",

Want to calculate the length of one cycle of a radio wave,
Given the "average" and want to krniow the "effective",

Given the "period", and want to calculate “frequency”.

Know the RMS value, and want to calculate the "peak" value,
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).
l. a 11. b 21, ff EQUATIONS
2. p 12, r 22. 1
3' dd 13. bb 23. b’ d’ or e a. 3
ul 1 ln. m 21‘. aa bl B
5. ¢ 15, h 25. k ¢c. 3
6. X 16, gg 26, ee d, 9
7. hh 17. = 27. u e, 6
8.0 18. q 28, ¢ r. 7
9. ¥ 19. J 29, cc g 3
10, v 20, e 0. n h. 10

u

The study of Alternating Current and the Frequency Spectrum,
should not end here, Publications on these subjects are avallable
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 "pericd” and "frequency" and all
thelr calculations. Then suddenly, there were all kinds of frequen-
cles!

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 erded with Ohmn's
Law.

Quite a "pite-to-chew", this Altermating Cwrrent! Fortunately,
all the terms studled here will becume a part of your new language,
to be used over-ard-over as Electronics continues.

Altermating Current and the Frequency Spectrum.....AC Electronics!
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ELECTRONIC PRINCIPLES

MODULE 12

This Guidance Package 1s designed to guide you through this module of the Electronic
Principles Course. 1t contains specitic information, including refereiices to other resources
you may study, enabling you to satisfy the learning objectives.

CONTENTS

TITLE

Overview
List of Resources
Adjunct Guide

Laboratory Exercise, 12-1

Module Self Check
Answers

COVERVIEW

CAPACITORS AND CAPACITIVE
REACTANCE

l. 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
tollowing 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=
1stics of a capacitor.

¢. From a group of statements, select the

one which describes the phase relationship
of current and voltage in a capacitor.

Supersedes KEP-GP-12, | August 1975.

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 a2 series-
parallel configuration, compute the total
capacitance and total capacitive reactance.

LIST OF RESOURCES

To satisfy the objectives of this module,
you may cheose, according to your training,
experience, and preferences, any or all of the
following:

READING MATERIALS:

Digest
Adjunct Guide with Student Text

AUDIE- VISUAL:




Television lesson, Capacitors and Capacitive
Reactance, TVK 30-255

LABORATORY EXERCISE:
Capacitors and Capacitive Reactance, 12-1

SELECT ONE OF THE RESOURCES AND
BEGIN YOUR STUDY OR TAKE THE MODULE
SELF-CHECK. CONSULT YOUR INSTRUCTOR
1F YOU REQUIRE ASSISTANCE.

ADJUNCT GUIDE

Instructions:
Study the referenced materials as directed.

Return to this guide

questions.

and answer the

Check your answers against the answers
at the back of this Guidance Package.

1f you experience any difficulty, contact
your instructor.

Begin the program.

A, Turn to Student Text, Volume II, and
read paragraphs 2-1 thru 2-40. Return to
this page and answer the following questions,
1. A capacitor physically consists of;

a. plates and conductors.

b, plates and iron.

dielectric and plates.

_—_C.

d. non-conductors and dielectric.

2, 'To decrease the capacitance of acapacitor,
you can

increase plate area.
decrease applied voltage.
decrease the plate area.

decrease the thickness of the
dielectric.

147

move the plates closer together.

3, Capacitance increases if you

A— al
b. decrease plate area.
move the plates farther apart.

d, incrcase dielectric thickness.

_—c.

4. A capacitor stores electrical energy in an

a. electromagnetic field.

electrostatic field.

——v—bl

5. 1f the capacitor has no charge and SWl
is closed, the electrons are:

_

::]- ~

—o/o——-

w1

REP4=951
pulled off plate A.

pulled off plate B.
forced onto plate A,
forced onto plate B.

6. Plate A has a negative charge and plate
B has a positive charge. then

A\[B
/1

..110
H

REP4~952

a. a difference of potential exists
between the two plates.

b, electrostatic lines of force are
directed from plate A to plate B.

electrostatic lines of force are
directed from plate B to plate A,

P

CONFIRM YOUR ANSWERS




B. ‘Turn to Student Text, Volume 1, and read
paragraphs 2«41 thru 2-44. Return to this
page and answer the following questions.

l. Find the total capacitance fot each cireuit,

a. Ct = ,U.F

L«
10 uF

S
C2
T 10pF

REP4=9513

uF

1 a
=20 uF

-l C2
~T~10uF

—_t C3

’I\6UpF

REP4-954

uF.

A1 a
T~ 100, F

@ T~ 25C:|=
¥

REP4-955

2, When capacitors are wired in series,total
capacitance (increases)(decreases).

CONFIRM YOUR ANSWERS

£3 ¢
% T
2DpF 10uF

/9%

C. Turn to Student Text, Volume II, and
read paragraphs 2«47 thru 2-40, Retutrn to
thls page and answer the following questions.

l. Find the total capacitance foreacheireuit,

as Ct = 'U.F

Cl [C2 c3

’]?apﬁilﬁhﬂf—3apF

REP4-956

1

al
0,002, F

12,F |0 om,.F 10,000 pF

T
J,—‘_a ¢
=

C
4

REP4=957

C. C T —— #Fo

\ I

REP4-958

2. When capacitors are wired in paratlel,
totz] 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.

20%7




1. Tu flud the Ci for the series=parallel
network shown,

Al
Awn

| L

T T

REP4=-9355

add C1, C2, and C3J directly.

—— al

— b, use the reciprocal method to find
.che equivalent capacitance of C2 and C3 and
add this value directly to C1,

w . ¢, add C2 and C3 directly and use
the reciprocal method to find the equivalent
capacitance of this sum and Cl.

Cl ”"’OP-F
|
\ T P Ce

I_J N
c? C3

prT | 19 uF

REP3-960

2. To solve the ahove series-parallel capaci-
tive circult for Cy, the first step is to deter-
mine the equivalent capacitance (Ce) of the
parallel network,

Q2
Ay

i

’l"zo oF

REP4-961

The next step is to combine Cp with C1,

Ct for this circuit is

(91

3. Solve for Ct in vtach of the circuits
below:

i, Ct Y c—r “FI

I 20:F
c2

~T~ 20uF

REI4=962

LN T} O

— (2

:]i:_;] p—
fto.u: “T~15uF

REP4=96]

uF

i

I\, F ]
C3 o
BHF’l“—‘j"?p.F

REP4-964

|¢_Cl
|‘3DpF

CONFIRM YOUR ANSWERS

E. Turp to Student Text, Volume II, and
read paragraphs 2-54 thru 2-7I. Return to
this page and answer the following questions.




1. Mark the drawing that jdentifies the cor-
rect phase relationship of current and voltage
in a pure capacitive circuit,

:‘.

Y
/X

viva

AVA

K/

REP3=965

b'
C.

do

2. The phase relationship in a pure capacitor
is such that the capacitor current {lags)
(leads) the applied voltage by 90°.

CONFIRM YOUR ANSWERS

F. Turn to Student Text, Volume II, and
read paragraphs 2-72 thru 2-g4. Return to
this page and answer the following questions.

1. The opposition a capacitor offers to alter-

nating current is called
reactance.

2. ‘The symbol for this peactance iy —_—

and {s measured in

3. The two variables which affect reactance
are ancl

— of the circuit,

4. Given the signal frequency and value of
capacitors in serfes, compute Ct and xC
t

of each circuit below.

a'

t =
. ¢ L

Cl C3

159
e

P S of |
:I:100pF
c2
0uF
c3

’T‘?SpF

REP3-966

[{C
ASTTIN=

L

f[~mopp
Y |€3 _

lsouF

4 kHz

REP4-957




('.
0
1,59 kHz I v
C2
“T~30F
REP4-96 8
Ct = uF
X =
Ce

5. Given the signal frequency and value of
capacitors in parallel, compute the total
capacitance and total reactance, .

a.

l. Cl LY 4
@H&Iz T]?.SpF Tl?.SpF

PEP4-269
Ct = uF
S
Ce
b.
ch ICZ -~ Q
i kHz SuF ‘[10 uF T~ 154F
REP4~970
Ct = uF
X =
CT

6. Glven the signal frequency and the value
of capacitors in a series-parallel configuration,
compute the total capacitance and total capaci-
tive reactance tor each circuit below.

20/

lWDpF
Cc2 aade C3
“T~6uF T~ apF
1590 Hz
.
REP4=971
Ct = uF
X =
C'l‘.
b,
I{C]
1\20pF
Cc? 1 C3
: WpF  ~Tr2pF
13-25 Hz
REP4-972
Ct = uF
X =
Ce
¢ |7 €
AP |
-t C2 Cc3
154F  ~T™15pF
400 Hz
REP4-273
Ct= uF
xc =

CONFIRM YOUR ANSWERS

G. Turn to Student Text, Volume II, and
read paragraphs 2-95 thru 2-100. Return to
this page and answer the following questiouns.




1. The compression type variable capacitor
has a dielectric of

a. air.
paper.

c. mwica.

i

4. oll

20 2.

2. The rotor-stator variable capacitor varies
capacitance by changing the

a. distance between the plates.

b. effective area of the plates.

¢. dielectric constant.

1]

d. thickness of the dielectric.

3. Match each of the fixed capacitors with the corresponding statements.

CAPACITOR

Electrolytic

bl r—— Oll

€y ———0 Mica

A, e Ceramtc

Paper

CONFIRM YCUR ANSWERS

STATEMENT

Low cost and 8mall size.
Used in high power transmitter circuits.
Uses oxide film for dielectric.

Has high dielectric strength and silver
plates.

TL.ow capacitance - high frequency component,

H. Turn to Laboratory Exercise 12-1. This exercise willincrease your knowledge of capacitors
and help you galn 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
hag on A capacitive circuilt.

2. Determine what effect a change in
frequenty has on a capacitive circuit,

3. Determine what eftect 2 change in
capacitance has on a capacitive circuit.

EQUIPMENT:

1. AC Inductor and Capacitive Tralner 5967.
2. Multimeter AN/PSM-6,

3. Slne-Squa.re Wave Generator 4864,

4. Meter Panel (0-10, 50, 250 AC maA)
4568,

REFERENCE:

Student Text, Volume 11, 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. P3M-6
{a) FUNCTION switch - ACV
(b) RANGE switch - 50

2. AC Inductor and Capacitive Trainer
piaced on T-bench before you,

J. Sine Wave Generator

(a) Plug into 110 volt source.

(b} SQUARE WAVE AMPLITUDE
control-slightly clockwise (CW) to ON
position.

212
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{c) SINE WAVE AMPLITUDE control
- 0-

{d) SINE WAVE RANGE control«10V,
(e} FREQ MULTIPLIER control = 10,
{f) FREQUENCY {CPS) dial = 50, -

B. Determine what ef{ect achangein voltage
has on a capacitive circuit.

1. Connect the capacitive circuit as shown

in figure 1-1,
_L ciol

SINE wAVE
GENERATOR
SET TO $00Hy T 0.1 ¢
()
010 mA AC
REP4=98:
Figure 1-]

2. Set the {requency 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 500Hz. Ea = 6V,

It = mA

5. Adjust the amplitude of the sine wave
output to 8 VAC at the output t¢ rminals of the
sine wave generator.

Frequency at 500 Hz. Ea =8V,

lt = mA
—

8. An increase in Ej in a series capacitive
circuit will have what effect on circuit curre-

Remain the same.
h, Decrease.
Increase.

—— .

— C,




7. The current change was produced by a
in

a. Resglstanca.
b. Capacitance.

&
&

c. Capacitance Reactance.
d, 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 1s 8 V AC at the output terminals of
the sinte wave generitor.

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 CIRCULT CURRENT
200 Hz mA
300 Hz mA
400 Hz mA

3. In a series capacitive circuitanincrease
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.

¢. Reactance.

1]

d. Voltage.

CONFIRM YOUR ANSWERS IN THE BACKOF
THIS GUIDANCE PACKAGE.

20

D, Determine the effect of a change In the
capacitance in a capacitive circuit.

l, Connect circuit as shown in figure 1-2,

INE WAVE
GENERATOR [
SET TO 100H¢ = Cio
O,
REP4=98]
Figure 1-2

2. Set the frequency of the generator to 100
Hz. Set Cl101 to ,5uF,

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 Cl0l to the values shown and record
the circuit current.

Cl101 SETTING CIRCUIT CURRENT

(1) .5uF mA
{2) AuF mA
{3) .3uF mA
(4) .BuF 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.

¢. Frequency.

d. Capacitive reactance.

CONFIRM YOUR ANSWERS IN THE BACKOF
THIS 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~
acterigtics of capacitors.

4. Ceramlc capacitors, for the same
values, are larger than alr dielectric
capacitors.

b. Two conductors separated by
space form a capacitor.

—— €. A micatrimmer capacitor varies
capicitance by varying plate area,

d. An air type variable capacitor
varies capacitance by varying dielectric
thickness.

e, A paper capacitor usesfoil plates
and a paper dielectric.

t. 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.

¢. The force between two charged
bodies increases as the distance between
them increases.

d. ‘The amount of charge storedina
capacitor is directly proportional to the
applied voltage and capacitance,

e. A farad is the unit of measure
of capacitance,

f. Capacitance is inversely pro-
portional to dielectric thickness.

g. A charged capacitor offers
infinite - opposition to alternating current.

<214
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s N, Capacltors are rated according
to the amount of voltage the dielectric will
withstand without breakdown.

———— 1, A cipacitor marked 600 V DC
can take 450 V AC without damage,

j» Total capacitance of two capaci
tors in series is greater than either capaci~
tance alone.

k. Capacitors connected in paralliel
will increase total capacitance,

1, Capacitive reactance is the oppo~
sition a capacitor offers to alternating
current.

m, Capacltive reactance is usually
expressed in microfarads.

3. Ina capacitor, current and voltage are

a, 180° out-of~-phase with current
leading voltage.

b, 90° out-of-phase with current
leac!ing voitage.

¢, 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,

— D, decrease,

8, Increasing frequency will cause
capacitive reactance to

a, increase.

b, decrease.




6, Solve for the followlng using the ecircuit 7. 8olve for the followlng using the efreutt
values Fhown. values shown,

Ct.—_————

X =
Ce

2 kHz 0.1 pF T 0.2 uF

Lo )
™.025 uF 212¥ c2 c3

REP4~979

REP4-980

CONFIRM YOUR ANSWERS IN THE BACK OF THIS GUIDANCE PACKAGE,
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Radar Principles Branch ATC QP 3AQR3X020~-X
Keealer Alr Force Base, Mississippl KEP-QP-13 -
October 1075
_MAGNETISM
MODULE 13

This Guidance Package 18 designed to gulde you through this module of the Electronic
Principles Course. It contains specific information, including references to other resources
you may study, enabling you to satisty the learning objectives,

CONTENTS
TITLE ) PAGE
Overview |
List of Resources |
Adjunct Guide 1
Module Self-Check 3
Answers 6

OVERVIEW

1. SCOPE: This module will explain the characteristics and terms of magnetlsm as they
relate to the study of electronics, '

2., OBJECTIVE: Upon completion of this module you shouid be able to satisty the following -
objective:

a. Given a list of statements about magnetiam, select the one which describes

(1) poles. (4) permanent magnet, - (") reluctance,
(2) magnetic tield. (5) retentivity. (8) electromagnet.
(3) flux density. (8) permeability. (9) magnetic induction,

LIST OF RESOURCES

To satisfy the objectives of this module, you may choose, according to your training,
experience, ard preference, any or all of the following:

READING MATERIALS: AUDIO~VISUALS
Digest Television Lesson, Magnetism, TVK 30-185
Adjunct Guide with Student Text, Vol I Audio Tape, Magnetism, NIK 0207 ABC

Audio Tape, Magnetic Flelds, 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-13, dated 15 April 1875, Existing stock may be used.
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ADJUNCT GUIDE

MAGNETISM

Instructions:
Study the referenced materials asdirected.

Return to this guide and answer the
questions.

Confirm your answers in the hack ¢f this
Guidance Package.

If you experience any difficulty, contact
your inatructor.

Begin the program,

A. Turn to Student Text, Volume 11 and
read paragraphs 3-1 through 3=10, Return to
this page and anawer the following questions.

1. lndicate which of the following are true
{T) or false (F).

—— 3. Magnetism, like electricity
is very visible,

b. Magnetism has bheen known
for centuries.

c. Although we can See how
magnetism works, we don’t know the full
details as to what causes it,

— 4. Magnetisin is defined a9 that
property of a material that enables it to
attract non~ferrous material,

e. Some magnetic materialsare
iron, steel, nickel and cohalt,

e—mem. {. Magnets can he classified
as natural or artificial,

g. Natural magnetscanbeeither
temporary or permanent.

h. 'The ability to retain magne~
tism is called retentivity,

218
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i. A material with low
retentivity could be made into & permanent
magnet,

j. The concept of LINES OF
FLUX 18 directly opposite of LINES OF
FORCE.

= k. Magnetic lines of force leave
the north pole and enter the south pole,

— 1, Magnetic lines of force form
a closed loap.

m. Like poles will attract each

other,

. n. Permeabllity is the ease with
which magnetic lines of force are distrihuted
throughout the core material,

0, A compass Isapracticaluse
of the directional characteristics of a magnet,

pP. lron 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?

— 4, Continuous and always form
closed loops,

——— h. Can pass
materials,

through all

— ¢, Are ahletocrossone another,
e~ O, Tend to shorten themselves.

e. Always enter orleave a mag-
netic material parallel to its surface,

3. lndicate which of the following are true
{T) or false (F).

—— A, One theory of magnetism is
called the Domain Theory,




b, According tothe Weber Theory,
the molecuiar magneta will neutralize each
other when they are aligned.

s €. The Domain Theory is based
on the electron spin. -

d. A group of magnetic atoms ia
known a8 a domalin.

e, Domains in any substance
will never be magnetized to saturation.

f. The domains will line up
when an external field is applied.

€. The stroking of an unmag-
netized bar of iron by a magnet is called
magnetic induction and will magnetize the
bar.

———— h. If abar magnet Is broken in
half the two new poles formed will repel
each other.

CONFIRM YOUR ANSWERS

B. Turn to Student Text Volume II and
read pa;agraphs 3«20 thru 3-36. Retumn
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.

¢. Wrappiag a current carrying
conductor around u soft iron bar will make
an electromaguet.

d. A straight piete of wire
carrying an electric current has a magneric
tield around the wire.

e, The magnetic field can be
reversed by reversing the direction of cur«
rent flow,

f. The LEFT«HAND RULE c¢an
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 c¢an be
equivalent 10 a bar magnet,

i. The north pole can be found
by usihg the LEFT-HAND THUMB RULE,

i» The strength of the rmage
netic fleld can be increased by increasing
the curreut.

k. The number of rnagnetic lines
(fiux density) can be found directly by
multiplying the current in amperes by the
numiber of turns.

2. Conzider twoelectromagnets using identi-
¢al cores, Coil A has 100 turns and a cure
rent of 1 ampere tlowing thru it. Coil B
has only 10 turns aud 1V amperes of cur-
rent. - Pick the correct statement concerning
these tws electromagnets,

a. Coil A has the stronger
magnetizing force.

b. Coil B nas the stronger
magnetizing force

¢. Both fields are equal.

d. Unable to determine.

3. Which of the following best describes
magnetic gaturation?

a. AS current increases the
number oi lines inéreases.

b. As c¢urrent intreases the
nwober of lines oecreases.

2193
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A8 current {increages thenuin-
ber of Unes no longer increases.

--—.c;

4. Indicate which of the following are true
{T) or false (F).

The magnetic field of an
electromagnet {s concentrated in the interior
of the coil.

[ENS————— ¥

— b, Flux density iz the total
number of magnetic lines {nside a coll.

¢. The number of magnetic lines
inside the coil depends on the type of core
material used,

d. A core material with a high
permeablility 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 SELF~CHECK
MAGNETISM
QUESTIONS:

1. Indicate which of the following are true
(T) or false (F).

a. Magnetism, like electricity,
is a force which we c¢an all see,

b. We really don’t know what
causes magnetiam.

¢, Magnetism is a property of
certain mgterials toattract ferrous materials,

d, Iron, steel, nickel, cobalt and
cOpper are magnetic materials,
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o, Natural magneta are {nmore
cominon usage than artificial magnets,

Magnetic¢ lines of force naver
¢ross each other. .

S ———— t.

MagnetiC lines of force loave

the north pole.
Magnetic lines of force make

-—hl

closed loops.

——— 1'

Like poles attract sach other.

j. Magnetic Unes leave a mag-
net at right angles to the surface.

k., Reluctance is the opposition
of a material to pass magnetic lines of forca,

1. A soft iron bar has a greater
reluctance than air.

m. Two types of magnets are
natural and artificlal.

2. In the figure helow, the polarities of
the magnet ends are:

——— a. 2and3north.
b. 1 and 4 north.
1 and 3 south.

——

2 and 4 opposite.

—— .

3. In the diagram shown, the north poles
are:

— a. Aand D,
—— b, BandC.
— ¢, C and A.
———— d., DandB.

A B D




4. What term s used to describe the ease
with which magnetic lines of force will pass
through a material?

a. Permeability.

——— b. Retentivity.
—— ¢, Reluctance.

d. Force,

5. A permanent magnet is a magnet that: ..

a, Retains its reluctance,

b, Loses its retentivity.

¢, Retalns its magnetism.
——— d. Loses itz permeability.

6. Residual magnetism is defined as;

a. The ease of flux flow in a
permanent magnet,

b, 'The oppositionofferedto mag-
netic lines of torce.

¢. A smallamount of magnetism
remaining after the magnetizingtorce haabeen
removed from a permanent magnet.

——— 4, Magnetism that remains ina
substance after the magnetizing force has
been removed.

7. What are the basic laws of magnetism?

a. Like poles repel - unifke
poles attract,

b, Like poles attract - unlike

poles repel,

8. Parallel magneti¢ lines of force traveling
in the same direction one another.

— a. Cross.

b. Repel.

S2/8

Attract.

P C¢
8. What theory of magnetism assumes all

magnetic substances are composed of small

molecular magnets?

a. Couwlomb's Theory.

b. Weber's Theory.

¢. 'The Domain Theory.

1]

d. Edison’s Theory.

10, In the figure shown the direction of
magnetic lines of force surrcunding the
conductor is;

Clockwise (CW).

— Ay

b. Counterclockwise (CCW).

11, In the figure the north pole of the coil
is

—_——a. A Al B
' |
b, B - %

12, The product of the number of turns in a
coil times the amperes is called:

Ampere-turns.
———— b. Turns ratio.

¢. Ampere capacity.

d. Saturation,

13, Indicate which of the following are true
(T) or talse {F).

4. Flux density is the number of
magnetic lines per unit area,
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——— . Al 2ir core will havea 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.

— 4. A magnetic field will sur-
round any current carrying conductor.

e. An electromagnet congists of
a current carrying conductor wrapped around
sotft 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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h. Magnetic  saturation s
reached when an increase in current will
no longer cause an increase in the number
of magnetic lines.

w——— 1. A electromagnet of 12 turns
passing .5A 18 atronger than one of only
one turt and passing 10A.

. J. 'The magnetic field is most
intense inside a coil.

k. Rubbing a magnet gver a non=

magnetized iron bar witl 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 TO MODULE SELF-CHECK

1. a4, g m. h,
. b, h' o. ia
e, 1. o, Jo

d. ). p. K.

e. k. q. . 1

L 1. .

cand e

a T d. T E&.
B. F e, F h
e. T (. T

1f you missed ANY questions, review
the material before you continue.

ANSWERS TO B - ADJUNCT GUIDE

1. a, e,
b. f.
c. g.
d. h.

T ¢ T
F d. 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 THE QUESTIONS
CORRECTLY. 1IF YOU HAVE, CONSULT YOUR INSTRUCTOR FOR FURTHER INSTRUCTION.
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MODULE 14

. INDUCTORS AND INDUCTIVE REACTANCE

This Guidance Package (GP) isdeslgned toguide you through this module of the Electronic
Principles Course. It contalns 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

l. 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.

¢. 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.

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 1I

AUDIO VISUALS:

TVi-30-205, Inductance
TVK-30-253, Inductance and Inductive
Reactance

LABORATORY EXERCISE:

Inductors and Inductive Reactance, 14-1

1f, through training or experience, you
are familiar with this subject matter, take
the Mcdule Self.Check. If not. select one
of the resourcps and begin your study.

Supersedes KEP-GP-14, 1 May 1975. Previous editions will be used until stock is exhausted.
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ADJUNCT GUIDE
INSTRUCTIONS:
Study the referencedmaterialg as directed.

Return to this guide and answer the
questions.

Confirm Yyour answers in the back of
this guldance package.

It you experience any difficulty, contact
your instructor.

Begin the progratn.

A, Turn to -student text. volume II, and
read paragraphs 3-37 through 3-48. Return
to this page and answer the following
dquestions.

1. Select the coil that would have the greatest
amount of inductance.

a. (1) “\

@) TV VU

b. (1)

@ o
c. (1) \

@) \
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A7
d. {1) {_i{\)", ! ﬂi AR CORE

oA N NN
@ L\ 1]
B AR AR IRON CORE
REP4=-995

2. An  electrical characteristic of an
inductor 1is that an Inductor Opposes a

due to

counter EMF,

3. The requirements for an induced voltage
are:

2

b.

c.

CONFIRM YOUR ANSWERS.

B. Turn to student text, volume II, and
read paragraphs 3-48 through 3-54. Return
to this page and answer the following
questions.

1. Compute the total inductance in the
following series circuits using
Lt=Ll+L2+L3+.

a. I"t =
YL
.SH
1 ImH
™) 3
53 H
bl Lt =

20H

10H

REP4-990




2. Conmpute the total Inductance 1h the
following paralle} circuits uwsing

1
l+r+l+
TR

Ltz

20H

REP4-997
3. Compute the total inductance in the
followlng series-parallel circuits.

a. Lt=

CONFIRM YOUR ANSWERS.

C. Turn to student text. volume II, and
read paragraphs 3-55 through 3-70. Return
to this page and answer the following
questions.

1, Finigh the gtatements,
a. The symbol for inductive reactance

iy .

b, The unit of measure of tnductive

reactance is

c, The two variables which affect

inductive reactance are

and

2. The formula for inductive reactance is
X1, =6.28fL. Solve for Iinductance and
inductive reactance in each circuit below.

*

a. Lt=

X
Lt_.

-

(g | § § SEE——

3mH REF4-993
3. Compute the total inductance and the

total inductive reactance for each circuit
below:

1
10-10-10-
L L "I

I"t=
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H¥ Lt =
X
Lt =
S00H z 10mH 15mH
bn Lt =
X
Lt =
200H, 294 5H 3'"1
<+
REP4=1000

4, Compute the total inductance and the
total inductive reactance for each_ circuit
below.

26H ]
100 Hz
£0H 60H

xl. =

s0Hz
1 mH

10mH
CONFIRM YOUR ANSWERS.

REP4=1001

228

209

D, Turn to student text, volume I, and
rend paragraphs 3-71 through 3.83. Return
to this page und angwer the followlng
questions.

1, Seiect the desc¢ription which identifies the
type of core the {inductors have,

b.

e 3l 3

REP4~1002

(1) Fixed magnetic core.
(2) Air core.
(3) Variable magnetic core.

2. For each type of inductor loss, listed
below, state how it can be reduced.

a. Copper loss:.

b. Hysteresis loss:

¢. Eddy currents:

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 -

(4} Winding style -

c. RF:

{1) Ccore style -

(2) Physical size -

(3) Wire turns -

(4) Winding style -

CONFIRM YOUR ANSWERS.

LABORATORY EXERCISE 14-1

OBJECTIVES:

I. Determine what effect a change involtage
hag on an inductive circuit.

2. Determine what effect a change in
frequency has on an inductfve circuit.

3. Determine what effect a change in
inductance has on an inductive circuit.

-

EQUIPMENT:

1. AC Inductor and Capacltive Trainer. 5967
2. Sine Square-Viave Generator, 4864

3. Meter Panel (0-10, 50, 250 AC mA), 4564
4, AN/PSM-6

REFERENCES:

1, Student text. volume II, paragraphs 3-49
through 3-71.

2, Test Equipment OCperating Instructions
bouk.

CAUTION: OBSERVE BOTH PERSONNEL
AND EQUIPMENT SAFETY RULES AT ALL
TIMES. REMOVE WATCHES AND RINGS.
PROCEDURES:

A, Preparation of the trainer and test
equipment.

lo PSM'S:
a. FUNCTION switch « ACV.1kohm/V
b. RANGE switch - 50 V
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 - ON
slightly clockwise {CW).

c. SINE WAVE AMPLITUDE control - 0V
(fully CCW).

d. SINE WAVE RANGE control - 1l0V.
e. FREQ MULTIPLIER control - 10.

f. FREQUENCY (CPS) dial - 30.
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B. Detormine whiat effect 1 change involtage
has ot an inductive circudt,

l. Connect the inductive circult as shown
in the fHgure below.

Sine wave generator set to 300 Hz.

) 3 g,

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.

3. _Adjust_the 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, E =5V

lt = maA.

5. Adjust the amplitude of the sine wave
output to 10V AC at the output terminals
of the sine wave generator,

Frequency at 300Hz. E, = 10V

It = mA.

6. An increase in Ea in an inductive circuit
will have what effect on circuit current?

a. Femain the same.
b. Increase,

¢. Decrease.

. 230
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7. The current change was produced by
2 change in:

a. Reslstance,
____b- Inductance:,

¢. Reactance.
____d. Voltage.

CONFIRM YOUR ANSWERS.

C. Determine what effect a change in
frequency has on an inductive circuit.

l. 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
200Hz ma
300Hz mA
500 Hz maA

3. In a series inductive circuit an increase
in trequency will (INCREASE) (DECREASE)
circuit current.
4. In an inductive circuit the current change
produced by a change in {requency isproduced
by a change in:

a. Inductance.

b. Resistance.

¢. Reactance.

d. Voltage.

CONFIRM YOUR ANSWERS.




D. Determine tho effect of a chinge in
the inductance in an inductive circuit.

1. Connect circuit as shown in the figure
below.

Sine wave generator set to 100Hz,

@ 1102

)\
-/

0 =10 mA AC

2. Set the frequency of the generator to
100 Hz,

3. Adjust sine wave amplitude until the
ammeter indicates 4mA. DO NOT CHANGE
the FREQUENCY or AMPLITUDE controls

“during the remalnder of this objective.

4, Replace L102 with L10l and record
circuit current.

maA.

5, Replace L101 with L103and record circuit
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. Voitage.

b. Frequency.
¢. Resistance.

d. Inductive reactance.

CONFIRM YOUR ANSWERS.

SPERe;

MODULE SELF-CHECK
Queationa:

1. What are four physical factors which
determine the inductance of a coil?

al

cO

dl

2. List the changes that must be made in
each of the factors to increase the inductance
of a coil,

al

dl

3. Calculate the total inductance of the

circuit below.

S H 16 H
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4, Compute the total inductance of the

tollowing circuit. o

12 4 I

5. Indicate if the foltowlng are true {T)
or false {F).

a. Inductance is defined ag the
opposition to AC.

b. The symbol for inductance is L.

¢. Counter EMF 1s anopposing induced
voltage caused for self-inductance.

d. A magneti¢ field. a conductor, and
current flow in one direction are required
to induce voltage.

€. An Increasing current causes an
expanding magnetic field.

f. Close spacing decreases the flux
Imkage.

g- The unit of inductance ts the henry
and the symbol is H,

h. Inductors in series add.

i. Inductive reactance isthe opposition

fo AC by a coil.

i. The symboi for inductive reactance
Lo
K. Frequency applied to an inductor
will affect X;..

l. X inductance ipcreases, XL will
also increase,

m. An inductor dissipates power.
n. The permeability of the core

material does not affect the inductive
reactance. '

R32

=

0. Voltage lends current by 90° in

an Inductor.

8. Find X; when a 20kHz signal 1s applied
to a ImH coil.

2. 37.68 ohma,
b. 378.8 ohms.
¢. 37k ohms.

d, 3.768k ohma.

Aiee——
—
tr—
———

7. Find X; when a 400 Hz signal {5 applied
to an 8H coil.

a. 200 chms.

b. 2k ohms.

¢. 20k ohms.

d. 200.96k ohms.

8. With the values given find:

a. Total inductance =

b. 'Totat XL =
1L H

TNy

aH

20 kHz

9. Find total X;, for the circuit of question
number 8 when the frequency is changed
to 200kHz,

XL=

10. Three inductor losses are:

a.

b.

C.

L1. Three types of inductors are:

a.

b.

[
CONFIRM YOUR ANSWERS.'




ANSWERS TO A ADJUNCT GUIDE

1. (2) b (1) ¢ (2) d (2

2. Change in current flow.

3. A magnetic tield. aconductor, and relative
motion.

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

ANSWERS TO B ADJUNCT GUIDE
la, .65H b. 30H

2a. 4H b, 6H

3a. 18H b. 12H

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

ANSWERS TO C ADJUNCT GUIDE
la. xL b. Ohm
c¢. Frequency and Inductance
2a. 20H and 7536 ohms
b. 10mH and 62.8 ohms
3a. 6mH and 22.6 ohms
b. 2H and 2512 ohms
4a. 50H and 31.4 Xk ohms
b. 21 mH and 7.9 ohms

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

ANSWERS TO D ADJUNCT GUIDE

la. (2) b.{1) ¢ (3)
2a., By increasing the conductor size

b. By using high permeability material for

the core.

c¢. By laminating the core.

2a(l) Laminated iron (2} Medium tolarge
(3) Large
b(l) Laminated iron (2) Small to medium
(3) Small (4) Special winding techniques
c¢{l) Air or powdered iron (2} Small

(3) Few (4) Special winding styles

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

ANSWERS TO B LAB EX 14-1

4. It = 1.4mA {approximately)

5. It = 2.8 mA (approximately)
8. b « Increase {Iy = E;/XL)
7‘ d

I you missed ANY questions, ask your
instructor for assistance.

ANSWERS TO C LAB EX 14-1
2, 2.5maA (approximately)
2.0maA (approximately)
1.5 mA (approximately)
3. Decrease

4, ¢

I 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)

€. Decrease
7.d

I you missed ANY questions, ask your
instructor for assistance.

ANSWERS TO MODULE SELF-CHECK

la. Number of turns

b. Length of cofl

¢. Diameter of core (cross sectional area)
d. Type of core material

2a. Increase number of turas.

b. Decrease length

¢. Increase core dameter

d, Use a core of a higher permeability

3. 29H

4, 3H 233
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ANSWENS TO MODULE SELF-CHECK 10a. Copper b, Hyaterosly
¢, Eddy current
82, ¥ B T T dF eT LF
g T W T 1.T 4T LT mF 1la. Power b, Audio ¢, RF
n.F 0T
8. b HAVE YOU ANSWERED ALL OF THE
QUESTIONS CORRECTLY?IF NOT, REVIEW
1 ¢ THE MATERIAL OR STUDY ANOTHER
RESOURCE UNTIL YOU CAN ANSWER ALL
8a. 8H b, 626k ohms QUESTIONS CORRECTLY. IF YOU HAVE,
CONSULT YOUR INSTRUCTOR FOR
g. 5.28M ohms FURTHER GUIDANCE.
9
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Baslc and Applied Electronica Department ATC GP 3AQR3X020-X
Keosler Air Force Base, Missiasippl KEP-GP~15

I June 1974
ELECTRONIC PRINCIPLES

MODULE 1§

This Guidance Package 18 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
Digest

Adjunct Guide

Module Self Check

Supersedes KEP-GP-15, | November 1973, Use existing stockglgt'exhausted.
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OVERVIEW
TRANSFORMERS

l. SCOPE: This module will explaintranaformeractionand show its construction and explains
its characteristics and function in electronic circuits.

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

a, Given a schematic dlagram of a transformer with a resistive load, turns ratio, pri-
mary loput voltage, and formulas, determine the

(1) output voltage.
{2) refiected 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 TAK E THE MODULE SELF-CHECK. IF YOU DECIDE
NOT TO TAKE THE MODULE SELF-CHECK, TURN TOTHE NEXT PAGE AND PREVIEW
THE LIST OF RESOURCES. DO NOT HESITATE TO CONSULT YOUR INSTRUCTOR
IF YOU HAVE ANY QUESTIONS.
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LIST OF RESOURCES

TRANSFORMERS

To satisty 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.
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DIGEST

TRANSFORMERS

A transformer i8 2 device that transfera electrical energy from one circuit to another by
electromagnetic induction.

Transformer schematic symbols are drawn in reference to the construction.

AIR 120N CENTER
cors CORE el
1
3E 3E 3 et wame 3
E: WINDINGS 1 —

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 elaectrical 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:

E N
Voltage~Turns relationship .EE =t
3 3
E Is
Voltage-Current reiationship ‘EE =
2 p
N 1
Current-Turns relationship .NE =_l§
s p
% [
Impedance-Turas relationship Tp =
-]
zZ
Impedance-Voltage relationship -Z-P =
s
zZ lIsF
Impedance-Current relationship T'ZE ¥
s \IF

Energy relationshi P P
Conservation of Energy onship pri = sec
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DIGEST

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

/\/ _f\//\/ 'EE.\/\

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 15 open or shorted by com-
paring the resistance of the windings to a known specification. The best way to check a trans-
former 18 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.
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ADJUNCT GUIDE
TRANSFORMERS
INSTRUCTIONS:

Study the referenced materials as directed,
Return to this guide and answer the questions.

Check your answers agalnst the answers at the top of the next even numbered page following
the questions,

It you experience any difficulty, eontact your inatructor,

Begin the program,




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.

1. Three requirements for electromagnetie induction are:

Ay

b‘

Ce

2, Define:

a. Self-induction:

b. Mutual induction:

¢. 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

anothey by
b, The winding that is connected to the source is called the winding,
¢, The winding that supplies energy to the load i3 called the winding,

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE,

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. 3 , E
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2.3¢
—
£

" EN:
°' 3

d,

l_l_l_l I

REP4-1006
2, Determine the turns ratio of each transformer pictorial diagram,
a,
—— | |
10 )
TURNS TURNS
L 1
b,
L S— 1 -~
TURN TURNS
- T T
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,
NSE
E =

]
p

a, Es=
£ L
1oV
1:3
- |E %m
. Bg= 200V A
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ADJUNCT GUIDE

ANSWERS TO A,

l. a. A magnetic fleld.
b. A conductor.
¢, Relative motion between the field and conductor.

2, a. BSelf-induction is the process by which the magnetic fleld 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.

¢. A Henry is the inductance in a cireuit which induces an EMF of one volt when the cur-
rent 18 changing at a rate of one ampere per second.

d. Flux linkage i3 the interlocking of magnetic lines of force; it s those magnetic lines|,
arcund one coil or wire which link another coll, or wire,
3, a. electromagnetic induction
b, primary
¢, secondary

U you missed ANY questions, review the materia}l before you continue,

4, Given a schematic diagram of a transformer with a resistive load, turns ratio,
primary input voltage, and formuias, determine the refiected impedance,

N2
zpaza(ﬁ-i)

a Z = || 109
P 100v 0.
b, Z = H 49
P 100V 3 E
S:1

REP4-1008
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ADJUNCT GUIDE

5. Determine the phase relationship between secondary {Ea) and primary (Ep) voltages

for each transformer.
Ep
| 3 ] ‘
=

Ep

i1, phase Es

=

—

3

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE.

REP4-100%

C. Turn to Student Text, Volume II, and read paragraphs 4-31 through 4-35. Return to this
page and answer the following questions,

1. When troubleshooting a transformer with an ohmmeter, a secondary resistance
reading of OO N\ 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,




ADJUNCT GUIDE

ANSWERS TO b:
l. a. Iron Core
b. Air Core
¢, Muitiple winding = Iron Core
d. Auto transformer - Iron Core
S:1
1:2
v
100 v
40 .
100 .
180 degrees out of phase
b, in-phase
¢, 180 degrees out of phase

If you missed ANY questjons, review the material before you continue,

ANSWERS TO C:
1. open
2. shorted

It you missed any questions, review the material before you continue,

YOU MAY STUDY ANOTHER RESOURCE OR TAKE THE MODULE SELF-CHECK,

10

246




R3¢
MODULE SELF-CHECK
TRANSFORMERS
QUESTIONS:
1. Indicate which of followlng ar¢ true (T)or false (F),
——3. Two types of electromagnotic induction are self and mutual.
w—ab. Mutual induction has to do with transformer action.
€. The symbol for mutual induction 18 “ma."’
~= @, The symbol for self induction is “L."

- €. A transformer will transfer electrical energy from onepart of a ¢ircuit to another
by direct means,

— . Transformers must use a changing current source,
— E. A transformer will have at least two windings called a primary and a secondary.
— . More than one secondary may be used,

= 1. Alr, iron, copper, and aluminum are types of core material which can be used
for audio and power transformers.

—e }. Laminated iron Is used ag a core for RF transformers to eliminate hysteresis
losses,

— k. Laminations are insulated one from the other.

— L. When 100% of the primary flux lines cut the entire secondary winding, the
coefficient of coupling is one,

2. Match the fotlowing figures with the proper name.

a. Multiple winding 3! E 3 E
. 2-
b, RF ” E
¢, Autotransformer 3 E 3
f 3, 1,
d. Audlo
REP4-1010

9 3. Indicate which waveshape is correct for Es when the input is as shown.

— S

11
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MODULE SELF-CHECK

4, A transformer with 1800 turns in the primary and 100 V AC applied will have
volty in the 18000 turn secondary.

5. The transformer in question #4 is a
— 1, Step-up.

—— . stepsdown.

8. Flind the reflected impedance in the circuit shown.

— 2 10 .1

—Db. 100 /L 3“ 130 K9
1000 M 100V 1:10

i €

——d. 10000 %

REP4~1012

7. Indicate which of following are true (T) or false (F) concerning transformers.

~—2a, Anochmmeter 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.

—=—4. A step-down ratio would be indicated if the primary measured 58 chms while the
secondary is 4 kilohms,

e. Shorted secondary turns would be the trouble if the primary voltage was 120V
and the secondary was 4 V instead of the 5 V it shouid 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
2 mi
b, Open secondary e ‘ I Eg =0V
120v
Sharted primary
d. Open resistor (R). REP4~1013

12
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MODULE SELF=-CHECK

9. Indicate the possible trouble in thia elreuit.

a. Open primary

-

b, Shorted primary 546;' p3 l l':s wf
S - -~
—at, Open secondary
REPE=1014

e de  Shorted asecondary

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE.

13
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MODULE SELF-CHECK

ANSWERS TO MODULE SELF-CHECK!
I, a. T e, F i F
b, T . T . F
¢, F ge T k. T
d. T “he T . T
2, a, 3
b, 1
c. 4
d 2
. a
4. 1kv
5 a
8. ¢ -
7. a. T d F
b. F e, T
¢c. T t. T
8. b
9. ¢

HAVE YOU ANSWERED ALL OF THE QUESTIONS CORRECTLY? IF NOT, REVIEX THE
MATERIAL OR STUDY ANOTHER RESOURCE UNTIL YOU CAN ANSWER ALL QUESTIONS
CORRECTLY. IF YOU HAVE, CONSULT YOUR INSTRUCTOR FOR FURTHER GUIDANCE,

14 A U5, GOVERNMENT PROETING OFFICE: 1978-671-1557149 !

ATC 189

Q 2:‘0
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Basgic & Applied Electronics Department PT 3AQR3X020-X
Keesler AFB, Mississippl KEP-PT-15

1 January 1975
ELRECTRONIC PRINCIPLES

MODULE 15
TRANSFORMERS

Thia illustrated Prosramme& Text ia deaigned to aid in the study
of Transformers. Each page contains an important idea or concept to be

understood bafore 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 queatione to bring out
the main points. These are i{ndicated by....

It is hoped that these questions also aid "Q—l or Q=2 ete..

in understanding the subject a little better.

Tha snswars to these questions will be found on the top of a
following page, indicated as.....
Short comments may follow the | A-l or A-2 ete.,
answera to help understand why
a question may have been missed.

INDEX OBJECTIVES
R —— N ———

Upon completion of this module,
you should be able to satisfy the
following objectivea:

Introduction & Definition....
Electrical Powlr.ccesecvecaes
Power Distribution System....
Power Line Lossef....ccevsens
Basic Construction.cececeesass
Transformer ActionN.cccsscesnss
Primary & Secondary...cecee:.
Turns~Rati0.cececccccccsscees
Schematic Symbols...eeeeasess

a, GCiven a schematic diagram of a
transformer with a resistive
load, turns ratio, primary
input voltage, and formulas,
determine the

D OO s O AR P LD D

Yoltage CalculationS.eeeces.. 10 (1) output voltage.

Types & Schematics..ceeseesss 12 (2) reflected impedance.

Current Calculations......... lé (3) phase relationships between

Practice ProblemS.eceessceses 13 secondary and primary volt-

Power LoSSE8..,cosecasesesess 1O ages.

Voltage~Curréent Calculations. 17

Autotransformers. . seesseess s 18 b. From their schematic representa-

Maximum Power Transfér....... 19 tion, identify air core, iron

Impedance Matehing.eeeoeoesss 21 core, auto, and multiple wind-

Reflected Impedance..scessses 23 ing transformers.

Phase RelationshipsS..eceeesss 25

Troubleshooting. ceeeeesssesse 26 ¢. From a list of statements,

SUTMATY esssnsssssssscesscesns 30 select the proceedures for
checking open and shorted
transformers.

Supersedes KEP-PT-15, 1 September 1974, previous edition obsolete.
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IHTRODUCT T

A small transistor radic contains 5 tranasformers, while a Radar aystem
may contain 50. Glant distribution transformers make the transmisaion of
AC eleetrical povwer possible, and subeminiature transformers, operating at
hiph frequencles, transfer radie asiRnals bhetween €omplex electronic cirecuits,
From high flilelity stereo equipment, to alreraft and missile flisht con~
trol systems, the transformer performsg a varlety of simple and complicated
tasks. 1t iy reliable, and wastes little-or=no power while Operating.
Television sicnals arrive at a transformer direct from the antenna, and
at the same time another type is developing hipgh voltapes which the picture
tube .requires, And another 1s delivering sound signals to the speaker.
From {ts simnle bepinninp, an entire industrv hag prown to meet the
never-ending demand for new and higher quality transformers.

This 1s a study of the basic uses, types, operating principles, needs,
calculations, and troubleshooting of tramsformers.

STELLUITION

& dovice usdd to transfer clectrival

power, at a higher or lower voltage

level.

vuc of the auvantages of AC over DEC, is tue abllite to raisc or lover

tae voltasy levels of AC power, thry the use of c¢loctrical transformers,
————

valsins or lowering LC voltages involves serious cuvrny losscs,

=1 4. A transformer ls a device uysed to transfer electrical .

L, Transformers raise or lower the _ level of AC nower.
¢. T=F AC power has no  advantapes aver NC nower.

d., T=F AC voltage can be ralsed thru the usc of a transformer.
e, T-F AC power can be increased bv usine a transfornmer.
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ELECTRI CAL POWLR

Eleetrical power is a gombination of Voltage (L) and Currcnc (I).

= UWbtzge » Cuvunt

Many comblnations of voltage and eurrent can result in 1000 VATTS of Power.

1000 WATTS = 500 VOLTS * 2 AMPERES
1000 WATTS = 200 VOLTS X 5 MIPERES

1000 WATTS = 10 VOLTS X 100 AMPRRES

SLECTRICAL POWER TRASSFLR

—

The transfer of electrical power thru a trausforuer is so efficiont,

that the small losses involved are nermally ignored,

!%ND!iil’Uﬂfcﬂl‘

1000 WATTS 1LPUT . ) . LOGS "IATTS oUIMeT
. e owe ' ll\f\n:ll'“r:.”-l‘ - PR .
Lo vOLTAGL wlth, VOLLAGL

L 4

It is essential, for loup distamce electric power distribution, te

uave the Power at as hiden o voltape level as possibled Tuls reduces the

cuergy loss in tiwe power trausmisslon lines, The reasons will uve ¢iscussed

iater.

A0 AU DC THM ldroluiub‘ 77

Ouly alteraating current AC works {n a transformwer., o airect cur-

reut OC, the transforier acts as o large wire-wound reqis:ot. dissipatin,

all the power i{n the fona of heat. lﬁ’llﬁ

=

Electrical power is a combination of and

T-F Transformers can be considered 100 efficient,

T-F Lonp distance power transmission requires transformers.
T-F Transformers work equally well with AC ar IC power,




Qb

e, Talse.«. this would be gotting
something for nothing.

Ael 8+ poOwer ¢. False
h. wvoltage d. True

TYPICAL POUER UDISTRIBUTION SYSTEM STA RT

"When you turn ON & switchs.vo.” GENERATING STATION

RECEIVING
STATION
TRANSFORMER

{SUB-STATION
TRANSFORMER

‘w DISTRIBUTING

TRANSFORMER

The importan¢e of transformers can best be seen, when it 1is imagined
what 1t would be like without electric power. The extremelv higi trans-

mission voltgges shown are absolutely necessary. Without them, nost of

Lhe vlactric power in the systew would Le dissipated as neat. This is

furthur explained {n “POVER LINE LOSSLS" wiuich follows.

0-3 a. T-F Electrical power passes thru several transformers, between
the "power housa" and the "using house",
b

. T=F Nigh transmission voltagas are 70T necassary.




T
A= a. voltage and curraent c¢: True...to reduce "line losses", l

b, True d, False,..they work with AC only. .

JOWER LIAE LOSSES
Tge amount of gurrept flowing thru a wire determines the enerpy lost

;yring transnission of ulectrical power from point to point,

1000 WATTS INPU:\\

2 Olif WIKE RESISTANCE l’
20A U S0V
WIRE LOSS = CURRENTZ X RESISTANCL 200 WATTS
wooo- 202 x 2 6 OUTPLT
" = 400 X 2
o = BOO WATTS

1000 WATIS INPUT

2 01 WIRL RESISTANCE
.

2A J 500V

l/ WIRE LOSS = cuamémz %X RESISTANCE
-

u - 2 x 2 992 WATTS
« - 4 X 2 OLTPLT
o = § WATTS

ON THE DELIVERY E!D

By raising the voltage to extrenely hich levels, the amount of

~ current required in the transmission of electrical power can be kent
low, and the line losses held to a minimun.

It 1is not practical to produce electrical power at the very hinsh
transmission voltage levels required, due to “arcing and sparking"
within the AC penerataor. Therefore, the output voltage »f the fener-
ator 1s "stepped-up" thru the use of a transformer, for delivery
along "high-teasion lines".

ON_THE RECTIVING ED

250,000 volts is not the best thing to have "rumning around the
house', =so the voltare level of the electrical power is "atepped-
down" thru a series of transformers to the 120 volt and 220 volt

levels required for residential uses,

Y A. T-F The hicher the voltape, the lor the 1pss.
h, naising the voltage results in less flow.

c. T~F Some "line-loss" is alwavs iavolved.




A~} o, Trua,,..oftan pasalng thru 5 or more tranaformera.
b, False.,.they ARE necessary, and the-higher~the-batter,

hASLC TRANSFORIMLR CONST X
Although the dlfferences amony traneformers are many, their

fundamental construction was 4 striking siwllarlity., .. .two or more

colls of TNSULATED wire, wound on some type of "core" material,

k l CORL
9 OUTIPLT POLLR

‘l
1 ’ / - |
UATLRIAL

j; TaPST POVLR

The particular physlical construction of any transformer, ls deter-

mined Ly the tass to be perfomued. JSizes range fron "Olstributiow irans-

forucrs', as large as a house, to the subminlature "Pulse Iransformer”,
the size of a pea.

Inagine the phvsical differences whileh nwst cxist in the followlnyg

list of transforner Lypes... ..
é au abtauy-t suoull be made to "aemerize” .ny part of his lise,
i

Power Transfurmier ' Litrasonic Transfomner  {larmonic Transformer
Plate Transforner Auto=-Transformer tdelta Transfurer
Filanent Transformer Isoiatlon Trans{orucr wye Trans{ormwer

Audio Transforier Line wooster Tfar Voltage Regulation Tlur
luput Traasfiormer Varial.lv Transfoniaer Flyback Transiornaer
Output transforner Toroiuai Transiorrer Vibrater Transforner
Inturstase Transfuruer Gwpper ‘Transformer Vertical OQukput TEir
‘xing Transforaer Coutrol Transformer 'ush=Pull Trausforiwer
Matcitlag fransfurnacr dectifivr 1ransfomaer Universal Transf{om.er
priver Transforuer Ladiio Frequency TEur Line iransforr.er

Pulse jrausforuer Video Transforuer sodulation Transformer
“lapnetic Auplifier Puase Detector Thar Photoflasa Transformer
Saturaile Transformer Lalanced .fogulator Timr .ias Transfomier
Couverter Transforner Single Paase Tfur Yulti=Tapred TEor
Constant Voltage 1{ar Two Pihase Transf{oruer Iuwverter fransforsier
Mscrininator Transfonuer Three Piase TLar Interncdiate Freq Tlmr
Llocking Osciliator 1far wriuge Trausforuer Ad 08, Jnd on, Al Olla .

&. Trangformers are used to transfer eleetrical
b, T-F All transforners "step~un" the voltare.
c. T-F All.transforners have two colls of wire.

ERIC

Aruitoxt provided by Eic

i
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A=k a. True ¢+ True.,.at lenst until wire wich 2ERO nhmos of
b. current resistance becomes practical to producel

TRANSFORMER ACTION

"Any conductor material, will have an electrical current generated

within it, when exposed to a changing or alternating magnetic field".

This ia called the phenomenon of INDUCTION.

MUTUAL INDUCTION or “transformer action" oceurs when alternating
current In one ¢oil of wire, creates an alternating magnetic field,

which induces a current to flow in 2 second, nearby ¢oil.

ALTERNATING )
F1ELD
CURRENT ALTERNATING MAGNETIC FIE

In this manner, useful electrical power is generated in the

second coil, The two coils are pot physically connected. They are

magnetically coupled topether.

A gtronger and more goncentrated magnetic field would be produced
if both coils are wound on some twpe of magnetic core material.

Direct current (DC) magnetic flelds are stationarv, and therefore
would JOT induce any current into the second coil. Only alternating
current (AC) can be transferred thru a transformer, due to {ts constantl-

changinp and alternating mapgnetic field.

e e e e . "
Q-6 . T-F An alternating magnetic field will create an Iinduced current
in any nearby conductor material.
b, T-F DC will produce an alternating magnetie field.
¢. The strength of the alternmating magretie field depends upon the
numbher of turns. and the amount of .
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A=5 4, power c, False, ..some special typos have only ones
b. False...some "stap~down".

DRIARY ARD SLCOGUARY WINDIKGS

Transformer windings are called “lrinacy” and “Secondary® windings.

PRIMARY vite power to bLe translerrced 18 pluaced in
the prinacy windfng,

SCUOKDARY Power, at the desfreq voltape level, s

ramoves trom the secoadary winding, and
delivered to the deviee requircing thils

particular voltape.

r!_ CORE
M' oy eyt e
/b ..l.t(?.au:\.}?.
o’ VI
STLP=ul' TRALSFORIILRS

MATERIAL
Tae nugput power of o tronslormer will be at a_dvpgier voltape, wiwil

PREIARY
WINDLGG

(L s

the secondary winding has nore turns than the primary.

. o™
) 4@ 3 3 !ﬁ>
I8PUT PRITARY SECONDARY ntai
PULER Qo) i
. ik ks Err
LYIRANSFORMER |

"LLP“ Wi T .SFOR.L..{\.)

The power output of a transformer will be at a lower voltape, wvien

the secoudary has leus turns than the pricary,

INPUT "
PO’-JE.R) PRI ARY
-7 a. The input power noes to the windin:.,
b, The output power comes Erort the windine,

¢, T=-F Adding turns to the secondarv windinp will increase the
output voltage from the transformer,

d. T-F All transformers step-up nr step~down the voltarse,

LA l'ml
259 BEST AVANLABLE GOPY




A6 a, True ¢, current (also the
b. Falsa...a "stacionary" mapnetic field. type of core

TRANSFORMER TURKS RATIO

The aumber of primary and secondary turns 18 most important to
transformer operation. 0often the actual number of turnas ls indicated,

Liowaver more often, the '"turua ratio" 1s used to inlicace the expected

TURNS RATIO

100 300 —— . Said as
TURNS TURNS — . “One to Three"

performance of the transformer.

S5ald as
"Five to Two"

Il
on
O

1' 4- Said as
. “One to Four'

A turns ratle of 1:3 would indicate & step-up transforner.

1 : 3 For every one turn in tue primary, therc are three turns
in tiic secondary.
A 52 transforuwer would be a step-down transformer. For every
» A *
5 . 2 M 3 *
5 turns 1w tue prisary, there are 2 turus In the secondary.

1 o Transf{ormers witn a 1:4 turns ratio are step-up. For every
. 4

one turn lu the prizary, there are &4 turns lu the secondary.
x

0-8 a. A turns ratlo of 3 : & lndlcates a step cransformer.

b. A turns ratlo of 5 1 indicates a step transformer.

c. T-F A turns ratlo of 6 : 3 13 the same as 2 turns ratig of 2 : 1

d, T«F Addion curns to the primary winding would reduce the
output voltage from the secondary winding.

-
H
-
H

2£0




A= o Drimar ¢. True d., Moat of the time "prye” but
Y r a gpecla 'typc cnlieg tha

b. Sacondary taolation_tfmr has ho_chnnpe,
TRALSTORIEI SCHLUATIC ﬁYHuQ&E

The baste transformur schanatic symbol depemds upon the type ol
A ———

sorg naterial used. mm-com-: ’ramsronm-:n

RON=CORE ” E 3

. 1hc nunber of wvertieal lines
2, 3, or 4 Is not inportant.

Althousi a1l low [requency transformers wave lron-vores; Liose
desizned to aperate at tae hlzher radie frequencles will have atir-cotes.

ALi-CORL TRASFORMER

| i

adte tue dbsense of Liwes between Lo
winafngs. Tads is the differvnee be-
tuween ifron,aad air core syulols.

vften, trausfoarmers operabtineg ab radie frequencies, i otaer

soevial nurpnse tyvpes will use a powgercd-iron, or ferrite aaterial

for a cure. tiany tines these cores gre tireaded and

s justable, M JFERRITE CORI:.
I 1
- u"
i N
i i
1 1]
! 1]

¢ Ja. All low frequency transformers use an
b, Air coere transformers are used at the higher fraquencies
¢, T=F 1Iron core transformers are used at radio frequencles.

d. T=F Adding an iron core chanpes the turns-ratio,

261




A-8 o, up €s True.es 412 18 the same as 211, 9:2 « 21l etc..
be down d. True... it changas the turns=-ratio.

TRALETORNGR VOLTAGL CALCULATLIONS

The secondary "output" voltage of o transformer depends upon the

prinary "faput' voltage and the turns-ratio. The followlug transformer

uquation 1s uscd to calculate the secondury voltage.

b, » Prinary Voltage
EE — N [ ] Ly » Sccondary Voltage (To Le caleulated)
Wi
ES Ns 4, @ Primary Turns

t Usunlly expresgsed

Ly = Secondary Turns as the turns~ratlo,

EXAMPLE £l Solve ro

2 Voliaze=Turns cguation

Lp = Joov

M,
.

equation, with (g as

: 5
' . Values entered inte the
- 7

Crogs-llultiply

Jlvide for answer
2x 1570
b

1 t

LRV iPLL 2

12 w : Valtaye-Turas Lquatlon

Values entered into Cle
cquatfon, with Ly as "x".

Crosse-nultiply & divide
for answer.

———
=10 Solve the followinr: for sccomdary voltage.

(a) (b)

s b 2:3
¢
coov Eg » ? 400V
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a. lron ¢. False
b. radle d. False...it may change the welght choupgh.

TRANSFORMER VOLTAGE CALCLLATIONS (cont)

From the Lasic voltage-turns equation, other missing values can be

c¢aleulnted, The following examples phow how this 1s done.

EXAUPLE #3 Solve for

L 3

51 2 EI: - 3_1: Voltapge=tutng cqunl.'.lon
Ka 3 Values entered into the
400 2 T

equation, with lip as 'x".

2x = 2000 Cross-multiply and divide

for the answer.
X =

%{-& = 2n  yoltage-turns equatlon
s

. EXAUMPLE 4 Solve fo

’é
:

Values eatered into the
equation, witi N, as "x".

00 Cross-pultiply & divide
for answer.

GRAPLE 70 Solwve fu
6 N .

l'lp = :‘41 Voltage~turns equation

g g

800 o & Values entered into tiw
Ep = BOOV 600 x equation, with % as "x",

Cross-nultiply & divide
for answer.

n=11 Zolve for the indlcated uissing value, Try not to refet to tuae
cxamples above, unless neCessary.
{a) (L) {c)
& ;5 Ny 2 3 2 ¢+ N
!
!
N
20V i
Ep i
i
[ ]
i

1}

263
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U, soov

b, 600V c, 200V

TRALNSFORMER TYDPLS

POWER TRANSFORMERS

Transformuers designed specifically for uace at
"Power Fregquencies’ , are classifie] as Tower

Trangformers, - They luve heavy lanfuate! iron

cores, Jand usuully lave more than one sccondary

wineint.  Tuese cransformers change tae 120 valt

Line power, into scveral hisher and lover volt-

age levels, witdell a particular e of electronic

—_— ste 1 cyuipnent will need to function properly. Thoe
PRL 5: " suparate winuinues op;rntu inaependently, any €aa
. :: E: be checked tndividually for perfum.asce,

-: SEC 3 ) ALUDIO TRANSFORMLRS

————

Speveir, Codu, tounes, and musiv Frequuencies are
transfered thru Mdio Transfortuers. wosine, for

operation up to 20,000 (2, tiev alse wave la.in-

ated Lron ecores, ‘fost audio wranslToriors aave

anly one sceondary sindiog, Goe auave cotnecliong

to varivuy pulints on bhe SUConkary .  Javac Al

l T

called "taps o G exanpic vouly he Lae Mhagio
vuipat wransforier’, wndon transfers mawer fvo

an Ahuuedo Mglifier civetronic clrvcait, o a1

Cticular pesner. The o wircs of an Tl oot

cencounters a

Fower transformers usuvally have nnre than ene wincine,
b, T-F Power transformers used a powdered irom core.
c. Upon entering clectronic eounipment, the linc voltare firstc

T-F Audio transformers will not operate at pover frequencics,

spealer”y would Le commccled to tae Mool L,

e Lt G (v meon ) Leri inal,

transforner.,

d., T-F Audin transfarmers lave laminated fron cnres.

285
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A=11 .
a, ROV bo Np = 2 C. i\a = l

TRAASPORMLR TYPES (cont)
BADTO FRLQLLHCY (RP) TLHAJSFORILRL

Ladio reecaivers aud transmitters cohtain
wany {F SYransformers.  They transfer power,
it radio~frequencies, between sonsitive

vloctroniv vireuits, Desicned for use (ron

20Rlz, thiru ViiF and VLY froquencies, these

trans farmers nave powdered=irvon, ferrite, or

afr cores. (Laminated iron cores will not

I
1]
h
n
i
]

~worh properly uuv to tue rapiuly cuaniding
naghetic ficlus at tiese deuer {requencivs,)

ulzes ranpe frow larpe Ldrlevoltage, b a=

frequency types used {n powerful cransuic-
ters, to minfature low-valtape transformers
used fn transisteorized receivers., “fuev can

ve fdentiffed by a few turus of fpsulated
vire, wound ou a covmen tuwular forn. <ften,

a titreaseu ferrite Core passes Lty wobld

4
—
&
r
=

pricary and seeonuary windili s Lo aujust thw
transforocrs operation, any RF Transformers

arc surrtounded by netal sadelaln vaterial,

Loeaaaal]sd

preventiag fnterferenee, . to ane fron bearby

electronic cunpoucuts.

Transformers designed to operate at the higher radio frequencies,

are called transformers.

b, T=F All RF transformers use an air core.

¢, T=F Some RF transformers use A laninated iron core.

d. Many radic [requency transformers are surrounded by a .
to prevent interference,

e, T=F BRF transformers have turns-ratios.

T-F PRF transformers will work at audio frequencies,

13 .

265
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A-12 a. secondary o. False...they yll]l oparata at power frequencies,
b. Falna tha most common of which are 00z and
¢, Power 40011z, These ara within the audio
d. True portion of the frequency apcetium,

TRANSFOWMLE CURRLWL CALCULAT Wiy

The amount of current flowing thru the prin  y windinn Jepends on

the amount of secondary current, aud the turns-ratfo. The following

trangfurmer cquation i3 used to calculate primary current.

Primary lTurns .
vsually expresscu

Secomdary Turus § 2u tie turns-ratio.
Secondary Current

"

Primary Current (To Le valeulated)

¢
LadAiPLi, #0 Solve for @

2 5 Current-lurns Lauatlou

Values entercd into the
[T

equating, with Ip as wl,

Crosaw=tulelir. ;

wlvide for ansuey

LA $7 Solve for @

32 : i Carrent=Turns wiaakion

Values enberow Into
equncion, w.t . T,

I o= Cross=t.altinle & 45
\Ip J for .o aasw.r

—
N1, lolwe the followin, fur pricdry curreac.
*fay 3 : &

RERA R

14
268
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A=13  av radlo frequency d. shield
b, Falsa...soma have powdered iron a. 0Of course they do.
¢. False...never loaminated iron £. Falae, frequency too low,

VOLTAGL=TURGS & CURKLWTSTUINS CALCULATIONS

t-1A  Zolve the fellowing pr:blems, using the Surrent-Turns Fouation .

i Ns I

{a)
2 35
Nt
T
1]
1]
1]
Iy=1 h
/I{

v

——
e
I
i
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ERIC
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=14
a, BA b, 2ma "WASTED HEAT IS POWER LOST"

THALSFORILR POLER LUSHLS

coslnecring ane guesi )
losses Jiscussca |avu Lo
reduced £0 sucn @ low value,
Liey are [oTe. wuria
calculat o,
Transfomiers ar
assuniee Lo Lo ver s
near lud,,
elficient,

Heat phven off by a transformer while operating, imiicatcs that

there are soie losyes luvolved when power 1a beiny transferred.

WIRE OR COPPER LOSS CorrLR_Lovs
P mme——- lie DU Tuesistance of copper wirc, vcauses
> sone power loss. lower Lods = 1: xR

The equation buelcates tiat tie use of

’ low resiatance (larper disueter) wire,

reduces tuls loss to a nininun,

CORL LOSSLS
CORE oa IRON LOSS -

; * } i Iron=core transforuers have two additiounl
L L

power losses,

_WYSTERESIS
LWSAERLUS IS LOSS, .. .0 .. Tiie constant, mud
rapid re~alismient of the core mapgnetic
EDDY CURRENTS tsiberials causes o8 power loss. Tuis is

raddoed, Ly usingg a core naterial witi

wishe "poeraeabdlicy’,

LU CURRCAY Luti, ., .. loving wapnetic

100%

luru wacellone tTansforiwr "

fivlis of tac trausforer, "eut" thre

1, Luic

tae core naterial, bnoucing a yscless

current witndn tae iren,  Thds current

el we Teaucod vy ralsing tac gore resis-

Lance,  Laninatinge, or tain slicing,

torns Well ot low freguencies, wnile at
racio frequencies, powderce-irouw or

ferrite natertals are used,

=17 a. Edd~ current losses are reduced by the core,

b. Larger diameter wire is used to reduce the lose.

16
268



A-15 A=16  a, l5mA c. 3A
a, 10v b. Np -3
b. 12uA d. JmA

VOLTAGL=CURRENT CALCULATIONS
Another commonly used equation, 13 that which considers the

levels of voltage and current within a transformer circuie,

tp « Prinary Voltage
Lg = Sceondary Voltage
13 « Secondary Current

Ip - Primary Current

EXANIPLE #8 Solve for @

—

Is
Ip

.E‘

Voltage~Current Lquation

I
@

3 values entered luto tae
X equation, with I, as ‘x",

F o Lo
Lo ) £ 3
]

loy 40V

10z = 200 Cross=multiply and dividge
@ Q 5\1 for auswer.
X =fod t‘\ﬁlps

N-13 Solve for tue {nuicated voltage or curremt level. -

(b)
in
g
ibe
it
e
1
(11
1]

{J4)




A~17  a, laminacing....each laminacion is insvlacted from che othars.

b. copper or wire loas.

AUTOTRA IS FOUILIG

The autotranstformier differs froa other tranaferners in that Lt has

only one vinding, ratier than two Or wore as in ordinary transforsers,

ulten constructes to be yardable, taey are

sorwt Ly referred tu as \’ari.ac-.er Povev-

o .

HEAE L.

SCHEMATIC SYMBOLS

{DARY

SECONDARY

: !

An alternating magnetic field, produced

"

by the primiry current, fnuuces a voltare int.

the remddning part of the single winding.

Voo

As the primary and secondary "sharce" pavt
of the winding, autotransformers can be con=
structed physically smaller than separate wind-
ing types. lowever, autotraunsforrers DM L0i

STLP - UP “isolate"” the primary and secondary cireuits,

ALTOTRANSFORILR and cannot be used iu many applications.

——y
Autotransformers are constructed with only winding. i
T-F For the same power rating, autotransformers can be
constructed physically smaller than ordinary transformers.

T-F Autotransformers "isolate” the primary and secOndary
circuits.

T-F Autotransformers can be pither step-up or step-down tvypes.




A-18

a I, = 18A b E =13V e 1y = BA dy B, = 5V

HAXIHAUM POWER TRANSFER

To transler the maximum possible amount of power from one part
of an electronic circuit to anather, a certain condition MUST be met,

The opposition (fu) of the "load" must be the *
same as the opposition (f) of the'source',

POWER SOURCE SPEAKER LOAD
OWLIFIER ' MAXIMUM POWE
Qg o5 IMUM POWER

Cvery soutrce of electrical power lias some amount

of resistance contained within it.

The conductors of an AC Generator have a dJefinite

amount of wire Igsistapnce.

The chemical "electrolyte” of a Battery, has a

varying tesistance, depending on the "charge”,

The semi-conductor matetial of a Solar Cell has ‘:

reglstance, depending on the amount of light.

All radio tubes and transistotrs have individual '
Lesistanceg, depending on the type.

This unavoidable, "built-in" tesistance of a

power source is cqlled GIERSAL RESISTANCE.

Rg = {nternal tesistance of a penetatot
Rg = internal resistance of the soutce %Rs NN
Rint = internal resistance

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

¢, T-F Tubes and trangistors do not have Iinternal resistance.

271




A-19 &, one

b. true....as part of the Copper conductors are “sharad''.

ﬁ‘ ;lliloa-thlrl 1» "matal=to-metal contact batween the circuits.
Trus

MAXIMUM POWER TRANSFLK (cont)

This principle: "The opposition of the source and load, must be
patched".....leads to gome difficultles in the design of elactronie

equlpment.

To better show this point, consider a simple 2 reaistance circuit,

Remember the principle...
Load maximum powcr will be
Resistance JS R, delivered to the load,
when 1ts opposition is
the same as the opposi-
tion of the source.,

The following chart clearly proves this basic principle,

LOAD RESISTANCL (Variable)
TOTAL RESISTANCE (R + Ryqe)
rmml. CURRERT (E;/Ic)

Ry Re LOAD RESISTOR POWLLR

Ig
L]
0n L 6a b 12 O iatts
y 6 ba o=m—p 12 32 wacts
Lo S 32 wm— 1 2 36 yatts

Sa 124 28 emep 12 32 uatts
20A 2440, la e 12 20 tatts

w1102 The load (4.0, recelves maxinum power, 36 watts
N MAXTMUM 7
D POWER when it is the same as the Internal (4.)

«~ TRANSFER ™~
77,00 ) resistance of tle source.

This 1s not a simplc "coincldence” of numbers, It is an

essential fact concerning ail electronic circuits.

For maximum power transfer to occur, the opposition of the
source and the opposition of the load must be . .
T-F All sources of pewer, including batteries, have resistance,
T«F Maximum power transfer 1s accomplisbed in DC circuirs only,
T=-F It is a Tequirement that in all electronic clrcuirs,

maximum power transfer must take place,




A=20 a, Truu.:.at lagst svery source of electrical power does.
b, equal, the sama, matched....or words to that effece.
¢, False,...they all have some amount of internal resiatance,

IMPEDANCE MATCHING

The source of power contains Resistance (R), and combinations

of Reactance (X & xc). "Lunped” together, these oppositions form a
total....scalled IMPEDANCE (Symbol Z)

The load also contains not only Resistance (R), but often com=~
binations of Reactances (X & X¢) as well. These oppositions

"lumped” together form the load IMPEDAUCE (Symlel 2),

oy 56 a7 &

SOURCE IMPEDANCE LOAD 1MPEDANCE
XL g XL 4
1f the principle of MAXLMUM POWER TRANSFLR is to APPlYe vt nvvnnonan
eaveaa.sthie RIPEDAINCL (Z) of the load must Le "matched” to the

IiPUDASCE (2) of the source.

Z

z
N op | MAXDNUM POVER WILL GE TRANSFERRED e

2Kn 2Ka

Seems easy???,.....sulfe it 1ssslfeethe two impedances are matched,

(suT....)

9. of the time, the two impedances are very Jifferent, cCxample:

Source Impedance = 2, (00.m Load Impedance = [(fl= Under this
condition, only a very small transf{er of power would be acconpl ished,

One electronic component, the TRALSFORMER, is capable of solving

this power transfer problem.

1-22 a, "Impedance” is & combination of resistance and
b. T-F An increase of internal resjistance would cause the
source impedance to increase.
¢, T-F Frequency can affect Source and load impedances.
d. T-F 10 most circuits, the source and load impedances are
equal or almost eaqual,

21

273




A-21 a. equal, the same, matched, or words to that effect.
b, True....especially bacteries.
c. False...DC or AC circuics.

d. Falee...only in some circuits s it desired, not in all,
JMPEDANCE MATCHING {cont)

The gelection of a proper “turns-ratio" transformer, can

accomplish Maximim Power Transfer between two unlike imredances.

\‘\ Consider the following...
\
/ _, -~ = > <-4

=/
/e

What the gbserver ''sees", depends upon.....

(1) what*s out there, and
(2) the lens ratio of the telescope.

Similarly. the opposition “seen” bv the power source. depends on

Ewo faCtOrS.ss s (1) the LOAD inpedance (what's out there), and
(2) the TURNS~RATIO of the transformer.

N, : Ng (&
_--)-ng % < - I;’- 7. .08

The imnedance {f4) scen by the vower source 1s called PRIVARY

LPEDANCE. (Symbol Zp)

The load irmpedance 1s called the SECDNDARY IMPEDANCE. (Symbol 2,)

The tmpedance geen by the source.

PRI‘IARY [*1PEDANCE, can he caleulated

usin® this equation.

n=23 4. The opposition “seen” by the power source 1s called
b. What two factors determine the amount of Primary Impedance
seen by the power source? and
¢. T-F Primary and secondary Impedances are usually equal.




Qoo

A«22 a, resctance Oor radctances. :
b, True...the gource impedance ig che internal reasiscance moatly.
¢. Trua...sa it would affece the Xg and X1, of the reactancas.
d, Palse...ueuslly chey are precty far spare.

TMPEDANCE MATCHING {cont)

tthen zp is equal to Ry, MAXIMUM power will be transferred from

the power source to the transformer primsry winding,

REMEMBER+ ++» + »

Z, depends upon
the turns=ratic
and the load.

The transformer, belng

100

1908 effictent, transfers

‘ »

— O LOAD (24)

e PN
0

Thus, by using the proper transformer, maximun Power can he

thiis maximum power inte the

secondary winding, and on

-

to the load.

crangferred between two widely different Impedances, without anv losa.

REFLECTED 1'fPEDALCE

In the equatinn, it wiil be noted that,
any chance in Z; will affect the answer 2.
[hat 15 eo says any channe In the opposition of
the laad woald cause a cnanpe to the primary Impedance. This shife of

prinary imredance by any change in the secondary is referred to as

SEFLECTLD TPLDAICE. (Swabol Zppr)

P —

T-F Maximum power cransfer will occur when the primary lmpedancéT

18 the same as the internal resistance of the source. f
b. Any change in the lcad impedance will cause a change to occur
in the impedance.

c. T-F Reflected impedance {3 the load impedance.

n-24 a,

23
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A=2) ,, Irimary Impadance or Jusr "impedance”.
b, The "load" or secondary impedance, and tha tutns=ratio.
c. Falee..,usually very diffarent,

REFLECTED IMPEDANCE (cont)

Ag any variation in the load impedance will couse a chonge of

stimaty {mpedance, it can be gald that the ptimary impedance 1a actually

a "reflection” of what is poing on in the secondaty.

Thetefore, the Reflected Impedance I8 the ptimaty impedance, and

can he calc;lated using the same equation.

Te be
Caleulated

Z - Z Primary Turns
REF S } Turna=Ratio
: ]

Zpgpy ™ Reflected Impedance

Secondarv Turn

Secondary Imnedance

(The opposition of the load)
EXAMPLE #9 Solve for

. -
dREF Fquation

VTalues entercd
with Zﬁnr as x

Division done
Square 3 and

Muleinly for
answet.

N~ 25 c<alve For te Reflected Tnpedance geen by the reneratot.

EEEE

3«1
(d)

@ 3

5




| | 0¥

An2ly 0o TS, eothattn what itte all about.

b. Primary Impedance.
Ce Falsesessit!s a change of Primary Impedance caused by the load.

TRANSFOIZER PHASE RELATIONSHIPS '
Some transformere will cause the 'output" secondary voltage to be

inverted. Some will not. It depends upon how the tranaformer 1s wound.

Miight-side=-up"

2 SECONDARY SIIE WAVE
HOURD - "t/""""# Hjp=side~down
BACKWARDS g

The output of Secondary #1, is said to be "in-phase" with the primary.

PRINARY

The output of Secondary #2, is said to be 180° “out-of-phase® with the
primry. 180° out~of ~phase" means, up~elide~down from the Primary, or
inverted from the Primary.

The phase relatlonship between Primary and Secondary is indicated by
ndots', If the "dots" are both on 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,
®

S g 5 S

Q.26_ Select the "output" sine wave, with the correct phase_relationship

g
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A=26 a, 1 b, 2

TROUBLESHOQTING T FORMERS
Common transformer troubles £all under three catagories:
(1) Shorted Windings

(2) Open Windings

(3) Winding-to-core Short

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 apd gecondary copper conduc=
tors to come into gontact with 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 Jetermined using an Ohmmeter.

No deflection of the
ohrmeter (O9 QILIS),
indicates a "no con~

tinuity" normal condi-~
tion.

Full scale deflection,
{ ¢ or aear OA),
ins . ates continuity
betweer windines. (DBAD)

CONCLUSION: Primary and secondary
windings "shorted”
together.

With the exception of Autotransformers, an ohmmeter should never

indicate any "continuity” between primary and secondary windings.

=21 a.T-F Continuity means a complete path for current to flow.
b.IT-F Ohmmeters are used to check continuity.

¢. There should be no continuity between windings, except in the
ranasformer. due to its sinfle winding.

278
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SHORTED YINDINGS {cant)

Two Of mare turns nf the primare windiop mav come intn motnleto-

metal enntact with each other if "{nsulation fallure” occcurs. This

reduces the primary "wire resistance”, and upsets the transformer per=

formance, 0 course, prinary windiops shorted topether wauld chan®e the

turna-ratio, and show up as loaceurate secondary voltape readines and

clircult malfunction,
shovted turns in the secnndary would glve the gsame results.

nhrmeter gesistance cliecks can be made, comparine the readiops

cith those fiven in the service (data for the equipment.

s , SERVICE DATA
POWER
“OFF"

PRIWARY......lslh
CONCLUSION: Some secondary turns Yshorted",

ﬁECOﬂDARY....ZSJL

Althourh scldom occurinr, a complete "short' of the primarv or

sveondary wintings {s pnssihble. In such cases. total fallure of the

seansfarmer 1s expericenced, with a blown=fuse or “Plenty of smoke" ag
the svnton. The bad windiug would read ZERO OilIS.
It is cornon that even an ohrneter resistance
¢ieel will not deteet a defective transformer, and direct
sul.stitut inn with a known good treplacement {s the only “sure” trouble-

shootins method that tworks.

Thereshould never be any metal-to-metal contact between
the turns of a transformer winding.

A transformer winding should never have continuity.
Shorted turns in a transformer winding wil]l affect the
turng=ratio and the reflected impedance.

vio deflection on the ohmmeter needle indicates a good
transformer winding. '

Ohmmeter checks alwava detect transformer troubles,

* 279
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A-27 a, True \

b. True.:.another meter called & "megger” 4s also used
€. autotransformar.

OPEN WINDINGS

Easler to detect and troubleshook, {g the'zﬂgﬂf'primary or
secondary tranaformer winding. Any "break” {n the conductors,
caugsed by electrical failure or phyalcal damage, would result in
Immedtate and total fallure of the transformer. The circult In
which it operates would cease to function completely.

Should the primary or secondary winding "open", the secondary
voltage drops to 2ERQ voles.

CONCLUSION 1

oper,

FUSE Go0D

:

POWER PRIMARY OR SECONDARY
"ON"
A L s ? WHICH ONE € ?

.- o -_—

Resistance checks will determine which winding 1s "open™.

Nn deflection of the
ohrme ter needle (oo ).,
indicates that the
secondary winding laeks
“"continuiey™.

POWER
"OFF“

CONCLUSION: Secandary “open”.
"tost often a transformer winding will "open' following an

insulation faillure. Internal arcinpg "melts" the copper conductor of a

winding, causing the open. Somctimes a winding "opens™ due to excesslve

physical strain on its connectin~ leads. Always use care uwhen Installing

a reolacement eransformer.  Avold "pullinf™ on the leads,

T-F An open transformer winding has continuity.
The first indication of an open winding is the voltag
dropping to zero, and circuit malfunction,

¢. T-F If the secondary winding "opens", the primary voltage will
drop to zero.

T-F An open winding will blow the fuse {n the primary eircuit,




A=14 A, True d. Falae...an open winding.
b. False...always has continuity. o, Palse...not always.
¢. Trua...and mess-up the circuit.

WINDING_TO=CORE_SIIORT
Jdron core tranaformers, particularly those invelved with hiph

yoltages, may develop a trouble which cna create an unasfe coadition.

A windinp, shorted to the iran core.TL'\

An iron-core tranaformer is NSAFE

normally belted te the chagsis. Continuity between a

winding and the core, may place hazardous veltage levels on the chassis,
(From the winding...to the core...to the chassis)
"Grounding" of the equipment im therefore pecessarv to protect

persoanel from electric shock should this trouhle occur.

Whea such a short (winding to Eore) 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 cenfirm the trouble.

Full deflection of
the ohrmeter needle

indicates continuity
between the winding
and the iron-core.

POWER ¢
ltOFFﬂ -
o—

o—t—3
> ¢

CONCLUSION: The secondary winding is "shorted” to the core.

There should NCVER be continuity between a windinp, and the

core material of any type of transfommer.

0-30 a. Winding-to-core shorts cause an condition.
b, T-F When a winding-~to-core ghort occurs, the secondary
voltage will change and the circuit will not function.
¢, 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 olmmeter is used to detect winding-to-core shorts.
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A=29 o, Faloe.ssejust the opposite.
b, secondary
¢+ Foloeses,romembor, the primary winding is connccted to the
powor source, and it dossn't change,

ds Falgosssedt will reduce tho primary current, and the fuse
ramains OK.

EQUATION SUI.MARY

5.5 e %

—— ] — remisingy Pl e————

Eq Ng Eg I, Ng 1,

PXCBLEM SUMMARY

Q=31 Solve the following problems as indicated, Use the Equation
Swmary shown above,

{a) 5: (b} 6:3

b _

| !
A,)45 VaC : 12v 25
| Le3te- GG

Secondary Current = 7 Reaflected Impedance = 7
(c) 3:5

Q\, 6 vac @mv
(3

Secondary Voltaze = 7

Reflected Impedance = 7

30
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A=30 &, unpafe

b, Nob always....it depende & lot on the type of olrcuit.

o, Again, not always, but the unsafe oondition still remains.
d. Not unulllyu..replaoement is the only oure repair,

o, Trus,,..remember to use it, with the power "off',

NOTEL Sorry for the 'mot always", and "not usually* sto.. Trouble-
shaoting tranaformers is not a true~orwfalse proposition.
There are just no ‘always true' or "alwayp false" answers to
be found for some of the common troubles. Replacement, often
is the only "sure cure”, and many times it's the only way to
looate the troubles

Aw31 s 25mA " d, 3mA

h. 1wKJ|- A, m

oc. 10V f. 12,5 Turns (or 12.5 : 5 Ratio)
SULMARY

The study of transformers does not END here...it only begins,
Publications oovering the subject in greater depth, are readily
svailable in Technical Study Centers,

The importancs of traneformers in the operation of complex
eircuits, will become more apparent as the study of Electronice
continuss, Their basio functions of stepping-up, stepping-down,
and impedance matching, are only a few of the taeks aseigned to
this component.

From the job of getting power to the radio, it also pleye a
major part in which statlon will be heards The formation of a
Radar eignal, depends largsly on the performance of many typee of
transformerse Airborne equipment, with ite size and weight limit-
tations, contains seme of the more unususl and interesting trans-
former typess

The reliability of a well mede tronsformer is an established
fact, and only thru electrical or physical abuse do they rarely
malfunction.

The TRANSFORMERssseA Step-up in the development of Elecironicsl

3
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\ 1 May 1974

ELECTRONIC PRINCIPLES
MODULE 18
This Guidance Package is designed to guide you through this module of the Electronic

Princlples Course. It contains specific information, including references to other resources
you may study, enabling you to satisty the learning objectives.

CONTENTS
TITLE PAGE
Overview t
List of Resources .2
Digest _ 3
Adjunct Guide 4
Module Self Check . 7
o« DUTSEGe, KR e th L Navemwr 1900 (Jee nRevicus edition user extanlied,
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OVERVIEW
RELAYS

1. SCOPE: This module explains the operation and functiona of each part of the basic relay
in electrical circuits,

2. OBJECTIVES: Upon completion of this module you should be able to satlsfy the following
objectivey:

., Given a group of statements, select the one that describes the operation of a relay.

b. Given a relay schematic with or without coll current, determine which contacts wiil
be open and whi:h will be closed.

AT THIS PCINT, YOU MAY TAKE THE MODULE SELF-CHECK, [F YOU DECIDF, NCT ™0
FARE TuZ MODULE SELF=-ChrCk, TURN T4 THE NEXT DAGE ANL FREVIE ¥ TEE © 13T
SIEOET M GRCEE, DC ONOT HESITATS TS JOMSULT VOWH LNSTRUUTCR (T YCU HAVE A7

<LEST C NG,

286




LIST OF RESQUICLEY

RELAYS

To satisty the objectives of this module, you may choose, accarding to your training,
experience, and preferencs, any or all of the following:

READING MATERIALS:
Digest

Adjunct Guide with Student Text

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




o2 /7
DIGEST
HELAYS

A relay i3 an electromechanical device, Relays are made in many forms or sizes and used
in many typea of control circuits. All electromagnetic relays operate on the principle that a
plece of soft iron called an armature 18 attracted to the pole of an electromagnet when the
pole bocomes energized. This armature cian sngage one or more Bwitch contacts, These
switch contacts can be arranged in various configurations such rs: Single pole aingle throw
{SPST), Double pole double throw (DPDT), Single pole double throw (SPDT), and many other
combinations.

\ Nornmially open contacts (NO) and normally closed contacts {NC) refer to contact conditions
when the relay is de-energized,

FONTA T NN 1
; : CONTACTS 1 4 2NC
o— 83'—
.. K : CONTACTS 78 3ND
— _ )
SPST SPST spoT '
A B c

Figure 18«1, . REbB&-]l015§

- Figure 18-1 shows all relays in the de-energized condition with the contacts open or closed
as indicated. When energized the normally open contacts wiil close and the normally closed
contacts will open.

YOU MAY STUDY ANOTHER RESOURCE OR TAKE THE MODULE SELF=-CHECK.
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ADJUNCT GUIRE
RELAYS
INSTRUCTIONS:
Study the reference materfals 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.

1f you experience any difficulty, contact your instructor.
Begin the program.

S T o R T A e e  aa T N IR R W )

A, Turn to Student Text, Volume 1, and read paragraphs $=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 princlple is used,

— 1. The electromagnetic principle is used,

¢. A moving armature opens or closes switch contacts,

—d. Never used as a remocte control device.

e. Uses a rotating armature and brushes.

2. Match the parts of basic relay shown with the appropriate term listed.

Core E lj .l.
Coil
0+ 1

Armature _ i

) RELAY
Spring CIRCUIT

I} ] LAMP CIRCUIT

Contacts — ® REP4-1016

3. Match the type of contact arrangement shown below with theproper designation listed,

SPSTNO o—
o—a : g; : o—A
N —— | 3 3
- _-,r"' :
SPST NC ' !
A B

REP‘*J.OJ?
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ADJUNCT GUIDE

4, Match the following relay circuits to the specific name listed.

Starting 51 52 .
Holding I 7o
Overload ______ Ct;
A
A P LATCH
L - 1
R — RESET
SWITCH

~
P ' RELAY q
]
STARTER MOTOR ' d/"C l']‘

B ¢ PEP4-1018

5, Which of the following would be use to clean the contact points of a relay when required?

——3a. Sandpaper

b. Burnishing tool

¢, Gasoline

Napthalene

—_—

CONFIRM YQUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE.

B A R O O o L e e ) )




ADJUNCT GUIDE

ANSWERS TO A:
b, ¢
D,E,C,B,A
C, A, B
B, A, C
b

It you missed ANY questions, review the material before you continue,

YOU MAY STUDY ANOTHER RESOURCE OR TAKE THE MODULE SELF«CHECK.
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1,

2.

4'

o3

MODULE SELF~-CHECK
RELAYS
Indicate if true {T) or false (F).

a—ea All relays are electromechanical devices which operate by permanent magnets
attracting an armature which in turn opens and cioses switches,

b. A relay can be used as a4 remote control switch.

—=——C. Relays uge the principle of an electromagnet attracting an armature,
d. Relay contact points shouid be filed periodicaily to remove oxide buildup.

e, A relay with an open coil could function because of residual magnetisin,
f. Open (or shorted) coils can be located by using an chmmeter,

— B. Relays should be inspected and checked thoroughly and frequently.

h. The starting relay on mogt autos is a holding relay.

1. Relays are gsometimes used as an overload device.

3. Overload relays must be reset either manually or automatically once it is
tripped.

k. ln 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,

Identify the parts of the relay shown E L] J.
Core I
Armature______ D "[ l
Spring REP&~1016
Contacts RELAY

CIRCUIY CIRCUIT
Coll___ T05 /;— LAMWP

Match the following dlagram of switch contacts to the proper designation.

SPSTNO __ 2 ?/[ Q—"7
- h .l
SPDT REP4-1017 ;_—u B C

In the circuit 3A above, indicate which contacts are closed when the coil iS energized.
a, land2

e B, land3
c. 2and3
d. none, all open

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE,
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MODULE SELF-CHECK

ANSWERS TO MODULE SELF-CHECK
1. a. F

b. T

¢,

d

e

tl

gl

T

Core
Armature
Spring
Contacts
Coil

SPST NO
SPST NC
SPDT

C

HAVE YOU ANSNERED ALL OF THE QUESTIONS CORRECTLY? IF NOT, REVIEW THE
MATERIAL OR STUDY ANOTHER RESOURCE UNTIL YOU CANANSNER ALL THE QUESTIONS
CORRECTLY. IF YyoU HAVE, CONSULT YOUR INSTRUCTOR FOR FURTHER INSTRUCTION.
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ATC GP3AQRIX020-X

KEP-GP~17
1 July 1975

ELECTRONIC PRINCIPLES

MODULE 17

MICROPHONES AND SPEAKERS

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 satisty the learning objectives.

CONTENTS

TITLE

Overview

List of Resources
Adjunct Guide
Module Self Check

OVERVIEW

1, SCOPE: This module describes the basic
design of speakers and microphones and
explalns 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 deseribes 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 satisty the objectives of this module,
you may choose, according to your tralning,
experience, and preference, any or all of the
tollowing:

READING MATERIALS:

Digest
Adjunct Guide with Student Text

SELECT ONE OF THE RESOURCES
AND BEGIN YOUR STUDY OR TAKE
THE MODULE SELF-CHECK. 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 agalnst the answers
at the back of this guide.

If you experience any difficuity, contact
your instructor.

Supersedes KEP-GP-17, 1 July 1974, which will be used until stock is exhausted.
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A, Turn to Student Text, Volume 11, and
read paragraphs 8«14 through 5«21, Return
to this psge and answer tho following
questions, .

1, Mark each of the following as true (T)
or falge (F) concerning loudspeakers and
esrphones, ‘

a. A loudspeaker converts sound
waves to an electrical signal.

— b, A loudspeaker coave:ts electri-
cal energy to sound waves.

— ¢, The dynamic loudspeakeris com-
monly uged today.

d. The dynamic sl:ieakeris amoving
coil speaker.

— ©. The #olectromagnetic speaker
uses a fleld coil in place of the voice
coll,

f. 'The speakerisfreetomovealong
with the permanent magnet,

£. A PM speaker uses a field coil.

e——— h. 'The moving coil is the voice
coil of a speaker,

- i. 'The voice coil I8 wound on a
cylinder of bakelite or fiber,

———— j+ 'The spider is attached to the
gpeaker cone and volce coil.

k. 1n 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,

2. Match the parts of the speakers to the
liat,

Cone mm——

Splder ——

Fleld Coil

Volce coll .
Pormanent Magnet
Electromagnet

Soft iron core .

X

CONFIRM YOUR ANSWERS |IN

BACK OF THIS GUIDE.

B. Turn to Student Text, Volume 1I, 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——— a. All microphones are electro=
acoustic transducers,

e b. Sound waves are converted to
electrical energy.

¢. A carbon microphone employs
carbon granules having a resistance which

- will change according to the sound waves

impressed on the microphone,




— &  AB the carbon granules are com=
pressed by the sound waves the electrlcal
reaiatance {8 increased,

e, A carbon microphone hasavery
high frequency responase,

1. 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 responseisexcellent,

— &, Mechanical shock has no effect
on it,

3. Which of the following are true con-
cerning the crystal microphone?

——— a, Uses the phote-electric effect,

b. Usey crystals of Rochelle saltor
quartz,

——— ¢, Bas excellent frequency response.

e——— . IS not considered to be rugged.

e, It does not require an external
power gource,

4, Whaich 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,

¢, The moving coil generates a DC
voltage by generator action.

5%9

—_— 4, Many intercommunications sets
use this type microphone.

—

—— ¢, Needs an external power Source.

3. Which of the following are true cone
cerning the velocity-ribbon microphone?

a. Amplitude of the output AC de-
pends on the velucity at which the ribbon
moves through the magnetic field,

— b, Opeérates esgentially the same as
the dynamic microphone.

— Cy Needd an external power source,

d. Uses an electromagnet for the
magnetic field,

@9, 18 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. Inaicate which are true (T} and talse
(F) concerning speakers.,

a. All speakersare electromagnetic
devices which convert electrical energy to
audic frequencies.

b, A speaker converts electrical
energy to sound waves,

¢, An earphone i; like a speaker
except it does not use an electromagnet,
only a horseshoe magnet,

<, The diaphragm inan earphone will
vibrate at the audio rate to produce the sound
waves,

e, A permacent-magnet dynamic
speaker 18 called a 'BM speaker.

2297




— I+ Moet wspeakers use A& moving
coil attuched to the cone shaped diaphragm.

—— g Alternating curreut i8 applica
to the field coll in an electromugnotic
dynumie speaker, ‘

— . The spider centers the voice
coll around the center pole of the main
magnet,

2. Maten the parts of the speaker to the
list.

Cone mmm—am
Spder ——
Magnet ——
Voice coil e

:

3
REP4-7813

N

3. Indicate which are true (T) or talse
(F) concerning microphones.

a. All microphones .ure electro-
acoustic transducers.

b, Microphones take audio fre-
quenvies and convert thom to sound freo-
quencies,

¢, Most nudcrophones use a dia-
phragin or membrance which vibrates in
accordance with frequencles.,

e d. All microphones do not use the
electromugnetic principle.

————ees &, The carbon microphone doesuse
the c¢lectromagnetic principle in producing
an EMF.

f. The carbon and the capacitor

microphone  have excellent frequency
response,

e — g, The carbon microphone is good
tor voice Llrequencies,

h. The dynamic microphone requires
an external power source.

- 1. Velocity microphones make use
of the piezcelectric effect,

j« A dynamic microphone is very
much like & dynamic speaker, hut not very
usable as a = aker,

k., Velocity-ribbon microphones are
fairly rugg"ecl and reproduce music well.

CONFIRM YOUR ANSWERS IN BACK OF THIS
GUIDE.




ANSWERS TO A « ADJUNCT GUIDE

13. F lb‘ T 1C| T 1d| T 13- F
1. F 1. F th. T I4.T 15, T
K. T 1ILT Im. T

2. A 2b. C 2¢. E 2d4. B
2. D 21. G 28 F

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

ANSWERS TO B - ADJUNCT GUIDE
a, b,e, t,8
b, ¢
b, ¢, e
a, b, d
a, b, e

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

ANSWERS TO MODULE SELF-CHECK

1. a.
bl
C.
d.
e,
t‘

R B B I B B e B B B o>ao e B N B B B B |

HAVE YOU ANSWERED ALL OF THE
QUESTIONS CORRECTLY? 1F NOT, RE-
VIEW THE MATERIAL OR STUDY

,ANOTHFR RESOURCE UNTIL YOU CAN

ANSWER ALL QUESTIONS CORRECTLY.
1IF YOU HAVE, CONSULT YOUR INSTRUC-
TOR FOR FURTHER GUIDANCE.
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ELECTRONIC PRINCIPLES

MODULE 18

METER MOVEMENTS AND CIRCUITS

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 satisty the learning objectives.

CONTENTS

Overview

List of Resources
Adjunct Guide
Module Self-Check
Answers

OVERVIEW

1. SCOPE: This module describes the hasic
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, sgelect the one which
describes the function of the:

(1) Permanent magnet.
{2} Moving coll.

(3) Spiral spring.

(4) Pointer,

{5) Scale.

b. From a group of statements related to
multimeters, gelect the one which describes
the function of the:

(1) Shunt resistor.
{2) Multiplier resistor.
{3) Ohms zero adjust resistor,

N G e e e M

LIST OF RESOURCES

To satisfy the objectives of this module,
you may choose, according to your trairing,
experience, and perference, any or 3ll 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-0-30-8 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 RESQURCES AND BEGIN
STUDY. CONSULT YOUR INSTRUCTOR
IF YOU NEED ASSISTANCE.

Supersedes KEP-GP-18, November 1975. Previous editions may be used.
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ADJUNCT GUIDE
INSTRUCTIONS:
Study the reference materials asdirected.

Return to the gulde and answer the
questions,

Check Your answersg at the back of this
guidance package.

I you experience any difficulty, contact
your instructor,

Begin the program,

A. Turn to student text, volume I, and
read paragraphs 5-35 through 5-43. Return
to this page and answer the following
questions,

1. Which of the tollowing electric meters
does not use the principle of
electromagnetism?

a. Hot wire ammeter.
b, Moving-coil meter.
¢. 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 mogt popular type.
b. The meter movement is referred
to as the d’Arsonval movement.

¢, The stationary magnetic field is
produced 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,

| 293

f, Induced current in the aluminum
Bobbin 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-coll metera have
a llnear scale.

b, In a linear-scale meter the amount
ol deflectlon 1s directly proportional to
the amount of current flow through the coil,

¢, Meter sensitivity ig related
Indirectly to tull-scale deflectlon (FSD).

d. Meter sensitivity can be expressed
{n milliamps or microamps.

e. A meter with an FSD of 50uA is
considered more sensitive than one which
has an FSD of 50maA.

f. 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 I, and
read paragraphs 5-44 through 5-50. Return
to this page and answer the following
questions.

1. Indicate which of the following are true
{T) or false (F).

a. The range of all ammeters is
defermined by the manufacturer and cannot
be changed.

b. A meter shunt can be wused to
extend the range of an ammeter.

¢. The meter shunt causes more
current to flow through the meter coil.

d. The ammeter is a low resistance

device.




e, Since the ammeter will have alarge
voltage drop, it ahouid always be connected
up in parallel,

f. When a shunt i3 used, it will drop
the same amount of voltage a5 the meter
coil,

€ The meter shunt allows current to
Bypass the meter movement.

CONFIRM YQUR ANSWERS.

C. Turn to atudent text, volume II, and
read paragraphs 5-51 through 5-58. Return
to this page and answer the following
questions.

l. Indicate which of the tollowing are true
(T) or ftalse (F) concerning voltmeters.

a, They are high resistance devices.

b. They are usually connected in

parallel.

¢. The high resistance offers high
current flow.

d. By adding more resistance in serles,
more current will flow through the movement.

e. To exceed the range, more
resistance 15 added in series.

f. Voltmeter sensitivity can be
expressed in chms per volt,

€. The higher the resistance per volt,
the less sensitive the meter.

CONFIRM YOUR ANSWERS.

D. Turn to student text, volume I, and
read paragraphs 5-59 through 5.65, Return
to this page and answer the tollowing
questions.

l. Indicate which of the following are true
(T) or false (F) concerning the ghmmeter.

a. It does not use the same type basie
meter movement as the ammeter and .
voltmeter.

Q94

b, It needs a source of EMF, such
a8 & dry cell,

¢, It requires a gerles rheostat to
. Zero the meter,

d. 1t requires a fixed serles resistor
to cause more current to tlow.

€. When zercing the moter, the test
feads are shorted,

f. 1t uses an inverse nonlinear secale.

g. An open res!stor, when tested, would
Inmc:_lte no deflection.

h. A shorted resistor, when tested,
would indicate tull seale.

1. The series rheostat allows adjusting
for the change in voltageof the ageing dry
cell.

2. A multimeter combines the following:

a. Megameter, fluxmeter, and
voltmeter.

b. Moving-coil meter, voltmeter,
Ohmmeter, and megameter.

¢. Moving-iron meter, moving-coil
r{neter, and dynamometer.

d. Voltmeter, chmmeter, and ammeter.

———

3. Indicate which of the following are true
(T} or talse {F).

a, Connecting a voltmeter across a
resistor couid affect circuit operation.
i
s b, 1t would be best to use a voltmeter
with the higher meter sensititity.

¢. Multimeters caz serve as a
voltmeter, ohmmeter, or ammeter by proper
switeh settings.

d. The multimeter uses three different
meter movements.




e. The battery needs replacement if
during the zero adjust the pointer goes past
the zero ohms position,

f. An ohmmeter scale will usually
Indicate infinity on the right and zero ohms
on the left,

CONFIRM YOUR ANSWERS,

MODULE SELF-CHECK

QUESTIONS

l. Indicate if the followlng are true (T)
or false (F) concerning metars.

a, Three clagses of  meters .use
elecfromagnetism: moving.coll, moving-
iron, and the dynamometer.

b. The moving-coil meter is by far

the most common tyPe used today.

¢, A type of moving-coil meter has a
permanent magnet. .

d. The moving-iron meter is glsﬁ
called the d’Arsonval movement.

e. The moving-coil meter has only
a few turns of heavy copper wire.

f. Current through the movitg-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
milllamps or microamps.

i. A single meter movement CANNOT
be used for an ammeter, voltmeter, and
ohlimeter.

j. A meter movement that requires
10uA for full-scale deflection is more
sensitive than one which requires lua ftor
full-scale defiection.

k. The chmmeter scale is a linear-
square law scale,
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2, Identify the meter parts by matching
the proper letter to the name of the part
ligted in the tigure shown below,

Pointer

Permanent magnet

Spiral spring

Moving coil

____Pole plece.

1
ATl
Al
|

s

o

i!.":;“] ;
il ) Clm
i 15 i "

~
3. Match the meter parts to the proper
function.

Meter Parts

a, Permanent magnet.

____b. Moving coil.

¢. Aluminum bobbin,
____ ¢ Pointer.
. Pole plece.

I Spiral spring.
Function

(1) Indicates actual reading.

(2) Electrical connectionand returns
pointer to zero.

“(3) Causes a permanent magnetic
tield. '

(4) Intensities the flux.

(5) Sets up electromagnetic field.

(6) Has a current induced in it which
causes a torque to oppose oscillations.




4, Which of the following DOES NOT
pertain to the moving-coil type meter
movement?

A, {Jses alinear scale for milliamperes
and volts,

b. Uses a linear scale for ohms.

¢. 13 accurate and rugged,

d. Uses a2 modified d'Arscnval
movement.

€. tUses a permanent magnet.

|

f. Can be used for measuring current,
voltage. or resistance.

5. Which of the following is the most

common effect used to detect the presence

of a current in moving-coll meters?

a, Heating.

b, Chemical.

¢. Electromagnetic.
d. Physiological.

AR

e, Piezoelectric.

6, In a typical ammeter circuit, shunt
resistors are placed:

a. In series with the moving coll.

b, Across the power source only, not
across the meter.

¢, In paratlel with the moving coil.

7. Match the scales with the proper terms.
a. Square law,
b, Linear.

¢. Nonlinear inverse.

(2)

L] 4
“‘“mlmlnmlmmm, *
Lt LI, 1
(3) o Tirry

Answer questions 8 through 10 in reforence
to the circuit below:

£
_l_ \ﬂ&':yrson ®h

~E

I J

A B

8, whnat type of circuit is it?

9. What 1s the purpose of Ry?

10. What is the purpose of Ry?

11. Indicate which of the fotlowing are true
{T) or false (F).

a. A multimeter uses only one basic
meter movement,

b. An ohmmeter requires its ownpower
scurce.

¢. A voltmeter having 1000 ohms per
volt sensitivity is more sensitive than one
which has 20k ohms per volt sensitivity.

d. The chmmeter is always connected
in parallel to the component being checked.

e. An ammeter is always placed in
serles to find the voltage drop across a
resistor.

f. A voltmeter is connected in series
to find 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-voltratio.

Q9b
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i. The gensitivity of most moter §. The average multimeter can be
movementy can be changed very easily. used as an ammeter, voltmeter, frequency
meter, dynamometer, and ohmmeter,

CCNFIRM YOUR ANSWERS.




ANSWEKS TO A - ADJUNCT GUIDE!

1. a
2a. T B T ¢ F 4. T e F L F
3a| T b. T C. F dn T e. T ‘. F

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

ANSWER TO B - ADJUNCT GUIDE:

fa, F b T e F d T
g. T

e!F "T

If you missed ANY questions, review the
material before you cntinue,

ANSWERS TO C - ADJUNCT GUIDE:

12.T bT ¢&F dF &e.T T
EDF

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

ANSWERS TO D - ADJUNCT GUIDE:

la, F b T ¢ T dF e.T LT
g. T T 1.T

2. d

3a. T BT ¢ T dF e F 1 F

If you missed ANY questions, review the
material before you continue,
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YOU MAY STUDY ANOTHER RESOURCE
OR TAKE THE MODULE SELF.CHECK.

ANSWERS TO MODULE SELF-CHECK:

1a. T bB.T ¢ T dF eF LT
E.T th lnF jnF k!F

2, F - Pointer; A - Permanent magnet;
E - Spiral spring; B - Moving coil; D - Pole
plece

3. (3) b.(8) c.(6) d. (1) e (4)
1. (2)

4.b 5 ¢ 6 ¢
7a. (2) b. (3) ¢ (1)
8, Ohmmeter 9. Zero adjust resistor
10. Current limiting resistor

11a. T b.T ¢.F d. T =e F
£t F gT hT LF §.F

HAVE YOU ANSWERED ALL OF THE
QUESTIONS CORRECTLY? IF NOT,
REVIEW THE MATERIAL OR STUDY
ANCTHER RESOURCE UNTIL YOU CAN
ANSWER ALL QUESTIONS CORRECTLY.
IF YOU HAVE., CONSULT YOUR
INSTRUCTOR FOR FURTHER GUIDANCE.
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ELECTRONIC PRINCIPLES (MODULAR SELF-PACED)

MODULE 19

MOTORS AND GENERATORS

This Guidance Package is designed to gulde you through this module of the Electronic
Principles Course. It contalns specific information, including references to other resources
you may study, enabling you tu satisfy the learning objectives.

CONTENTS

Title

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 ig 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.

¢. Given a group of statements, select
the ones that describe the operation of a
generator.

LIST OF RESOURCES

To satlsfy 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.
30-703

4., Television Lesson.
30-704

DC Motors, TVK

AC Motors, TVK

Supersedes KEP-GP-19. 1 April 1975. Use old stock until supply iy exhausted.
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AT THIS POINT. YOU MAY TAKE THE
MODULE SELF-CHECK. 1F YOU DECIDE
NOT TO TAKE THE MODULE SELF-
CHECK, SELECT ONE OF THE RE-
SOURCES AND BEGIN YOUR 8TUuDY.
DO NOT HESITATE TO CONSULT YOUR
INSTRUCTOR IF  YOU HAVE ANY
QUESTIONS,

ADJUNCT QUIDE
Study the referenced materialsasdirected.

Return to this guide and answer the
questions,

Confirm your answers at the back of this
CGuidance Package.

If you experience any difficulty, contact
your instructor,

Begin the program.

A, Turn to Student Text, Volume U, and
read paragraphs 5-66 through 5-75. Return
to this page and answer the followlng ques-
tions concerning generators,

1, Which of the following are true (T} and
which are false (F}? ’

a. A generator convertselectrical energy
to mechanical energy.

b. Induction is a basic principle involved
in generating a current.

¢. 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 teft-hand pule.

f. A conductor moving parallel to
magnetic lines of force will have maximum
voltage induced.

£ A conductor moving at right angles to

the magnetle linug of force will have lesy

., voitage induced in it thun one moving at any
other angle.

h. A conductor moving through magnetic
lines of force will have more voltage induced
in it if the speed is inereaysed.

2. Three requirements for induction are:

3. In the figure below, the direction of the
induced current would be;

2. Into the page @
b. Out of the page O

—
'_—__v
—. S
EEEEEEE——— ]

REpP4=1023

4, Method{s) of increasing the induced
voltage is/are to:

a. Decrease the number of conductors.

b. Increase the strength of the magnetic
field.

¢. Increase the length of time the con.
ductor stays in the magnetic field.

d. Increase the speed of the relative
motion.

310
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5, A single loop of wire rotated three
tomplete revolutions within a magnetic field
would generate:

a. One complete cycle of AC,

b. Two.thirda of a cycle of AC.

¢, Three c¥clea of AC.

d. Only nC.

CONFIRM YOUR ANSWERS.

202"

J» The output of a DC generator is u
pulsating DC,

2. Identify the parts of the generator shown
by matching the proper letter to the proper
term.

Armature

Brushes

Fleld coll

Pole pleces

B. Turn to Student Texts Volume II, and
read paragraphs 5-76 through 5-80. Return
to this page and answer the C(ollowing
questiona.

1. Indicate which of the following are true
{T) and which are false (F) cocncerning
generatera:

a2, The magnetic field ¢an be produced
ty either a permanent magnet or by an
electromagnet.

b. AC generators use a commutator while
DC generators use aliprings.

¢. Brushes are used in both AC and DC
generatora,

d. Both types need 3 source of tnechanical
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 pleces.

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,

Rotating conductor
Sliprings

Commutator

REP4~1027

3. Match the parts of a generator to the
list of functions or use,

PARTS
Armature core
Brushes

Commutator

Field coil
Pole pleces
Rotating conducter

Slipringa
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FUNCTION
., Means of connecting output to load,

b. Provides sSwitching actlon for DC
output,

¢. Provides a puth for the magnetie fleld.

d. Provides a nieans of mounting the
rotating conductor.

e¢. Rotates with the armature and provides
the connection to the brushes in an AC
generator,

{. Provides the magnetic field.

g. Part in which the induced voltage is
produced.

CONFIRM YOUR ANSWERS,

C. Turn to Student Text, Volume Il, and
read paragraphs 5-81 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 fietd.

¢. A mechanical force is exerted by the
interaction of magnetic fields.

d. All operate on the same principle.

e, The left-hand rule can be used to
determine the direction a current carrying
conductor will move.

f. A current carrying conductor which
moves Iln a magnetic fleld will have another
voltage induced in it which is called Counter
EMF (CEMF),

g, CEMPF flows in the same divection as
the upplied current.

i, CEMF limita armature current to a
siufe value.

I, CEMF Is In phase with the applied
voltago.

}. Total voltage available to gend current
through the conductor ls equal to the applied
voltage minus the CEMF.

2, Indlcate in which divection the current
carrying conductor Wwill move under the
conditions shown in the {llustration.

a. Up

b. Down
¢, Left
d. Right

REP4-1025

3. Indicate which of the following are true
(T) and whichare [alse (F) concerning motors.

a. Motors can be classified as AC or DC,

b. The turning force of a motor is called
torque.

¢. The coil iS5 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 shagt
to turn.

CONFIRM YOUR ANSWERS.

312




D. Turn to Student Text. Volunmie 11, and
read paragraphs 52102 through §-116, 1te-
turn to this page and answer the followlug
guustiony concerting AC motors.

1. Inhdicate which of the following are true
{T) and which are [alse (F).

a. Uses a rotwting magnetic field.

b, Only uses single phase AC power.

¢, The rotating magnetic field rotates
at the synchronous speed.

d. Polyphasé 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 YQUR 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.

¢. 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 f{ield, the
magnitude of the induced voltage willbe less.

e. Increasing the magnetic field will in-
crease the induced voltage in the conductor
if the relative motion stays the same.

{. Iucreasing the numiber of conductors
will increade the induced voltage,

€. Changlng the direction of movement
of u conductor in a magnetic field will
reverse the direction of the current,

h., Maximum voltage is induced into the
conductor as it moves parallel tgy the
magnetic lines,

{. By rotating a single loop of wire
within a magnetic field an AC can be
generated.

i, An AC generator uses a commutator
to make the electrical connections to the
armature winding.

kK. The DC generator uses sliprings in.
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. Qut of the page

O

b. Into the page

‘l
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3, Miateh each generater conponent to lis 4. Idlicate Uf the gtutement i troo (T) or
purpone, fulse (F) concernlig motors.,

a« A motor will change mechanical energy

COMPONENTS to electrical cnergy.

. Polo pleces b.  All motors yse the principle of aforce

exerted between a stationary and a movable

Armature vore magsetic field.

Brushes
Sliprings ¢, ‘Turning force of a motor is called
—_ torque,
Commutator
d. A rotat‘ng conductor in a motor will
Fleld coll produce a counter EMF.
Rotor

——Rotating conductor 5. Match each condition with the proper

figure of a ecurrent carrying conductor.

No torque
PURPOSE
—— CW rotation
a. Connects rotor winding to brushes in e Medium torque

an AC generator.
—Maximum torque
b. Rotating part on which the rotating
conductor is wound. — CCW rotation

¢. Connects rotor winding to brushes in
a DC generator.

[
=
/"o\
\.@./
Lr

d. Provides a low reluctance path for
magnetic lines.

©
e. Provides a lowreluctance pathbetween b (
pole pieces. (]

f. Conductor in which the EMF i3 induced.

@

‘“r”r/

g. Provides the electromagnetic field.

CONFIRM YOUR ANSWERS.
k. Makes an electrical! connection to the
sliprings or commutator.
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ANSWERS TO A: ANSWERS TO C:
l, a T
l. a. F b. F
b. T ¢. T
c. T d. T
d. F e, T
e. T f. T
t. F g. F
g. F h. T
h. T i. F .
j- T
2. a, conductor
2. b
b. magnetic field
. a. T
¢. relative motion b, T
¢c. F
. a d T
4, b, d If you missed ANY questions, review the

material before you contime,

ANSWERS TO D
If you missed ANY questions, review the

material before you continue. 1. a. T -
b. F
c. F
ANSWERS TO B: d. F
e, T
£, T
l. a. T
b. F If you missed ANY questions, review the
e. T material before you continue,
d, T
e. T
f. F ANSWERS TO MODULE SELF-CHECK:
g. F
h T 1.
i, T
ji. T

2. C,B,D,E,F, A, none

. d,a, b, f e, g e

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

PREFYCTRPAS 0 oD
e e B B I B I I B B I B |
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HAVE YOU ANSWERED ALL OF THE
ol ¢ g b QUESTIONS CORRECTLY? [IF NOT,
v i y By W

REVIEW THE MATERIAL OR STUDY

ANOTHER RESOURCE UNTIL YOU CAN
ANSWER ALL QUESTIONS CORRECTLY.
IF  YOU HAVE, CONSULT YOUR IN=.
STRUCTOR FOR FURTHER GUIDANCE.




